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PROGRAM DESCRIPTION GUIDE
 

A. IDENTIFICATION 

Program Name - Whole-Body Algorithm 

Programmer's Name - D. Grounds, D. Fitzjerrell, J. Leonard, V. Marks 

Programmer Contact - V. J. Marks, GE/TSSD, Houston 

Date of Issue - June 19, 1975 

3. GENERAL DESCRIPTION 

The Whole-Body Algorithm is a mathematical model that can simulate the response 
of certain major body regulatory systems to diverse but specific stresses related to 
the space flight environment. These stresses include environmental (e. g., changes 
in cabin temperature and atmospheric composition - increased carbon dioxide concen
tration and hypoxia), experimental (e. g., bicycle ergometry - supine and erect, lower 
body negative pressure, and head-up tilt-table or passive standing), and long term 
adaptation (such as hypokinesis). 

The design of the whole-body algorithm provides for the simulation of both long and 
short term stresses. The long term simulation is accomplished by a circulatory, 
fluid and electrolyte subsystems model which then initializes a set of three short 
term models representing the cardiovascular, respiratory, and thermoregulatory 
systems. These three short term models, which are designed to simulate the 
responses to acute changes in environmental and short term experiment stresses, 
operate in parallel fashion interchanging information as often as every half second 
of simulation time. This approach simulates with equal facility those adaptive 
changes which require days, weeks, or even months of simulation time, as well as 
those experimental stresses in which significant changes might occur in a matter 
of seconds. 

C. USAGE AND RESTRICTIONS 

Machine, Operating System, and 
Compiler Required - Univac 1110 Demand, EXEC 8, Fortran 

Peripheral Equipment Required - Electronic Data Terminal and Tape Unit 

Approximate Memory Required - 1850010 

D. PARTICULAR DESCRIPTION 

Equations-Used and Derivations 

The individual subsystem models- (cardiovascular, respiratory, thermoregula
tory, and circulatory fluid and electrolyte control) were developed or modified 
from existing models to be capable of simulating the stresses of interest on the 
Univac 1110 Demand System. These models and the various modifications have 
been described in detail in the literature in previous TIR's and, therefore, will 
not be repeated here. The Guyton model with modifications by White is docu
mented in TIR's - 741-MED-3042, 4017, and 4021 is capable of simulating 
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intermediate and long term changes in circulatory, fluid and electrolyte 
control. The respiratory subsystem is represented by Grodins' model 
with modifications by Gallagher in TIR's - 741-MED-3047, 4016, 4018, 
and 5001. The Stolwijk thermoregulatory subsystem model with modifica
tions by GE is described in TIR's - 741-MED-3013, 4011, and 4014. The 
cardiovascular subsystem is represented by a model developed under this 
contract by Croston for bicycle ergometry exercise with modifications by 
Fitzjerrell and Croston for LBNP, tilt and tilt (supine) ergometry and is 
documented in TIR's - 741-MED-2010, 3053, 3054, and 4008. 

Definition and Value of Terms Used 

Circulatory - See Appendix A for definitions and Appendix F, page 72 
for input/output index and initial value 

Cardiovascular - See Appendix B for definitions, input/output index 
and initial value 

Thermoregulatory - See Appendix C for definitions, input/output index 
and initial value 

Respiratory - See Appendix D for definitions, input/output index and 
initial value 

Detailed Description 

Most of the model's variables are indexed and their initial values may be 
changed at run time by reference to this index. The output may also be 
modified by use of this index. The mathematical model is summarized 
by a functional block diagram as shown in Figure 1. 

E. DESCRIPTION OF INPUT 

A Univac 1110 file (GE,),contains the source and relocatables of all subrou
tines, the executable program, and initial data files. Since GE. is not protected, 
the user should copy GE. into another file, then make required modifications to 
this other file. 

The user inputs data from a remote electronic data terminal via responding 
to questions asked by the program. Options are available so a user can exe
cute long and/or short term stresses as required. (See Appendix E for 
examples of input). 

A graphic remote terminal can obtain plots of output data by requesting the 

program to build an output file. This file is then plotted in a separate run. 
Refer to TIR 741-MED-5011 for user instructions. 
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The long term data is written to unit 7 and the short term data is written to 
unit 14, 15, 16, 18...... N depending on the number of separate short term 
runs being made. This data is dynamically stored, but could be saved on tape 
if required by assignment of a tape unit to the appropriate output unit. 

Control Cards - (Begin in card column 1) 

@COPY GE., TPF$. Copy program into work file.
 

@ASG, T 14, 8C, TAPENO Save short term output for plotting
 

@XQT Execute program
 

F. 	 DESCRIPTION OF OUTPUT 

See Appendix F'for example of input/output. 

G. 	 INTERNAL CHECKS AND EXITS 

Input data is checked for invalid input, allowing the user to resubmit if wrong. 

H. 	 INDEPENDENT SUBROUTINES 

See Appendix F for listing of all subroutines 

I. 	 SYSTEM SUBROUTINES 

No special system subroutines required. 

J. 	 COMPLETION OR FINAL CHECKOUT DATE 

6/3/75 



APPENDIX A 
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The following list includes all variables used in the long term model. 

. Units
Independent variables (never calculated by the program) are indicated by 

used are: volume in liters, mass in grams, time in minutes, chemical units in 

and control factors as ratiomilliequivalents, pressure in millimeters of mercury, 

to normal. 

AAR- afferent arteriolar resistance 

AGK*- constant concerned with effect of renin on angiotensin formation 

AH- antidiuretic hormone secretion rate 

AHC- antidiuretic hormone concentration 

AHK* - constant used in calculating antidiuretic hormone concentration 

AHM- antidiureric hormone multiplier 

AHY- adapted effect of right atrial pressure on antidiuretic hormone secretion rate 

AHZ- basic effect of right atrial pressure-on antidiuretic hormone secretion rate 

AH8- effect of autonomic stimulation on antidiuretic hormone secretion rate 

ALO*-. maximum aortic arterial oxygen saturation 

AM- aldosterone-multiplier 

AMC- aldosterone concentration 

AMM: muscle vascular constriction caused by local tissue control, ratio to resting state 

AMP- effect of arterial pressure on rate of aldosterone secretion 

AMR- effect of sodium to potassium ratio on rate of Qldosterone secretion 

AMT* - time constant of aldosterone accumulation and destruction 

AMJ- rate of aldosterone secretion 



7 

ANC- angiotensin concentration 

ANM- angiotensin multiplier effect on vascular resistance, ratio to normal 

ANP- effect of renal blood flow on angiotensin formation 

ANR- effect of glomerular filtration and sodium concentration on renin formation 
with conseqjuent effect on angiotensin formation 

ANTI - . time constant of angiotensin accumulation and destruction 

ANU- non-renal effect of angiotdnsin 

ANV '- total body systemic unstressed volume diminished by bed rest fluid shift 
factor 

ANW- partial effect of renin on angiotensin formation 

ANY*- constant used to calculate angiotensin effect on venous volume 

ANZ*- constant used to calculate angiotensin effect on venous resistance 

AN] - rate of angiotensin formation 

AOM- autonomic effect on tissue oxygen utilization 

APD- afferent arteriolar pressure drop 

ARF*- intenstty-(f sympathetic effects on renal function 

ARM- vasoconstrictor effect of all types of cutoregulation 

ARI- vasoconstridtor effect of rapid autoregulation 

AR2- vasoconstrictor effect of intermediate autoregulation 

AR3: vasoconstricto effect of.long-term outoregulation 

AU- overall activity of autonomic system 

AUB- effect of baroreceptors on autoregulation 

AUC- effect of chembreieltors on autonomic stimulation 

AUH- autonomic stimulation of heart 



AUJ- basic overall autonomic stimulation 

AUK*- time constant of baroreceptor adaptation 

AUL*- switch that turns on bed rest induced cardioacceleration effect. 

AUM- sympathetic vasoconstrictor effect on arteries 

AUN- effect of CNS ischemic reflex on autoregulation 

AUO- fractional departure of overall activity of autonomic system from normal 

AUP- autonomic stimulation of peripheral circulatory sensitivity 

AUQ*- sensitivity of sympathetic control of peripheral circulation 

AUR- autonomic stimulation for heart rate 

AUS*- sensitivity of sympathetic control of heart rate 

AUV*- amount of fluid shifted during bed rest from unstressed to stressed blood volume. 

AUX*- sensitivity of baroreceptors 

AUY*- sensitivity of sympathetic control of veins 

AUZ*- overall sensitivity of autonomic control 

AU4- degree of adjustment of baroreceptor response 

AU6- adapted baroreceptor response 

AU8- rate of adaptation of baroreceptors 

AVE- effect of autonomic stimulation on venous resistance -

AIB- sensitivity parameter for baioreceptor drive 

A1K*- time constant of rapid autoregulation 

A2K*- time constant of intermediate autoregulation 

A3K*- time constant of long-term autoregulation 

A4K*- time constant for muscle local vascular response to metabolic activity 

BFM- muscle blood flow 
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BFN- blood flow in non-muscle, non-renal tissues 

CCD- concentration gradient across cell membrane 

CFC*- capillary filtration coefficient 

CH-Y- concentration of hyaluronic acid in tissue fluids 

CKE- extracellular potassium concentration 

CKI- intracellular potassium concentration 

CNA- extracellular sodium concentration 

CNB- difference between extracellular sodium concentration and set point used to 
calculate antidiuretic hormone secretion rate 

CNR*- reference sodium concentration used in determining effect of sodium on anti
diuretic hormone secretion rate 

CNE- sodium concentration abnormality causing third factor effect 

CNX* constant used in calculation of renal excretion rate of sodium 

CNY*- constant used in calculation of renal excretion rate of sodium 

CNZ*- sensitivity of antidiuretic hormone production rate to-extracellular sodium 
concentration 

CN2k constant usedin calculation of venous resistance 

CN3- dummy variable used in calculation of the effect of capillary pressure on 
venous resistance 

CN7*- constant used in calculation of venous resistance 

CPF*- sensitivity of rate of transfer of fluid across pulmonary capillaries to pressure 
gradient 

CPG- concentration of protein in tissue gel 

CPI- concentration of protein in free interstitial fluid 

CPK*- rate constant used in determining loss of plasma protein through systemic 
capi laries 
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CPN- concentration of protein in pulmonary fluids 

CPP- plasma protein concentration 

CPR*- reference plasma protein concentration governing protein production by liver 

CV*- v.enous capacitance 

DAS- rate of volume increase of systemic arteries 

DAU- autonomic stimulation drive 

DFP- rate of increase in pulmonary free fluid 

DHM- rate of cardiac deterioration caused by hypoxia 

DLA- rate of volume increase in pulmonary veins and left atrium 

DLP- rate of formation of plasma protein by liver 

DLZ- undamped plasma protein concentration differential causing protein production 
by liver 

DOB- rate of oxygen delivery to non-muscle cells 

DPA- rate of increase in pulmonary volume 

DPC- rate of loss of plasma proteins through systemic capillaries 

DPI- rate of change of protein in free interstitial-fluid 

DPL- rate of systemic lymphatic return of protein 

DPO*- rate of loss of plasma protein 

DRA- rate of increase in right atrial volume 

DVS- rate of increase in venous vascular volume 

EXC* exercise activity, ratio to normal-at rest 

EXE- exercise effect on autonomic stimulation 

EXI*- constant concerned with effect of muscle cell P0 2 on autonomic stimulation 
during exercise 



FIS*- fistula parameter 

GBL*- Goldblatt hypertension parameter 

GFN- glomerular filtration rate of undamaged kidney 

GFR- glomerular filtration rate 

GF1 - value of GFN on previous iteration 

GF2*- constant used in calculation of glomerular filtration rate 

GF3- degree of autoregulatory feedback at macular densa 

GF4*- constant controlling the feedback loop for GF3 

GLP- glomerular pressure 

GPD- rate of increase of protein in gel 

GPR- total protein in gel 

HKM*- constant used in calculation of portion of blood viscosity caused by red blood 
cel Is 

HM- hematocrit 

HMD- cardiac depressant effect of hypoxia 

HMK*- constant used in calculation of portion of blood viscosity caused by red blood 
cel Is 

HPL- hypertrophy effect on left ventricle 

HPR- hypertrophy effect on right ventricle 

HR- heart rate 

HSL*- basic left ventricular strenght 

HSR*-- basic right ventricular strength 

HYL*- quantity of hyaluronic acid in tissues 

I- integration step size 

IFP- interstitial fluid protein 

II.- variable integration step size utilized on stable os,mptote 
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12*- normal increment on time 

13* 'maximum time increment for stable asymptote 

KCD- rate of change of intracellular potassium concentration 

KE- total extracellular fluid potassium 

KED- rate of change of extracellular potassium concentration 

KI- total intracellular potassium concentration 

KID* rate of potassium intake 

KIE- excess potassium concentration causing change in intracellular potassium 

level 

KIR- total expected level of potassium in the intracellular fluid under equilibrium 

conditions 

KOD- rate of renal loss of potassium 

LPK* - rate constant for plasma protein production by liver 

LVM- effect of aortic pressure on. left ventridular output 

MMO- rate of oxygen utilization by muscle cells 

M02- rate of oxygen utilization by non-muscle cells 

NAE- total extracellular sodium 

NED- rate of change of sodium in extracellular fluids 

NID*- rate of sodium intake 

NOD - rate of renal excretion of sodium 

NOZ- effect of urinary output, aldosterone, 
for sodium 

OMM*- muscle oxygen utilization at rest 

OSA- aortic oxygen saturation 

OSV- non-muscle venous oxygen saturation 

arid sodium level onrenal excretion rate 



OVA- oxygen volume in aortic blood 

OVS- muscle venous oxygen saturation 

02A*- sensitivity of the effect of autonomic stimulation on metabolism 

02M*- basic oxygen utilization in non-muscle body tissues 

PA- aortic pressure.
 

PAM- effect of arterial pressure in distending arteries, 


PAR- renal arterial pressure.
 

PAl- effective pressure drive on autonomic system
 

PA2- effective arterial pressure on left ventricle
 

PC- capi Ilary pressure
 

PCD- net pressure gradient across capillary membrane
 

PCE*- capillary pressure exponent
 

PCP- pulmonary capillary pressure
 

ratio to normal 

PDO- difference between muscle venous oxygen P0 2 and normal 

PFI- rate of transfer of fluid across pulmonary capillaries 

PFL- renal filtration pressure 

PGC- colloid osmotic pressure of tissue gel 

PGH- absorbency effect of gel caused by recoil of gel reticulum 

PGL- pressure gradient in lungs 

venous oxygen P0 2 

PGP- colloid osmotic pressure of tissue gel caused by entrapped protein 
I -

PGR- colloid osmotic pressure of interstitial gel caused by Donnan equilibrium 

PGS- pressure difference between arteries and veins 

PGV- venous pressure gradient 



PGX- activity factor for protein in the interstitial fluid 

PIF- interstitial fluid pressure 

PKI*- constant used in calculating muscle cell P0 2 from total volume of oxygen in 
muscle cel!s 

PK2*_ constant used in'calculating muscle cell P0 2 from total volume of oxygen in 
muscle cells 

PK3*- constant used in calculating rate of oxygen transport to muscle cells 

PLA- left atrial pressure 

PLD- pressure gradient, to cause lymphatic flow 

PLF- pulmonary lymphatic flow 

PMC- mean circulatory pressure 

PMO- muscle cell P02 

PMP- mean pulmonary pressure 

PMS- mean systemic pressure 

PM1- effective muscle cell P0 2 

PM3*- minimum value allowed for PM1 

PM4*- constant used in calculating rate of oxygen transport to muscle cells 

PM6*- constant used in calculating rate of.oxygen transport to muscle cells 

POA- rate of change of intermediate autoregblation vasoconstrictor effect 

POB-- rate of change of rapid autoregulation vasoconstrictor effect 

POC- rate of change of long-term autoregulation vasoconstrictor effect 

POD- - non-muscle venous P0 2 minus normal value 

POE- sensitivity control for oxygen feedback control loop 

PO)K*- sensitivity of rapid system of autoregulation 
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POM*- sensitivity of oxygen feedback control loop 

PON*- sensitivity of intermediate autoregulation 

POQ- effective non-muscle cell P02 

POR*- reference value of capillary P0 2 in non-muscle tissue 

POS- pulmonary interstitial fluid colloid osmotic pressure 

POT- non-muscle cell P0 2 

POV- non-muscle yenous P02 

POY*- sensitivity of red cell production 

POZ*- sensitivity of long-term autoregulation 

POI*- constant used in determining oxygen deficit factor causing red cell production 

P02- oxygen deficit factor causing red cell production 

PPA- pulmonary arterial pressure 

PPC- plasma colloid osmotic pressure 

PPD- rate of change of protein in pulmonary fluids 

PPI- pulmonary interstitial fluid pressure 

PPN- rate of pulmonary capillary protein loss 

PPO- pulmonary lymph protein flow 

PPR- total protein in pulmonary fluids 

PP1- variable used to empirically relate-pulmonary arterial pressure and pulmonary 
arterial resistance 

PP2- effective pulmonary arterial pressure 

PRA- - right atrial pressure 

PRM- pressure caused by compression of interstitial fluid gel reticulum. 
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PRP- total plasma protein 

PRI- effective right atrial pressure 

PTC-' interstitial fluid colloid osmotic pressure 

PTS- solid tissue pressure 

PTT- total tissue pressure 

PVG- venous pressure gradient 

PVO- muscle venous P02 

PVS- average venous pressure 

P10- tissue P02 effective in oxygen utilization 

P20- muscle cell PO2 effective in depressing rate of metabolism 

QAO- blood flow in the systemic arterial system 

QLN- basic left ventricular output 

QLO- output of left ventricle (cardiac output) 

QOM- total volume of oxygen in muscle cells 

Q02- non-muscle total cellular oxygen 

QPO- rate of blood flow into pulmonary veins and left atrium 

QRF*- feedback effect of left ventricular function on right ventricular function 

QRN- basic right ventricular output 

.QRO-. actual right ventricular output 

QVO - rate of blood flow from veins into right atrium 

RAM*_ basic vascular resistance of muscles 

RAR*- basic resistance of non-muscular and non-renal arteries 

RBF- renal blood flow 
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RCD- rate of change of red cell mass 

RC1- red cell production rate 

RC2- red cell destruction rate 

RDO- resistance of diffusion of oxygen from capillaries to cells 

REK*- fraction of normal renal function 

RFN- renal blood flow if kidney is not damaged 

RKC*- rate constant for red cell destruction 

RMO- rate of oxygen utilization by tissues 

RPA- pulmonary arterial resistance 

RPT- pulmonary vascular resistance 

RPV- pulmonary venous resistance 

RR- renal resistance 

RSM- vascular resistance in muscle 

RSN- vascular resistance in non-muscle, non-renal tissues 

RTP- total peripheral resistance 

RVG- resistance from veins to right atrium 

RVM- depressing effect of pulmonary arterial pressure on right ventricle 

RVS- venous resistance 

'SR*- intensity factor for stress relaxation 

SRK*- time constant for stress relaxation 

STA*- overriding value of overall activity of autonomic system AU 

STH- effect of tissue hypoxia on salt and water intake 

SVO- stroke volume output 



T- total time elapsed 

TRR- tubular reabsorption rate 

TVD- rate of drinking 

TVZ- combined effect of tissue ischemia and central nervous stimulation on thirst 
and drinking 

TI- total time elapsed on previous step 

U*- damping factor for QPO 

VAE- excess volume in systemic arteries that causes stretch of arterial walls 

VAS- volume in systemic arteries 

VB- blood volume 

VBD- volume correction factor added to systemic circulation to allow for updating 
blood volume 

VEC- exrracellular fluid volume 

VG- volume of interstitial fluid gel 

VGD- rate of change of tissue gel volume 

VIB- blood viscosity, ratio to that of water 

VIC- cell volume 

VID- rate of fluid transfer between interstitial fluid and cells 

VIE- portion of blood viscosity caused by red blood cells 

VIF-: volume of free interstitial fluid 

VIM- blood viscosity, ratio to normal 

VIA- volume in left atrium 

VLE- excess volume in left atrium causing stretch of left atrium and pulmonary veins 

VP- plasma volume 
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VPA- volume in pulmonary arteries 

VPD- rate of change of plasma volume 

VPE- excess volume in right atrium causing stretching of the right atrium 

VPF- pulmonary free fluid volume 

VRA right atrial volume 

VRC- volume of red blood cells 

VRE- excess volume in right atrium causing stretching of the right atrium 

VTC- rate of fluid transfer across systemic capillary membrances 

VTD-- rate of volume change in total interstitial fluid 

VTL- rate of systemic lymph flow 

VTS- total interstitial fluid volume 

VTW- total body water 

VUD- rate of urinary output 

VVE- excess venous vascular volume before stress relaxation correction 

VVR- volume of blood in veins at zero venous pressure 

VVS- venous vascular volume 

VV6- rate of change of vascular stress relaxation effect 

VV7- increased vascular volume caused by stress relaxation 

VV8-. excess volume of blood in the systemic veins after stress relaxation correction 

VV9*- reference venous vascular volume 

V2D+- resistance factor which converts pressure drop to rate of change of tissue gel 
volume 

X*- damping factor for QVO 
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Y*- damping factor for DAU 

GPD, KCD, NOD,Z' - damping fRctor for AH, DAO, DFP, DLP, DPC,. DPL, GFN, 

POA, POB, PPD, TVD, VID, VTC, VTL, VUD, VV6 (1.0) 

ZI*- damping factor for VPD 

Z3*- damping factor for '/P 

Z4*- time constant used to calculate non-muscle cell total cellular oxygen 

Z5*- time constant used to calculate volume of oxygen in muscle cells 

Z6*- damping factor for OVS 

Z7*- damping factor for OSV 

Z8*- time constant of autonomic response 

Z10*- constant used to calculate effect of tissue hypoxia on salt and water intake 

Z11- constant used to calculate effect of tissue hypoxia on salt and water intake 

Z12*. constant thct convets exercise activity to autor.cmic timulcticn 

Z13*- constant used in calculating heart hypertrophy 
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The following is a -listof all variables recently added to the long term model. 

A* - sensitivity of suppressive effect of angiotensin on renin secretion 

AKA* - damping factor involved in angiotensin production 

AMS - short-term muscle autoregulatory effect (This was formerly 

called AMM.) 

AM2 - intermediate-term muscle autoregulatory effect 

ANAR* - sensitivity of angiotensin effect on afferent arteriolar resistance in the 
kidney 

ANCN* - normal angiotensin concentration in plasma 

ANER* - sensitivity of angiotensin effect on efferent arteriolar resistance in the 
kidney 

ANGS - fractional suppression of renin secretion influenced by angiotensin 
concentration 

ANGT* - time constant for attainment of angiotensin suppression of renin 

ANK - angiotensin effect on tubular reabsorption 

ANMM* - maximum effect of angiotensin 

ANSS - steady-state fractional renin suppression caused by angiotensin 

ANTC* - exponential parameter used to obtain angiotensin dose-response curve 

AN2 - angiotensin H amount 

AN3 - parameter used to obtain angiotensin dose-response curve 

ATH* - sensitivity of angiotensin effect on thirst and salt intake 

AUAB - autonomic response of aortic baroreceptors 

AUCB - autonomic response of carotid baroreceptors 

AUHI - initial response of pressure effect on contractility 

AUH2 - adapted response of contractility due to pressure 



AUH3 - extent of adaptation of contractility response due to pressure 

A5K* - time constant for intermediate-term muscle autoregulation 

B* - sensitivity of suppressive effect of renal tubular sodium flow on renin 

secretion 

CAA* - time constant for angiotensin destruction 

CAB* - sensitivity of total baroreceptor effect on aortic baroreceptors 

CAIV* - angiotensin infusion rate 

CAS* - rate constant for angiotensin production from renin 

CCB* - sensitivity of total baroreceptor effect on carotid baroreceptors 

CRA* - time constant for renin destruction 

DESC* - delay in renal response used during salt loading 

GP1* - sensitivity of angiotensin effect on renal tubular reabsorption 

KO* - controlled value for potassium excretion 

NAO* - controlled value for sodium excretion 

POF - sensitivity control for intermediate-term muscle autoregulatory loop 

POU* - sensitivity of intermediate-term muscle autoregulation 

RC - plasma renin concentration 

RNA* - controlled intake rate of sodium 

RNK* - damping factor involved in renin production 

RNS - rate of renin secretion per gram of kidney 

RSR - total rate of renin secretion for 300 grams of kidney 

RT - total renin amount in plasma 

RTR* - controlled infusion rate of water 

SRL* - time constant for intermediate vascular stress relaxation 

SRM* - time constant for long term vascular stress relaxation 

SRI* - intensity factor for intermediate vascular stress relaxation 

SR2* - intensity factor for long -termvascular stress relaxation 

UOC* - delay time constant for kidney during salt loading 
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VASO - unstressed volume of arterial compartment 

VIL* - controlled insensible water loss rate 

VINT* - controlled intake rate for water 

VLAO - unstressed volume of pulmonary venous and left atrial compartment 

VOB* - controlled urinary output rate 

VOT - total body systemic unstressed volume 

VOT1 - initial arterial pressure effect on whole-body unstressed volume 

VOT2 - adapted arterial pressure effect on whole-body unstressed volume 

VOT3 - extent of adaptation of arterial pressure effect on whole-body unstressed 
volume 

VPAO - unstressed volume of pulmonary arterial compartment 

VRAO - unstressed volume of right atrial compartment 

VUGF - urinary flow due to filtration 

VVSO - unstressed volume of venous compartment 

V61 - rate of change of intermediate stress-relaxation effect 

V62 - rate of change of long term stress-relaxation effect 

V71 - increased vascular volume caused by intermediate stress relaxation 

V72 - increased vascular volume caused by long- 'term stress relaxation 

X6* - weighting factor for short term vascular stress relaxation 

XT* - weighting factor for intermediate-term vascular stress relaxation 

X8* - weighting factor for long term vascular stress relaxation 
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APPENDIX B 

INDEX OF VARIABLES AND INITIAL VALUES 

FOR- -

CARDIOVASCULAR MODEL 



ELEMENT 

NO. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


11 

12 

13 


14 

15 

16 

17 

18 

19 

20 


21 

22 

23 

24 

25 

26 

27 

28 


29 


30 


31 

32 

33 

34 

35 

36 

37 

38 


MNEMONIC 


X(1) 

X(2) 

X(3) 

x(4) 

X(5) 

x(6) 

X(7) 

x(8) 

x(9) 

X(i0) 


X(ll) 

X(12) 

X(13) 


x(14) 

X(15) 

X(16) 

X(17)

X(18) 

X(19) 

X(20) 


X(21) 

X(22) 

X(23) 

X(24) 

X(25) 

X(26) 

X(27) 

X(28) 


X(29) 


X(30) 


X(31) 

X(32) 

X(33) 

X(34) 

x(35) 
X(36) 

X(37)

X(38) 


TABLE 1 

DEFINITIONS
 

DEFINITION 


Stressed Vol., RT. Atrium 

, , RT. Ventricle 

, Left Atrium 
, Left Ventricle 

" " Pulmonary Arteries 
it Arterioles 
i f Venules 

T IT Aortic Arch 
Inertance Integral 
Integral of Aortic Arch 
Pressure/Beat
 

Inertance Integral 

Stressed Vol., Thoracic Aorta 


Integral of Carotid 

Pressure/Beat
 
Stressed Vol., Abdominal Aorta 


, Common iliac Arteries
I 	 it 
I ,, Legs Small Arteries 

I, Legs Arterioles 

Legs Venules 

, egs Small Veins 
, Femoral Veins 

Total Vol., Abdominal Vena Cava 

Total Vol., Thoracic Vena Cava 

Total Vol., Superior Vena Cava 

Stressed Vol., Lower Carotid Arteries 


i, Upper Carotid Arteries 
T, Head Small Veins 
" " , Jugular Veins 
" I , Superior Mesenteric 

Veins
 
Stressed Vol., Upper Thoracic Aorta 


Stressed Vol., Portal Veins 


i " , Renal Arteries 

t " , Renal Veins 


Integral of Left Vent. Flow/Beat 

Inertance.Integral 


it ,i 

iT it 


CONSTANT OR
 
INITIAL VALUE 


101.0 

246.7 

43.3 


244.6 

8.4
 

11.7 
:30.5 
19.0
 
0.0
 
0.0 


0.0
 
14.9 

0.0 


15.3 

14.8 

59.4 


4.o 

I18.2
 
200.0
 
42.0
 

385.2 

274.4
 
37.9
 
8.75 


29.0
 
74.8 

3.6 


230.1
 

15.0
 
.° 

109.5
 

16.2
 
47.3 

0.0 

0.0
 
0.0
 
0.0
 

25
 

UNITS
 

ml
 
"
 
iT 
"
 

t 

mmHg-sec
 

ml
 
mmHg-sec
 

ml
 
"
 
i
 

T 

T 

tt 

t 

IT
 

IT 

"
 
"
 

mmHg-sec.
Integral of Upper Thoracic Aortic Pressure 0.0 

Not Used
 

39 x(39)
 
4o x(4o)
 



ELEMENT 

NO. 

41 

42 

43 

44 


46 

47 

48 

49 

50 


51 

101 

102 

103 

lo4 

105 

1o6 

107 

108 
109 
1 0 


ill 

112 

113 

114 

115 

116 

117 

118 

119 

120 


121 

122 

123 


124 

125 

126 

127 

128 

129 

130 


100
 

MNEMONIC 

x(4!1)
 
x(42)
 
x(43)
 
x(44)
 

x(46)
 
x(47)

x(48)

x(49)

x(5o)
 

QRA 

QRV 

QLA 
QLV 
QPA 

QPC 

QPV 
QAA 


QUTA 

QLTA 


QLABA 

QCILL 

QLGSA 


QLOCAP 

QLGVE 

QLGSV 


QFEV 

QABVC 

QTHVC 


QqWVC 

QLOC 

QUPC 

QJHCAP 

QHSV 

QJV 
QC0R 


DEFINITION 


Flow from RT. Atrium 

" RT. Ventricle 

it Left Atrium 
" " " Ventricle 

it 

" 

" 
it 

Pulmonary Arteries 
Pulmonary Arterioles 

it Venules 
Aortic Arch 

Not Used
 
it It 

Flow From Upper Thoracic Aorta 

Flow from Lower Thoracic Aorta 

Not Used
 
Flow from Abdominal Aorta 

Flow from Common Iliac Arteries
 

" " Leg Small Arteries 
Not Used 
Flow from Leg Arterioles 

" " Leg Venules 
" " Leg Small Veins 

" Femoral Veins 

" Abdominal Vena Cava 
It Thoracic IT it 

it Superior Vena Cava 

Flow to Lower Carotid Arteries 
i " Upper i i 
" from Upper Carotid Arteries 

from Head Small Veins 
" from Jugular Veins 
Coronary Blood Flow 

CONSTANT OR
 
INITIAL VALUE 

Computed 

Variable 


"t
 
" 

"t
 

Computed 

Variable 


" 


T 

IT 

"
 
" 


T 

"T
 

26 

UNITS
 

ml/sec

"
 

"
 

ml/sec
 
"
 

"
 

T 

It 

I 
"1
 

IT 

"
 

"
 



ELEMENT 


NO. 


131 

132 

133 

134 

135 

136 

137 

138 

139 

140 


141 

142 

143 

144 

145 

146 

147 

148 

149 

150 


151 

152 

153 

154 

155 

156 

157 

158 

159 

160 


161 

162 

163 

164 

165 

166 

167 

168 


169 

170 


171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

MNEMONIC 


QCSMA 


QCSMV 

Q.PV 


QRENA 

QRALE 

QRENV 

QRET 

Q(1) 


QD(lO) 

QSKB 


CRA 

CRV 

CIA 

CLV 

CPA 

CPC 

CPV 

CAA 


CUTA 

CLTA 


CLABA 

CCILL 

CLGSA 

CLGAR 

CLGVE 


CLGSV 
CFEV 


CLTC 

CUPC 

CHSV 

CJV 

CCSMV 


CPV 


27 

CONSTANT OR 
DEFINITION INITIAL VALUE UNITS 

Flow to Superior Mesenteric Veins Computed ml/sec

Variable ?Not Used 


Flow from Superior Mesenteric Veins
 
" " Portal Veins 

Not Used 
Flow to Renal Arteries " " 
Flow from Renal Arteries " 
I IT Renal Vein 

Flow to RT. Atrium " " 
Long Term Flow Change in Renal Arteries 

• It 

" " " " Superior Mesenteric arteries
 
-" " " " Leg Arteies - " 

Not Used 
Not Used 
Not Used
 
Not Used
 
Not Used
 
Not Used
 
Not Used
 
Flow Through Skeleton, Bone Marrow, Computed ml/sec


"
 Variable
and Fat 


Compliance, Right Atrium ml/mmHg 
i , Right Ventricle 

, Left Atrium 
, Left Ventricle " T 

:TPulmonary Arteries 1.2 ml/mmHg 

" Arterioles 1.7 
I Venules 5.3 

T Aortic Arch 0.25
 
Not Used
 
Not Used
 

Upper Thoracic Aorta 0.2
 
Lower Thoracic Aorta 0.2
 
Not Used
 
Abdominal Aorta 0.21
 
Compliance, Common Iliac Arteries 0.2 
 T 

, Leg Small Arteries 0.8 
, Leg Arterioles 0.3 
, Leg Venules 3.956 

, Leg Small Veins 3.14 
, Leg Femoral Veins o.6 

Temporary Storage
 
T" '' 

iT It 

Compliance, Lower Carotid Arteries 0.12
 
, Upper " 0.3996 I
 

, Head Small Veins 5.3 " 
" , Jugular Veins 0.9058 
" , Superior Mesenteric Veins 9.59 

II 

Not Used
 
" , Portal Veins 6.o47
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ELENT CONSTANT OR 

NO. -MNEMONIC DEFINITION INITIAL VALUE UNITS 

181 
182 

CRENA 
CRENV 

Compliance, Renal Arteries 
, Renal Veins 

0.2224:, 
2.517 

183 CD(1) Not Used 
184" 
185 
186 
187 " 
188 
189 
190 It 

191 1I 

192 It 

193 
194 " 
195 
196 " 
197 
198 
199 H 

200 Cn(18) I 
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CALCULATED VARIABLES FOR EACH VOLUME COMPARTMENT
 

ELEMENT 
NO. 

PRESSURE PRESSURE DUE 
TO GRAVITY 

EXTERNAL 
PRESSURE 

VOLUME 
COMPARTKE 

201 
202 
203 
2o4 
205 

PRA 
PRV 
PLA 
PLV 
PPA 

321 V(i) 
322 V(2) 
323 V(3) 
324 V(4) 
325 V(5) 

421 
422 
423 
421. 
425 

PG(i) 
P(2) 
PG(3) 
PG(4) 
PG(5) 

455 
456 
457 
458 
459 

PEXT(l) 
PEXT(2) 
PEXT(3) 
PEXT(4) 
PEXT(5) 

RT. Atrium 
RT. Ventricle 
Left Atrium 
Left Ventricle 
Pulmonary Ar
teries 

206 PPC 326 V(6) 426 1x(6) 46o PEXT(6) Pulmonary Ar
terioles 

207 
208 
209 
210 

PPV 327 V(7) 
PAA 328 v(8) 
Temporary Storage 

It 

427 
428 
429 
430 

PG(7) 
PG(8) 
PG(9) 
PG(10) 

461 
462 
463 
464 

PEXT(7) 
PEXT(8) 
PEXT(9) 
PEXT(IO) 

Pulmonary Veins 
Aortic Arch 

211 
212 
213 
214 
215 

216 

PUTA " 
PLTA 332 V(12) 
Temporary Storage 
PLABA 334 v(14) 
PCILL 335 V(15) 

PLGSA 336 V(16) 

431 
432 
433 
43+ 
435 

436 

P(ll) 
PG(12) 
PG(13) 
PG(14) 
PG(15) 

PG(16) 

465 
466 
467 
468 
469 

470 

PEXT(11) 
PEXT(12) 
PEXT(13) 
PEXT(14) 
PEXT(15) 

PEXT(16) 

, 

Upper Thor.Aorta 
Lower Thor.Aorta 

Abdominal Aorta 
Common Iliac 
Artery 
Leg Small Art
eries 

217 
218 
219 
220 

PLGAR 
PLGVE 
PLGSV 
PFEV 

337 V(17) 
338 V(18) 
339 V(19) 
340 V(20) 

437 
438 
439 
140 

PG(17) 
PG(18) 
PG(19) 
PG(20) 

471 
472 
473 
474 

PEXT(17) 
PEXT(18) 
PEXT(19) 
PEXT(20) 

Leg Arterioles 
Leg Veins 
Leg Small Veins 
Femoral Veins 

221 PABVC 341 V(21) 441 PG(21) 475 PEXT(21) Abdominal Vena 
Cava 

222 PTHVC 342 V(22) 442 PG(22) 476 PEXT(22) Thoracic Vena 
Cava 

223 PSPVC 343 V(23) 443 PG(23) 477 PEXT(23) Superior Vena 
Cava 

224 PL0Q 344 V(24) 444 PG(24) 478 PEXT(24) Lower Carotid 
Arteries 

225 PLUPC 345 V(25) 445 PG(25) 479 PEXT(25) Upper Carotid 
Arteries 

226 
227 
228 

PHSV 
PJV 
ICSMV 

346 V(26) 
347 V(27) 
348 V(28) 

-

446 PG(26) 
447 PG(27) 
448 PG(28) 
.teric 

480 
481 
482 

PEXT(26) 
PEXT(27) 
PEXT(28) 

Head Small Veins 
Jugular Veins 
Superior Mesen-

Veins 

229 Not Used 349 Not Used 449 Not Used 483 Not Used 

230 PPOV 350 V(30) 450 PG(30) 484 PEXT(30) Portal Veins 
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CALCULATED VARIABLES FOR EACH VOLlME COMPARTMENT 

ET	LENT PRESSURE TOTAL VOLUME PRESSURE DUE EXTERNAL VOLUME 
NO. (Mm Hg) (ml) TO GRAVITY PRESSURE COMPARTMENT 

231 PRENA 351 V(31), 451 PG(31) 485 PEXT(31) Renal Arteries 
232 PRENV 352 V(32) 452 PG(32) 486 PEXT(32) Renal Veins 
233 PD(i) Mean.Upper Thoracic Aortic Pressure 
234 Not Used 453 -454 Not Used 
235 Not Used 353 - 368-Not Used 
236 "1 369 - V(49) Blood Volume Command = 5062.4 ml 
237 " 370 - V(50) Total Blood Volume 5062.4 ml 

it238 
239
 
240
 

241 " "
 
242 " "
 
243 " "
 
244"
 
245 "
 
246 T "
 
247" 	 " 

248 " " 
249 PM Mean Arterial Pressure 90.0 mmHg
 
250 PMC Mean Carotid Arterial Pressure 90.0 mmHg
 

ELEMENT 	 CONSTANT OR 
NO. MNEMONIC DEFINITION 	 INITIAL VALUE UNITS 

251 REA RT. Atrium Valve Resistance 0.007508 mmHg/ml/sec 
252 RRV RT. Ventricle Valve Resistance 0.007508 " 

253 RMV Left Atrium Valve 0.007508 
254 RAV Left Ventricle Valve o.o4 
255 RPA Pulmonary Arterioles 0.01502
 
256 RPC Pulmonary Capillaries 0.05255
 
257 RPV Pulmonary Venules 0.01502 "
 
258 Not Used
 
-259 Not Used
 
260 RUTA Upper Thoracic Aorta 0.012
 

261 RLTA Lower Thoracic Aorta 0.04 T
 

262 Not Used 0.0
 
263 RLABA Abdominal Aorta 0.034
 
264 RCILL Common Iliac Arteries 0.034
 
265 RLGSA Leg Small Arteries 0.03003
 

T-266 RLGAR Leg Arterioles 	 4.505 
267 RLGCAP Leg Capillaries o.45050
 
268 RLGVE Leg Venules 0.07508
 
269 RLGSV Leg Small Veins 0.07508
 
270 RFEV Femoral Veins 0.02102
 



ELEMENT 

NO. 


271 

272 

273 

274 

275 

276 

277 

278 

279 

280 


281 

282 

283 

284 

285 

286 

287 

288 

289 

290 


291 

292 

293 

294 

295 

296
 
297
 
298
 
299 

300 


301 

302 

303 

304 

305 

306 

307 

308 

309 


310 -

MNEMONIC 


RABVC 

RTHVC 

RSPVC 

RLkC 

RUPC 

RHCAP 

RHSV 

RJV 

RCOR 

RCSMA 


RCSMV 

RPOV 


RRENA 

RRALE 

RREFF 

RRENV 

RD(l) 


(11) 
RSKB 


FLPA 

FLAA 


FLUTA 

FLLTA 


FLIABA 


320 


31 

UNITS
 

mmHg/ml/sec
 

mmHg/ml/sec2
 

DEFINITION 


Abdominal Vena Cava 

Thoracic Vena Cava 

Superior Vena Cava 

Lower Carotid'Arteries 

Upper Carotid Arteries 

Head Capillaries 

Head Small Veins 

Jugular Veins 

Coronary 

Superior Mesenteric Arteries 


Not Used
 
Superior Mesenteric Veins 

Portal Veins 

Not Used
 
Renal Arteries 

Renal Arterioles 

Efferent Arterioles 

Renal Veins 

Not Used
 
" i 

Not Used
 
, t 

"t 
"t 
" " 

Skeleton and Fat 


Inertance, Pulmonary Arteries 

, Aortic Arch, 

Not Used
 

I , 

Inertance, Upper Thoracic Aorta 0.004
 
Inertance, Thoracic Aorta 0.004 
Not Used 
Inertance, Abdominal Aorta o.o4 
Not Used 

Not Used
 

CONSTANT OR
 
INITIAL VALUE 


0.007380 

0.007508
 
0.01502
 
0.1 
0.03378
 
3.431
 
0.3754
 
0.004302
 

15.390
 
2.35
 

0.2252
 
0.5255
 

0.01502
 
0.45Q 45
 
2.744
 
0.6494
 

5.150
 

0.0007508 


0.002
 



ELEMENT 
NO. EMONIC 

371 VU(1) 

372 VU(2) 

373 VU(3)

374 VU(4) 
375 VU(5) 

376 vu(6) 

377 VU(7) 

378 VU(8) 

379 VU(9) 

380 W(10) 


381 VU(ll) 

382 VU(12) 

383 VU(13) 

384 VU(14) 

385 VU(15) 

386 VU(16) 

387 VU(17) 

388 VU(18) 

389 VU(19) 

390 VU(20) 


391 VU(2!) 
392 VU(22) 

393 VU(23) 

394 VU(24) 
395 VU(25) 
396 VU(26) 
397 VU(27) 
398 VU(28) 
399 VU(29) 
4o VU(30) 

401 VU(31) 
402 VU(32) 
403 - 420 

487 E(l) 

488 E(2) 

489 E(3) 

490 E(4) 
491 PEN 

492 ABIAS 


493 TBIAS 


--- TTHAZ
494, 

495 TMODEL 

496 SPACE(l). 


UNSTRESSED VOLUMES 

DEFINITION 

Rt. Atrium 

Rt. Ventricle 

Left Atrium 

Left Ventricle 

Pulmonary Arteries 

Pulmonary Arterioles 

Pulmonary Veins 

Aortic Arch 

Not Used
It " 

"
" 

Thoracic Aorta 
Not Used 
Abdominal Aorta 
Common Iliac Arteries 
Leg Small Arteries 
Leg Arterioles 
Leg Venules 
Leg Small Veins 
Femoral Veins 

Not Used
 
I " 
"1 It 

Lower Carotid Arteries 
Upper Carotid Arteries 
Head Small Veins 

Jugular Veins 

Superior Mesenterie Veins 

Not Used
 
Portal Veins 


Renal Arteries 

Renal Veins 

Not Used
 

Right Atrial Elastance 

Right Ventricle Elastance 

Left Atrial Elastance 

Left Ventricle Elastance 

Pressure Set Point 

Abdominal Vena Cava Compliance
 

Curve Bias 

Thoracic Vend Cava Compliance
 

Curve Bias 

Tilt Down Time 

Tilt Exp. Select 

Not Used
 

32 

CONSTANT OR 
INITIAL VALUE UNITS 

30.0 ml
 
0.0 "
 

30.0
 
0.0
 

85.0
 
15.0
 

400.0"
 
61.6
 

90.5
 

43.5
 
5.194"
 

30.0 "
 
30.0
 
162.0
 
188.0
 
110.0
 

50.0 
50.0 " 

509 .0- t 
28.0 
562.0
 

375.0
 

50.0
 
150.0
 

Computed Variable mmHg/ml 
1 i " 

it It 
it 

88.o mmHg
 

2.55
 

3.6
 
9999.
 

0.
 

497 SPACE(2) Press. at Exit Valves in Legs(lg) 2.5 mmHg 
498 SPACE(3) Effective Cirulatint Blood 

Volume Computed Variable ml 
499 SPACE(4) PTIS-Tissue Press. in Legs 2.0 mmg 
500 SPACE(5) PGBIAS-Long Term Tissue Press.Bias 0. mmHg 



ELEMNT 

NO. 


501 

502 

503 

5o4 

505 
506 

507 

508 

509 

510 


511 

512 

513 

514 

515 

516 

517 

518 

519 

520 


521 

522 

523 

524 

525 

526 

527 

528 

529 

530 


531 

532 

533 

534 

535 

536 

537 

538 

539 

54o 


541 

542 

543 

544
545 

546 

547 

548 

549 

550 


MNEMONIC 

Z(1) 

Z(2) 

Z(3) 

z(4) 

z(5) 
z(6)

z(7) 
z(8) 

Z(9) 

z(1o) 


z(1) 

Z(12) 

z(13) 

Z(14) 

Z(15) 

z(16) 

z(17) 

z(i8) 

Z(19) 

z(2o) 


Z(21) 

Z(22) 

Z(23) 

Z(24) 

z(25) 

Z(26) 

Z(27) 

z(28) 

Z(29) 

Z(0.) 


Z(31) 

Z(32) 

Z(33) 

z(34) 

z(35) 
Z(36) 

Z(37) 

z(38) 

Z(39) 

z(4o) 


WK(1) 

WK(2) 

WK(3) 


wK(4)
WK(5) 

wK(6)
W(7) 
wK(8) 

wK(9) 
WK(±O) 

DEFINITION 

Length of Vascular Segment 


I" 


" 

" 


" 


" 

I 

"6.0
 

" 


T 

t 

" 


" 

T 

" 


I 

"0.0
 

Time(Sec), LBITP Steps or Work 

tt I'I 
"t " 


" I
"",
 
" " 

T " 

- " 

" "T
 
,, ,,
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CONSTANT OR
 
INITIAL VALUE 

0.0 

0.0 

0.0 

0.0 

0.0
 
0.0 

0.00 
-7.00 
0.0
 
0.0
 

0.0
 
1
10.0
 
10.0
 
1
16.0
 
6.o
 

16.0
 
0.0
 
0.0
 

1
14.o
 

14.0
 
2.0
 
-7.0 


-14.0
 
0.0 

0.0 


-14.o
 
0.0
 
0.0

0.0 


0.0 

0.u,
 
0.0
 
0.0
 
0.0 

0.0 

0.0 

0.0 


0.0 

Protocol Section
 

TI 

IT 

"
 
,
 
,,
 

UNITS 

cm
 
"
 
"
 
"
 

"
 

I 

"
 
"
 

"
 

T 

"
 
"
 
I 

"
 

"
 



ELEMENT 

NO. 

551 

552 

553 


554
55 

556 

557 

558 

559 

560 
561 

562 

563 

564 

565 

566 

567 

568 

569 

570 


571 


572 

573 

574 

575 

576 

577 

578 

579 

580 


581 

582 

583 

584-

585 

6o 


. MNEMONIC 

WK(fl) 

WK(12)

WK(13) 


wK(14)
W(15) 

wK(16)

WK(17) 

WK(18) 

WK(19) 

WK(20) 

DR 

SV 

CO 

RT 

PEX 

W 

PSYS 

PDYS 

FREQ 

VO2DOT 


AVD 


PIAB 

PITH 

PMP 
THETA 

SF 

TTOT 

TAS 

TVS 

Cl 


C2 

GNEW 

PEXIN 


599 

VLEG 


CONSTANT OR
 
DEFINITION INITIAL VALUE 


Time(Sec), LBNP or Work Steps Protocol Section
 
TI " 

" "
 

" "
" " 


" " T 

T"
 

" " "
 
" i " 

Finish Time 

Heart Rate Calculated 

Stroke Volume 

Cardiac Output 

Total Peripheral Resistance " 

Exercise Boolean (Floating) 0.0
 
Work Rate 010 

Systolic Blood Pressure Calculated 

Diastolic Blood Pressure 

Respiratory Frequency 

Oxygen Uptake 
 IT 

Arterio-Venous 02 Difference 


Intra-Abdominal Pressure' 

Intra-Thoracic Pressure 

Leg Muscle Pump During Exercise
 
Body Angle Relative to Horizontal 

Constriction Strength Factor o.48
 
Heart Period 0.833 

Period of Systole 0.19 

Period of Diastole 0.36 

Gain Constant 46.0
 

Gain Constant 10.0
 
Gain Constant -0.05
 
Pressure Set Point 88.0 

Not Used
 
Not Used
 
Total Leg Blood Volume Calculated 


34 

UNITS
 

Sec. 
Beats/in
 
Liters
 
Liters/Min
 
mmHg/L/Min
 

KPM/Min
 
mmHg


It 

Beats/Min
 
Liters 02/Min
 

Liters 02
 

titers Blood
 
mmHg
 

IT 

Degrees
 

Sec.
 
Sec.
 
Sec.
 

mmHg
 

ml
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APPENDIX C
 

INDEX OF VARIABLES AND INITIAL VALUES
 

FOR-

THEIRMORE GULATORY MODEL 
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THERMOREGUIATORY - COMMON LOCATIONS
 

Variable Constant or
 
Location Name Description Initial Value Units
 

1 QBASAL Basal Metabolic Rate 283. Btu/hr
 

2 UEFF Efficiency of work performed 22. %
 

3 TCAB Temp. Cabin 75. OF
 

0 
4 TW Temp. Wall 75. F
 

0 
5 TDEWC Dew Point Temp. 52. F 

6 VCAB Ventilation Vel. 20. Ft/sec 

7 VEFF Ventilation Eff. 100. 

8 PCAB Cabin Pressure 14.7 Psia 

9 G Gravity (Normal to earth) 1. Nondimen
sional
 

10 CLOV Clothing (effective thickness) .1
 

11 EUG Emmissivity Clothing .99 Nondimen
sional
 

12 CPG c
P 

air .22 Btu/lb 0F
 

13 DT Integration step size .05 Min
 

14 PRINTI Print interval 1. Min
 

15 SET1 Run time 240. Min
 

16 XIPOS Position index 1. if=standing
 
2..=sitting
 
3.=supine
 

ft2
 
17-26 ACE(IO) Area for convective exchange 


2
 
27-36 ARE(I0) Area for radiative exchange ft
 

37-77 c(41) Weight.specific heat Btu/0F
 

78 CLO Clothing effective thickness/con
ductivity
 

79 DTIME Integration Step .00083 Hour
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THERMOREGUIATORY - COMMON LOCATIONS (Cont'd)
 

Variable Cofistant or 

Location Name Description Initial Value Units 

80-89 EMAX(lo) Maximum evaporative loss Btu/hr 

90 PRINT Print Step 0. Hr 

91 PRNOW Print Step counter 0. Hr 

92 QEVAP Evaporative heat loss 0. Btu/hr 

93 QLCG Heat loss to LCG (Not used) 0. Btu/hr 

94-103 QRAIO) Radiative heat loss 0. Btu/hr 

104-lo8 QRSEN1 Sensible heat loss from 0. Btu/hr 

QRSEN6 lungs 

109-118 QSEN(lO) Skin sensible heat loss 0. Btu/hr 

119 QSHIV Heat production-shivering 0. Btu/hr 

120 QSTOR Heat stored 0. Btu 

121 EM Metabolic rate 360. Btu/hr 

122 SETT, Run time hr 

123 SQUG Sum. of losses from clothing Btu/hr 

124 STORAT' Rate of heat storage 0. Btu/hr 

125-167 T(43) Temperature of body compart- F 

ments 

168 TIME Time Hr 

169-209 TSET(41) Point temperatures OF 

210-219 TUG(l0) Temp. clothing surface F 

221 V Useful work performed Btu/hr 

222 VPDEW Vapor pressure @ cabin temp. Psia 

223 WORK Heat produced by work Btu/hr 
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APPENDIX D 

INDEX OF VARIABLES AND INITIAL VALUES
 

FOR
 

RESPIRATORY MODEL
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Card No. Sb Normal Initial Value Description 
(aol. 26-37) (Co1. 6-20) 

1 
2 

FA(C02) 
FA(02) 

.0527 

.1514 
Alveolar gas fractions (dry), 
volumetric fraction of gas, 

3 FA(N2) .7959 dimensionaless 

4 CB(C02) .6397 Concentration of gas in 

5 
6 

CB(02) 
CB(N2) 

.0011 

.0097 
brain, 

liters (STPD)/liter brain. 

CT(C02) .6132 Concentration of gas in 

8 tissue compartment. 
9 Liters (STPD)/liter 

tissue 

10 Q 6.ooo Cardiac output blood flow, 
1:.liters/min. 

11 QB .7370 Cerebral blood flow, liters/ 
min. 

12 PCSF(C02) 47.8529 Partial pressure of gas in 

13 
14 

PCSF(02) 
PCSF(N2) 

36.0047 
567.4731 

cerebrospinal fluid com
partment, mmHg. 

15 TMAX 30.0000 Length of computer run, 
min. 

16 CENT SENS PT 0.0000 Central Sensitivity Parti
tion. Weighting of the 

H+ concentration in CSF 
with that of venous blood 
in the brain. With 

C(16)=O, zero weight is 
given to venous blood at 

level of the brain and a 
weight of one is given to 

H+ concentration in CSF. 
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Card No. Symbol Normal Initial Value Description 

17 BB .2000 Blood oxygen capacity, liters 
(STPD)/liter blood 

18 Rl .1000 Time constants for cardiac output 
response (Rl) and cerebral blood 

19 R2 .1000 flow response (R2) for changes 
in blood chemical composition. 

20 
21 

CNT SENS COF 
CRTD BDY SCF 

1.1380 Controller sensitivity weight

lings, i.e., 

VI = 1 .138CCSF(H+)+ 1.1540 

ca(f) (t-Tao) + TEEM-VI(N) 

where 
= Blood transport delay from 

ao 
lung to carotid body, 

V defined in C(37), and 

TERM = function of FA(02). 

22 
23 

KL 
KB 

3.0000 
1.0000 

Volumes of lung (alveoli), brain, 

and tissue compartments, liters. 

24 KT 39.0000 
25 
26 

MRB (C02) 
MB (02) 

.0500 

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

27 
28 
29 

D (CO2) 
D (02) 
D (N2) 

81.9900 
4.3610 
2.5240 

Diffusion coefficient for gas 
across "blood-brain", liters (i0 

-7 

(STPD)/min per mmfg. 

30 B 76o.oooo Barometric pressure, mmHg. 

31 
32 
33 

FI (C02) 
F1 (02) 
FI (N2) 

.1000 

.1100 

.7900 

Volumetric fraction of gas (dry 

inspired), dimensionless 

34 KCSF .1000 Volume of cerebrospinal fluid, 
liters 

35 T .0000 Initial time. 

36 H .0078125 Size of computer time step, min. 



41
 

Card No. Symbol Normal Initial Value Description 

37 VI(N) 87.5500 Constant that is involved in the 

controller equation (See -C(21)). 

Determines the normal level of 

Alveolar ventilation so that 

PA(C02)- 40.O at rest, breathing 

air at sea level. When the con

troller sensitivity weightings 
are changed VI(N) should be 

altered accordingly. 

38 VI (SS) 5.3900 Value used for normal resting 
alveolar ventilation. This 

is not used in the program if 

VI (N) is known. 

39 PRINT AL TIM 0.50000 Output printed in these time 
increments. HoweVer, there is 

an over-riding statement that 

permits no increments greater 

than 0.5 min. 

4o UNKNOWN 0.0000 Importance related to C (39), 

but doesn't seem to be of any 

real.significance. 

41 BHC03 Blood .5470 Standard bicarbonate content, 

42 BHC03 Brain .5850 liters C02 (STPD)/liter X, 

43 BHC03 Tissue .5850 370C where 

44 BHC03 CSF .5850 

= Blood, brain, tissue, CSF. 

45 
46 

IMT(C02) 
RMT(02) 

.1820 

.2150 

Metabolic rates by tissue, 

liters (STPD)/min. 

47 DJ1 .0000 Used in performing Dejours 
experiment (Not utilized in 

48 DJ2 .0000 present runs). Brief description 
of Dejours work relating 02 and 

C0 threshold effects is given in 

Grodins' paper. 

49th Card: 
1-6 F6.2 WOfK2 (work load) 

7-9 Blank 

10-15 F6.2 DURAT* (run time for work load) 

*if DUHAT is less than TMAX (card 15) another work load card is read
 

when print time exceeds DURAT.
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APPENDIX E 

EXAMPLE SIMULATION 

ON 

WHOLE-BODY ALGORITHM 
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061975 AT 080842
WHOLE-BODY ALGORITHM 

REFER TO GE-G& USER GUIDE TIR 741-MED-5009
 

*,* LONG TERM EXPERIMENT SIMULATION ** 

IWArT OUTPUT FILE :84, YH... 
*H 

397DATR RECORDS INPUT.
 
INPUT rO.AHD NAME FOR EXPERIMENT (14,154:,... 

BED REST
 
OUTPUT WANTED OP. SAME, STOP (64)...
 
-" PEF BFH BFM HP
 

DONE= HO MORE CHGES...INPUT WANTED CHGED. (4,2XqF10.4)

J1MB VALUE...
 

DLJHE
 
TIME STEP '.4,1X,Fb.0,F6.0)...
 
UHIT PRINT TIME (UNIT=DYS,HOUR,MINS,:SEC ,TEP) ...
 

..trAY, 1. 1.
 
E...EC PARAM. (A4.) .MORE.RLIN ...
 

IANT TO CALL SHOPT TERM MODEL-,IHPUT I. IF 
.1.
 

0 BED REST
 

MN SE VP RBF BFN - BFM HR
DR, HR 

2.1786 72.8625

0 0 0 0 5.0624 1.1886 2.9884 


72.85311 0 2 2 5.0620 1.1881 2.9866 2.1769 

SHORT TERM EXPERIMENT SIMULATION ***** 


-

TILT=2., TERG=3., THERMRL=4.

ENTER EXPERIMENT CODE: LBNP-I.y 

RESPI RATORY=5.
 

THE STORED PROTOCOL IS:
 
TILT ANGLE DURATION RECOVERY
 
(DEG> (MI J (MIN)>, 

0. 1.
 
2.0
70.0 2.0 


DO YOU WISH TO CHANGE PROTOCOL? (Y/'N
 

-'N 
THE PRINT INTERVAL IS CURRENTLY .50MIHS
 

IF YOU WISH TO CHANGE' ENTER NEW. INTERVAL; OTHERWISE RETURN
 

DO YOU WISH TO CHANGE INITIAL DATA?
 
Y
 

(CVS=, THERM=2,RESP=3)INDEY&VLUE
TO CHANGE INPUT ENTER MODEL NO. 


,.I1,1X 14,F12.5)
 
>I 1 101.
 

WISH TO MODIFY THE OUTPUT LIST? (Y/N)
DO YOU 

CR WHEN COMPLETE
ENTER LINE NO.gPOSITION5 INDEX'&NAME; 


(II IX',IqIXq14'1XqA6)
 



CV: THERM PESP 
2 3LIHE 1 

2-9 1-9 1-944
 
IHDE:: 1-600 1-223 1-1270
 

PO:ITIOH 


1 8 575 TILT
 

fDO YOU 6lISH TO CPEATE AN OUTPUT FILE? 
-H 

CAPDIOVYr ULAR MODEL 

HR CO V' VO2fDOT 

599 561 56.3 562 570 567 568 575 600SECC LDIAS V1'ZT TILT LEGV
 

THERMOREGULATORY MODEL
 
ril TBBF OEVAP IIop -TORAT 0ITOR O:HIV T.41) ZdU8
 

119 165- 123
125 0 92 22.3 - 124 120 

PE:PIRATORY MODEL
 
TYNT AVO2D FRELYIIE PA 02 PA C02 CA H+ CF H+ 

1206 1033 0 0 01265 1264 1200 1256 


6.923 .109 .312 129.294 b6.779 .000 563.492.500 63.301 

8.584 48.393 52.088 -98.852 9.284 .000 98.360 385.547
98.589 


7.233 45.157 11.845
5.715 5.644 106.237 37.983 43.784 37.642 


1.000 63.250 6.930 .110 .309 128.828 66.350 .000 562.961
 

51.143 92.599 -61.868 9.267 .000 98.360 386.324
96.589 8.583 
 37.930 43.790 37.630 7.227 46.237 11.841
5.7:8 5.641 105.111 


1.500 75.061 6.395 .085 :371 127.920 74.957 70.000 916.461
 

53.999 128.985 -29.139 9.455 .000 98.361 387.125
98.589 8.587 

6.911 57.219 11.502


5.420 5.352 105.054 37.812 43.799 37.371 


2.(00 74.948 6.454 .08m .369 128.638 74.998 70.000 917.767
 

53.840 126.965 -30.944 9.839 .000 98.338 387.069
98.5c.4 8.549 

56.570 11.834


5.782 5.635 101.620 38.136 43.810 37.674 7.260 


.08b .370 128.480 74.947 70.000 917.617
2.500 74.945 6.447 

53.879 127.468 -30.494 10.225 .000 98.335 387. 083
98.577 8.501 


56.756 11.857
5.798 5.655 99.236 38.062 43.821 37.678 7.281 


6.448 .086 .370 128.459 74.926 56.000 917.559
3.000 74.949 

53.945 128.304 -29.751 10.614 .000 98.334 387.110
98.571 8.459 


7.290 56.087 11.865
5.808 5.662 98.163 38.044 43.833 37.675 


.113 .307 129.779 65.774 .000 557.202
3.500 62.333 7.046 

98.356 385.817
66.775 -85.335 10.740 .000
98.569 8.439 49.293 


7.579 44.443 12.156

6.080 5.918 96.347 38.139 43.844 37.899 


.113 .316 131.136 66.931 .000 558.061
4.000 62.855 7.109 

98.363 386.104
81.084 -72.260 10.725 .000
93.572 8.457 50.240 


11.812

5.700 5.616 100.522 37.966 43.857 37.556 7.208 45.363 


.000 557.443
.113 .312 130.492 66.317
4.500 62.578 7.070 

98.363 385.996
74.957 -77.835 10.708 .000
98.575 8.478 49.795 


7.282 45.107 11.888
5.768 5.682 102.195 37.912 43.867 37.605 


.312 10.83; 66.491 .000 557.639

5.000 62.698 7.091 .113 


98.363 386.030
75.870 -77.011 10.682 .000
98.577 8.498 49.852 

11.867


5.746 5.664 103.024 37.881 43.876 37.578 7.260 44.966 
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OUIPUT IANTED OR SAMESTOP (6A4) ... 
.- AME 

INPUT WANTED CHGED. A4,2X F1O.4) DONE= HO MORE CHGE... 
7dMB VALUE...
 
RUV .3
 

AUV .3000
 
ilMB VALUE...
 

AnUL 1.
 
AUL 1.0000
 
-'?MB VALUE...
 
DOHE
 
TIME ]TEP kA4,1AF6.0F6.0) ...
 

UHIT PPINT TIME (UJIT=DAYSHOUR,MINS, SECSSTEP-...
 
,DAYS 1. 28.
 

EMiEC PRRAM. .A4) (MORERUN).

•PUNl 

INPUT 1. IF WANT TO CALL SHORT TERM MODELS 
"1.
 

0 BED-REST
 

VB RBF BFN BFM HR
DAY HR 	MN SE 
2 SEC ... AUV FROM .0000 TO .3000

AT 1 	 DAYs 0 HP' 2 MIf1 
FROM .0000 TO 1.0000
 

AT 1 fAY, 0 HR, 2 MIN, 2 SEC ... AUL 


2 0 0 42 4.7252 1.1233 2.8082 -2.0516 73.3171
 
2.8259 73.5882
3 0 1 16 4.7329 1.1217 	 2.0575 

2.8295 2.0598 74.0819
4 0 0'16 4.7330 1.1242 


5 0 2 25 4.7279 1.1209 	 2.8257 2.0563 74.4550
 
2.8263 2.0575 74.9098
6 0 1 15 4.7266 1.1221 

2.8260 2.0566 75.3021
7 0 0 44 4.7233 1.1205 


2.0501 75.6288
8 0 0 32 4.7174 1.1159 	 2.8166 


3 38 4.7174 1.1186 2.8227 2.0543 76.1032
9 0 

1.119A 2.8243 2.0557 76,5304


10 0 	1 45 4.7158 

2.0518 76.9103
11 0 0 22 4.7121 	 1.1173 2.8181 


12 0 1 36 4.7089 1.1158 2.8178 	 2.0509 77.2974
 
2.0523 77.7241


13 0 0 40 4.7073 	 1.1162 2.8195 

78.1038


14 0 0 9 4.7036 	 1.1145 2.8133 2.0484 

1.1131 2.8130 
 2.0476 78.4910


15 0 2 12 4.7005 

1 4.6963 1.1105 	 2.8079 2.0439 78.8531


16 0 	0 

79.2977
17 0 2 12 4.6953 	 1.1119 2.8085 2.0451 


1.1093 2.8065 
 2.0433 79.6580

18 0 	0 45 4.6911 


0 0 9 4.6895 1.1097 2.8066 2.0431 80.0815
19 

2.0444 80.5087
20 0 0 43 4.6880 	 1.1102 2.8083 


2.8021 2.0406 80.8887
21 0 1 31 4.6844 1.1086 

0 BED REST
 

HR
VB RBF BFN BFM
DAY HR 	MN SE 
22 0 	0 38 4.6803 1.1060 2.8002 2.0389 81.2492
 

0 32 4.6787 1.1065 2.8004 2.0387 81.6730
23 0 

2.0400 82.1003
24 0 1 25 4.6773 	 1.1070 2.8021 

2.0362 82.4804
25 0 2 33 4.6737 	 1.1055 2.7959 


0 1 54 4.6696 1.1029 2.7941 2.0345 82.8411
26 

2.0343 83.2649


27 0 2 1 4.6681 	 1.1033 2.7942 

-83.6276
28 0 1 10 4.6640 1.1009 2.7893 	 2.0307 


2.0270 83.9869
1.0983 2.7837
29 0 	1 35 4.6599 
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TILT=2.v TERG=3., THERMAL=4.,ENTER EXPERIMENT CODE: LBNP=I., 
RE SP IRATORY=5. 

THE -TOPED PROTOCOL IS: 
E: EFC IE DUPAT ION 
,.IATTS) (MI N) 

.0 2. 000 
100.0 5.000 

.0 5. 000 
EHD TIME= 12.0 

DO TOU WI:'H TO CHANGE PROTOCOL? C1 ,. 

ENTER NE1. PROTOCOL 2F12.6 (CR WHEN COMPLETE)
 
E:E--:EPC I.SE DURATION
 
SIIATTS) MI M"
 

•0. 2. 

?200. 5. 

THE PRINT INTEPVAL I- CIJRRENTLY .50MIN.3
 
IF YOIJ hlIH TO CHANGE, ENTER NEW INTERVAL; OTHERWISE RETURN
 

DO YOU WI'ZH TO CHANGE INITIAL DATA? 

DO 'YOU bIIH TO MODIFY THE OUTPUT LIST- " CY r. 
H
 

DO YOU bIH TO CREATE AN OUTPUT FILE-
N 

CAPDIOVA.CULR MODEL 
iEC- HP CO z V02DOT TT DIRS TILT LEGY 

570 567 568 575 6bO1599 561 563 562 

THERMOPEGULATORY MODEL
 

Tk1., TIBF CEVAP WORK STORAT QSTOR QSHIV T(41) ZiLIG 

0 92. 223 124 120 119 165 123
125 


REZP IRATORY MODEL
 
CR H+ CSF H+ TVNT AV02D FREQ
VI VE PA 02 PA C02 

1265 1264 1200 1206 1256 1033 0 0 0 

.500 74.615 6.368 .086 .313 121.303 69.367 .000 124.741
 

98.591 8.593 48.598 55.441 -95.759 9.289 .000 98.358 385.602 

37.630 44.533 11.786
5.698 5.594 104.448 38.225 43.781 7.194 


.090 .335 123.896 68.545 .000 14.880
1.000 72.403 6.540 

98.583 8.576 56.02T 154.832 -5.882 9.317 .000 98.356 387.687
 

6.025 5.965 104.460 37.844 43.781 37.914 7.580 45.321 12.209
 

6.110 .061 .372 120.044 81.343 90.000 563.461
1.500 100.776 

53.783 126.242 -31.587 9.512 .000 98.416 387.04?
98.590 8.587 


37.486 58.157 11.663
5.535 5.488 105.763 37.654 43.784 7.049 


.377 119.917 82.072 90.000 540.869
2.000 101.353 6.023 .059 

9.879 .000 98.348 387.193
98.589 8.585 54.454 134.814 -23.833 


5.676 5.542 103.54:3 38.025 43.783 37.609 7.152 58.637 11.726
 



fLHAHGE IrH METABOLIC RATES MPCO2= .2816 M102= .3200 

CHAHGE Ii METABOLIC RATES MPC02= 1.1290 MRn2= 1.2830 

2.500 173.482 11.319 .065 1.312 107.670 67.937 90.000 447.841 
917.109 679.576 14.029 .000 97.966 404.66298.500 8. 050 115.870 

23.105 23.098 119.011 32.337 43.762 34.475 26.179 118.764 23.461
 

CHAHGE IN METABOLIC RATES MRC02= 1.6329 MPU2= 1.8555
 

109. 048 67.8072 90. 000 498..33
3.13u 	200.000 12.931 .065 1.899 

':8.40 0 7.482 159.5431473.23.11179.347 22.617 .000 98.007 417.341 

2.46.8 31.731 106.155 :32.646 43.-86 .4.588 36.-Oil 147.60? 26.648 

CHAHGE IN METABOLIC RATES MRC02= 2. 0931 MP02= 2. 1959 

s..500 200.000 13.324 .(69 2.23'9 115.3387 69.947 90.000 512.824 

98.278 6.894 184.5041791.0181464.881 33.670 .000 97.953- 424.6 
43.575 34.572 43.613 159.749 28.612
39. 64 38.517 104.519 32.627 


CHANGE IN METABOLIC PATES MPC02= 2.5161 MR02= 2.3983
 

.075 2.446 123.774 72.101 90.000 518.3594.000 	200.000 14.939 
98. 149 6.370 199.3551979.9481634.409 45.608 .000 97.825 429. 184 

32.556 43.443 34.543 52.205 158.431 30.467
47.224 46.395 106.806 

CHANGE IN METABOLIC RATES MPCO2= 2.8114 MR02= 2.4580
 

.076 2.507 128.675 75.31? 90.000 524.7764.500 	200.000 15.127 
431.158-'8.027 5.930 204.1632040.8021688.480 58.362 .000 97.918 

34.055 60.538 153.940 31.981
54.659 54.048 110.786 32.333 43.298 
2.5058
:HAHGE IN METABOLIC RATEZ' MRC02= 3.0439 MR02= 

5.800 	 200. 000 15.398 .077 2.555 132.541 76.619 90. 000 534.708 
97.882 432.81397.91' 5.602 207.5212083.1361725.803 70.433 .000 

66.810 157.220 32.974
60.199 59.857 114.227 32.032 43.140 33.846 

2.5439
CHAHGE IN METABOLIC PATES MRCO2= 3.2259 MP02= 

.078 2.593 134.524 77.330 90.000 530.463
5.500 200.000 15.675 

'97.835 5.364 210.3862119.1321757.247 
 83.924 .000 97.968 434.499
 

32.630 42.975 33.977 71.501 152.866 33.640.
64.374 64.174 115.340 

MR02= 2.5743


CHANGE IN METABOLIC RATES MRC02= 3.3681 


.080 2.624 137.846 77.953 90.000 539.742
6.000 	200.000 16.059 

96.615 .000 98.034 436.061
97.758 5.168 212.6092146.9021781.232 


75.075 154.216 34.114

67.513 67.457 116.182 33.029 42.811 34.348 


MRCO2= 3.4076. MP02= 2.5986CHANGE IN METABOLIC RATES 

.081 2.648 139.427 78.593 90.000 534.729
6.500 	200.000 16.293 

97.703 5.040 214.3942169.0781800.118 110.034 .000 98.036 437.566 

34.321 	 42.656 :34.896 75.261 149.961 34.142
 
MRC02= 3.4-386 


67.627 67.638 115.892 

MR02= 2.6178


CHANGE IN METABOLIC RATES 


.084 2.668 142.416 78.566 90.000 543.990
7.000 	200.000 16.77 

98.141 439.155
97.655 4.932 215.8372186.7851814.793 121.173 .000 


35.660 2.763 148.238 4.810
1.991 1.285 18.570' 41.8.3. 42.521 


OUTPUT JANTED OR SAMESTOP (6A4)...
 
/ TOP 
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APPENDIX F 

PROGRAM LISTING 
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LISTING oF WHOLE BoDY ALGORITHM
 

'C
 
SEG MAIN
 
IN GUYTON
 
IN PPPPPP
 
IN TTYIOB
 
IN SEGII
 
IN TOSHOR
 
SEG GWORKI*,MAIN)
 
IN GUYYY
 
SEG NEWIO@2.IGWORK)
 
.N TTYOUT
 
SEG NEWIO..GWORK
 
IN TTYIN
 
SEG OLDIOOGWORK
 
IN PUTIN
 
IN PUTOUT
 
SEG STM's(MAIN)
 
IN TERG
 
IN EXEC
 
IN CVS
 
IN ALGO
 
IN BLKDAT
 
IN TRDAT
 
IN NDAT
 
IN STATE
 
IN DELAYC
 
IN XIOD
 
IN 2
 
IN R
 
IN RINTR
 
IN TRINT
 
SEG XERCO,(STM)
 
IN CONTRL
 
IN AIO
 
SEG GRODedSTM)
 
IN GRODIN
 
SEG THERR.,(STM)
 
IN THERM
 

LIBRARIES
 
LIB LECtURe
 
IlIB MSC*LOcALIBO
 
END
 

!kC 
c PROGRAM GUYTON
 
C CIRCULATORY DYNAMICS - CIRCE
 
C CIRCEI
 

REAL NAENEDsNIDNODI ILPK.KLD.MO2NOZKCZ.HPLHPR,12,13,MMO
 
REAL LVMItIFPKEsKODKIRKILPDKEI
 

REAL KCDKEDKNI*KN3NAOvKIE.KO
 
COMMON/TOSHOR/TTSHOR(2O)oFFSHOR(20I
 
DATA FFSHORt3)/. 19908/
 
DATA FFSHOR(2)/22983/
 
COMMON/ARRAY/T.IIVBDsVVStVPAVAS VLAVRAVAEtPAtPAM LVM
 

* 	 VREPRAoQRNIVPE.PPASRPICPARPARVM.VLEPLAIQLNPLII
 
* 	 AIBRPVRPTPGLQPOQS ,VVEVVBPVSPGVRVGQVO#AVE
 
COMMON/ARRAY/CN2 CN3,RVSPGSoRTPQAOsQROpQLOPDVSDPADASDLASDRAt
 
* 	 pAIAUCAUBtAUNAU6,AU2,AUSDAUtAUJAU ,AUOAUHoVVqt
 

http:KCDKEDKNI*KN3NAOvKIE.KO
mailto:NEWIO@2.IGWORK
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LISTING OF WHOLE BODY ALGORITHM
 

• AU99AUM*AU4oVlF9POlvPTT PTS*PIFPCPiIPTCpCPPoPPCtP V G
 

COMMON/ARRAY/PC ,PcDoVTcoPLDnVTLIVTDVPDDPLCPIDPCDPILPDsDLPI
 

* 	 DPP#CHY.PRMPGRCPGPGPGFIPGXPGCPGHPGZVGDVG 9
 

* 	 EPHsG5OPGP2,GPDAARtRR ,RFNAPDOGLPPFL#GFR.TRRVUD
 

COMMON/ARRAY/REKNOD.NEDNAEVECCKE.KODKEIKIRKIEKCDKED*CKl
 
* 	 CNAtCCDVIDKE ,KI .VIC,II ,VTYZ ,VTZVUZTVZPPZ,
 

* 	 DFZX 912 ,PRIVTS#vP ,PRPlFp#GPRKN3,KNIAMRAMP
 

COMMON/ARRAY/AM) AICG5IAM3,AMBAM .CNEoAGKANPANI9ANCvGSZ6G53,
 
0 ANBANMVB ,HMIHM 81 ,VIE'sVIBVIMRCZPOZRKCRCI#
 
0 RCDeVRCRSNOVABFNDOB.AOMtPIO.OSVPOTPODPOBARI
 

COMMON/ARRAY/ARZ.POC,AR3,ARHCNBGFNAH7,AHBAH ,AHCAHIAHZeAHqt
 

# AHMCNYCNXVVI#VVZVVSVV6,VV7,TVDIVTWHSRHSLNIDt
 
* 	 SR ,VVRRARCV ,CN7,AUXAUKAUZY .CFCCPKPCECPR
 

COMMON/ARRAY/LPK DPOCHYLIKIDAMT ANT.POKPONAIKAZKA3KCNR.CNZ
 
* 	 AHKSRK.V9 ,VZDsZI ,Z2 ,Z3 uZ *ZS ,Z6 ,Z7 vZ8 #HK9
 

* 	 HKMPOV.POZRDO9QO2RBF.MO2,POAPOYANUPORGF2,HMD
 

COMMON/ARRAY/DHM.POQ*I3 ,U ,VPITI *GF3*GF4,AUP#AUV*RVIsAUY*OUTo
 
• 	 DSPAHZAHYOSAPPI#CPNPOSPLFPPOPPNPPDtPFIDFP
 
* 	 VPFPPRPMCoPMSPMPHR ,cPFPCP#DAIDLZDPYDPZGPZ
 

COMMON/ARRAY/NOZKCZ.VIZHPRHPLSTHSALO.EXCO2MPA2PP2SVOSAULP
 
• 	 VV9,OZAQI ,EXEARFQRFRSMBFMRAMOVSPVORMOQOMv
 
*PMOPZOMMOPDOPOEAMMA4KPOMOMMPM)IPM3PMiEXI
 
COMMON/ARRAY/Q2 *3 ,PMSePKIeZ9 eZioziO I Zl2,ZI3eZ)QZI5ZI6,PK2,
 
* PK3tFISSTAPARGBLANYeANZANX.ANVANWANRAUQ*AUR,
 
*AUSA378,HI ,AZ ,A3 *AUCB9AUAB.CCBCAB,
 

IAUHICAUH2,AUH3,VOTIVOT2VOT3,VOTsRTR*VILVASO*VRAO*
 

2VLAoVVSoVPAoRNSRSRANGSBRTCRA.RNKRCtCAIVCASAN2,
 
3AKA.ANCNANMHAN3,ANTCeANGSS.ANGTAANARANERANKDESCtVUGF
 
LUOc,GPIVoBtRNAV6lsSRIV71SRLV&62SR2sV72,X6tX7XSp
 

SATH.AMSPOFPOUAM2eASKNAOSKO.CAASRM.VINTCVUS
 
6DUMMY(5I),TITLE(SO0)JDUMNY(4O)
 
COMMON/NuMERO/KCNO(20),NTIMECtUNITSSNZNTIMEPNNCMAXNONTIME

COMMON/STORE/NGING2*NG39NG49NGSoNG69NG79NG89NGgDToTLP*TNPoNDI
 

* 	 TMTMMNFIRSTZZ(IS)0OLYC9h9OBY(9)IYMIN(IO),YMAX(IO)e
 

• 	 N.PT(8) BETA(IO)tNGRAPH(jo),GRAPH(Io),HEAD(|9)tNOEXP
 
* 	 ,DTMAX
 

COMMON/TAPE/TOTALIBGUY
 
COMMON/DEMAND/ITAPEOITME.IEXECNICONVITNOUTXXI
 
DATA INOOO/'N '/,IyOOO/9Y t/tISPOL/'RUN 9/,
 

C WRjTE(6472q)
 
C 72q FORMAT(fIGUYTON MODEL FROM WHITEO/
 

C 1 * REFER TO GEeASG USER GUIDE t
 

C 2 TIR 7ql-MED-0OO')
 
CC SEE IF CONVERSATIONAL INPUT,
 

C 19 WRITE(6.20)
 
C 20 FORMAT(COCONVERSATIONAL INPUT (A4) YeN...')
 
C READ(5S21ERR=19) ICONVI
 

21 FORMAT(Aq)
 
IBGUYwI3
 

C JFICONVI *EQ* INOOO) Go TO Z5
 
C IF(ICONVI .NE. IYOOO *AND. ICONVI ,NE. ISPOL) GO TO 19
 

CC SEE IF T-O OUTPUT TAPE.
 
Cc
 
C 30 IF(ICONVI *EQ. IYOGO *OR* ICONVI 'EQ. ISPOL) GO TO 40
 

CC HERE IF NOT CONVERSATIONAL MODE.
 

C WRLTE(6&32)
 

http:WRITE(6.20
http:AHKSRK.V9
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C 	 32 FORMAT('OADD DATA FILE*'.')

C CALL PUTIN
 
C GO TO 38
 
CC HERE IF IN CONVERSATIONAL MODE.
 
C 4O WRITEI6,721)
 
C 721 FORMAT(' ADD DATA FILE(ADD TTYDAT).qn')
 

ICONVImIYOOO
 
ITAPEOwINOOO
 
CALL ERTRAN(9,MDMT)
 
WRITE (6,10) MDMT
 

10 FORMAT (/v WHOLE-BODY ALqORITHMtlOXA6,' AT '.A6/
 
* ' REFER TO GE-AGS USER GUIDE TIR 7qj-MED-O099// 
& SX,'... LONG TERM EXPERIMENT SIMULATION o../)
 

25 WRITE(6.26)
 
26 FORMAT('OWANT OUTPUT FILE (Ai) YIN.,.')
 

READ(S,21,ERRm25) ITAPEO
 
IF(ITAPEO.NEdIYOOOANDITAPEOeNEINOO) GO TO 25
 
CALL ERTRAN(6*,'ADD .TTYDAT * 9)
 
CALL PUTIN
 
-IF(ITAPEO #EQ. INOO) GO TO 31
 
REWIND 7
 
TNOUT a 500.
 
WRITE(7) TNOUTTtTtT
 
XXI = T
 
TNOUT m Os
 

31 CALL TTYIN
 
ITME a I
 
CALL TTYOUT
 

C
 
38 IF(I *GT. 0.6) I0.5
 
100 	IFCICONVI *EQ. IYo00 'OR' ICONVI .EQ. ISPOL) GO TO 50
 

CALL PUTOUT
 
GO TO 102
 

C 	 HERE IF CONVERSATIONAL MODE'
 
50 	IEXECN a 0
 

ITME a 0
 
CALL TTYOUT
 
IF(IEXECN *EQ. 0) GO TO 102
 

C HERE WHEN FINISHED ALL TIME STEPS INPUT.
 
TTSHOR(I) a VB
 
TTSHOR(2) a V71+V72
 
TTSHOR(3)=RBF
 
TTSHOR(q)UBFN
 
TTSHOR(S)BFM
 
TTSHOR(6)mHM
 
ITSHOR(7)'oSA
 
TTSHOR(8)RT
 
IF(AUL.LE.U.O)TTSHOR(8)m0.
 

IF(DUMMY(SO) ,LT 10) GO TO 888
 
CALL TERG
 

888 CALL TTYIN
 
ITME - 2
 
CALL TTYOUT
 

102 	CALL GUYYY
 
GO TO 100
 
END
 
SUBROUTINE PUTIN
 

http:WRITE(6.26
http:TTYDAT).qn
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COMMCN/ARRAY/A(500),TITLE(5O0)3COL(2OhtALPHA(20)
 

COMmON/NUMERO/KNO(2O)tNTIMECUNITSNZ.NTIMEPNNMAXNONTIME
 
COMNON/STORE/NGI NGa NG3tNG4*NGBNG6oNG7,NGSNG9DTITLPsTNPND
 

* 	 TMTmMNFIRSTZZ(IS).OLY(9)hOBY(9),YMIN(l'O).YMAX(IO)o 
* 	 NPT(CB),BETA(IO)sNGRAPHCIO).GRAPH(lO)HEAD(19).NOEXP
 
* 	 ,DTMAX
 
COMMON/DEMAND/ITAPEOITMESIEXECNICONVITNOUT.XXI
 
DATA INOOO/IN I/
 
DATA ALL/tALL '/pBLANK/' */,SAME/'SAMEt/

DO I .21,SOO
 

A(J)=O
 
I TITLE(J).BLANK
 

NZ=O
 
NTImEPmI
 
NN0I
 
MAXNO'I
 
MIXX = 1
 

2 READ(5IBO) VALUE9NUMBROtSYMBOL
 
100 FORMAT (EI3.6 v2XIJ52XA4)
 

IF(MAXNO*LTeNUMBRO) MAXNOUNUMBRO
 
IF(NUMBRO.EQ.O) GO TO 3
 
A(NUMBRO)wVALUE
 
TITLE(NUMBRO)=SYMBOL
 
MIXX a MlXX + I
 
GO TO 2
 

3 DSPuA(2-86)
 
*RITE(6,731) MIXX
 

731 FORMAT(Ot,#16,'DATA RECORDS INPUT.')
 
579 WRITE(6,S8O)
 
580 FORMATCo INPUT NOOAND NAME FOR EXPERIMENT (jql5Aq)...')
 

READ(SSlO1tERR=5 79 ) NOEXp.(HEAD(J).JwsIS)
 
101 FORMAT(jq4,SA)
 

C GET OUTAIF CONVERSATIONAL MODE*
 
IF(ICONVI *NE. INOO0) GO TO 31
 

37
IF(DSP) 37g38*
 
37 NFIRSTuO,
 

CONTINUE
 
C IF(NeIOI 201,38,201
 

38 READ(S,200) (ALPHA(J)vJSI,2O)
 
ZOO FORMAT (ZOAi)
 
201 IF(ALPHA(I),EQoSAME) GO TO 32
 

IF(ALPHA(I)oNEqALL) GO TO q
 
READ(s,300) NTIMECUNITS
 
WRITE(6,IO2) NOEXP,(HEAD(J)JIsI8)
 
WRITE(6*71) UNITSIITITLE(J)bA(J),J1.,MAXNO)
 
60 TO 31
 

q DO S K=l,20
 
IFIALPHACK)oEQ4SLANK) GO TO 6
 

S CONTINUE
 
K=21
 

6 K=K-)
 
DO 10 JwI.K
 
L1!
 

7 IF(ALPHA(JI.EQ.TITLE(L)) GO TO 9
 
LuL+ I
 

IFiL.LT.MAXNO*I) GO TO 7
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C WRITEC2,530) ALPHAIJ)
 
C 530 FORmAT(/' THE VARIABLE t'A'I5 NOT AVAILABLE 'To THE PRINTER*,/
 
C ' CHOOSE ANOTHER ONE TO TAKE ITS PLACE$$/
 
C 9 ABC 9)
 

C READ(2,31) ALPHA(J)
 
C 531 FORMAT(A4)
 
C Lai
 
C GO TO 7
 

9 COL(J)UA(L)
 
NO(J)sL
 

10 CONTINUE
 
GO TO 3q
 

32 DO 33 J=aIK
 
ALPHA(J)9BETA(J)
 
NO(J)=NGRAPH(J)
 

33 COL(J)=GRAPH(J)
 
34 READ(S,300) NTINECUNITS
 

300 FORMAT(I6,Aq)
 
WRITE(6,02) NOEXPtHEAD(J -II8)


102 ,FORMATlIHIl2Xl9EXP tl/t l9|SA4///)
 

IF(ITAPEO *EQ. INO0O) GO TO 13
 
CALL NTRAN(7tIiOOA 1 J)
 

1234 IF (JILTSO) Go TO 1234
 
t3 IF(K*GT.IO) GO TO 70 

WRITE(6,21) UNITS. (ALPHA(4)sJaIK)

21 	FORMAT(1O f&Aq#IO(6XsAqIX))
 

WRITEC622) (COL(J),JuIK)
 
22 FORMAT(' 9 SX,'O't2X9FOq9(IXF|Oq))
 

GO TO 31
 
70 WRITE(6,7I) UNITS,(ALPHA(J)COLAJ)9JuIK)
 
71 FORMAT(6OX,2H0 ,Aq//S(XQA4t' * 'FIOeqX))
 
31 	RETURN
 

END
 
SUBROUTINE PUTOUT
 

C
 
COMMON/ARRAY/A(5OO) TITLE(SOO),COL(2O),ALPHA(20)
 
COMMON/NUMERO/KNO(20),
 

* 	 NTIMECUNITS.NZoNTIMEPNNHMAXNO.NTINE
 
CONMON/STORE/NGING2,NG3,NGqNGtNG64NG7gNG8,NG9oDTpTLPTNPNDs
 

o 	 TMiTMNNFIRSTZZ(C5),OLY(9),OBY19),YMIN(IO)YNAX(IO|)
 

* 	 N.PT(I8),BETA(1O) NGRAPH(IO)tGRAPHIO) ,HEAD(19),NOEXP
 
* 	 ,DTMAX
 
CONMON/TAPE/TOTAL
 
COMMON/DEMAND/ITAPEOITME#IEXECNICONVITNOUToXXI
 
DATA INOOO/'N S/
 
DATA SECS/'SECS./,TMIN/IMINS'/.NOUR/tHOURh/.DAYS/ODAYS'/
 
DATA ALL/#ALL 1/,BLANK/' I/
 

C EQUIVALENCEtA(I*T),

T=A'{1)
 

I IF(UNITSEQeSECS) GO TO 2
 
IF(UNITS9EQ.TMIN) GO TO 3
 
IF(UNITS@EQ*HOUR) GO TO q
 
JFCUNJTS.EQ.DAYS) GO TO 5
 

C WRITECZ,501) UNITS
 
C 501 FORNAT(/' YOU CANNOT ASK FOR TINE UNITS OF 0,A90$.'/
 

C * qH TYPE SSECS s.MINSW.WIOURW, OR ODAYSS BELOW
 
C 	 9' UNIT')
 

http:IF(K*GT.IO
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C READIZSO0) UNITS
 
C GO TO I
 

2 NTIMEST*600
 
IF(NTIMEeLT.NTIMEP) GO TO 65
 
IF(NTIJELT.(NZ+I)@6o) GO TO 6
 
NZaNZ*j
 
GROSSU=TMIN
 
GO TO 6
 

3 NTIIEwT
 
IF(NTIMELT*NTINEP) GO TO 65
 
IF(NTIME.LT*(NZ4I)*60) GO To 6
 
NZ=NZ+I
 
GROSSUwHOUR
 
GO TO 6
 

4 NTINEOT/609
 
IF(NTIME.LTYNTIMEP) 60 TO 65
 

4
IF(NTIME.LT.(NZ+*12 ) Go To 6
 
NZ=NZ+I
 
GROSSUODAYS
 
GO TO 6
 

5 NTIMEwT/IqqO.
 
IF(NTIME.LT.NTIMEP) GO TO 65
 

6 IF(ALPHA(I).NE.ALL) GO TO 7
 
WRITE(671) NTIMEUNITS,(TITLE(J),A(J),JI ,MAXNO)
 
GO TO 51
 

7 00 20 1 = &sK
 
1i 0 NO(l)
 
COL(I) a AtlI)
 

20 	CONTINUE
 
IF(iTAPEO ,EQ. INOO) GO TO 34
 
CALL NTRAN(7#I$4OO#AJ)
 

123q 	IF (J.LT.O) GO TO I231
 
3' IF(K1O) 75.75,70
 
75 WRITE(6,31) NTIME,(COL(J)jwIpiK)
 
31 FORMATWI ',I1.2XFlO=q,9(IXFI0.Q))
 

GO TO 51
 
70 WRITE(6971) NTtMEUNITSI(ALPHA(J),COL(J)sJn1,K)
 
71 FORMAT(///56XISIXA'I//S(iXA9i a *FOoqiX))
 

SI 	 NTIMEPnNTIME+I
 
IF(NZ*LT*NN) GO TO 53
 
WR5TE(6952) NZGROSSU
 

52 	FORMAT(IqlXAq)
 
NNuNZeI
 

53 IF(NTImE9LT.NTIMEC) Go To 65
 
54 READ(5,00) NTIMECCUNITSSYMBOLCVALUE
 

400 FORMAT(I61A pAtfEI36)
 
IF(SYMBOLsEQoCUNITS) GO To 66
 
IF(CUNITSNE*BLANK) GO TO 

c I=5
 
59
 

IF(AI2).GT. 5) A(2)095
 
C DT3 DTMAX/5*
 
C TNPaT+DT
 

450 Do 55 MNSIMAXNO
 
IF(SYMSOLsEQ.TITLE(MN)) GO TO 57
 

55 CONTINUE 
C WRITE(2*S6) SYMBOL 
C 56 FORMAT(/' I DO NOT RECALL '.A41'BE:NG READ IN WITH THE I/ 

http:IF(AI2).GT
mailto:IF(NTIJELT.(NZ+I)@6o
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C INITIALIZING DECK* TRY AGAIN TO CHANGE ITS VALUE I/
 
C BY TYPING BELOW AS FOLLOWS,'/
 
C 9 ABC - XXXXXX')
 
C READ(21 500) SYMBOLCVALUE
 
C 500 FORMATIA49,Ix F8.3)
 
C GO TO 140
 

57 WRITE(6,58) NTIMEUNITSSYMBOLA(MN) CVALUE
 
58 FORMATI' ','AT'I5,IXAQ,
 

I IXA4l CHANGED FROM IPFIO.31 TO 9,FIO3)
 
A(MN) CVALUE
 
60 TO 54
 

59 	IF(K .GT. 10) GO TO 82
 
WRITE(6,86) CUNITS, ALPHA(J)vJiIK)
 

86 FoRMAT('0 9A4,IO6XA'4,IX))
 
82 IFCUNITS.EQ.CUNITS) GO TO 65
 

1F(K .LE* 10) GO TO 83
 
WRITE(6,60) UNITSCUNITS
 

60 FORMAT(' OUTPUT HAS BEEN CHANGED FROM 'Aqt TO It
 
0 A'4 9* )
 

83 	UNITS=CUNITS
 
IFCUNITSEQ.SECS) GO TO 61
 
IF(UNITS*EQ*TMIN) GO TO 62
 
IF(UNITSoEQ*HOUR) GO TO 63
 
NTIMEPUT/Iqq0o+o
 
NZwT/I4qOoe7,
 
GO 	TO 6q
 

61 	NTIMEPmT.60+I9
 
NZ=T
 
GO TO 6q
 

62 	NTIMFPOT*1
 
NZ=T/60*
 
GO TO 61
 

63 NTIMEPOT/609+1*
 
NZST/ qqo0
 

64 NN=NZ*i
 
65 RETURN
 
66 IF(ITAPEO ,EQ, INOOO) GO TO 35
 

CALL NTRAN(79)
 
35 	STOP
 

END
 
SUBROUTINE TTYIN
 
COMMON/ARRAY/ACSOO)TITLE(500)sCOLCZO),ALPHA(20)
 
COMMON/NUMERO/KNO(Z0),
 
I NTIMECUNITSNZNTIMEPNNMAXNONTIME
 
cOMMON/TTYIOB/VCHGS(2002)tJTSTEPCZoo,5),PLOTPTdPLOTT
 
COMMON/PPPPPP/PLOTBFlOt,6)tRUNSTP, EXECI IPLTPT
 

I ,TLOTBF(10),KSTOPP
 
COMMON/DEMAND/ITAPEOITME#IEXECNICONVIJTNOUTXXI
 
DATA STOP/'STOP'/,IPLL/'PLOT'/
 
DATA BLANK/' '/.DONE/'DONE'/
 
DATA IISTEP/vSTEP9/,INOOO/'N I/
 
DATA SAMEE/tSAME'/
 
DATA JMORE/IMORE'/.JRUN/'RUN I/
 
DIMENSION ITSYM4)-ALPHA2C6)
 

DATA ITSYM/'SECS',tMINS' ,HOUR' ,DAYS'/
 
DIMENSION TDELTA(Q)
 
DATA TDELTA/OI666667,l.,60.I141O*/
 

http:IPFIO.31
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DATA ZRO/'O */,PLSSS/t '/,EXPPP/tE I/
 
TDELTACI) 1* / 60.
 
RUNSTP = 0,
 
PLOTTM a A*i)
 
IPLTPT a I
 

C
 
C
 

MAXNO a 00
 
C
 
C READ INPUT VARIABLES WANTED*
 

20 WRITE(6.21)
 
t 	 t )
 21 FORNAT( oUTPUT WANTED OR SAMESTOP (6Aq).o
 

READ(5.22gERRz2O) (ALPHA2(J)vJ01,6)
 
22 FORNAT(6A9)
 

IF(ALPHA2(l) *NE. STOP) Go TO 100
 
IF(A(S00) *LE. 0.) 50 TO 501
 

C OUTPUT FILE OF FINAL .DATA,...
 
DO 520 1 o I.500
 
IF(I .EQ. I #oR* I *EQ9 278 'OR. I #EQ*50O)A4I) 

IF(I *EQ. SO0)GO TO 512
 
IFAII) *EQ. 0 tAND. TITLE(I).EQ.BLANK)GO TO 520
 

512 WRITE(8S5IO) A(I),ITITLE(1)
 
510 FORMATtEI3*6.2Xs5,2X.AQ)
 

BACKSPACE 8
 
READ(8,511) CALPHA(4)tJ1 .13)
 

511 FORHAT(13AI)
 
IF(ALPHA(12) ,NEe BLANK) GO TO 52q
 

C HERE IF 0 DATA.
 
ALPHA(12) a ZRO
 
ALPHA(13) * ZRO
 

52q 	IF(ALPHA(II) .EQ. PLSSS) ALPHA(II) a BLANK
 
BACKSPACE 8
 
WRITE(8.513) (ALPHA(J).jm21IO),EXPPP,
 
1 (ALPHA(J),JaI3t,3).pTITLE(I)
 

513 FORMAT(13AI,2XtIS.2XA)
 
520 CONTINUE
 

WRITE(8o522) I
 
522 FORMAT(ISXIB)
 

END FILE 8
 
WRITE(6,533)
 

533 FORMAT(# STEADY STATE FILE CLOSED,')
 
501 IF(ITAPEO 'EQ. INOoO) STOP
 

END FILE 7
 
107 WRITE(6,1OI)
 
101 FORMAT(' OUTPUT FILE CLOSED. NORMAL EXIT*')
 

STOP
 
IO IF(ALPHA2(I) .EQ. SAMEE ,AND* ITME oNE. 1) GO TO 160
 

K a 0
 

DO 25 J a 1,6
 
IF(ALPHAZ(J) *EQ. BLANK) GO TO 27
 
KaJ
 

25 	CONTINUE
 
27 	IF(K *EQ. U ) GO TO 20
 

IF(K oGT. 6) K w 6
 
DO 35 I m IvK
 
DO 3' J a ISMAXNO
 

http:FORMATtEI3*6.2Xs5,2X.AQ
http:WRITE(6.21
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J1 U J 

IFIALPHA2(i) .EQ. TITLE(J)) Go To 31 
3' CONTINUE 

C HERE IF AN OUTPUT SYMBOL BAD* 
WRITE(6.29) ALPHA2(I) 

29 FORMATI' SYHBOL ',A'h' WRONG* TRY AGAIN.') 
GO TO 20 

C HERE IF A GOOD SYMBOL. 
31 NO(I) a JI 

ALPHAII) a ALPHAZI) 
3b CONTINUE 

C
 
C 
C 

160 ISTEP I
 
IVC I
 

C
 
C START OF INPUT FOR A TIME STEP.
 
C
 
C READ ANY CHGSWANTED.
 

39 	IIVc a 0
 
IF(ICONVI .EQ* JRUN) GO TO 301
 
WRITE16,'0)
 

'40 FoRHAT1' INPUT WANTED CHGED9AI,2XFO4)', 
I ' DONE= NO MORE CHGESost') 

42 WRITE(6oql) 

41 FORHAT(' SYMB VALUE...') 
301 READCs.q3,ERRmj2) SYMBOL',CVALUE 
'3 FORMATCAqi2XFIO') 

IF(SYMBOL *EQ. DONE) GO TO SO 
IF(SYMBOL oEQ. BLANK) GO-TO 42 
DO 4S I a IMAXNO
 
II a I
 
IF(SYMBOL 9EQ. TITLEII)) GO To '6
 

'5 CONTINUE
 
C HERE WHEN A SYMBOL NOT RECOGNIZED.
 

WRITE ,6bq9)
 
49 FORmAT4' SYMBOL NOT RECOGNIZED. TRY, AGAIN.')
 

303 IF(ICONVI .EQ* JRUN) GO TO 301
 
GO TO q2
 

q6 	VCHGSCIVC.1) 0 It
 
VCHGS(IVCg2) u CVALUE
 

IF(ICONVI ,EQ. JRUN) GO TO 302
 
WRITEI6oISO) SYMBOLSCVALUE
 

ISO FORMAT(' ',AtsZXFIOq)
 
30Z IFIIVC .LT. ZOO) GO TO q7
 

WRITE(648)
 
q8 FORNATI' BUFFER-FOR CHGS.FULL.')
 

GO TO SO
 
47 IVC x'IVC + I
 

IVC * jiVC + I
 
GO TO 303
C 

C 	READ TIME STEP CARD*
 
SO IF(ICONVI *EQo JRUN) GO TO 3014
 

http:WRITE(6.29
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313 WRITE(6,S5) 
55 FORMATI TIME STEP (AqIXF6.OF6.o)*../ 

I ' UNIT PRINT TIME (UNIT=DAYSHOURMINSSECSSTEP)h.,') 
30 READ(SS6ERR50) IUNITSXPXZ 
56 FORMAT(A4,IX,2F&.O) 

I XZ 

12 a XP
 
IF(IUNITS ONE. IISTEP) GO To ZOO
 

C WILL CALCULATE AND OUTPUT RUN STEP*
 
CALL TIMPRTtPLOTTMIDI.IHIIMIOISI)
 
TT = PLOTTM + RUNSTP
 
CALL TIMPRTETTID2,IH2,IMZ.ISZ)
 
CALL TIMPRT(RUNSTPtID3,IH3,'IM3,153)
 
WRITE(6oO) IDIIH1,IMIISI,1D02,H2.IM2.
 
I IS2.ID3IH31IM3,IS3 

108 FORMAT(' RUNSTEP '.7(,)b' BEGIN', 
1 I3Xv7(0.')s' END',BX7('.1)u' INTERVAL*/ 
2 ' '.139'DAY' .3.tHR.1'3sMN''13.'SE o 

3 2(3Xl3,QDAY',13,'HRO,3,'MNl,3,'SEl)) 
20O DO 58, II a 10 

ITSY u 11 
IFCIUNITS 'EQ. ITSYM(II)) GO To 6,2 

5a CONTINUE 
C HERE WHEN ERROR IN TIME UNIT. 

GO TO 313 
C 

62 IF(I 9LEe 0) GO TO 50 

IF(I2 'LE* 0) GO TO 50 
JTSTEPCISTEPI) a I 
JTSTEP(ISTEPZ) - ITSY 
JT'STEP(ISTEP,3') 0 IIVC 
JTSTEP(ISTEP,5) 0 12 

C RUNSTEP a MINS FOR RUN STEP.
 
RUNSTP 0 RUNSTP + (FLOATII)OTDELTA(ITSY))
 
PLOTPT 0 RUNSTP / 1O0.
 

C
 
C 
C READ EXEC PARAMETER*
 

IF(ICONVI *EQ* JRUN) GO TO 73
 
69 -WRITE(6.70)
 
70 FORMAT(' EXEC PARAM,(Aq) IMORERUN),,.')
 
73 READ(S.72,ERRU69) ZEXECI
 
72 FORMAT(AI)
 

IFtIEXECI ,EQ9 JMORE) GO TO 80
 
IF(IEXECI .EQ. JRUN) GO TO 80
 
IFCIEXECI .EQ* IPLL) GO To 80
 
WRITE(6.75)
 

75 FORMAT(' DO NOT RECOGNIZE EXEC PAR. TRY AGAIN.')
 
GO TO 73
 

C
 
80 JTSTEP(ISTEPsq) 0 IEXECI
 

IFIEXECI *EQ* JMORE) GO TO 900
 
631 ORITE(6t629)
 
629 FORMAT(# INPUT I9IF WANT TO CALL SHORT TERM MODELS')
 

READ(S.630,ERR63I) A(Q99)
 
630 FORMAT(F12.0)
 

GO TO 90
 

http:WRITE(6.75
http:WRITE(6.70
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C 
900 	ISTEP - ISTEP + I
 

IFCISTEP OLE. 100) GO TO 3?
 
C 

WRITE(6,85)
 
-85 FORMAT(' BUFFER FULL FOR TIME STEPS.')
 

,TSTEP(50*q) a JRUN
 
90 	RETURN
 

END
 
SUBROUTINE TTYOUT
 
COMHON/ARRAY/A(S0O).TITLE(S0O),COL(20),ALPHACZO)
 
COMMON/NUMERO/KNO(ZO),
 
I NTIMECoUNITSNZNTIMEPNNMAXNONTIME
 
COMMON/TTYIOB/VCHGS(ZOO2)tJTSTEP(IOo05),PLOTPTPLOTTM
 
COMMON/DEMAND/ITAPEOITMEIEXECNoICONVITNOUTtXXI
 
COMMON/PPPPPP/PLOTBF(I0I,6),RUNSTPIEXECItIpLTPT
 
I .TLOTBF(0I1),KSTOPP
 
COMHON/STORE/JUNKC )8)sHEAD(19),NoEXP
 
COMMON/SEGII/TIMECtTIKEPtISTEPIVCITSY
 
DATA INOOO/'N 0/
 
DATA JMORE/'MORE/tJRUN/'RUN 'I
 
DATA I.PLL/'PLOT'/
 
DIMENSION TDELTA(q)
 
DATA TDELTA/.OI6 6 6667fI.,6OpI4dO./
 

KSTOPP m 0
 
TDELTACI) a 1./60.
 
T m AM)
 

C SEE IF TIME TO BUFFER VARIABLES TO PLOT,
 
IFIT *GE. TIMEC *AND. JTSTEP(ISTEP#I)
 

I 'EQ. JRUN) GO TO 71
 
IF(T *GE, TIMEC *AND, JTSTEP(ISTEPA)
 

GO 	TO 71
I *EQ. IPLL) 

IF(PLOTTM 'GTo T) GO TO 80
 

71 IF(IPLTPT .GT. I01) IPLTPT 101
 
IF(ITAPEO .EQ. INOOO) GO TO 72
 
WRITE(7) (A(1)9101.500)
 
TNOUT 0 TNOUT I t.
 

72 	TLOTBF(IPLTPT) * T
 
DO 81 1 - I.K
 
J 9 NOW)
 
PLOTBF(IPLTPTI) * AIJ)
 

81 	CONTINUE
 
IPLTPT a IPLTPT + I
 
PLOTTM 0 PLOTTM + PLOTPT
 
IFIIEXECI sNE. IPLL) Go To 80 

C SEE IF THIS ROUTINE CALLED JUST AFTER INPUTTING. 
80 IF(ITHE .EQ. 0) GO TO iO 

ISTEP a I 
lVC a I
 

IF(IEXECI .EQ. IPLL) GO TO 200
 
WRITE(6,361) NOEXP,(HEAD4J)J1I.I5)
 
WRITE(6,21I) (ALPHAIJI jdlK)
 
IPAG a 2
 
GO TO, 200
 

http:NOEXP,(HEAD4J)J1I.I5
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O
C HERE AFTER A LOOP THROU MODEL
 
10 IF(IEXECI *EQ. IPLL) GO TO 35
 

C SEE IF TIME TO PRINT.
 
IF(T .LT. TIMEP) RETURN
 

C
 
C OUTPUT VARIABLES.
 
C
 
C COMPUTE TIME,
 

CALL TIMPRT(TIDI#IHIsIMI*ISI)
 
C BUILD OUTPUT IN COLIS).
 

I1 DO 16 I n IK-

J = NO(I)
 
COLt!) * AIJI
 

IS CONTINUE
 
C
 

ASSIGN 17 TO LBACKK
 
GO TO 310
 

17 WRITEC6,18) IDIsIHIIMIslSls(COLCJ),Ij=K)
 
18 FORMATr(' lo4 13s5FOo#F9s3)
 

C
 
C
 
C COMPUTE NEXT TIME TO PRINT,
 

30 	£ a (T / TDELTA(ITSY)) + JTSTEPtISTEPS)
 
TIMEP aI TDELTACITSY)


C
 

C SEE If END OF TIME STEP.
 
35 IFIT .LTo TIMEC) RETURN
 

C
 
C
 
C HERE WHEN FINISHED A TIME STEP.
 

IF~jTSTEPISTEP*41 .EQ. JMORE) GO TO SO
 
C
 
C HERE WHEN FINISHED RUN STEP.
 

KSTOPP a I
 
IFCIEXECI .EQ. IPLL) GO TO 360
 

C GO TO ROUTINE TO PLOTo
 
360 CONTINUE
 

C
 
C 
C HERE WHEN NEED TO GO BACK TO TTYZN To GET NEW TIME STEPS. 

IEXECN - I 
RETURN
 

C
 
C
 
C HERE WHEN NEXT TIME STEP IS IN JTSTEP(sO,4)s AND
 
C CHGSeFOR SAME IN VCHGSI200,2). EXEC PARAMfIS MORE.
 

SO ISTEP a ISTEP I
 
C
 
C COMPUTE TIME,
 

200 CALL TIMPRTCTIDlsIHIIMIISI)
 
C SEE-IF ANY CHGS.ASSOCIATED WITH THIS TIME STEP.
 

201 	IFJTSTEP(ISTEP,3) oEQ. 0) GO TO 210
 
IF(A12) *GT. .5) A(2) a .6
 
II a VCHGSCIVCdI)
 
IFIIEXECI .EQ, IPLL) GO TO 408
 
ASSIGN 20S TO LBACKK
 
GO TO 310
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205 WRITE(6,206) ID1.IHIIMI ISITITL I|I).A(II),VCHGS(IVC,2)
 
206 FORMAT(I AT 9.139' DAY.',I2,' HR9 !12*
 

1 ' MIN,',129' SEC',
 
2 ' too eA'f, FROM',FIOfs,' TO',FIO.)
 

'408 A(II) a VCHGS(IVC,2)
 
=
IVc " IVC # I
 

4TSTEPIISTEP#3) 0 JTSTEP(ISTEP,3) . a
 
GO TO 201
 

C
 
C
 
C 
C PUT MAX.TIME FOR TIME STEP IN TIMEC. 

210 ITSY a JTSTEP(ISTEPZ) 
1 0 (T/TDELTA(ITSY)) + JTSTEP(ISTEPPa)
 
TIMEC - I "v TDELTA(ITSY)
 
IF(IEXECI *EQ. IPLL) GO TO 35
 

C OUTPUT IF THIS IST TIME TTYOUT CALLED.
 
IFCITME .EQ. I) GO TO II
 

C
 
C PUT NEXT T'IME TO PRINT IN TIMEP.
 

60 TO 30
 
C
 
C ROUTINE TO ASK FOR HARD COPY EVERY 25 LINESERASE PAGEOUT HEADING.
 

310 	IF(IPLTPT 'EQ* JRUN) GO To 332
 
IPAG - IPAG * I
 
IF(IPAG *LT. 25) GO TO 332
 
WRITE(6.361) NOEXP,(HEAD(J),Jalts)
 

361 FORMAT($ lIqs,2X-ISA4)
 
WRITE(6,2&I) (ALPHA(J).J*IK)
 

211 FORMAT('ODAY HR MN SE,6i6X'A'I))
 
IPAG w 2
 

332 GO TO LBACKK(17,205,360)
 
END
 
SUBROUTINE GUYYY
 

C PROGRAM GUYTON 
C CIRCULATORY DYNAMICS - CIRCE 
C CIRCE) 

REAL NAENEDNIDNODI ILPK.KIDMO2tNOZKcZHPLHPR,12,13.HMO
 
REAL LVMIdIFP#KEKODKIRKI.LPDKEI
 
REAL KCDOKEDOKNIKN3JNAOKIEKO
 
DIMENSION FUNI()q),FUN2(jqb)FUN3(Iq),FUN(q)pFUN6(IJ)oFUN7(iq)
 
COMMON/TOSHOR/TTSHOR(20) FFSHOR(ZO)
 
COMMON/ARRAY/TtLtVBD,.VVSsVPAsVASVLAVRAVAEPAPAMSLVM,
 

* 	 VREPRAQRNVPEPPAPPICPARPARVMVLEPLAQLNPLi,
 
* 	 AIBRPV.RPTPGL.QPO*Q5 ,VVEVVBPVsPGVRV6gQVOAVE
 
COMMON/ARRAY/CNZCN3,RVSPGSRTPfQAOQROQLODVSDPADASDLADRA
 

* 	 PA)sAUCAUBoAUNAU6,AU2,AUBDAuAUJAU ,AUOAUHVVe
 
* 	 AU9AUMAUQVIFPOIPTT.PTSPIFoCPIoPTCtCPPPPCPVG
 
COMMON/ARRAY/PC ,PCDOVTCPDVTLtVTDVPDoDPLCPIDPCDPI LPDPDLPi
 

* 	 OPPCHYPPRMPGRCPGPGPGFIPGXPGCtPGHPGZVGDVG
 
* 	 EPHGSOGP2oGPDAAR.RR *RFN*APDoGLPoPFLPGFRPTRReVUD
 
COMMON/ARRAY/REKNOD.NEDNAEoVECSCKE.KOD.KEIKIRKIEKCDKEDCKI,
 

• 	 CNACCDVIDKE PKI aVICIj ,VTYZ ,VTZVUZTVZ.PPZ,
 
• 	 DFZ.X 912 ,PRIVTSVP" PRP,)FPGPRKN3.KN),AMRAMP
 
COMMON/ARRAY/AMI,tAMCIGSIIAM3,AMSAM .CNEAGKANPANIANCG52sG5 3o
 

http:EPHGSOGP2oGPDAAR.RR
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ANStANM*VB #HMIjHM *81 *VIE9VI8*VIM#RCZvPO2vRKCPRCIo
 
RCD#VRC*RSNiOVA*BFNiDOSsAOMePlooOSVoPOToPODoPOBtARI
 

COMMON/ARRAY/ARZ#POCAR3tARMiCNB*GFN*AH7#AHSPAH *AHC#AHItAM2#AH41
 
AHMoCNY*CNXtVVI#VV2oVVSVV6oVV79TVD*VTW*HSR*HSL*NID*
 
SR *VVRoRAR#CV oCN7#AUXAUKsAUZ*y #CFCtCPKsPCE*CPR
 

COMMON/ARRAYtLPKoDPOsHYLoKiDtAMTPANTPOK*PONtAlK9A2KtA3K9CNR*CNZI
 
AHK#SRKvV9 tV2DPZI 9Z2 sZ3 *Zq 9Z5 9Z6 9Z7 IZ8 sHMK#
 
HKMoPOViPOZiRDOtQO2tRBF9MO2tPOA$PDYPANUPPORoGF2$HMD
 

COMMON/ARRAY/DHMPPOQ913 #U *VPI*71 GF3tGF9oAUPPAUViRVI*AUY*OUT#
 
DSPiAHZ*AHY#OSAoPPI#CPNPOSPPLF#PPOPPPNoPPDPPFI&DFP#
 
VPFoPPRoPMC*PMS*PMPsHR #CPFgpCpsDAIPDLZeDPYiDPZPGPZ
 

COMMON/ARRAY/NOZ*KCZ#VIZIHPRtHPLiSTMoALOPEXCsO2M#PA2sPP29SVOsAUL#
 
VV9902A*Ql #EXE#ARFPQRFsRSMssFm#RAMsOVSiPVOsRMO#QDM#
 
PMOPP20*Mmo#PDOPPOEtAMMsAqKsPOM*OMMoPMI#PM3oPM4tEXI
 

COMMON/ARRAY/Q2 sQ'3 6PMStPKI929 gZlogZllpzl2pzl oziitzstZI6*PK2*
 
PK3#FIS#STA*PARoGSLIANYsANZoANXPANV#ANWoANR#AUQoAUR#
 
AUSsA378#Hl #A2 sA3 9AUCB*AUAB9CC5jCABw
 

IAUHI*AUH2oAUH39VOTIlVOT2#VOT3*VOT*RTR#VILPVASosVRAGI
 
2-VLA09VVSO#VPAU#RNS#RSRPANGSoBsRT#CRAgRNKPRCoCALVoCAStAN29
 
3AKAPANCN*ANMMtAN39ANTC#ANGSSsANGToAoANAR#ANERPANKiDESCoVUGF9
 
4UOC@GPloVOBsRNAIV61#SRl9V7ltSRLtV62*SR2tV729X6tX79XB9
 
5ATHeAMSiPOFsPOUtAM2tA5KsNAO*KO#CAAsSRM*VINTOVUSp
 
6DUMMY(SI)sTITLE(SO0)qDUMNY(40)
 
COMMON/NUMERO/KgNO(20)#NTIMECvUNITS*NZ'NTIMEP#NNOMAXNONTIME
 
COMMON/STORE/NGI#NG29NG3oNG4*NGB#NG6,NG7tNGSiNG91DTPTLP#TNP#ND9
 

TMoTMmNFIRSTOZZ(15)#OLY(9)$OBY(9)eYMIN(IO)#YMAX(IO)o
 
NoPT(la)tBETA(IO)pNGRAPH(10)tGRAPH410)IHEAD(19)*NOEXP
 
9DTMAX
 

COMMON/TAPE/TOTAL
 
DATA FUNI(I)PFUNI(2)oFUNI(3)sFUNI(if)oFUNI(519FUNI(6)oFUNI(7)s
 
OFUNI(S)sFUNI(9)#FUNI(IO)#FUNI(ii)tFUNI(12)/
 
I Oeelo96O#9i*#l25*slotl6Q*eloo24iO*#ioi3OO*poo/
 
DATA FUN2(1)*FUN2(2)sFUN213liFt)NZ(4)*FUNZ(S)oFUN2(6)tFUN2(7)t
 
*FUN2(8)*FUNZ(9)*FUN2(10)OFUNZIII)tFUN2(12)#FUN2(13)#FUN2(14)/
 
O-LUO*tOoOo-6,sO*O#-3*to759-ltt2o692**9*898*RI3*5#1000*ol3*5/
 
DATA FUN3(1)*FUN3(21*FUN3(3)#FUN3(4)$FUN3(5)tFVN3(6)#FUN3(7)o
 
*FUN3t8lvFUN3(9)OFUN3(10)*FUN3(11)$FUN3(121*FUN3(13),FUN3(14)/
 
00#091*06920*9997*2q*#993#3Oot*8o38oe*46945*oO*tq$t#Do/
 
DATA FUN4(1)$FUNq(2)$FUNq(3)#FVN4(4)#FUNq(5)tFUNq(6)tFUN4(7)9
 

OFUNq(S)sFUN4(9)sFUNq(10)tFUN4(11)eFUNq(12)sFUNdf(13)#FUN'4(lq)/
 

DATA FUN6(1)$FUN6(2)*FUN6(3)tFUN6(q)*FUN6(51*FUN6(6)tFUN6(7)9
 
OFUN6(8)*FUN6(9)oFUN6(IO)tFUN6411)oFUN6(12)$FUN6(13)sFUN6(1-q)/
 
0-1009#100009soto7otte4t993to8#3o3o192#1#3*196oo439100stOt/
 
DATA FUN7(1)tFUN7(2)#FUN7(3)tFUN7(4)oFUN745liFUN7(6)sFUN717)9
 
*FUN7(8')sFUN7(9)oFUN7(10)#FUN7(11),FUN7(12)*FUN7(13)oFUN7(lq)/
 

DIMENSION FUNS(14),FUN9(lq)#FUNIG(lq)*FUNII(14)gFUN42(lq)
 
DATA FUN8/Oo#D9Olp53os5Oot68o*42tt83*i25o9tOOvoOo7l9125#p
 
1 0013000,0*/
 
DATA FUN9/Oo#oO697599@05*100*90*#125,o-olsi5O*o-#32PI759*-*35*
 
1 300*o-*35/
 
DATA FUNIO/Oo#Do#7599099100*tOttl2599-QOqtl$Oot-ol2t
 
I 200st-923t300#9-92 /
 
DATA FUNII/09#1936t6Dtsit2*lOO9tl*#lqOtogSt
 
I I8O*s*6S*2SOot*5*3OOvv948/
 
DATA FUNl2/O#93#87*509$3991975*94*129100*$4,259125*s
 



63 

LISTING OF WHOLE BODY ALGORITHM
 

I	19t.1Oo5.S.1.300$523/
 
COMMON/DEMAND/ITAPEOITMEIEXECNICONVITNOUTXXI
 
DATA INOOO/'N '/,IYOOO/'Y '/,ISPOL/'RUN I/
 

C
 
102 T=T+12
 

C
 
C SUBROUTINE HEMO
 
C
 
C CIRCULATORY DYNAMICS BLOCK
 
C HEMODYNAMICS
 
C
 

VBD=VP*VRC-VVS-VAS-VLA-VPA-VRA
 
VVSOVVS+DVS' Z+VBD*.3986
 
VPAnVPA+DPA*12+VBD' 155
 
VASeVAS DAS.12 VBDO.26l
 

VLASVLA*DLA*12+VBD. 128
 
VRAuVRAeDRA*IZ*VBD*,0574 
VASO = .116 0 ANV 

VAE * VAS - VASO 
PAsVAE/.O0355
 
IFIPA.LT.O.) PA.*00I
 
PAHwIOO./PA
 
PAZUPA/AUH
 
CALL FUNCTN(PA2,LVM.FUNI)
 
VRAO u .0235 * ANV
 
VRE a VRA - VRAO
 
PRA.VRE/,O0S
 
CALL FUNcTN(PRAQRNFUN2)
 
VPAO 0 *
.072 ANV
 
VPE VPA - VPAO
 
PPA=VPE/.OO4
 
PP *O26SPPA
 
IF(PPI.LT*O) PPInIO.e.(-12)

RPA=PPIO*("*5)
 

PP2nPPA/AUH
 
IF(PP2.LE.Oo) PP2.O00I
 
CALL FUNCTNCPpZRVM#FUN3) 
VLAo = '091 * ANV 
VLE a VLA w VLAO 

PLA-VLE/vO1
 
CALL EUNCTN(PLAQLN.FUN4)
 
RPVwL./PLA*20,)/.O357
 
RPT.RPV*RPA
 
PGLxPPA-PLA
 
QPOuPGL/RPT
 
ANUsANM
 
IF (ANULT.6)ANU.*6
 
VVE a VVS O.69q*ANV(ANU.I.)*ANY
 
VVSO * *69Q*ANV4(ANU.I.)*ANY*VVT
 
VV8 a VVS-VVSO
 

IF(VV.LT..O0Oi )YV8-.o00I
 
,PVS-VV/CV
 
VUS - VASO.VRAOtVPAO.VLAO.VVSO
 
PRI-PRA
 

IF (PRALTIO)PR1z0.
 
RVG=2o738/PVS
 
QVOQ(PVS-PRI)/RVG
 

http:IF(VV.LT
http:IF(PP2.LE.Oo
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CN3CN3*((tPC-17.).CN7.17.).CN2-CN3)..1
 
AVEa(AUM"-1 *)AUY+l1
 
RVSSAVE.i(1/CN3).VIM.((ANU-1.).ANZ*1.)
 
PGSaPA-PVS
 
RSN=RAROARHANUAUM.PAM*VIM*RVS@) 79
 
BFN=PGS/RSN
 
RSMnANU.VIMOPAMSAUM*AMMRAM
 
BFMxPGS/RSM
 
DsBFm(FFSHOR(2)-22.83)O0.007962
 
QAOaBFN BF RBF.DSBFe(PA.PRA)OFIS
 
QLOwLVM.QLN.AUH@HSL*HMD.HPL
 
QROmQRN ( IC-QRF)*AUHeRVMeHSR*HMD*HPR*QRFeQLO/QLN)
 
QPOnQLO (QPO-QLO)/U
 
QVOGQRO4'(QVO'QRO)/X
 
OVS=QAO-QVO
 
DPAmQRO-QPO
 
DAS=QLO-QAO
 
DLAQKPO-QLO
 
DRAsQVO QRO


C
 

C SUBROUTINE AUTO
 
Q 
C AUTONOMIC CONTROL BLOCK
 
C
120 	 EXEx(8*-P20)*EXI+(EXCI* )*ZIZ
 

POQSPoT
 
IF (POQ.GT98*)POQ8,
 
IF (POQLT,4)POQ-q,
 
PAI=PAOPOQ/8 -EXE
 
AUCmO.
 
IF(PAI.LToaO.)AUC..O3(aO-PAI)
 
IF(PA ILTqO.)AUC*I.2
 
CALL FUNCTN(PAIAUCBFUN9)
 
CALL FUNCTN(PAIAUABFUNIO)
 
AIB a leCCB*AUCB*CAB*AUAB
 

IZq 	 AUNAO
 
IF(PA.*LT.sO*)AUN. 2*(5o* PA )
 
IF(PAI.LT.20o)AUN*6,O
 
AU6uAIB-AUQ
 
AU8-AUKO(AU6-19)
 
DAU*DAUe(AUC4AU6+AUN-DAU)/Z/Y
 
AUJOAUJ4(DAU-AUJ) *2*6./Z8
 
IF(AUJ.LTe.)AUJ*O.
 
IF(AUJ-l*;126,127,127
 

126 AUsAUJ..AUZ
 
GO TO 128
 

127 AUU(AUJ-1,).AUZ*I*.
 
128 IF(STA*GT.OOOOI)AU=STA
 

AUO=AU.I.
 
AUPmAUO*AUQ *I
 
CALL FUNCTN(PAIAUHI.FUN'I|)
 
AUH2 U AUHh-AUH3
 
AUH a AUH*(AUH-AUHI@12@6./Z8
 
IFISTA ,GT. 00001)AUHwSTA
 
AURnAUOAUS 1.
 
CALL FUNCTN(PAIVOTIFUNI2)
 
VOT2 a VOTI - VOT3
 

mailto:AUH*(AUH-AUHI@12@6./Z8
mailto:QLOwLVM.QLN.AUH@HSL*HMD.HPL
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VoT a VOT*(VoTZOVoT)01206./Z8 
IFISTA .GT. 00001) VOT 8 492 5 
ANV a VOT - AUV 
AUMvroI5+.BSOAUP 

C 

IF(I3*LE.IZ)GO TO 168
 
IF(ABS(DAU-AUJ).GT.DAI) RETURN
 

110 IF (ABS(QAO-QLO),GT9.2)RETURN
 
IF (ABS(QAU.QPO).GT9,2)RETURN
 
IF (ABS(QAO-QROI.GTP.Q)RETURN
 

C SUBROUTINE HORMON
 
C
 
Cnoe~n... ........ n. ..
o..of.o....o..,..t.*.O00000**oSO000000oo~otool@**4 

C
 
C ALDOSTERONE CONTROL BLOCK
 
C
 
C~en....ese.,...eeeee.*eeoeoeeeoeoee**e**0CeeO*0000****0000000@@eO@Oel 

168 AMRmCKE/CNA/A3-AZ
 
IF(AMR.LTO*.)AMRSOO
 
CALL 	FUNCTN IPA.AMPPFUN7)
 
AMI.AMI+ANM.AMPOAMR.AMI)/Z
 
AMC.AMC (AI-AMC)'i.-EXP(PI/AMT))
 
AM=20O039%i9o8*EXpi"9O39I*AMC)
 

C ANGIOTENSIN CONTROL BLOCK
 
C
 

CNESIS2v-CNA
 
IF(CNE.LT. #)CNESII
 
CALL FUNCTN(PARORNSFUN8)
 
RSR a 300@*REK@RNS*Itr.ANGS.B'(GFR'CNA-17*7 S))
 

IFARSR OLT* 0.) RSRxO.
 
RT - RT.(RSR.CRA.RT).1I..EXP(-I/RNK))
 
RC a RT/VP
 
ANI 0 CAIV 4CAS'RC
 
ANZAN2O(ANI-CAA*AN2).4 j-EXPI'1/AKA))
 
ANC - AN2/VP/ANCN
 
ANN m ANMM-AN3*EXPi-ANC/ANTC)
 
IF(ANM 'LT .5)ANM,95
 
ANSS a AS(ANC-I.)
 
ANGS n ANGSeNANSS-ANGS)OI/ANGT
 

C SUBROUTINE BLOOD
 
C 
C 	 RED CELLS AND VISCOSITY BLOCK
 

C 	 BLOOD VISCOSITY
 

170 	 VBeVP*VRC
 
HM=100.*VRC/VB
 
VIESHM/(HMK-HM)/HKM
 
VIB-VIE+l.S
 
VIM1o3333eVIB
 

. . .. . . .. . . .
 .. ..-.
C .. S. . . .. .. . . .. . . .
 

http:RT.(RSR.CRA.RT).1I
mailto:300@*REK@RNS*Itr.ANGS.B'(GFR'CNA-17*7S
http:IF(CNE.LT
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C RED BLOOD CELLS
 
-C --------------- ..-------------------------------------------------------------------- - - -

RC2uRKC*VRC
 
POz-PoI-PoT
 
-IF(PO2*LT*o2375)PO2Z.2375
 

RCImPOY.P02
 
RCD=RCI-RCZ
 
VRC=VRC*RCD*l
 

C
 
C SUBROUTINE MUSCLE 
C
 
C MUSCLE BLOOD FLOW 'CONTROL AND P02 BLOCK
 
C 
180 OSAwALO-VPF*o
 

OVAnOSAOHM*S'
 
.C INPUT FROM SHORT TERM
 

OVA=OVA*FFSHOR(3)/O.19908
 
OVS=OVS*((BFMOVA-RMO)/HM/So/BFM-oVs)/Z6
 
PVO57oI OVS
 
RMOn(PVO-PMO)OPMS/(PMI*PK3-PMQ)
 
QOM=QOM+(RMO-MMO)O(*I-EXP('I/ZB5)
 
PMO=PK2/(PKI-QOM)
 
PMIMPMO
 
IF(PMI@LTOPM3)PMI|PM3
 
P2O0PMO
 

IF(PZO.GTo8.)P2S-.
 
AOMu(AUP-I.)02A*1.
 
MMOSAOM*OMMEXC*(1o-((8oOo'P2O)*3/5120)
 
PDG=PVO-DO#
 

POE=POM.PDO+Io
 
IFIPOE.LT. OOS)POE,0O5
 
AMSAMS4(POE-AMS)*(IL-EXP(oI/A4KUI
 
POF a I* + POU$PDO
 
AM2 a AM2+(POF'AMZ).1/ASK
 
AMM a AMS.AM2
 

C 
C SUBROUTINE AUTORG
 
C 
C NON-MUSCLE OXYGEN DELIVERY BLOCK
 
C AND NON-MUSCLE LOCAL BLOOD FLOW CONTROL BLOCK
 

•C AUTOREGULATION.RAPID
 

OSV=OSV.((BFNOVA-DOB)/HM/S./BFN"OSV)/Z7
 
POVKoSV*57.14
 
RDOmPOT**3.
 
IF(RDO.LTvbO.)RDO=so.
 
DOB=(POV-POT)2896.5/ROC
 
MOZAOMSO2M*(tt(80001PO)Oe3 /51 29)
 
Q020Q02+(DOB-MO2)1(*i-EXP(-I/Zq)I
 
POTsQO2*o00333
 
PIOwPOT
 
IF(POT.GT.8.IPIOMS.
 
PODPOV-POR
 
POB.POB,(POK.PODI.POBI/Z
 

!IF(POBLT.2)PO0.2 

ARI=ARI4IPOB-ARI)*(Ir.EXP(si/A&K))
 

http:POVKoSV*57.14
http:IFIPOE.LT
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ARN=AR1OARZOAR3
 
C ..... - -- aen-- .... "."...."m................... --------- - a 


C AUTOREGULATIONl.NTERMEDIATE
 

POASPOA (PONOPOD+I*,POA)/Z
 
IF (POAeLT**)POA=OS
 
ARZCAR2+(POA-AR2)@(I,.EXP('I/A2K))
 

C--------------------------e w
aa---------------------fae.....---------........... e....e 


C AUTOREGULATIONOLONG-TERM
 
c-------------------------.....----------.... -~-----~~------------aaaaa..... 


IF(POD)19q*j92wj92
 
192 POCuPOZ*PODeio
 

GO TO 196
 
194 POCuPOZPOD*.33|*I
 
196 IF (POC*LT..3)POCOt3
 

AR3=AR3+(POC-AR3)0I/A3K
 
C
 
C SUBROUTINE ADH
 
C
 
C ANTIDIURETIC HORMONE
 
C
 

CNBUCNAwCNR
 
AHZe2ePRA
 
AHY#AHY+(AHZ-AHY)0000701
 
AHOAUPm|,
 

IF(AH8.LTo.Ov)AHSUO.
 
IF(CNBOLT*0. )CNB=O.
 
AH=AHt(CNZSCNB*AH8BAHZAtY1AH)/Z
 
IF(AH.LT.O)AH=O.
 

AHC=AHC+( 3333*AH-AHC)@(I#-EXP(-I/AHK))
 
AHMS6#eoI,.EXP(-OlsO8AHC))
 
IF(AHM.LT. 3)AHM=,3
 

C
 
C SUBROUTINE MISCI
 
C
 

C
 

VASCULAR STRESS RELAXATION BLOCK
 
C

c 


Co.....e.*o.*..o~...e+o~e.e~eeo.~.o'oeooooo
 

VV6UVV6eSR(VVE-V9 )-VV7-VV6)/Z
 
VV7aVV7+VV6(IeEXP(-I/SRK))
 
V61 a V61.(SRII(VVE-V9)-V61V71)/Z
 
V71 * V 7 1*V61.{I.EXP(-I/SRL))
 
V62 a SR2.IVVE-V9)-V72
 
V72 a V72*V62*I/SR M
 
VVT 0 X6*VV7+X7*V71*XS'V72
 

C
 
C THIRST AND DRINKING BLOCK-


C
 

TVZm(.OIOAHM-O09.)'STH
 
TVD=TVD+(TVZ-TVDI Z 
IF(TVDLT.o)TVD'O.
 
IF(VINT *GT. .00001) TVO=VINT
 
VTWSVIC VEC 

http:IF(AHM.LT
mailto:ARZCAR2+(POA-AR2)@(I,.EXP('I/A2K
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C 

C AUTONOMIC CONTROL BLOCK
 
C ADAPTATION OF BARORECEPTORS
 
C
 

********** .n....oee. ................ oo~o@le** ... .. ... o**o@OeOOSeO@SoS@.@e*
 

AUquAUq+AUBOI
 
AUH3 = AUH34(AUHZ-It)IOAUK
 
VoT3 a VoT3+(VOT2-9425)*IOAUK 

C 
C SUBROUTINE HEART 
C 
C HEART HYPERTROPHY OR DETERIORATION BLOCK 
C 
C ---------------- .---------------- ---- ... .. ". ... " ..... .. . ..-- -- . .- -- - ...........- -- --

C HEART VICIOUS CYCLE 
C-------------------------------..e................---------------a-------------------------------


DHMx(POT-6o).O02s
 
HMD=HMD+DHMO I
 
IF (HMD.GT.I*)HMDgIo
 

C------.............----------a--------------- " ...--------------------- e---------------------	 ..-------------


C 	 MEAN CIRCULATORY PRESSURES
 

PHCsIVAE+VVE*VRE+VPE4VLEk/'II
 
PMSU(VAE+VVE+VRE)/*09375
 
PMPP(VPE VLE)/o01625
 

C 
C 	 HEART RATE AND STROKE VOLUME BLOCK AND TOTAL PERIPHERAL RESISTANCE
 
C 

HRw(32. H1 *AUR+PRA*2,)t4(iHMD-I *)**5I)
 
IF(AUL.GT*O#000I)GO TO 210
 
GO TO 220
 

210 HRSHRe(O./IqqO.)*T
 
220 CONTINUE
 

RTPu(PA-PRA)/QAO
 
SVOxQLO/HR
 

C
 
C SUBROUTINE CAPMBD
 
C 
C 	 CAPILLARY MEMBRANE DYNAMICS BLOCK
 
C 
130 	 PTT.(VTS/l2.*)'2.
 

VzFVTSSVG
 
CALL 	FUNCTN (VIFPTSFUN6)
 
PIFPTT-PTS
 
CPI=IFP/VIF
 
PTC=.ZSOCPI
 
CPPnPRP/VP
 
PPc.AqqCPP
 
PVGuRVS*I,79*BFN
 
PCuPVG+PVS
 
PCDsPC4PTC.PPC-PIF
 
VTCUVTC4(CFCOPCDvVTC)/Z
 
PLD7*'OPIF-PTT
 
VTLuVTL* .OOiPLD-VTL)/Z
 

mailto:o**o@OeOOSeO@SoS@.@e
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IFIVTL.LToO.)VTL=O.
 
VTo.VTc-VTL-VID
 
VTSBVTS4VTDOI
 
INPUT FROM SHORT TERM
 
VILuFFSHOR(i)/IO00o/60*
 
VPDUVPD+(TVD*VTC+VTL-VUD-DFP-VPD+RTR-VIL)/ZI 
VP a VP + VPDeI/Z3 

C 
lel. 2*T.T 


5IRABS(VP/VPD/I)
 
IF(IILT.I) I'ali
 
IF(I 3T-TIoLT*I) Isi3+T-TI
 
TIw*TI
 
TIuT
 

C
 
C
 

200 CONTINUE

C
 

C SUBROUTINE PULMON
 
C
 
C PULMONARY DYNAMICS AND FLUIDS BLOCK
 
C
 
C
 

PCP&94S'PPA+.56 PLA
 
PPJi2-*)5O/VPF
 
CPNFPPR/VPF
 
POS-CPN*
 
PLF=(PPI+I1*)e.003
 
PPOsPLF CPN
 
PPNs(CPP-CPN)*.O0022B
 
PPDaPPD+(PPN-PPOwPPD)/Z
 
IF(PPR PPDOI0 0ppDu(#g-ppR)/I
1025LT*O ) 

PFI IPCP.PPI+POS-PPCIeCPF
 
DFPDFP {PFI-PLF-DFP)tZ
 
IF(VPFDFPOI-.OOI.LT.O.)DFP*(.OOI-VPF)/I
 
VPFRVPF DFP*I,
 
PPRUPPR+PPD.I
 

C
 

C SUBROUTINE MISC2
 
C
 
C...... *s........eeItee.....e.OO00oI......oo0 ************O***.***O8**0*
 

C
 
C HEART HYPERTROPHY OR DETERIORATION BLOCK
 
C
 

HPLSHPL (I(PA/IOO/HSL)0oZ13)-HPL)OI/576004 

HPR*HPR+(((PPA/I6./HSR)0*zi3)-HPR)0I/57600e

COeele.eoe.e*o,*seeo..see.0oeooe*ee..oeeeo40e0000*o0oeo00e0e0ee00o* 

C
 
C TISSUE EFFECT ON THIRST AND SALT INTAKE
 
C
 

STHSIZIOoPOTIoZII*II +ATHeIANCwIo))
 
IF(STH.LT* I*STHsI.
 
IF(STH.GToS*)STHue
 

C
 
C SUBROUTINE PROTEN
 

http:IF(STH.LT
http:PCP&94S'PPA+.56
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C
 
C TISSUE FLUIDSoPRESSURES AND GEL BLOCK
 
C 
C .. 	 . ...... ...... a e .. e.. .. .. .. ....... e ... 	 f.. 

C 	 PLASMA AND TISSUE FLUID PROTEIN
 

135 	oPL=DPL*(VTL*CPI"DPL)/Z
 
IF (PCOLTO*)PC=O.
 
DPCoOPC(CPK(CPP.CP)*PC.SPCE-DPC)/Z
 
DPI=DPC-DPL
 
DLZULPK*(CPR-CPP)
 
IF(CPPGTCPR)DLZwq,.DLZ
 
DLP=DLP+(DLZ.DLP)/Z
 
PRPAPRP+(DLP-DPO DPL-DPC'PPD)*
 I
 

C 	 GEL PROTEIN DYNAMICS
 

141 	PGXOCHY**2@.01332eCPG+CPG
 
GPDSGPD+(O05'(CPI-PGX)OVG-GPDI/Z
 
GPRSGPRaGPD *
 
IFPaIFP (DPIhGPD)SI
 

C 
C SUBROUTINE KIDNEY
 
C 
C 	 KIDNEY DYNAMICS AND EXCRETION BLOCK
 
C 
142 	 6F3=(IGFN/l.25.)*)GFq)+I.
 

IF(GF3GTI59)GF3mI6*
 

IF(GF3*LT..q)GF3,'
 
AARa3Ie67*VIM*(AUM*ARFI*.ARF) GF3.I oANARe(ANMeIf)')
 
RROAAR 51 66'VIM4I(+ANER*(ANM), ))
 
PAR.PA-GBL
 
RFNSPAR/RR
 
RBFaREK.RFN
 

150 	 APDuAARSRFN
 
ANK a ANM
 
IFCANK *LT9 1.) ANKNI*
 
GLP.PAR-APD
 
PFL=GLP-PPC 189
 
GFImGFN
 
GFNSGFN+(PFLe.007BI-GFN IGF2/Z
 
IF (ABS(GFN-GFI).GT.*OO2)GO TO 142
 
GFR=GFNaREK
 
IF(DESC *GT* 0 ) GO TO 151
 
VUGF = *2*GFR
 
GO TO 152
 

151 VUGF = VUGF+(.2SGFR-VUGF)II/UOC
 
152 VUD w VUGF/(I.9GPI(ANK-*.))-.O2SeREK*aO0ISREK/AN/AHm
 

IF(VUDLT.oOOO2)VUD-,O00Z
 
IF(VOB .GT* 900004) VUD=VOB
 

..-- - .. ----- . . .. w--- ...-	 s -an-C.. - - - .. - "." . - .. -	 so- ........... C
 

C KIDNEY SALT OUTPUT AND SALT INTAKE
 
C (SEE ALSO ELECTROLYTES AND CELL WATER BLOCK)
 

NOZ=jo1O,.VUD/AM/(CNE/CNX*CNY)
 
NOD=NOD*(NOZ-NODI/Z
 

IF(NAO *GT* .00001) NODUNAO
 

mailto:PGXOCHY**2@.01332eCPG+CPG
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NEONIDoSTH-NOD*RNA
 
NAE=NAE+NEDOI
 

C
 

C SUBROUTINE IONS
 
C
 
C ELECTROLYTES AND CELL WATER BLOCK
 
C
 

160 	 VEC-VTS*VP*VPF
 
CKESKE/VEC
 
KOD-( .oO4qZCKE+.,oDIq.AMOCKE).REK
 
IF(KO *GT. 900001) KOD * KO
 
KIRzZ8SOs+I4O*CKE
 
KIEwKIR-KI
 
KCDaKCD*(KIEO*013.KCD)/Z
 
KIuKI.KCDOI
 
KED=KID-KCD-KOD
 
KEUKE*KEDl
 
CKIsKI/VIC
 
CNAUNAE/VEC
 
CCDOCKI-CNA
 
VI'DaVID+('.DO1CCDsVID)/Z
 
VICaVIC+VID*I
 

C
 

C SUBROUTINE GELFLD
 
C
 
C 	 GEL FLUID DYNAMICS
 
140 	 CHYwHYL/VG
 

pRMmwS,90CHY+24#Z
 
PGR.uqCHY
 

CPGUGPR/VG
 
pGp=*25*pGX
 
PGC*PGP+PGR
 
VIFVTS-VG
 
CALL 	FUNCTN (VIFPTSFUN6)
 
PIFOPTT-PTS
 
CPIuIFP/VIF
 
PTCs.25ecPI
 
PGmPIF+PTS+PRM
 
VGDuV2D(PIF+PGC-PTC-PGH)
 
VG=VG*VGD
 
IFVGOLT*O.IVGSOo
 
IFID02.LT.ABS(yGD)) GO To LWO
 

RETURN
 
END.
 
SUBROUTINE FUNCTN(THwPOLPTAB)
 
DIMENSION TAB(IQ)
 
N=14
 
DO 110 IN1,N2
 
IF(TABI)-TH) 11O.IZO'I10
 

110 CONTINUE
 
60 TO 14O
 

120 POL.TAB(It)
 
130 RETURN
 

IqO NN*N-z
 
DO 150 IsINN.2
 

150 IF(TAB(I) 9LT. TH *AND* TAB(I+2) .GT. TH) Go TO 160
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C 

C 

C 


LISTING OF WHOLE BODY ALGORITHM
 

WRITE(6,l00) TH
 
100 FORMAT(SX.' *""** CURVE LIMITS EXCEEDED e*e' ',G12.&//I
 

IF(TH *LTo TABI!)) POLsTAB(2)
 
IF(TH *GT. TAB(N-I)) POL*TAB(N)
 
GO TO 130
 

160 POLnTAB(I,+1)(TAB(I,3)STAB(L1+))#((TH.TAB(I1)/(TAB(I
2 )-TAB(I)II
 

GO TO 130
 
END
 
SUBROUTINE TIMPRT(TIDIIHIIMIoS)
 

THIS ROUTINE COMPUTES TIME* FOR PRINTOUT.
 
INPUT T (TINE IN MINSs)o
 
OUTPUT ID1DAYS.IHI&HOURSIMI.MINStISIzSECSs
 

IDI x T / 'q4O0
 
X1 a T - (FLOAT(IDI) * l1q90)
 
IHI 0 XI / 60.
 
Xl a XI " (FLOATCIHI) * 60.)
 
IMI a X1
 
ISI a (Xl - FLOAT(IMI)) * 60.
 
RETURN
 
END
 

,00000E 00 1 T
 
.357812E 01 2 1
 

-qoq677E-02 3 VBD
 
93 3 0 3 94 E 01 
 q VVS
 
*3 9 5 2 3 0 E 00 
 S VPA
 
*8526q7E O0 6 VAS
 
*q08509E 00 7 VLA
 
9102029E 00 8 VRA
 
.359649E 00 9 VAE
 
.101310E 03 10 PA
 
'9 8 7 0 7 3 E 00 
 11 PAM
 
'IOOO0DE Ol 12 LVM
 
*215391E-02 13 VRE
 

*q30 7 82 E 00 
 14 PRA
 
*6 0 3 3 88 E 01 15 QRN
 
.8 8 9 80 3 E01 16 VPE
 
918 5 3 7 6 E 02 
 17 PPA
 
*qS977E 00 18
 
lqq|IE 01 20 RPA
 

997 6 582 E 00 21 RVN
 
98 5 8596E-02 22 VLE
 
,858596E 00 23 PLA
 
.629q96E Ol 2q QLN
 
.1oq76 9 E 01 26 AI
 
9134291E 01 27 RPV
 
9278332E 01 28 RPT
 
*176790E 02 29 PGL
 
*634867E 01 30 QPO
 
.35886E 00 32 VVE
 
.362421E 00 33
 
943 9 2 9 8 E 01 
 36 PVS
 
96 2 3 2 68 E 00 
 36 RVG
 
*6 3 q39 9 E 01 37 QVO
 
IO00000E 01 38 AVE
 

9212000E-01 39 CN2
 
9369239E 00 40 CN3
 

,274N97E 01 '1 RVS
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9969166E 02 142
 
*1 5 8676E 02 43 RTP
 
96 3 5754E 01 'H QAO
 
'6 3 42 5 3 E 01 
 q5 QRO
 
*6 3 q7 64 E 03 46 QLO
 
;135502E-01 q7 OVS
 

-.6IqO53En02 48 DPA
 
.989771E-02 49 DAS
 
#102752E-02 50 DLA
 
.1460QE-02 51 DRA
 
1920524E 02 52
 
.OOOOOE 00 53 AUC
 
0998959E 00 6q AUB
 
OO0OOGE 00 55 AUN
 
*IOOO|2E 01 56
 
#10551SE-06 58 AU8
 
PIQOOZIE 01 59 DAU
 

00002E 01 60 AUJ
 
010000 2 E 01 61 AU
 
*22590ZE-'4 62 AUO
 
*100002E 01 63 AUH
 
'0O0 2 E 01 66 AUM
 
q77Q7'6E-01 67 AUq
 
95 6 75 33 E 00 68 VIF
 
'8 2 5 00 0 E 01 69 PO|
 
910 2 6 22E 01 
 70 PTT
 
*678701E 01 71 PTS
 

n9576079E 01 72 PIF
 
915 09 9 0 E 02 73 CPI
 
93 7 747 4E 01 74 PTc
 
'7 0 1 2 01 E 02 75 CPP
 
92 80 48 1E 02 
 76 PPC
 
*14 68 37E 02, 77 PVG
 
919 076 7 E 02 78 PC
 
*S6286SE 00 79 PCD
 
939qOSE-02 80 VTC
 
10 139 9 E 01 81 PLO
 
*q05595E-02 82 VTL
 
0223195E-Oq 83 VTD
 
3726qBE-03 84 VPD
 

9612362E-01 85 DPL
 
0611-175E-01 87 DPC
 

W'118688E-03 88 DPI
 
*699353E-02 90 DLP
 
.91859E 
 01 92 CHY
 
.Qq81 9 66E 01 93 PRM
 
*1 9 6 7
q3 E 01 9q PGR
 
01t11 9 6 E 02 95 CPG
 
*377'89E 01 96 PGP
 
*125728E 00 97
 
*150 99 6 E 02 98 PGX
 
*57q232 E 01 99 PGC
 

-, 3 7 9 3 qE 01 t0 PGH
 
*460327E-O5 102 VGD
 
*11 5
 887 E 02 103 VG
 

-.97166qE-S 107 GpD
 
*329719E 02 108
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*85231EgC02 109 RR
 
.1886QE 01 110
 
#391916E 02 l1 APO
 
9621180E 02 112 GLP
 
'16 0 7 0 0 E 02 113 PFL
 
912 57 17E 00 liq GFR
 
#12qO1qE 00 I11 TRR
 
9102299E-02 116 VUD
 
*IOOOOOE 01 117 REK
 
10 2 3 9'
s 4E 00 118 NOD
 

*2 150 8 2 E-0 3 
 119 NED
 
0215678E Oq 120 NAE
 
*151870E 02 121 VEC
 
#q99899E 01 122 CKE
 
9279973E-02 123 KOD
 
*35q986E Oq 126 KIR
 

-*602617E-01 126 KIE
 
-0783142E-03 127 KCD
 
9783415E"03 128 KED
 
91 4 2 0 2 6 E 03 
 129 CKI
 
*l'2OaE 03 130 CNA
 
9107574E-01 131 CCD
 
9107574E-03 132 VID
 
o75 9 2 23E 02 133 KE
 
'354 9 9 2 E O 
 13q KI
 
*2 4 9 95 2 E 02 
 135 VIC
 
97q9980E 01 136 It
 
*100000E 01 138 Z
 
#103143E-02 141 TVZ
 

eIOOD0 E 02 1,41 X
 
$3OOOOOE-0 145 12
 
94 3 0 7 82 E 00 
 146
 
*3 2 15 6 2 E 02 
 1q7 VTS
 
*3 0 1 7 qOE 03 148 VP
 
*2 114 95E 03 149 PRP
 
o856915E 01 150 UP
 
*132338E 03 151 GPR
 
'10 0 0 38 E 01 
 15q AMR
 
*9 8 1iq7 E 00 155 AMP
 
9100392E O 166 AM)
 
*100293E 01 157 AMC
 
*O000q2E 03 161 AM
 
*9 9 6620E 01 162 CNE
 
*2 0 0 0 0 0 E 00 
 163 AGK
 
0998q09E 00 164 ANP
 
9821862E 02 165 ANI
 
*1OS87E 01 166 ANC
 
102 221E 01 170 ANN
 

*506236E 01 171 VB
 
*4q0173E 02 173 HM
 
*1S2 841E 01 175 VIE
 
o302841E 01 176 VIB
 
*100937E 01 177 VIm
 
*118672E-O4 178 RC2
 
*255756E 00 179 P02
 
SB0OOOE-05 180 RKC
 

@118670E-09 181 RCI
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.,1723q9E*09 182 RCD
 
*20Q607E O 183 VRC
 
o3230 E 02 184 RSN
 
*2 0 0 8 35 E 03 185 OVA
 
929 8 8QQE 01 486 BFN
 
*18 0 0OZE 03 187 DOB
 
sIOOOOE 01 188 ACM
 

- 9799'25E 01 189 PIO
 
0695551E 00 190 OSV
 
9799i25E 01 191 POT
 

-.256223E 00 192
 
*984627 E 00 1?3 POB
 
9984 6 17 E 00 194 ARI
 

*923011E 00 195 AR2
 
*97q63qE 00 196
 
*97q623E 00 197 AR3
 
*885733E 00 19,8 ARM
 
*30338E 01 .199
 
1 2 57 17E 00 200 GFN
 
*225902E-Oq 202
 
*3 03509E 03 203 AH
 
100899E 01 20q AHC
 
10005ZE 03 208 AHN
 

'6 0 0 0 0 0 E 01 
 209 CNY
 
'2 5 00 O0 E 01 
 210 CNX
 

-. 136513E'03 214 VV6
 
-,194732E-02 215 .VV7
 
$1O31l3E-02 216 TVO
 

40 17 9 8 E 02
' 217 VTW
 
O0OOODE 01 218 HSR
 
91O000E 01 219 HSL
 
910000E 00 220 NID
 

*50 0 0 0 0 E 00 2?1 SR
 
-.3 5 6 600 E-0 2 222 VVR
 
.305200E 02 223 RAR
 
*8250OOE-Ol 224 CV
 
*20000O 00 225 CN7
 
'3 0 0 00 0 E 01 
 226 AUX
 
*500000E-03 227 AUK
 

OOOOOE 01 228 AUZ
 
*1O 00 0 E 01 229 Y
 
07UOO02O 230 CFC
 
9160000E-06 231 CPK
 
,300000E 01 232 PCE
 

98 5 0 00 0 E 02 233- CPR
 
*q70UOO-03 23Q LPK
 
#700000E"O2 235 oPo
 
*570000E 02 236 HYL
 
*280000E-02 237 KID
 
*6 0 0 0 00 E 02 238 ANT
 
150Ooo0E o2 239 ANT
 

9600oOOE-01 240 POK
 
*3 0 0 0 0 0 E 00 
 241 PON
 
* OOOOOE 01 2Q2 AIK
 

a200O0oE 02 2q3 AZK
 
9115200E 05 24q A3K
 
*139000E 03 25 CNR
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1 0 00 0 E 01 

*7 0 0 0 0 0E 01 

.330000E 02 

.363000E 00 

0200000E-01 

'10 0 0 0 0 E 01 

*1 0 0 0 0 E 01 

i0 0 0 0OE 02 

10OOO0E 02 

500000E 01 


.SOO0OOE 01 

IOOOOOE 01 


.9 0 000 0E 02 

*5 3 3 3 3 0 E 00 

*397438E 02 

*30O00E 00 

9510896E 03 

*240 0 6 7 E 04 

91 18 8 6 4E 01 

918 0 0 0|E 03 

*9 2 3 133E 00 

469000E-04 

*102200E 0l 

0400000E 02 

sOOOOOE..OI 


*IO0OOCE 01 

9498562E-02 

*79942 5 E 03 

1OOOOOE 02 


*GOUOfOE 0I 

OOOOOE-01 


*0 0 0 0 0 0 E 00 

.10 2 913E 01 

*5 0 0 0 0 0 E 01 

910 0 0 0'
2 E 01 


O000000E 00 

.25OOCOE 00 

*3 0 0 0 0 0 E 01 

*0 0 0 00 0 E 00 

sa6l563E-01 

*87292Ea0 

*993805E 00 


weIOIO65E 02 

92 7 2 7 0 7 E 02 

*10 9 08 3 E 02 

2 6 8 060E-0 3
o

9731018E-02 

9964112E-02 

*233093E-02 


9
53q2S2E-0 3 


9266192E-03 

9133425E-01 

.346227E 00 

,79 3891E 01 


*768703E 01 

9600408E 01 


9728625E 02 


246 

247 

248 

249 

250 

251 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263
 
264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274
 
275 

276 

277 

278 

279
 
280 

281 

282 

284 

285 

286 

287 

288 

289 

290
 
291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

30q 


CNZ
 
AHK
 
SRK
 
V9
 
V2D
 
ZI
 
Z3
 
Zq
 
Z5
 
Z6
 
7
 
Z8
 
HMK
 
HKH
 
POV
 
POZ
 

Q02
 
RBF
 
M02
 
POA
 
POY
 
ANU
 
POR
 
GF2
 
HMD
 
OHM
 

I3
 
U
 
VPI
 
TI
 

GF4
 
AUP
 
AUV
 
AUY
 
OUT
 
DSP
 
AHZ
 
AHY
 
OSA
 

CPN
 
P5
 
PLF
 
PPO
 
PPN
 
PPD
 
PFI
 
OFF
 
VPF
 
PPR
 
PNC
 
PMS
 
PMP
 
HR
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.3 0 0 00 0E-03 305 CPF
 
0881413E 01 306 PCP
 
#I000O0E al 307 DAI
 
#6 9 9 3S 3E-02 308 DLZ
 
910 2 3 94 E 00 
 312 NOZ
 
#1 4$20 6 E 01 315 HPR
 
*100835E 01 316 HPL
 
*102609E 01 317 5TH
 
lO*0000E 01 318 ALO
 

'2 3 0 0 0 0 E 01 
 319 EXC
 
918 0000E 03 320 02M
 
*10130 8 E 03 321
 
9185373E 02 322
 
*871181E-01 323 SVO
 
9OOOOOOE 00 324 AUL
 
,3 6 2420E 00 325 VV9
 
ISO0OE 00 326 OZA
 

0918430E 01 328 EXE
 
*150000E 01 329 ARF
 
o6 0 0000E 00 330 QRF
 
*4$ 8 6 2 E 02 331 RSM
 
*2 17 8 5 8 E 01 
 332 8FM
 
9963000E 02 333 RAM
 
o689997E 00 33q OVS
 
#3 9 4264 E 02 335 PVO
 
913 36 7 4E 03 336 RHO
 
*235391E Oq 337 QOM
 
*5Q7599E 01 338 PMO
 
.547599E 01 339 P20
 
9133666E 03 3qO MMO
 

.95 7 3 559 E 00 
 341 Poo
 
99 5 91 15 E 00 342
 
*4 539 05 E 00 343 AMM
 
*IOOOOOE 01 3 4 AK
 
9BOOOOOE-O 3q5 POM
 
*6 0 0 0 0 0 E 02 346 OMM
 
'5q75 9 9 E 01 347 Pl
 
,IOOUOOE-0 2 348 Pj3
 

-.,IOOOOOE 01 -349 PM1I
 
*30000OE 01 360 EXt
 
9122000E 03 353 PM5
 
O250000E 04 354 PKI
 

*8 2 5 0 0 0 E 0 
 356 ZIO
 
*400000E 01 357 ZIl
 
.124 000E 0I 358 Z12
 
,625000E 00 359 Z13
 
9800004 03 363 PK2
 
*2OOOOOE 01 36q PK3
 

*0 0 0 0 0 0 E 00 
 365 FIS
 
O0 0 0OOE 00 366 STA
 
Ol1310E 03 367 PAR
 
.OOOOOOE 00 368 GBL
 
2 0 0 0 0 0 E 00
', 369 ANY
 
*2 0 00 0 0 E 00 
 370 ANZ
 
.i2Q998E 01 372 ANV
 
#OOOOOOE 00 373 ANW
 
*IO0O0OE 01 375 AUQ
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1 0 0 0 0 2 E 0) 

.IO0OOOE 01 

*400000E 02 

.9O0aOOE 01 

935 2000E-02 

*15895SE-01 

*0000OOE 00 

*30 0000E 01 

3000OOE 01 


.103974E 01 

*1OOI8E 03 

9395622E-01 

'420867e Ol 

*24 9 82E 01 

.4I1q47E-01 

*42499-E 01 

OOOOOOE 00 

oO.Oo0E 00 

*49 2 9 9 8 E 00 

o998746E"0| 

.399923E 0 

9294152E 01 

*3 0 6 250E 00 

'6 7 0 2 49 E 00 

*19 6 2 7 0 E 03 

97747 9 0E-02 

.IBOOOOE 00 

o300482E 04 

o6550OOE-001 

*300000E 02 

9996196E 03 

000000E 00 

9825000E-01 

.82174E)02 

1OOOOOE 02 


*259 0 0 0 E 02 

*250 0 00 E 01 

9193000E 03 

9394000E 01 

*O00 0 0 0 E 00 

93 6 0 0 0 0 E 03 

*l6O000E Do 

*IOOOOOE 00 

*IOOOOE 00 

9)0 2 z2E 01 

9000000E 00 

*251434E-0l 

,960000E 03 

9215000E 00 

*O0 00 0 0 E 00 

*OOOOO E 00 


-.65276E-0'4 

.25 0000E 00 


.e971276E-03 


03 6 0 0 0 0 E 03 

"9)20782E-03 

,422000E 00 


376 

377 

379 

380 

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

404 

q05 

406 

407 

408 

409 

410 

'ill 

412 

413 

'd14 

415 

416 

417 

'18 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

429 

430 

431 

q32 

433 


AUR
 
AUS
 
HI
 
A2
 
A3
 
AUCB
 
AUAB
 
CCB
 
CAB
 
AUHI
 
AUH2
 
AUH3
 
VOTI
 
VOT2
 
VOT3
 
VOT
 
RTR
 
VIL
 
VASO
 
VRAO
 
VLAo
 
VVSO
 
VPAO
 
RNS
 
RSR
 
ANGS
 
5
 
RT
 
CRA
 
RNK
 
RC
 
CAIV
 
CAS
 
AN2
 
AKA
 
ANCN
 
ANMM
 
AN3
 
ANTC
 
ANSS
 
ANGT
 
A
 
ANAR
 
ANER
 
ANK
 
DESC
 
VUGF
 
UOC
 
GPI
 
VOB
 
RNA
 
V61
 
SRI
 
V71
 
SRL
 
V62
 
$R2
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.,162803E-02 43N V72
 
.8OOOOOE 00 435 X6
 
400000E 00 436 X7
 

,1O000OE O1 437 X8
 
O5800OOE-01 438 ATH
 

995 4103E 00 439 AMS
 
*47 6441E 00 440 POF
 
*SOOUOOE-O1 '4' POU
 
*'7 5 7 40E 00 442 AM2
 
1OO00DE 04 443 ASK
 

,OOOO0OE 00 444 NAO
 
*OOOOOOE 00 445 KO
 
61 0 0 0 0 E 01 
 446 CAA
 
#20160UE 05 4'7 SRM
 
*OOOOOOE 00 448 VINT
 
,42q457E 01 q49 VUS
 
.OOOOOOE 00 500
 

SUBROUTINE TERG
 
C... GE CARDIOVASCULAR LBNP MODEL 10/23/73
 

COMMON/STATE/X(50)*XDOT(50)
 
Z/STATE/QRAQRV.QLAOQLVQPA.QPCQPVOQAAQARC*QLAAIQUTAQLTAQUABAP
 
3QLABAQCILLQLGSAtQLGAR.QLGCAPQLGVEQLGSVQFEVQABVCQTHVCQSPVC,
 
q4LOcQUPCQHCAPQHSVQJVQCORQCSMA.QIMAQCSMVtQPOVpQIMV
 
5RENAQRALEQRENVQRETQD(I0)tQSKB
 
6/STATE/CRACRVCLA CLV.CPACPCCPVCAACARCCLAACUTACLTACUABAt
 
7CLABACCILLiCLGSACLGAR.CLGVECLGSVCFEVCABVCICTHVCCSPVCI
 
8CLOC9CUPCsCHSVacJVtCCSMV CIMV CPOV#
 

9CRENA.CRENV.CD(I8)
 
A/STATE/PRAPRV* PLAOPLV PPAPPCPPVPAAPARCPLAAoPUTAPLTAtPUABA,
 
BPLABAPCILL.PLGSAPLGARPLGVEPLGSVIPFEVPABVCPTHVCPSPVC
 
CPLOC*PUPCPHSV PJVPCSMV PIMVPPOV,
 
DPRENAPRENVPD(16)*PMoPMC
 
COMMON/STATE/
 

ERRARRVgRMVR AVaRPA,PPCRPVRARCqRLAAaRUTARLTA#RUABAI
 
FRLABAtRCiLL.RLGSARLGARRLGCAPRLGVERLGSVRFEVRABVC@
 
GRTHVCRSPVCtRLOCRUPCRHCAPRHSVIRJVRCORRCSMAPRIMARCSMV
 
HRPOV.RIMVtRRENARRALERREFFRRENVgRD(1I)IRSKB
 
I/STATE/FLPA FLAAFLARCFLLAAtFLUTAFLLTA FLUABA,
 
JFLLABAFLCILLFLCSMA FLIMA FLRENA.FLDM (8)
 

K/STATE/V(SO),VU(50),PG(3q),PEXT(32).E(4)
 
.,PRNABIASTBIAS$TTHAZ TMOIOELSPACE BSLGECBVPTISPGBIAS
 
LZ|40),WK(ZO),HRSVCORTPEXWPSYSPDYSFREQ
 
MSVoZDOTtAVDPIABtPITHPMPTHETASF
 
N*TTOTTASTVSCICZGNEWPEXINTR
 
'.DUMMY(13),TDPRTVLEG
 
COMNON/TOSHOR/GUYIN(20) oUTGUY(20)
 
CALL X10
 
V(49) OOO GUY!N(I) 
DV0I00O*GUYINIZI
 
VUTOTUVU(I8)*VU(I9)YVU20)
 
BVSNIVUTOT+DVO
 
DPCTUBVSN/VUToT
 
VUCI8)'DPCT*VU( 8)
 
VUi19)nDPCT'VU(19)
 
VU120)RDPCTOVU(20)
 
85L650620-V(j9)
 



C 

C 


C 
C 
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CALL cONTRL
 
CALL CVS
 

I CALL ALGOCT)
 
IF (T.GT.TTHAZ) THETA=O.
 
IF (TLT.WK(20)) GO TO I
 
CALL EXEC
 
RETURN
 
END
 
SUBROUTINE EXEC
 
COMMON/R/XDSXMHCXT
 
COMMON/STATE/X(5 9 7)tT
 
COMMON/TRINT/TRIN o),TROUT 101 TRTIME
 
TMXERaT/60t
 

9 IF(CXT.LToTMXER)CALL GRODIN
 
IF(CXT.LTTMXER)GO TO 9
 

10 	IF(TRTIME.LT.TMXER) CALL THERM
 
IF(TRTIMEOLT*TMXER) GO TO 10
 
RETURN
 
END
 
-SUBROUTINE CVS
 

GE CARDIOVASCULAR LBNP MODEL
 
CONTROLLED SYSTEM
 

COMMON/RINTR/RIN(10),ROUTt1O)
 
COMMON/TRINT/TRIN('10)TRoUT|UO),TRTIME
 

COMMON/STATE/X(SOI,oXDOT(SO)
 
2/STATE/QRAQRV.QLAQLVQPAQPCIQPVQAAQARCQLAAQUTAsQLTA.QUABAS
 
3QLABAQCILLQLGSAPQLGAR QLGCAPQLGVEoQLGSVQFEVsQABVCQTHVCQSPVCs
 
sQLOCQUPCIQHCAPQHSVQJVQCORQCSMA.QIMAQCSNVsQPOV.QIMV
 
SQRENAQRALEQRENVQREtQD(iO),QSKB
 
6/STATE/CRACRVCLACLVCPACPCCPVtCAACARCCLAA.CUTA.CLTAPCUABAP
 
7CLABASCCULLCLGSACLGARSCLGVECLGSVCFEVCABVCCTHVCCSPVC,
 
8CLOCCUPCiCHSVC4VtCCSMVCIMVCPOv,
 
9cRENAycRENV*CD(IS)
 
A/STATE/PRAsPRV*PLAPLVoPPAIPPC.PPVPAAPARCPLAAIPUTAPLTAPUABA,
 
BPLABAPCILLPLGSA.PLGARPLGVEPLGSVPFEVPABVCPTHVCPSPVC,
 
CPLOC.PUPCPHSVPJVPCSMVPIMVtPPOV,
 
DPRENAPRENVPD(161PMPMC 
COMMON/STATE/
 
ERRA.RRVRMV*RAVRPA.RPCiRPVRARC*RLAARUTAoRLTARUABA
 
FRLABARCILLRLGSAPRLGARRLGCAPRLGVERLGSViRFEVRABVC
 
GRTHVC.RSPVCRLOCRUPCRHCAPRHSV RJV RCORRCSMARIMARCSMV,
 
HRPOVRIMV RRENA RRALEpRREFFRRENVRDi(II)tRSKB
 
I/STATE/FLPAFLAAFLARC.FLLAAFLUTA.FLLTAFLUABAQ
 
JFLLABAFLCILLFLCSMAFLINAoFLRENAFLDMN8)
 
K/STATE/V(SU)1VU(50),PGi(3i)PEAT(32),E(9)
 
.,PRNASIASTBIASTTHAZTMODELSPACEBSLGECBVPTISPGBIAS 
LsZ(qO)WK(Z0)HRSVCORTPEXWPSYSPDYSSFREQ 
MVO2DOTAVDPIABPITHPMP.THETASF 
NTTOT.TASTVSC1tC2.GNEWPEXINTR 
*,DUMMY(13)*TDPRTVLEG 
DIMENSION PRS(I)tCMP(32),RSO(50)F£NR(I21 
EQUIVALENCE (PRSoPRA)t(CMP(I)sCRA),(RSO(I),RRA)b(FINR(I),FLPA) 

& sPD(3STT),(PD(4),TSVE),(PD(S),TRSP),(PD(6),THP) 
& ,(PD(7)tTPS),(PD(S),P2)
 

T IS ELAPSED TIME
 
TT £S A CLOCK FOR ONE BEAT
 

TTUT-TSVE
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IF (TToTTOT) 102,IOO1100l
 
1001 TSVE-T
 

Coo*
 
OPMDwI700.+460Oo*/3.(VOZDOT',5)
 
DPER=DPMD-PD(IO)
 
IF(DPER.LT.-50,)PD(I1)=PD(I)'.001
 
1F(DPERGT.50)PD111)UPD(l1)4o0
 
IF(VO2DOToLT..S)PD(II)0Oe
 
CO=X(33)/TTOT.,06
 
X(33) O.O
 
PM=X(IO)/TTOT

x(IO)SO9O
 

PMC=X(13)/TTOT

X(131)0o0
 

PDCI)-XI39)/TTOT
 
X(34)=.0
 
SVnTTOT/60*CO
 
RT-PD(I)/CO
 
DIFFs-V(50)*V(19)
 
X(IB)aX(18I DIFF*O.6
 
X319)uX(19) DIFF..'4
 
PSYSMSYS
 
PDYSmDYS
 
CALL AIO
 
PDtIO)sO
 

310 	CALL CONTRL
 
TEMPsTEMP+Oo2
 
IF (TEMP-T) .110lI.1ol1l
 

II CONTINUE
 
CALL EXEC
 
5YSUO00
 
DYSmIOOOo
 

TTOTs6O./HR
 
TASRO.10*O09*TTOT
 
TVSnO. 6+OZOSTTOT
 
IF (ToLT*61 .OR' T.GT.6 3.) GO TO 20
 
00 10 1=1932
 

10 	PGCI =SIN(THETA/57.2958)'ZC I)'l05980./1332'
 
TILTmTHETA
 

20 	CONTINUE
 
IF CTMODELGToO.) GO TO 26
 
DO 25 p1,3*8#2
 
IF CWK(IIoLT*0.) GO TO 30
 
IF (T*GT.WKCI)) PLBNPn-WK(1*1)
 

25 CONTINUE
 
GO TO 30
 

26 IF (ABS(THETA)IGT.1,E-S) TILTDoSI
 
IF (ABSTHETA)oGT1oE-5) GO TO 30
 
IF (TILTOGT.29) GO TO 30
 
DO 28 l1l,32
 

28 	PGCI)O.
 
TILTD03.
 

30 	CONTINUE
 
VLEGsO,
 
Do 201 1=15,20
 
VLEG=VLEG4VCI)
 

201 	IF (TMODEL.LT.I.5) PEXT'I1)=UPLBNP
 

http:TILTOGT.29


82 

LISTING OF WHOLE BODY ALGORITHM
 

VLEGUVLEG-VUCI8)-VUI9)-VUI2O)
 
IF(T.GT@WK(3).ORoBSLG.LTOI)GO TO 301
 
IF(PGBIAS.LT*Zo)PGBIAS=2
 
DVL.5B4.-VLEG-BSLG
 
IF(DVLeLTr.120.)PGBIASSPGBIAS+.2
 
IF(DVL*GT 5.)PGBIASaPGBIAS-91
 
IF(OVL.GTof120toAND*DVL.LT..5.)PGBIAS=PGBIAS+eO5
 

301 cONTINUE
 
TEMPVnOv
 
00 16 5=1#32
 

16 TEMPV=TEMPV+VUC )
 
ECBV=V(50)-VLEG-TEMFV VU 18)eVU(1g).VU 20)
 

& 	*Vu(1S)+VU(16)+VU(17)
1002 CONTINUE
 

IF(TT.TAS),p2,2
 
I SASRSIN(3.1Q16@TT/TAS)
 
E(lI)0,0S*0.05'SASOsF
 
E(3)=OlZ+O.4*SAS.SF
 
RSPVCw(20.SAS40.)/13329
 
RTHVC(I10o+SAS'20.)/1332.
 
GO TO 3
 

2 	E(I)O*O5
 
E(3)aO.12
 
RSPVC=*O.S015
 
RTHVC. 0075075
 

3 TVaTT01
 
IF(TV.LT.0.O)TV=OeO
 
IF(TV.TVS)4,5s5
 

q SVS=SIN(31I416*TV/TVS)
 
Ef2).O75 .39.SF*SVS
 
E(4)zOo02#e5G*SF*SVS
 
GO TO 6
 

5 	E(2)90175
 

6 CONTINUE
 
DO 11 1614,
 

11 CNP(I5)s./Eil)

IFtX(4)*LT*O9O)X{q}=O9O
 

C COMPUTE VOLUMES
 
V4SO)000
 
DO 55 1=1.32
 
ViI)=VU(I)eX(I)
 

55 V(5O)V(50).V(i)
 
VISO)UV(50)-V(9)-V(i1)-VII3VIOU)-vu(18)-Vu 9VU1 20)
 
IF (TIETAGT.q5ANDOT.GT.6O0) PITHN"25
 

C RESPIRATORY PUMPS
 
IF IPEX.EQ*0.*) GO TO 115
 
IF(T.LE.60.0 *OR'. THETA.LT.S5.)GO To 115
 
TRSPsTRSP'T-TPS
 
IF(TRSP.GT.TR)TRSPOoO
 
TI=TRSP/TR
 
PITH=-267-19.7OiOTIj+6.4Og9T*OoZ-53.79T|Ia3 4 6602TI.q
 
DEPTHOCVO2DOT-I.)/2.

IFDEPTH.LT.0.)DEPTH.0.
 
IF(DEPTH.GT.I 5)DEPTHsI*S
 

PITHuPITHmDEPTH
 
PIABsaPITH/2.
 

http:E(3)aO.12
http:E(3)=OlZ+O.4*SAS.SF
mailto:SASRSIN(3.1Q16@TT/TAS
http:18)eVU(1g).VU
mailto:IF(T.GT@WK(3).ORoBSLG.LTOI)GO
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115 CONTINUE
 
DO 71 II,12
 

71 PEXT(I)wPITH
 
PEXT(22)=PITH
 
PEXT(23)=PITH
 
DO 72 I128m32
 

72 PEXT(I)=PIAB
 
PEXT(I1')=P AB 
PEXT(21 )PIAB 

C MUSCLE PUMP 
IF(TMODEL9LTe2q)GO TO q5 
TMPuTMP+T"TPS 
TPS.T 
IF (TMP*GE*1,) TMPwOs 
SP=SSN(2e3.I416.TMP) 
PMPUSOG* SMP 
IF(THETA.LTIS )PMP=IOv*SMP 
IF (SMP.LT.O.) PMPwO, 
IF (PEX.LT.1.) PMPnO, 
Do 14 nI16,19 

q4 PEXT(I)*PMP 
45 CONTINUE 

C COMPUTE PRESSURES 
PIP2 
P2=PLV 
Do 12 1-1,7 

12 	PRS(I)nX(I)/CMP(I)4PEXT(l)
 
DPDTz(PLV"PI)/(*002)
 
IF4OPOT.GTPD(3) )PD I0)mDPDT
 
DO 13 1015P17
 

13 PRS(I)X(1)/CMP(I)PEXT( I)
 
00 15 I1I8,2O
 
PRS(I)mX(I)/VU(I).2..PEXT(I)ePTIS+PGBIAS-2.
 

15 IF(X(I).GT.VU(I))PRSCI)a
 
& (X(I,)-VU(I))/CMP(Ig)PEXT(I9*PTISePGBIAS
 
DO 14 1=202
 

SQ 	PRS(1)=X(1)/CMP(I)4PEXT(I)
 
PAA-X(8)/CAA+PITH
 
PUTA&X(29)/CUTA4PITH
 
PLTAnX(12)/CLTA+PITH
 
IF(pUTA.GT.SYS)SYSUPUTA
 
IF(PUTA.LT.DYS)DYSOPUTA
 
PLABA PIAB-1.o826.0.002265eV(14) O 0097739*V( '*)V( S
 
PLABA=X(IQ)/CLABA+p'IAB
 

C.... ABDOMINAL VENA CAVA
 
PABVC-5s4996.0.o82qO8.V(zI).OOOO335980V%21)OV(21)
 
9+0 0000005026V(21)*VI21)V(2I)
 
IF (X(21)#GT*200. #AND. X(2 1)*LT350.)
 
* PABVC.*3 /SB50(X(*S)-200).loS 

C.*'e THORACIC VENA CAVA 
PTHVCmN-5500O6*O915Q*VC22)090006B73*V(22)*V(.

2 2) 
,.O9OOO005236*V(22) 'VIZ)'V(22) 
IF (x(22),GT9l50. 'AND. XIZZ).LT.250.) 

9 PTHVC-.3/I0O. * (X(22)"1509) + 1916 
PSPVCa-3.Q999.0.92O9.Xf23)-Ooq22i6.X(23)*x(23) 
*+OO06395BiX(23)oX(23)sX(23)
 
pTHVCwPTHVC+PEXT(22)*TBIAS
 

http:PTHVCmN-5500O6*O915Q*VC22)090006B73*V(22)*V(.22
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PABVC=PABVC+PEXT(21)+ABIAS 
PSPVC=PSPVC+PEXT(23) 
QRAm(PRA-PRV)/RRA 

C HEART MODEL 
IF(PRA.LTPRV)QRA=O.O 
QRVmX(09)/FLPA 
IF(QRV*LT.OO)QRV=OO. 
XDOT(09nIPRV-PPA-RRVOQRV 
IF(XDOT(O9).LTQO.O.ANDoQRV*EQ*O*O)XDOT(09)0O90 
QLA=(PLA-PLV)/RMV 
IF(PLA*LT#PLVpQLA=O.O 
QLVsX(11)/FLAA 
IF(QLV.LTOO)QLV=o.o 
XDOT(IIh)PLV-PAA+PG(8)-RAV*QLV 
IF(XDOT(1I).LT.O.O*AND.QLV.EQ.O.)XDOT(L1)t O.O 

PULMONARY CIRCULATION 
QPA.(PPA-PPC)/RPA 
QPC=(PPC-PPV)/RPC 
QPV*(PPV-PLA)/RPV 

ARTERIAL MODEL 
WAAa(PAA-PUTA+PG(12)1/RUTA 
QUTAa(PUTA-PLTA+PG(13))/RLTA 
QLTAS(PLTA.PLABA.PG(lq))-/RLABA 
QLABAU(PLABA-PCILL.PG(15))/RCILL 

C LEGS 
QCILL=(PCILL+PG(I6)-PLGSA)/RLGSA 
QLGSAu(PLGSA-PLGAR)/RLGAR 
QLGCAPM(PLGAR-PLGVE)/RLGCAP 
RLGVE=9O5 
IFfQLGVEoLT*O*O)RLGVE=67.567567 
QLGVEN(PLGVE-PLGSV)/RLGVE 
RLGSVU*05 
IFIQLGSVLT.O*O)RLGSV567o67567 

C 
QLGSV=(PLGSV-PG(19)-PFEV)/RLGSV 

VENOUS MODEL 
RFEVs 021 

IF(QFEV.LTO.O)RFEV67547
5 67 

QFEV=(PFEV-PG(20)-PABVC)/RFEV 
QABVCS(PABVC-PG(21)WPTHVC)/RABVC 
QTHVCs(PTHVC-PG(22).PRA)/RTHVC 
QSPVC.(PSPVC-PG(23)PRA)/RSPVC 

C HEAD+ARMS 
QLOCs(PAA&PG(2)-PLOC)/RLOC 
QUPC=(PLOC-PUPC)/RUPC 
QBRAIN*RINI3)o.I0O0/60o 

-RARM=1725 
QHCAPmQBRAINjQARM 

C QHCAPw(PUPC-PHSV)/RHCAP 
QHSV=(PHSV.PJV)/RHSV 
RJV*O0q30 1 
JF(QJV.LT.O.O)RJVm67567567 

QJV=(PJVPG(27)-PSPVC)/RJV 
C CORONARY CIRCULATION 

QCORw(PAAwPRA)/RCOR 
C CONTINUITY FOR VENOUS RETURN 

QRETuQSPVC+QTHVC+QCOR 
C HEPATIC-SPLANCHNIC CIRCULATION 



C 


C 


C 
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QCSMA=APLTA-PCSMV)/RCSMA
 
QCSMVE(PCSMV-PPOV)/RCSMV
 
QPOVO(PPOV-PTHVC)/RPOV
 

RENAL CIRCULATION
 
QRENAB(PLABA-PRENA)/RRENA
 
QRALEa(PRENA-PRENV)J(RRALE+RREFF)
 
QRENV=(PRENV-PABVC)/RRENV
 

SKELTONPBONE MARROWtAND OTHER
 
QSKB=(PLABA-PABVC)/RSKB
 
QSKIN=TRIN(Ile#1327
 

STATE VARIABLE DERIVATIVES
 
XDOT(I)*QRET-QRA
 
XDOT(2)*QRA-QRV
 
XDOT43)RQPV-QLA
 
XDOT(4)RQLA-QLY
 
ADOT(5)uQRV-QPA
 
XDOT(6)nQPA-QPC
 
XDOT(7)=QPC-QPV
 
XDOT(8)=QLV-QAA-QCOR-QLOC
 
XDOT(10)=PAA
 
XDOT(12)=QUTA-QLTA.QCSMA
 
ADOT(14)*QLTA-QLABA"QRENA-QSKB-QSKIN
 
XDOTiI5)=QLABA QCILL
 
XDOT(16)nQCILL-QLGSA
 
XDOT(17)uQLGSA-QLGCAP
 
XDOT41S)OQLGCAP-QLGVE
 
XDOT(19)*QLGVE-QLGSV
 
XDOT420)=QLGSV-QF'EV
 
XDOT(21)=QFEV-QABVC*QRENV*QSKB+QSKIN
 
XDOT(22)=QABVC+QPOVmQTHVC
 
ADOT423)=QJVrQSPVC
 
XDOT424)=QLOC-QUPC
 
XDOT426)aQUPC-QMCAP
 
XDOT(261-QHCAP-QHSV
 
XDOT(27)=QHSV-QJV
 
XDOT(28)=QCSMAOQCSMV
 
XDOT(29)nQAA-QUTA
 
XDOT(30)=QcSMV-Qp()V
 
XDOT(31)nQRENA-QRALE
 
XDOT(32)aQRALE-QRENV
 
XDOT(33)NQLV
 
XDOT(13)nPLOC
 
XDOT434)uPUTA
 
RETURN
 
END
 
SUBROUTIk CONTRL
 
COMMON/STATE/X(50)*XDOT(SO)
 

2/STATE/QRA#QRVtQLAOQLV*QPAsQPCtQPVsQAA*QARCsQLAA*QUTAPQLTA*QUABAs
 
3QLABAQCILL*QLGSAsQLGARoQLGCAPtQ4GVEpQLGSVtQFEV#QABVCoQTHVC*QSPVCs
 
4QLOC#QUPC*QHCAPtQHSVpQJVlQCORoQCSMA#QIMA#QCSMVoQPOV*QIMV9
 
5QRENAvQRALEgQRENVIQRETPQo(10)#QSKS
 
6/STATE/CRAsCRVoCLAtCLVsCPA*COCsCPV*CAA#CARCeCLAAtCUTAtCLTA*CUABAs
 
7CLABA*CCILLoCLGSA*CLGAR#CLGVEsCLGSV$cFEVtCABVCPCTHVC#CSPVC9
 
8CLOCgCUPC#CHSVSCJVsCCSMV*CIMVtCPOVP
 
9CRENAPCRENVsCD(IB)
 
A/STATE/PRA*PRVoPLAgPLVoPPAiPPC*PPYoFAA#PARCoPLAA*PUTA*PLTAsPUABA#
 
BPLABAiPCILLoPLGSA#PLGARPPLGVE#PLGSVoPFEViPABVC*PTHVCsPSPVC9
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CPLOCPUPC PHBV 1 PJV PCSMVPIMVPPOV,
 

DPRENAPRENVPD(I6) Pr PMC
 
COMMON/STATE/
 
ERRA.RRVORMVRAVRPARPCRPVRARCRLAARUTARLTARUABA,
 
FRLABARCILLRLGSAsRLGARRLGCAPtRLGVERLGSVRFEVRABVC,
 
GRTHVCRSPVCSRLOCtRUPCRHCAPgRHSV.RJV.RCORRCSMARIMARCSMVv
 
HRPOVRIMVRRENARRALERREFFRRENVRD(II),RSKB
 
I/STATE/FLPAFLAAFLARCFLLAAFLUTAtFLLTAFLUABA.
 
JFLLABAFLCILL FLCSMAFLIMAIFLRENAFLDM(8)
 
K/STATE/V(50),VU(-50),PG(3q)sPEXT(32).E(q)
 
*,PRNABIAStTBIASTTHAZoTMODELSPACE.BSLGECBVPTISPGBIAS
 
LZ(iOU)WK(2O),HRSVCooRT.PEXWtPSYS.PDYSFREQ
 
MtVO2DOTsAVDPIABiPITHiPMPPTHETASF
 
N TTOT TASTVSCI,C2GNEWPEXINtTR
 
OiDUMMYtI3),TDPRT*VLEG
 

CVS-RESP. INTERFACE
 
BLOCK DATA FOR INTERFACE IN 6 OUT
 
COMMON/RINTR/RINA(IO),ROUT(IO)
 
COMMON/TRINT/TRINIIO)iTROUT(IO)uTRTIME
 
COMMON/TOSHOR/GUYIN(2)OOUTGUY(20)
 
INPUT FROM GUYTON MODEL
 
QDIi)2.2313-0905 833021.10 9 /19UIIGUYIN(3)OlO00@/ 60
 
QD(2)u2.6752-OO6613025332 / 9 807GUYIN(Q) I00O/60.
 
QD(3)i.18958-OO69Z3I2.939/3631GUYIN(5)®IOOOO/60
 
QO(4 )GUYIN(B)/I4qO./56.
 
INPUT FROM RESP.
 
VO2DOTBRIN( )
 
FREQwRIN(2)
 
QBRAIN=RIN( 3).1000/609
 
PCO2=RIN(')
 
P02mRIN(5)
 

DPCO2ZPCO2389
 
DPO2=POz-1i7;9182
 
IFOPO2.GT.80 )DPP020.
 
IF(PCO2.LT.3O.-)DPCO2z-B.
 
OUTPUT TO RESP,
 
ROUT(I).Co
 
ROUT(3)=REBTO2
 
INPUT FROM T/R
 
QSKIN*TRIN).t,327
 
DCT=TRIN(2)
 
OUTPUT To T/R
 
TROUTI|flQFEV*I7027
 
TROUT(2)=QBRAIN
 
TROUT(3)wCO
 

TROUT(q)VOZDOT
 
TROUT(S)nQCOR+QPOV*QRENV
 
CVS MODEL
 
REAL NUMVDINUM9D
 
EQUIVALENCE
 

2 (ACCMETtX( I)),(XN'0XIq3) )iDAX(i4)).(DLX(i5)).
 

3(XN3,X(49))tPD(2) FLAG).iP09).DTS).(PDj2)DMS)
 
COMMON/DELAYC/ AVDTS5O)tVO2TS(SO),SAVE( o),FI(I5htF2(I5).F3(5)
 

& ,F£4(IS).V(SI).F6(15),ANFTDNFNSRESTOZAUNCAUNSAUNSH
 
jF(T.GT.I.O)GO TO QO
 
DO 401 Il.15
 

401 F61)lsO
 

http:ROUT(I).Co
http:IFOPO2.GT.80
http:QDIi)2.2313-0905833021.10
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C 


C 


C 


C 


C 


C 


DO *02 0,9s5
 
402 FS(1)a$o05
 
'40 CONTINUE
 

SAVE OLD XDOT(qI-49)
 
Do 10 1-40,99
 

10 SAVE(I139)SXDOT(1)
 

DO 	25 Iat,17v2
 
IF(T-WK(I)) 26925o25
 

25 WsWK(!41)
 
26 IFW) 27,27,28
 
27 PEXUO.O
 

GO TO 29
 
28 PEXsI.O
 
29 CONTINUE
 

IF(X(48)oLEOd)GO TO 501
 
DO2oSQRT(O*16B55efXiq8) 3*72G)0e2-2s3q)
 

Wo WORK RATE KG-M/MIN
 

501 IF(X(QB.)LE.0.0)D024oO
 
VOZWDTSOOOBSO85I5*W/.ZS
 
psW"-1=,SD02
 
DT I=DO2
 
DTZ.(2..DO2-1*275)/i.s
 
DT3DA*DL
 
DTINSSWIN(PSWDTIDTZ)
 
DT-FCNSW(PEX.DT3,DT3,DTIN)
 

DA.1H.S.@1(DT-1.5)+1.5
 
DAI=SWIN(PSWbDOZDAIH)
 
DAO-FCNSW(PEXO.O0.U.DAI)
 
T8BFCNSW(PEXOO,3OO*t2.)
 
XDOT ('4)=DAO-DA)/TS
 

DLIHu.85*(DT-IS)
 
DLI1SWIN(PSWv,0ODLIH)
 
DLOUFCNSW(PEX9Op0OOeO.DLI)
 

TuFCNSWIPEX,0.0*300..10.)
 
XDOT B5)(DLO-DL)/T8
 

NUM 9DIO,038DO2
 

OXYGEN REQUIREMENT FUNCTION VO2WDT
 

ALACTIC OXYGEN DEBT DA
 

LACTIC OXYGEN DEBT DL
 

ARTERIAL-VENOUS OXYGEN DIFFERENCE AVD
 

CALL DELAY(O0,005NUM9DIAVDTSNUM9DI)
 
AVDxVO2DOT/CO
 
XDOT(q6)s(NUN9D-X(q6))/s.
 
IF(PEX*EQ0.0)FLAGSO.0
 
IFIFLAG.EQ*IOIGU TO 60
 
IF(PEX)60,6U 61
 

61 	ANF=19C
 
TDNsT+20
 
FLAG=*0
 

60 IFIT.GT.TDNIANF=O0
 
TANSFCNSW(ANF.3*36.,3.)
 
XDOT(Q9)n(II*O0ANFwXN3)/TAN
 
XDOT(q3)-(5o.SPEX-XN4I/6.
 
DMMXz2.O
 
DMmDO225/22.
 
IF(PEXGToO)DTS=DT
 
IF(PEXGT.OO)DMSDM
 

http:TuFCNSWIPEX,0.0*300..10
mailto:DA.1H.S.@1(DT-1.5)+1.5
http:VOZWDTSOOOBSO85I5*W/.ZS
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IF(PEX*LT*lo)DM-UMS/DTS*DT
 
CHEMON=002/008
 
lFiCHEMON*GTs0qS)CHEMONw0*5
 
FN=2**XNq+XN3
 
lFiFNoGT*lt*)FNOII*
 
IF(PEX*GT*G*)FNSOFN
 
IF(PEX*LTol*)FNaFNS/DTS*DT
 
summut
 
00 144 101514
 
F4lI)wFq(I+I)
 

44 	sumpFq(l)*Sum
 
F4(15)NPMC
 
FMCFatSUM+PMC)/159
 
IF(T*LT*WK(3)*ORoTMODEL*LT#Z*)
 

S AUNSz((88v5-PMCF)**03+I9)*I*
 
IF(T*LT*WK(3)*OR*TMODEL*LT*29)
 

S AUNSHO(ia7tlS-PMCF)*9065+1*)*Io
 
IF(T9LT@WKi3)*OR*TMoDEL*LT92s)
 
AUNCOI,+(0,03q48*DPC02-0#010ikDPOZI
 
IF(AUNC*LT*t*G)AUNC=1*0
 
sumnue
 
Do 914 ImI9114
 
F64l)*F6(1+1)
 

94 	SUMxF6(1)+SUM
 
F6(15)nAUNC
 
AUNC-(SUM+AUNC)/159
 
IF(T*LT*I0v)AUNS6I*O8
 
IF(TOLTOIQ*)AUNSH 1908
 
IF(TLT,10,)AUNcalo
 
IF(T*LT*10,)DP02UO*
 

C CONTROLLED RESISTANCES
 
C LEGS
 

RMETu15O*mACCMET*S0#
 
IF(RmETsLT#15*)RMETzIS*
 
RDM=450*-450**DM/DMMX
 
IF(RDM9LT*I5*)RDMmI59
 
RLGCAPO(RMET+RDM)/133Z*/((19+395*(AUNC-I#))-*03*DPOZ)
 
RLGARM-RMET+RDM
 
RLGARNa-FN*54009/119
 
RLGARa(RLGARM+RLGARN+SqOO*)/1332*/tilo*395*(AUNC-le))-903ODP02)
 
RLGAR=RLGAROQD(3)
 

C OTHER BRANCHES
 
RHCAPm3570s/I33Z*
 
RcOR=(20500*-9395$*DM/DMMX)/1332o
 
RSKB=(5540*eAUNSO(lo+(AUNC-19))+6000,*DL/AUNS*tlo+(AUNC-le)))/
 

& 1332*
 
RRALE=(3600**AUNS*(I**(AUNC-lo))+1600o*DL/AUNSO(lo*(AUNCwloi))/
 

& 1332*
 
RRALE-RRALE*QD(I)
 
RDMR=DM/DMMX
 
IF(RPMR*GTeI*)ROMRmI*
 
RCSMA=(2600**AVNS*AUNS+1070*/AUNS/AUNSO(FN/lie/2##RDMR/2*))/
 

& 1332*
 
RCSMA=RCSMA*QD12)
 
SUM=Ue
 
DO 92 1=1019
 
FIiI)nFIlj+I)
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92 	SUMSFI(I)4SUM
 
FI(IS)CO
 
COT&(SUM+CO)/15*
 
IF(COT*GTs26.)COTw2s*
 
RPA=0175-*0075/21* 0 COT
 
RPC=.OS950O2Q5/21j * COT
 
RPV=RPA
 
RREFFCO,
 
IF(AUNC.LTelO3.AND.TLE.TTHAZ.IO.)GO TO 70
 
SFUn(AUNSHm,08)e9q4s+1,5$(AUNC-*)+*OOS5DP02
 
SUMnO.
 

DO 	93 1=104
 
FSI )=Fs(1+1)
 

93 	SUMmFS(I)*SUM
 
FS(i5)uSFU
 
SF(SUM+SFU)/q5*
 
GO TO 71
 

70 SFU(AUNSHS*08)eO OS+e5*(AUNC-I.)-+.0055*DPO2
 
71 IF(T@LT*WK3)*OR9TMODELLT#2Q) GO To 610
 

5Fw@67*9374*(X('1O)-,9)
 

IF(SFGT.l.I3S)SFmIj3S.86C(X(4O)-2.j3)
 
XDOT(4O)=(VOZDOTwX(QO))/T7
 
IF(SFvLT*0.67)F.*67
 
IF(SFeGT*3.)SFS3S
 
IF (PEX.LT.I" 9AND. THETAeLT045t) SF*8
 
IFITHETA.GT.IS,*ANDT*LT9"6O)SF.$8
 
SF=SF+PD(II)
 

610 CONTINUE
 
C PRESSURE REFERENCE FUNCTION PR
 

IFCPEX*GT*O*)QD('i)u0.
 
PRNRAUNS*58$+CIODo2*C2*ACCMET+2(AUNC-I*)@8f+*5*DCTSB8
 

5 +26960PEK*COS(THETA/57*2958) QDiq)os8,*AUNS
 

ENOPRN-PM/2-PC/29.+XN3+3SeXN4 FN/2r-.SSPEXT(1S)

SUMzO*
 

DO 	9I j0j9jq
F2(1)uF2(1*11
 

91 	SUNSF2I)SUM
 
F2(IS)EN
 
ERC(SUM+EN)/1S@
 
DDP.,533OOS*ER
 
IF(DDP.LT 0 O.0)DDP=O.O
 
TOTuO*3OO+DDP
 
HR=60./TOT
 

C CONTROLLED COMPLIANCES 
ERCn(PRN-PMCI107 
SUMNO. 
Do 90 I.itiq 
F3(I)1F3(I+I) 

90 SUMuF3(I')+SUM 
F3(I)SERC 

ERCC(SUM+ERC)/IS. 
IF(ERCeLT.OO)GO TO 7 
IF(ERC.GT*80*)ERCSSO. 
CLGVEm3*956*C(IO-.OOS3*ERC) 
CLGSVu3*II350(I*-*Oob83ERCi 

7 CONTINUE 
C RESPIRATION 

http:IF(SFGT.l.I3S)SFmIj3S.86C(X(4O)-2.j3


9o
 

LISTING OF WHOLE BODY ALGORITHM
 

RESTOZS.313
 
IF ITHETAeGT.IS. 'AND# T*GT*60) RESTO2.*37
 

C FREQwVO2DOTs8t24*59Za
 
IF(FREQ.GT.3Oo)FREQ=3O.
 
TRC6O./FREQ
 
XDOT{(q)u(VO2DOT.Oe38)*s4/30oO
 
IF(PEXEQ9OO)XDOT(qI)w-I./3OO
 
IF(ACCMETtLEOtO.ANDPEXEQO*O)XDOT(i1)00O
 

c- OXYGEN DEFICIT FUNCTION 002
 
CALL DELAY(DoO5,VOZDOT.VO2TSVO2DDl)
 
XDOT( 8)(-Vo2DD+PEXOVo2WDT O.33)/60.
 
IF(DO2oLE*090*AND*PEXEQoO*o)XDOT(4S)00OO
 

DO 31 juqO9q9

31 X(I)aX(I)+Oele|XDoT(I)+sAvE(I-39))
 

RETURN
 
END
 
SUBROUTINE XIO
 
COMMON/STATE/X(600)
 
COMMON/XIOD/N(27),NW(27)$INITA(96)PToEXCXNC(3)XRD 

3 )sNPASS,
 

&6ONE
 
COMMON /TRM/XTRA(223)
 
COMMON/TRINT/TRIN 10) TROUT 60),TRTIME
 

COMMON/TAPE/TOTALIB
 
COMMON/Z/XRARA(1263)
 
DIMENSION XIOP(I8),XNUM(27)
 
DATA KYoNWTL/IHYI6H TILT/
 
DATA IBLK/' '/
 
TnX598)
 
IF (INIToGT.0) GO To 200
 
INITuI
 
WRITE(6,5)
 

5 FORMAT(///SXs'*** SHORT TERM EXPERIMENT SIMULATION ... ,I///
 

&' ENTER EXPERIMENT CODE; LBNPOIo TILT=2., TERGS3,s THERMAL4ott,/
 

& 22Xf' RESPIRATORYUS.t )
 
4%2 READ (5,6) EXC
 

6 FORMAT CF50)
 
IEXCSEXC
 
IFIIEXC*GE.I.AND9IEXC.LE'5)GO To q44
 
WRITE(64'3)
 

'43 FORMATC* ERROR WHEN READING EXPERIMENNT CODE TRY AGAIN')
 

Go TO .q2
 
4q4 	 IF(IEXCEQ.3)GO TO 400
 

X(516)033*0
 
X(519)033.0
 
X(543)060.
 
X(544)'-8.
 
X(545)-70o

X(5q6)0-16*
 

X 547)90.

Xtslia)0"300
 

X(SR9)120.

X(550IvqOo
 

X(551)nlSO8
 
X(552)0-50.
 
X(553)u240o
 

X(555)i OO
 

http:ITHETAeGT.IS
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X(560)w301.
 
X(575)=0.0
 

400 CONTINUE
 
WRITE(6,999)
 

999 FORMAT(3X,'THE STORED PROTOCOL IS:$)
 
GO TOt ,I2,13,I'IS),IEXC
 

I) X-(Q95)-0.
 
WRITE(6,998)
 
O 1000 IwIItZ2
 
XDUR(X(s42+Iq-X(54Z+I-2))/60*
 

IOO0 WRITE(6,888)X(i5I+I),XOUR
 
998 FORHAT(I'X,'LBNP LEVEL',SX,'DURATIONt/IX'(MM HG)',
 

&SX,' HIN)')
 
888 	FORMAT(3XsF6,99XF8.93)
 

ENDTnX(560)/609
 
WRITE(6s887)ENDT
 

887 FORMAT(3XOEND TIMEw,F6.)
 
9 *RITE C 6,8)
 
8 FORMAT('ODO YOU WISH TO CHANGE PROTOCOL? IY/N)')
 

READ 	( 6,20) K
 
20 	FORMATCIAI)
 

IF (K.NE*KY) GO TO 60
 
WRITE(6,997)


t
997 FORMAT( ENTER NEW PROTOCOL ZFIZ.6 (CR WHEN COMPLETE)'t
 
S/2X,'LBNP LEVELt,3XDURATION',/ZX,,'(MM HG)',6X,'(MIN)')
 

966 	 XXZmI.
 
D0 990 I010
 
IF(XXZEQ.O)GO TO 990
 
INDXs32 (I-I)*2
 

996 READ(S,995,ERR0996)X(INDX)sXXZ
 
99S FORMAT(2FI2.6)
 

IF(IEXCEQ.3)X(INDX)XUINDX)*6.12
 
IF(XXZ.EQ.O)GO TO 990
 
X(INDX I)aXCINDX-I)+XXZ.60.
 
IF(IEXC.EQ,3)GO TO 965
 
IF(X(INDX),LE.O0,AND*XXZ*GE*0)GO To 990
 
GO TO 96q
 

965 IF(X(INDXh*GE.O.AND.XXZ.GE.O.)GO. TO 990
 
96q CONTINUE
 

WRITE(6,999)
 
99 FORMAT('OERROR IN PROTOCOL VALUE TRY AGAIN')
 

GO TO 996
 
990 CONTINUE
 

X(56O0X(INDX-|) I9
 

GO TO 60
 
12 XV495)z1.
 

WRI'TE(6,799)
 
X 

799 FORMAT3X,'TILT ANGLE' 3X,'DURATION9,qX,'RECOVERY' /3X,'(D E G)',a 
&,2(' MIN)',7X))
 
XC575)=70.
 
X~q9q)-I80,
 
TDTu(X(q94)-609)/6Os
 
ENDT'X(s60)-Xt9q)-I.o)/60O 
WRITE(6,797)X(575),TDT.ENDT
 

797 	FORMATSX, 'O'&IlX,'olt/3XF6.i,6XtF6,1,6XF6.l)
 
WRITE (6,8)
 
READ (6,20) K
 

http:I)aXCINDX-I)+XXZ.60
http:IF(IEXCEQ.3)X(INDX)XUINDX)*6.12
http:FORMAT(3XsF6,99XF8.93
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IF (K.NE.KY) GO TO 60 
WRITE(6796) 

796 FORHAT(f ENTER TILT ANGLEDURATION AND RECOVERY(3F5sO)',/, 
6' DEGS PINS MINS') 

795 READ(4S794)X(575),T,TENOT 
794 FORMAT(3F5.D) 

IF(ENDTLTO)GO TO 703
 

IF(TDT.GE.O*)GO To 793
 
703 WRITEI(6,792)
 
792 FORMAT(' ERROR READING TI'LT DURATION TRY AGAIN')
 

GO TO 795
 
793 	X(C494)(TDT+1)*60.
 

X(560)uX(q9q)*ENDT'60.+ i
 
GO TO 60
 

13 	 X(495)w3
 
WRITE(69,969)
 

969 FORMAT(3X*'EXERCISEt,7X,'DURATION',/3X,'LWATTS)'9KX.'(MINI')
 
DO 1001 1i1915,2
 
INDX=S411+
 
XDURS(X(INDX+I)'X(INDX-I))./60.
 
WATTS=X(INDX)/6.12
 
IF(XLINDXeI)LT*O)GO TO 001
 
WRITE(6t888)WATTS*XDUR
 

tl0 	 CONTI'NUE
 
ENDT=X(560)/609
 
WRITE(6,887)ENDT
 
WRITE(6,8)
 
READ(5,20)K
 
IF (K*NEeKY) GO To 60
 
WRITE(6,968)
 

'968 FORMATI' ENTER NEW PROTOCOL 2F12.6 (CR WHEN COMPLETE)l
 
S/2X,'EXERCISE'tSX,'DURATIoN'I/2X,,'(WATTS)' 6X,'(MIN)')
 
GO TO 966
 

15 X(495)u1.
 
XDURs5o
 
XNC(3)=XRARA(33)
 
XNC(z)=XRARA(32)
 
XNC(I)OXRARA(31)
 
WRITE(6,1888)(XNC(l),=3,1r41),XDUR
 

1888 FORMAT(3X,' ATMOSPHERIC COMPOSITION (GAS FRACTIONS)'p/qX,

&NZto XtO2t3XtCO2e/IX#34eeeoee #)/IXp3(F5*4qIX)j
 

6' FOR',FS2,t MINSt)
 
WRITE(6,8)
 
READ ( S,20) K
 
IF (K.NE*KY) GO TO 885
 
WRITE(6,884)
 

881 FORMAT(3Xt'ENTER NEW GAS FRACTIONS (SUHsI.O)'./qX,
 
6'N2',qXto2',3X,'Co2',2X,'MiNSo/bltA,('oo*o '))
 

786 READ(5,883)(XNC(1b)1=3I1el),XDUR
 
883 FORMAT4qFA.0)
 

00 882 l=1t3
 
882 CSUM=CSUM+XNC(C)
 

IF(ABS(CSUMI*)*GT*0001)GO TO 881
 
880 IF(XDUR)881,81,889
 
881 WRITE(6,878)CSUM
 
878 	FORMAT(3XvSUMu#VF9*4,ERROR IN NEW PROTOCOL, TRY AGAIN')
 

GO TO 786
 

http:WATTS=X(INDX)/6.12
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885 CONTINUE
 
889 X(SqZ)8O.
 

X(543)uXDURs60*
 
X(56O)mXC5q3)+I.
 
GO TO 60
 

Iq X(495)uI
 
XNC(I)uXTRA(3)
 
XNC(Z)SXTRA(S)
 
XNC(3)n5.
 
WRITE(6,8O1)(XNC(CsIxIS3)
 

801 FORMAT(3XttCABIN TEMPt,2XIDEWPOINT' qXoDURATION',/3X,
 
&2('CDEG-F)',SX).'(MIN)' /3Xe3(F7t2SX) t//3X,'DO YOU It
 
&'WISH TO CHANGE PROTOCOL VALUE?')
 
READ ( 5920) K
 
IF (K.NE*KY) GO TO 60
 
WRITE(6,8Oq)
 

8O' FORMAT(3X,'ENTER NEW VALUES FOR CABIN TEPDEWPT&DURATION',
 
&'(3FSoO)9'/ZX,'(DEG-F) (MINS)',/IX.3('*'** 9))
 

807 READ(SsBOS)(XNC(I)9Ij.1,3)
 
SO& FORMAT(3F6.2)
 

IFCXNC(3I*GTo*)GO TO 803
 
WRITEL6,99'I)
 
G0 TO 807
 

803 X(S60)3XNCC3)e60+I* 
60 PRTIjX(599)/60 

WRITE(6*4S)PRTI 
'45I FORMAT('OTHE PRINT INTERVAL IS CURRENTLY'FSZ tMINSt/,, IF YOU' 

&' WISH TO CHANGE, ENTER NEW INTERVAL: OTHERWISE RETURN') 

q52 	 READ(S,6,ERR*QS2)PRTI
 
IF(PRTI.LE.O)GO TO q'O
 
X(599)UPRTI*60.
 

'401WRITE (6.70)
 

70 FORMAT('ODO YOU WISH TO MODIFY THE OUTPUT LIST? (Y/N)')
 
READ (5,20) K 

IF (KeNEOKY) GO To 460 
WRITE(6,80) 

80 FORMAT('OENTER LINE NO,.POSIT'IONINDEX,&NAME; CR WHEN COMPLETE'/ 

& (iIlXllIXItIlXA6)e//ISX, CVs THERM RESP'/8X, 
&' LINE 1',SX,'Z',6Xj'3',/'lX, 
6' POSITION 2-9 1-9 I-9'8/7x$ 
6' INDEX 1-600 1-223 I-1270t,/IX, 
& ee . e** eso.o') 
GO TO 90
 

85 WRITE (6,86)
 
86 FORMAT ( 'READ ERRoR.")
 
90 READ C5,100,ERR=8S) LINEtIPOSsNDXNAME
 
100 FORMAT(IIIXIIIXlIi.IXA6)
 

IF CLINE.EQ*O) GO To '60
 
IF(IPOS.GT.yORIPOS.LT.I)GO TO I05
 
IF(LINE.GTe3*OR.LINELT*O)GO TO 105
 
IF(NDX@LT.1)GO TO 105
 
GO TO 02o2lO394Oq),LINE
 

102 IFEIPOS.EQI)GO TO 105
 

IF(NDX.GT.6OO)GO TO 105
 
NCIPOSeI)=NDX
 
NW(IPOS-I)=NAME
 
GO TO 90
 

mailto:IF(NDX@LT.1)GO
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103 	1F(NDX*GT.223)GO TO 105
 
N{IPOS9)=NDX
 
NW(IPOS+9)uNAME
 
GO TO 90
 

104 	IF(NDX.GT.1270)GO TO 105
 
N(IPOS+18)ONDX
 
NW(IPOS+I8)uNAME
 
GO TO 90
 

105 GO TO 85
 
460 WRITE(6'02)
 
402 FORMAT('ODO YOU WISH TO CHANGE INITIAL DATA?')
 

READ(S,20)KYY
 
IF(KYYNEKY)GO TO 401
 
WRITE(6*403)
 

403 FORMAT(COTO CHANGE INPUT ENTER MODEL NO. (CVS&ITHERM02',
 
&',RESPu3),INDEX,&VALUE (IIIXIqiFI2S)9)
 
GO TO 410
 

406 WRITE(6'lI)
 
411 FORMAT(# READ ERRORTRY AGAIN#)
 
410 CONTINUE
 
'U4 READ(SqOsERR'4O6)MMODNDXSVALU
 
05 FORMAT(II, IXI'FI25)
 

IF(MMOD*EQ*O)GO TO qO
 
IFCMtOD.GTv3OR.MMOD.LTqOGO TO 406
 
IF(NDX*LE.O)GO TO 406
 
GO To (4O74OB. 409 ),MMOD
 

407 IF(NDX.GT*600)GO TO 406
 
X(NDX) VALU
 
GO TO 4O4
 

4O IF(NDXGT,223)GO TO 406
 
XTRA(NDX).VALU
 
INIT=3
 
GO To qoq
 

409 IF(NDXGT,1270)GO TO 406
 
XRARA(NOX)NVALU
 
GO TO 404
 

'6O WRITE(60461)
 
461 FORMATI' DO YOU WISH TO CREATE AN OUTPUT FILE?')
 

READ(5,20)K
 
IF(K.NEoKY)GO TO 200
 
INIT.2
 

555 CONTINUE
 
IBI81+I
 
IF(IB.EQ#17)GO TOL 555
 

200 	CONTINUE
 
IF (T*GT*O0L1) GO TO .215
 
IF (N{7)*NE469) GO TO 210
 
IF (X(Q95).LT905) GO TO 210
 
NW(7)=NWTL
 
N(7)-675
 

ZI1 WRITE (6#905) (NW(1)zI=8),(N(I),Izuk8)
 
205 FORMAT(///* CARDIOVASCULAR MODEL's/
 

5 9 SECS',8(ZXpA6)/' 599'si8/' ***o*' 
0 8(9 *.o.t')) 

WRITE(6.206)(NW(I),IlI0,18),(N(I),ISIO,1 8 ) 
WRITE16,207)(NW( I) t1,27)9.(N(I) lI 9,27) 

206 FORMATCIX,' THERMOREGULATORY MODEL's/ 
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& IXiA.8(2XA6)/,I7,sI8/IX., *'...',8(' o*e**))
 
207 FORMAT(IIX, RESPIRATORY MODEL't/
 

6 IXA6,8IZXtA6)/,I7,818/IX,' *.eo.',84. ****'))
 
215 DO 220 jui,9
 

K*N(I)
 
A( ,5)=X(K)
 

220 A(ll 6 )m(A(Ii )*A(I,2)+A(I,3 )+A(I11) A(1,5))/5.0
 
DO 221 ILnOBIB
 
K=N( I)
 
XIOP(I-9)uXTRACK)
 

221 	IFiN(II)EQ.O)XIOP(Z)uTRIN(I)
 
D0222 j1I9,27
 
K=N(I)
 
XIOP( I9uXRARA(K)
 

222 Ir(I.GE.2BAND.K.EQO)XIOP(I19).XRD(i-24)
 
X(S70)=A(9,6)
 
IF (N(7).EQ*575 'AND. TeLT961) A(796)00
 

C WRITE(6,3OOT,(ACIs)5,aI8)
 
iF (T.GT.l *AND. IONE.LT91) GO To 427
 
IF ((T-PT),LT*la1 *OR. AMOD(TABS(X(599)))GT.I.) GO TO 310
 
LPnT
 
PT zLP
 

PTI=PT/60.
 
WRITE(630I)
 

301 FORMAT(IH )
 
WRITE(6,30O)PT)9(A(I,6)I I*8)
 

300 	FORMAT (9F8.3)
 
WRITE(6,3OO)4XIOP(I),Iuil9)
 
WRITE(6,3OO)4XIOP(I),=ImOI8)
 
IF(INIT.NE*2)GO To 430
 
NPASS=NPASS+)
 
IF(IONE.GT.OIGO TO 429
 

427 PTI.0.
 
IONE=I
 

DO '28 llz7
 
428 	XNUM(I)=N(I)
 

XNUM( ))27.
 
REWIND IB
 
WRITECIB)IXNUM(I)hImls27 )
 

429 WRITE(I8)PTI,(A(I.6) -l1t,),CXIOP(I),11,l8)
 

NSTPnX(560)/X(5993
 
IF(NSTP.EQ*NPASS)ENDFILE IS
 

430 CONTINUE
 
310 DO 320 J=l4
 

D0 320 j=J19
 
320 AC?,d)aA( :+Ii
 

RETURN
 
END
 
SUBROUTINE ALGOIT)
 

C INTEGRATION ALGORITHM
 
COMMON /STATE/ X(50),XDOT(SO)
 
DIMENSION XDS(50)
 
DO 3 IuwI3q
 

3 XDS(I)NXDOT(1)
 
HO.oo0
 
IF(T.GT.II.)H,9O02
 
T=T+H
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CALL CVS
 
DO q 1=1.3
 

4 XtIJ)H/2*(XDOT(I)+XDS(I )+X( i
 
RETURN
 
END
 
FUNCTION SWINCXAB)
 
IF(X) 19292
 

1 SWINSA
 
RETURN
 

2 SWIN-B
 
RETURN
 
END
 
FUNCTION FCNSW(XABC)
 

IFIX)Is2,3
 
I FCNSW"A
 
RETURN
 

2 FCNSW.B
 
RETURN
 

3 FCNSWsC
 
RETURN

END
 

SUBROUTINE DELAY(FICtNtXTSsXOUTPK)
 

C NONO* OF SECS' DELAY
 
DIMENSION TS( oo)
 

STwO.2
 
MOIFIX(FLOAT(N)/ST)
 

IF1 K)10,10,20
 
20 XOUT*TS(I)
 

DO I Inltm
 
I TS(I)aTSi(II)
 

TS(n)-X
 
RETURN
 

tO DO 2 IIM
 
2 TS(I)FIC
 

RETURN
 
END
 

C BLOCK DATA SUBROUTINE BLKDAT
 
BLOCK DATA
 
COMMON/STATE/At£00)
 

COMMON/STATE/B(50)
 
COMMON/STATE/C( O)
 
COMMON/STATE/D(50)
 
COMMON/STATE/E(0)
 
COMMON/STATE/F(20)
 
COMMON/STATE/G(280)
 

Coo STATE
 
1- 10
DATA Atl0l32q6oTDq3.392q 9ob iqll*793O5s 99 00* 


I 0..l£9,0.. 53jiea 8 9jq oyqiq 18.22 * O O '.2 11 20
t'o, ., 
2 3 8S2,27qoqt3798,o7529.0,7o8,3.6,230. llS.tiO995. 21- 30 

3.16.2sQ7o3S@O..0 9 0,1i2@O,5o'0 / 31-100 

C"O FLOW
 
DATA 8/39O.,jOQ,,22q,,2O8o2t).,2)2,,2Ii.,215.231,OO9*tO 09/ lol-i 50
 

Coo COMP
 
O e 3 l


DATA c/q'o, I.o2Ioo7.5.3t25,2'O*2.92,O*,.21,2,. p 3 9 6 3.)i,6 151-170
 

171-180
1 ,3.O.*.12,.3996,5w3,o9oS8S9.59..50.6.0i7t 

2 P222i,2*_17,S'0,.3, £20,' 181-200
 

CO' PRE5 -' 

mailto:3.16.2sQ7o3S@O
http:oyqiq18.22
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201-250
 
C** RES
 

DATA E/3**007500,9004,*OIS02*&OS25S,,OI6022,2*0.s*01200o 251-260
 
1 eO4UU9Oe9oO3SOOOOP*034OtoO3GO3t4q5O5toq5o59*07508p*07508*902102t 261-27o
 

2900738toOO7508s*OI502otlo*0337893,431s*375499004302015*3912935 27AV280
 
3 934953qSo22529*52559*3003*001502**45045,2*74qt9649q$OosOtg 281 290
 
q 9000059ts/ 291w300-


C#* INRT
 
DATA F/90007508990DZsZ*OosoOO49*00149099900'ip*00626pilOOo/ 301-320
 

Coo MISC
 
DATA G/48*0995000*s$0009930*oUtt3ootooo85*$l5o99OOo*6io6t2*o9t 321-3ao
 

381-390
 

DATA D/4O*O9*O*OOIs7*09p2*90*/ 


I Ooo9O*5tG9t4395#5#19q#3D9s3O*tl62**l88ot4Oeo 

2 3*Oos5OetSOot5G9ot28*o562o9OoOs375st 391-400
 
3 5009150*9180010 4010420
 
" 34*0**32oO*#i*Oos88o,2o5Ss396Ot9999*oG*o q2j -4Y5
 

" G#sOoOvO992*90**7*O*9-7*#2*0*9 496-510
 
ItD*910*otoe*16*96otl6s*2000916*olqoo 511-520
 
5 14**2*P-7ot-l4e*O9,o*9wl4*tl3*00* 521'r,540
 
* ootootl2oot6l2*t92Oooo*o72Qo*O9sll*.lot721*9
 
6 72*#%0996v7pS*0**8*390*s 561-570
 
7 *0550toot-l*590999o*9*489*8339019#*36tq6os 571-580
 
8 lo.t.oolstaa.ol4oooo900,30**O./ 581-600
 
COMMON/XIOD/N(27)*NW427)*INIT
 
DATA INIT/D/
 
DATA NW/l HRVII Cooll Svt*$v02DOT',
 

9 SYST*,* DIAS999 4BNPtt LEGV999 to
 
I T(l)'ol TSBFI*l QEVAPIol WORK's'STORAT's
 
I QSTORlt' QSHIVlol T(ql)*s9 SQUGlv
 
0 vitso VE991 PA 02's'PA C029ol CA H*tt
 
ICSF H+tt* TVNT991 AV02U'P' FREQI/
 

DATA N/56195631562,57OtS67t568tl6996OOs570t
 
&12590,929223#1249l2Oll9ol65tl23t
 
& 12659126qtl2OOtl2G69l25691033*300/
 
COMMON/RINTRIRIN(10)*RouT(lo)
 
DATA RIN42)/1298/
 
END
 

IC BLOCK DATA SUBROUTINE TRDAT
 
BLOCK DATA
 
COMMON/TRINT/TRIN(ID)tTROUT(10)sPTIM
 
COMMON /TRM/QBASALsUEFFsTCABoTW*TDEWCgVCABtVEFFPPCABoGs
 
s CLOV*EUG#CPGDTPRINTIoSETIsXI'POSs
 
& ACE(IGItARE(lO)oC4ql)sCLOoDTIMEIEMAXCIO)gPRINToPRNOWq
 
& QEVAPiQLCGsQRAD(10)*QRSENI#QRSEN2*QRSEN39QRSENSsQRSEN6t
 
& QSEN(10)sQSHIV*QSTORORMoSETTOSQUGoSTORATgTtq3)9
 
61 TIMErTSET(ql )*TUG(IDITUGAV#UsVPDEW#WORK,
 
& 1CONDiLPOSoMCASESPNIOtIOPUTIZO)
 
DATA QSASAL#UEFFsTCAB*TW*TDEWC*VCABoVEFFsPCAB
 

6 G#CLOV*EUG*CP69DTPPRINT19SETIXIPOS#IFOSpMCASES/
 
&283@*229*75*97So952oo2O9tiGO9sl4*7ol*#tl9o9999221005119924009
 
&106100/
 
DATA T/98959*9qol7993@lq*9992q998o6l99a9iat9Oo66088#22t95o6O995o77
 

6,93*01#92902#95o6D,95*77o93*01992#02,96*6ot97tOUt92988*92904
 
&996*60997oGOt9Zo88s92*Oqs9ioGlv9Qe57t89t89$899139YI*UIP90957
 

&o89o89989*l3o88*43988032987o96987047,88sq3*88*32987996*87sq7
 
&998o36q9O*24v97*48/
 
DATA QSTOR/9915/
 
DATA TUG/92924t86*8799DoO6t9O*O6t9Dolqo9Ool4t89*l3
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&89.13A87.q7 87.i7 /
 
o
DATA TAOUT/3I,25, I2,5,7.O,'3Il.25,5'0/
 

DATA JOPUT/1259166,92t22312I,120, £19,165, 2O/
 
DATA TSET/98.53m95.139Q9669A'2a 98.Q0*97.30094o@592'52
 
* 9.95*,9 .9oz92q6,B91.85,95,95,93142992.'6,91.8Sm
 
* 96.'6995.s'4,9.S*693,38t 96q6,9,5*595.S6,93.38
 
e 95*7I.9b680955t95*40, 9j7qs95.68p9So549S.qo,
 
* 	 95.2S9S.0S95.20,95.07, 95o25,95S95o20,9 5 o07#
 
* 	 989q/
 
DATA C/4989 ,O727Ooq85Oa529, 26959,35o57,9o36,2967p
 

o, 3s5g*q
* 1.56,3.35,0,635o,0q7i, I,*6 3 S5,96 7q,
 
* 'q67,01Iol,58,19 ,'t467jo|lO,|.oS8p19,lg
 
•0. O1l54O,066,O,099,Os187, olS4O066,O.099g0.I87,
 
* 0S*ZS4OO66O,0. 13,o.2q3, 0.25Q,0O660O.*1Q3.0.243,
 
* 	 '996/
 
END
 

C BLOCK DATA SUBROUTINE NDAT 
BLOCK DATA 
COMMON/Z/ Co XN, SV, VTRAN, RK, SC, DCs Ac Ds Fo VOL, RMT, BC, QF, 
I TAU9 CC$ CHB, CH, CPHo DQ, VE, Vis CpBt CPT. CACK, X, DT,
 

2 IRK, LOC, ITERXA INDEX, Is Js M, N
 
COMMON/R/ XDSXMHCXTWORKDUMIDUM2,DUM3,WORK2,RMTBRMTB2TIMEOF
 
1 ,RMLINITTY
 
DIMENSION C('10s XN(Q0,2), 5VI8oB0)t VTRAN(I8)o RK(IQ,'),
 
I SC(ltsB), DC(1I4) A(6), D(ji'), F420)v VOL(IO), RMHT2),
 
2 BC(4'o QFI6)9 TAUCS)t CC(3), CHB(3), cHVI), CPH(3),
 
3 DQ(Q)
 
DATA/C/I05269.,1514Q.*-79587*,,639771,00h'Q4,0097t4*6 1 32 31
 

&.OOq1S,,OO97q16.Os,73723,q7,85777,3601O2567Q'7ISolO$,Ot9
 
S.2t.1tltl|3 i.l jSq 3o1oO,39,,O5s,.O5 81,99 ,'I361oZ.SZt
 
&760ooOqt*2096,o79,rl1OtOO78125,87S5S.S*39.*2SO*/
 
DATA/BC/.5q7**58 5,.5859o585/
 
DATA/RMT/ 182,.215/
 

DATA ITTY/tTTY I/
 
END
 
SUBROUTINE GRODIN
 
COMMON/XIOD/IARA(5)tRARAIS6)pXNC(3)
 
COMMON/STATE/XXZZ(600)
 
DIMENSION Cub),* XN(qO,2)o SV(l8,s0), VTRAN(IB), RK(lq,)o,
 
I SC(4,5)t DC(l')v AI6), D(1S). F(20)9 VOL1O). RNT(2),
 
2 BC(q), aF(6) TAU(S), CC(3), CHB(3)t CHiq), CPH(3),
 
3 DQ(q)
 
COMMON/RINTR/ROUT(I0),cIN(I0)
 
COMMON/TOSHOR/GUYIN20),OUTGUY(20)
 

C190)
 
C ALVEOLAR VOL GAS FUNCTIONS
 
C I FA(CO2)
 
C 2 FA( 02)
 
C 3 FA(N2)
 
C
 
C GAS CONCENTRATIONS IN BRAINA
 
C 4 CB(CO2)
 
C S CB(O2)
 
C 6 CB(N2)
 
C
 
C GAS CONCENTRATIONS IN TISSUE.
 
C 7 cT(C02)
 

http:3o1oO,39,,O5s,.O5
http:95.2S9S.0S95.20,95.07
http:9j7qs95.68p9So549S.qo
http:96q6,9,5*595.S6,93.38
mailto:98.Q0*97.30094o@592'52
http:89.13A87.q7
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C a cT(02)
 
C 9 CT(NZ)
 
C CARDIAC OUTPUT.
 
C 10 Q
 
C CEREBRAL BLOOD FLOW.
 
C Ii QB
 
C GAS TENSION IN CSFe
 
C 12 PCSF(COZ)
 
C 13 PCSF(OZ)
 
C 1' PCSF(N2)
 
C
 
C LENGTH OF SIMULATION RUN.
 
C (THIS 1S NOT USED IN TTY MODE. IN BATCHA WORK CARD WITH 0 TIME WILL
 

C ALSO STOP RUN).
 
C 15 THAX
 
C WEIGHTING OF H+CONC IN CSF VERSUS VENOUS BLOOD OF BRAIN.
 

C t6 CENTRAL SENSITIVITY PARTITION
 
C BLOOD OXYGEN CAPACITY
 
C 17 (HB)
 
C TIME CONSTANTS IN CARDIAC OUTPUT AND CEREBRAL BLOOD FLOW RESPONSES.
 

C 18 RI
 
C 19 R2
 
C
 
C CONTROLLER EQUATION SENSITIVITY WEIGHTINGSO
 
C 20 CENTRAL SENSITIVITY COEFFICIENT
 
C 21 CAROTID BODY SENSITIVITY COEFFICIENT
 
C
 
C VOLUMES OF LUNGiBRAINtAND TISSUE
 
C 22 KL
 
C 23 KB
 
C 24 KT
 
C
 
C BRAIN METABOLIC RATE OF C02 PRODUCTION.
 

C 25 MRB(C02)
 
C BRAIN METABOLIC RATE OF 02 CONSUMPTION.
 
C 26 MRBOZ)
 
C GAS DIFFUSI'ON COEFF.FOR BLOOD-BRAIN BARRIER.
 

C 27 DCOZ
 
D0 2
 C 28 


C 29 DN2
 
C
 
C BAROMETRIC PRESSURE.
 

C 30 B
 
C VOL.FRACTION OF INSPIRED GAS.
 
C 31 FIACO2)
 
C 32 FI(02)
 
C 33 FICN2)
 

C VOL.OF CSF.
 
C 3q KCSF
 
C IN.ITIAL TIME
 
C 35 T
 
C COMPUTER TIME STEP.
 

C 36 H
 
C CONTROLLER EQUATION CONSTANTIMAINTAINS RESTING PA(C02) APPROX*qO).
 

C 37 VI(N)
 
C VALUE FOR RESTING ALVEOLAR VENTILATION.
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C 3B VI(SS)
 
C OUTPUT PRINT INCREMENTS (ALSO PRINTS AT .SMIN.INCRIMENTS)* 

C 39 PRINT-ALL TIME 

C 
C SV(.189SO)
 
C ARTERIAL GAS CONCENTRATIONS A

T LUNG EXIT*
 

C I CA(CO2
 
C 2 CA(OZ)
 

C 3 CA(N2)
 
C
 
C VENOUS GAS CONCENTRATIONS A T BRAIN EXIT*
 

C Q CVB(COZ) 
C 5 CVB(O2 

C 6 CVB(N2)
 
C
 
C VENOUS GAS CONCENTRATIONS AT TISSUE EXIT.
 

C 7 cV-T(cO2)
 
C 8 CVT(02)
 
c 9 CVT(NZ)
 
C
 
C CARDIAC OUTPUT*
 

C 10 Q
 
C CEREBRAL BLOOD FLOW*
 
c 11 QB
 
C TISSUE BLOOD FLOW,
 
C 12 QT
 

C ARTERIAL H+ CONCENTRATION*
 
C 13 CAIH)
 

C ARTERIAL 02 TENSION.
 
C Il PA(02)
 

C " S --


C TOTAL GAS CONCENTRATIONS AT BRAIN EXIT.
 

C 16 CVB(C02) + CVBC02) + CVB(N2)
 

C TOTAL GAS CONCENTRATIONS AT TISSUE EXIT.
 

C 17 CVT(CO2) * CVTIO2) + CVT(NZ) 

C TIME,
 

C 18 T
 
C
 
r VTRAN(IB)
 
C ARTERIAL GAS CONCENTRATIONS AT BRAIN ENTRANCE*
 
C 1 CAB(CO2) S CA(COZ)T - TAB)
 

C 2 CAB(02) * CAIO2)T - TAB)
 

C 3 CAB(N2) CA(N2)(T - TAB)
 

C
 
C VENOUS BRAIN GAS CONCENTRATION AT LUNG ENTRANCE*
 

C 44 CVB(COZ)(T - TVB)
 

C S CVB(O2)(T - TVB)
 

C 6 CVB(NZ)IT - TVB)
 
C
 
C VENOUS TISSUE GAS CONCENTRATION AT LUNG ENTRANCE,
 

C 7 cVT(cO2){T - TVT)
 

C 8 CVT(O2)IT - TVTI
 
C 9 CVT(NZI(T - TVT)
 
C
 

C ARTERIAL GAS CONCENTRATIONS AT TISSUE ENTRANCE.
 

C 10 CATICOZ) 0 CAICO2)IT - TAT)
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1II CATI02) a CA(OZ)(T - TAT)
 
C 12 CAT(N2) a CA(N2)HT - TAT)
 
C
 
C ARTERIAL H+ CONCENTRATION AT CAROTID BODIES'SITE*
 
C 13 CAOH+) c CA(H+)(T - TAO)
 
C ARTERIAL 02 TENSION AT CAROTID BODIES'SITE.
 
C I'4 PAO(02) u PA(O2)T - TAO)
 
C ARTERIAL H+ CONCENTRATION AT BRAIN ENTRANCE*
 
C IS CAB(Hb) a CA(H*)UT - TAB)
 
C TOTAL GAS CONCENTRATION FROM BRAIN AT LUNG ENTRANCE*
 

C 16 (CVB(CG2) * CVB(02) + CVB(NZ'))IT - TVB)
 
C TOTAL GAS CONCENTRATION FROM-TSSUE AT LUNG ENTRANCE.
 
C 17 (CVT(COZ) + CVT(02) # CVT(NZ))(T " TVT)
 

C
 
C 0115)
 
C FOR DitS) THE SYMBOLS B-BARoMETRIC PRESSURE, q7hWATER VAPOR PRESS*.
 
C K-CONVERSION FACTOR FOR ATM TO MMHGt A.SOLUBILITY COEFF.OF GASES,
 
C HMCOMPUTER TIME STEP, HBBLOOD OXYGEN CAPACITY
 

C 1 - 47 
C 2 K ACO2 
C 3 K A02 
C - 4 K AN2 
C 5 K AN2 (8 - '7) 
C 6 K A02 (B - S7) 
C 7 K AN2 (B  '7) 
C 8 0,16 + 2.3(HB) 
C 9 863/(a - q7) 
C 10 0.62 
C 3l K ACSF(CO2) 
C 12 K ACSF(02) 
C 13 K ACSF(NZ) 
C 14 2eH 
C Is 14996H 
C F(20) 
C COMPARTMENTAL GAS TENSIONS AND CONCENTRATIONS'
 
C I PA(02)
 
C 2 K AC02 PAIC02)
 
C 3 PB(02)
 
C 4 K ACOZ PBICO2)
 
C S PT(02)
 
C 6 K ACO2 PT(C02)
 
C 7 PAICOZI
 
C 8 PA(02)
 
C 9 CA(02)
 
C 10 CA(N2)
 
C 1. CACO2) * CA(02) + CA(N2) 
C 12 CVBO2)
 
C 13 cVT(02)
 
C
 
C PRODUCT OF DIFFUSION COEFFS.AND GAS DIFFERENTIALS ACROSS BLOOD-BRAIN
 

C BARRIER.
 

C 14 0C02 (PSICO2)" PCSF(,COZ))
 
is 002 (PB(02) - PCSF02)) 

C 16 ON2 (PB(N2) w PCSF(N2)) 
C 
C 17 PB(02) 
C 18 PBNZ) 

http:COEFF.OF


102
 

LISTING OF WHOLE BODY ALGORITHM
 

DIMENSION DJQI), IDJ(2)
 
DC. A, D. Fs VOL. RMT, BC, QF.
COMMON/Z/ C, XN, SV. VTRAN. RK' SC, 


TAU$ CC, CHB, CM, CPH, DQ, VE, VI, CpB, CPT* CADK, X, DT,
1 

Is Jo M, N
2 IRK, LOC, ITERX, INDEX, 


COMMON/R/ XDSXMHCXTWORKDUMIDUN2,DUM3,WoRK2ZRHTBIRMTB2*TIMEOF
 
I .RMLINvITTY
 
DATA KKY.KYY/'YES 9,9Y I/
 

C ITTY =FLG FOR TTY MODE.
 
C 0n OUTPUT TO PRINTER (BATCH MODE)*
 
C 'TTY ts TTY I/O AND lST TIME TO SUBROUTINE RCI2.
 

C I 0 TTY 1/O AND NOT IST TIME TO RCIZ.
 
DATA ITTTY/'TTY I/
 

C DATA FOR INITIAL CONDITIONS
 
C(IU)mCIN(I)
 
IF (CXT*GT.O.) GO TO 60
 

C WRITE (6.5)
 
C S FORMAT (/' GRODINS; RESPIRATORY CONTROL MODEL'//)
 
300 CONTINUE
 
C WRITE(6,483) 
C q83 FORMAT('OADD DATA...') 
C READ INDICATION OC BATCH OR TTY MODE. 
C READ(5,'3O) ITTY 
C 480 FORMAT(AI) 
C IF(ITTY 9NE. ITTTY) ITTY a 0 
C WRITE(6.90) 
C 90 FORMAT (IHI.IX,37H*RESPIRATORY CHEMOSTAT - INPUT DATA*/) 

C DATA FOR INITIAL CONDITIONS 
C Do 1o 1 u Is*O 
C 1106 HAS PROBLEM WITH ENDw v 50 THIS ISNT USED TO 
C DETERMINE END OF RUN(NOo CAPABILITY To START ANOTHER 
C MODEL RUN IN SAME COMPUTER RUN)e 

c READ(5,190END=3OI) C(I),(XNIvJ) ,Jw2)
 
C 10 CONTINUE
 

IEXCRARA(56)
 
IF(IEXC.NE9B)GO TO 1778
 
DO 1777 1,13
 )
1777 C(30+i)wXNCt
 

1778 CONTINUE
 
C ESTABLISH COMPUTER STEP INDEPENDENT OF INPUT DATA.
 

C(36i=97812SE-2
 

C 190 FORMAT (BXFIBtSXZA4)
 
c DO 20 I nta 4
 
C IP40 a I q0
 
C READ (5,190) BCII), (XNB(IJ)m J 0 1,2)
 
C Z0 CONTINUE
 
C- DO 30 1 a 1.2
 
C READ (6,190) RMT(I), "(XNB{I.J). 1 0 1,2)
 
C IPq' " I q
 
C, 30 CONTINUE
 
C 00 '40 1 a 3,2
 
C READ (5,190) DJ(l), (XNB(I,4J) j a 1,2)
 
r. JPqO a I * 46
 

C qo CONTINUE
 
C
 

DATA/DJ/O,O,90.0*/
 
C INPUT pROM GUYTON MODEL - HcT TO HB
 

C(17)wGUYIN46)*GUYIN(7)0905
 

http:WRITE(6.90
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c OUTPUT INPUT DATA. 
C J w 
C DO 75 1 1,8 
C JX J + Q 
C WRITEC6,92) j(C( 12)I2=JJXI 
C 92 FORMAT t l,12s2Xv6(F9s4)) 
C JaJ+5 
C 75 CONTINUE 
C WRITEC6992) J(BC(I)IsItQ 
C J = 45 
C WRITE(6,92) jRMT(I)mRMT(2)DJ(Ih)OJ(2) 
C 
C IF TTY I/O MAXoTIME WILL COME FROM WORK CARD. 

C415) a 9999999999. 
C 
C FI(CO2) 

DUMI=C(31) 
C FI02) 

DUM2sC(32) 
C FI(N2) 

DUM3xC(33) 
WORK.. 
WORK2O. 

C METABOLIC RATE OF 02 CONSUMPTION IN TISSUE. 
RMTBacIN(3)-C(26) 
RMTBZUCIN(3)-Cl26) 

C 
TIMEOFsO. 
XDS=Ot 

XMHIO.@C(36)/O.0a7812 5 

MMM.O
 
201 CONTINUE
 

XDSaXDS XMH
 
IF(MMM.EQ.I)XDSmXoS.C(36)

MMMMI
 

C(351.0.
 
C(40)00.
 

C
 
C INITIAL GUESSES FOR 
ITERATIVE LOOPS 
C ARTERIAL CONCENTRATION OF C02o 

CCl) a 0,6 
C BRAIN CONCENTRATION OF CO2. 

CC(2 a C(q) 
C TISSUE CONCENTRATION OF C02. 

CC(3) a C(7) 
C BRAIN C02 TENSION' 

CPB n 50.0
 
C TISSUE C02 TENSION.
 

CPT a 50.0
 
* IF(XDS*GT.XMH) GOTO202
 
SETS VARIOUS CONSTANTS AND AGGREGATES OF CONSTANTS
C 


C TMAI.
 
C(Is) a C115) + .0001 

C PRINT ALL TIME. 
C C(39) - C(39) +. .0001" 

I-E-7 MULTIPLYING DIFFUSION COEFFICIENTS.
C FACTOR OF 

DO 200 1 a 27,29
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C(U) a C(I) * I1 E-7
 
200 CONTINUE
 

202 CONTINUE
 
IRK a I
 

N 5
 

I1D(1) - 0 
C SOLUBILITY COEFFICIENTS.
 
C A(1)s (ALPHA)COZ, A(2)a (ALPHA)02, A(3)0 (-ALPHA)NZ.
 
C A(0)(ALPHA)COZ, A(S) m (ALPHA)02. A(6) m (ALPHA)N2
 

A(I) a 0.51
 
A(2) z OvOZ4
 
A(3) a 003
 
A(qi 0 51 

A(S) a 0#024 
A(6) a OoO3 

C ATM/MMHG CONVERSION FACTOR. 
SK a 0.00132 

C CARBONIC ACID D.ISSOCIATION CONSTANT. 
CADK z 795.0 

C VOL(l)-VOL(IO)s VOLUMES USED IN CALCULATION OF VARIABLE TIME DELAYS. 
VOL(I) a 0.015 
VOL(2) a 1.062 
VOL( 3 ) a 0.188 
VOL(4) a 0,06 
VOL($) a 0.188 
VOL(6) = 2e94 
VoL(7) a 0.735 
VOL(8) a 1.062
 
VOL(9) * 0.008
 

VOL(IO)= 1.062
 
C 
C (METABOLIC RATE OF C02 IN BRAIN * TISSUE.) / SAME FOR 02 

QF(6) m (C(2S) + RMT(J))/(C(26) # RHT(2))
CB-H7
 

D(11mC(30)aq7o
 
00 210 1 a 2*9
 

C PRODUCTS OF CONVERSION FACTORS AND SOLUBILITY COEFFICIENTS. 
D(I) * SK*A(L-I)" 
D(1+9) = SK.A(Ie2) 

0(1#3) - D(I)*D(I)
 
210 CONTINUE
 

C FACTOR USED IN ESTABLISHING CA(COZ)
 
0(8) a 0.16 + 2.3eC(17)


C 
0(9) a 863.0/D(1)
 

FACTOR USED IN ESTABLISHING CB(COZ).
 
D(IO) a O.6Z
 

C MANIPULATION OF COMPUTER TIME STEP.
 
D(Iq) C136)e2*0
 

0(15)8 01(1 .01*C(36)

C
 

CALL RC3
 
CALL RCQ
 
CALL RCS (CPB. F(q). C(09)BC))
 
CALL RCZI (CHB(2)t F(3), Fl4). C(Iq) CH(2). CPHC2))
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CALL RC19 (CPB, CH(Z), CC(2?* BC(I)t FV4))
 
C(7)I BC(3))
CALL RCS (CPTs F(6), 


CALL RC21 (CHB3)o F'Sis F(6), C(7,9 CH(3)9 CPH(3))
 

CALL RCI9 (CPT# CHB(3), CC(3)t BC(I), F(6))
 
CALL RC20
 
CALL RC7
 
CALL RCS
 
CALL RC9
 
CALL RCIO
 
CALL RCII
 
CALL RCI2
 
GO TO 60
 

5O CALL RCI5
 
CALL RCI6
 

60 CALL. RCI3
 
CALL RCIZ
 

C
 
zF(c(35).GE.XMH) GO TO 201
 

C
 
IF (C(35) ,GT* CO1)) GOTO80
 
IF(CXT.GT.C(IS)) GOTO 80
 

70 CALL RCIi4
 
UU - AMOD(C(35) D10)
 
IF (UU *LT9 .0001 #oR* UU 9GT* 0(15)) GoToSO
 
RETURN
 

c GO TO 60
 
8U WRITE(6.78)
 
78 FoRMAT(l' FINAL VALUES FOR FOLLOWING VARIABLES.')
 

IF (C(37) .GT IOEw5) GO TO 250
 
220 CTERM a 0.0
 

IF (VTRAN(1') - 1090o) 230, 29 240
 
230 CTERM a (23o6E-9)*((IOoO- VTRAN(lq.))**$.9)
 

+ (loo C(16))'cHCI))
20 C37) a C(2O)e(C(16)*VTRAN(15) 

1 + C(2I)OVTRAN(13) + CTERM " V1
 
I u 37
 

WRITE(6,192)1.C(I), tXN(I#J)o 412)
 
250 DO 260 1 a jI1
 

WRITE(6,192)IC(I), (XN(IJ), J * 1,2)
 
260 CONTINUE
 

WRITE (6,194)
 
WRITE( 6 83 0 )
 

830 FORMAT('ONORMAL TERMATION')
 
301 CONTINUE
 

STOP
 
"" INPUT DATA*///)
C '90 FORMAT (IHI'8X37H*RESPIRATORY CHEMOSTAT 


C 92 FORMAT (Q2XI3,IOXFIO4,9IOXZA6)
 
C 190 FORMAT (sXFIs.OGX2A6)
 

192 FORMAT(* *,I3,2XtFIS,I2Xo2A )
 
194 FORMAT (IHI)
 

END
 
ISUBROUTINE RC3
 

DIMENSION C(qO)o XN(VO,2), SV(18.SO). VTRAN(IS)t RKII'IQ),
 

qo5), DC(14), A(6), DuBS)o F(20)0 VOLCIG), RMT(Z),
I. SC(5
 
2 BC(I, QF(6). TAU(S)9 CC(3). CHB3), CHVI), CPH(3)s
 

3 DQ(q)
 
Do F, VOL* RMT. BC# QF9


COMMON/Z/ C, XNo SV. VTRANt RKs SCs DC, At 

vl, CpB, CPT, CADK, X, DT,
1 TAU* CC, CHB, CH, CPH, DQ, VE, 


http:SV(18.SO
http:WRITE(6.78
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2 IRK, LOC, ITERX. INDEX, Is Js M, N 
C6969 FORMAT(IH 7HSUB RC3) 
C SETS TIMEODEPENDENT EXPRESSIONS 
C TISSUE BLOOD FLOW. 

QF(I) m CfIO') - C1l1 ) 

C ARTERIAL 02 TENSION. 
F(I) - DHI.C(2) 

C ARTERIAL C02 CONCENTRATION. 
F(2) D(S)*C(l) 

C BRAIN 02 CONCENTRATION / (CONV.FACTOR*SOLUBILITY COEFF*FOR 02) 

F(3) a C(S)/D(3) 
BRAIN C02 TENSION,C (CONV.FACTORSOLUBILITY COEFF.FOR COZ) 

F(4) a DCZ)*CPB 
C TISSUE 02 CONCENTRATION / CCoNV.FACTOR.SoLUBILITY COEFF.FOR 02) 

F(5) a Ct8)/D3) 
o TISSUE C02 TENSION*
C (CONV.FACTOR*SOLUBILITY COEFFOFOR C02) 


F(6) a D(2)'CPT
 
C ARTERIAL C02 TENSION,
 

F(7) - D(i)*C(I)
 
C ARTERIAL 02 TENSION*
 

F(s) m D(1)*C(2)
 
RETURN
 

%END
 
SUBROUTINE RC4
 
DIMENSION CC'Oe)XN(QO,2)t SV(lIoS0), VTRAN(I8), RK(1q'4,'
 

I $C(1495), DC('4)a AI6), D(IS). F2O)-vOL(IO). RMTC2),
 

2 BC{qI, QF(6), TAU(5), CC(3), CHBI3)9 CH(Q), CPH(3).
 

3 	 DQ(q)
 
VOL, RtT. BC, QF9
COMMON/Z/ C. XN. SV. VTRAN, RK. SC, DC* A, D' Fs 


CPB, CPTP CADK, Xg DT,I TAU, CC, CHB, CH, CPH, DQ VE, VIP 

2 IRK, LOC, ITERX, INDEX, I Js Me N
 

C ITERATES FOR cC(i), ARTERIAL COZ CONCENTRATION
 

C6969 FORMAT(IH 7HSUB RC4)
 

410 CALL RC2I (CHBIi)o F41)t FEZ), CCCI), CHIti. CPH(I))
 
X m (CCCI) - F(Z))/(OoOIF(7))
 
X a RCFI(X)
 

C SEE EQUATION 391t X CAICOZI .
 

A a BC(I) + 0.375(C(17) CHB(I)) - DIB)*CX 0
- F (2) 	 0.14)
 

C CCi) * CA(COZ) 9
 
CALL RC6 (CCCI))
 
CC(I) o CcOl) 0 2.OeCX - CC(I))/3O
 

C3000 FORMAT(IH ,6HCC(Ij)SXEI6.6)
 
IF (ITERX) q2O, 410, qZO
 

420 RETURN
 
END
 
SUBROUTINE RCS CCP. FB, CCB, BHC)
 
DIMENSION c4O1o XN(qO2It SV(I8,S0). VTRAN(18), RKIIq4,Q)o
 

I SC(Ii.5)t DC(C4)t A(6), D(IS)v F(ZO), VOL(IO), RMTCZ),
 

2 BCC4), QF(6)t TAUCS), CC(3), CHB(3), CH('), CPH(3),
 

3 DQ('l)
 
F, VOL. RMT, BCp QFs
COMMON/Z/ C, XN, SV, VTRAN, RK SCt DC. A, De 


CPS. CPT. CADKI A, DT,
I TAUs CC. CHB, CH9 CPH, DQ VE, VI. 

2 IRK, LOC, ITERX9 INDEX, It J, Me N
 

C ITERATES FOR BRAIN AND TISSUE Pc02
 
C6969 FORNATIIH 7HSUB RCB)
 

610 	X (ICCB " FB)/(0*OI.CP)
 
X * RCFI(X)
 

http:FB)/(0*OI.CP
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C SEE EQUATION 4,s X a PB(C02) 9 

X,. (-BHC + CCB + D(1O)(X " 09114))/D(2) 
C CP 	a PB(CO2) 

CALL RC6 (CP) 
CP a CP + iX - CP)/IO00 

C CEREBRAL BLOOD FLOW.
 
FB I D(2).CP
 

C30UO FORMAT(IH ,4HCPS ,E16.6,4HFBU E16,6,SHCCB= EI6.6,SHBHC= E1696)
 

IF (ITERX) 520f Slot 520
 
520 RETURN
 

END
 
SUBROUTINE RC6 (Y)
 
DIMENSION C(401 XN(PO,2)t SV(189S0), VTRAN(18), RK(14,),
 
I SC(W1,S) DC(14), A(6), D(1S) F(2o), VOL(I0), RMT(2),
 
2 BC()s QF(6). TAU(C), CC(3), CHB1(3), CH(q) CPH(3).
 
3 DQ(q)
 
COMMON/Z/ C, XN, SV, VTRAN, RK, SC, DC$ A, D# F, VOL. RMT, BC, WF,
 
I TAU* CCs CHB, CH, CPH DQ. VE, VIt CPB, cPT. CADK, X, DT,
 
2 IRK* LOC, ITERXt INDEX, It Jo M, N
 

C CHECKS CONVERGENCE OF ITERATIVE PROCEDURES
 
C RC; X=CA(CO2)o Y=CC(I)
 
C RCS ; XuPB(CO2), YaCP *
 

C RCI9 : X=CVB(CO2), Y=CVC
 
C6969 	 FORMAT(IH 7HSUB RCS)
 

ITERX a 0
 
DIFF - ABS (IX - Y)/Y)
 
IF (01FF w j.OE-S) 620, 620, 630
 

620 ITERX a 1
 
630 RETURN
 

END
 
SUBROUTINE RC7
 
DIMENSION C(4O) XN( 'O02), SV(I8,SO), VTRAN(I18) RK(j4,q),
 
I SC('i.S). DC(14), A16), DOzS), F120), VOL(IO), RMTI2),
 
2 BC(4)t QF(6), TAU(5), CC(3), CHB(3), CH(q)o CPH(3),
 
3 DQ~q)
 

RK. SCt DCe A, Dt F, VOL. RMT, BC, QF,
COMMON/Z/ Ct XN, SVa VTRANI 

I TAU, CCj CHB, CH, CPH, DQ, VE, VI, CPB, CPT, CADK, X, OT,
 
2 IRK, LOCs ITERX, INDEX, Is J, M, N
 

COMMON/R/ XDStXMHNCXTWORKDUMIDUMZDUM3,WORK2,RMTBRMTB2,TIMEOF
 
I .RMLIN
 

C6969 FORMAT(IH 7HSUB RCT)
 
C FILLS SV ARRAY WITH INITIAL CONDITIONS
 

CALL RCI6
 
IFXDS.GToXMH) GOTO2
 
DO 725 1 - 1917
 
Do 720 J a 2950
 
SV(IIJ) a SV(II)
 

720 CONTINUE
 
725 CONTINUE
 

a 	 CONTINUE
 
DO 730 1 a2*50
 
SV(18,J) a sV(18,J 1) - D(Iq)
 

730 CONTINUE
 
C3000 FORMATIIH 1ZHI8SV S D(I't6(3XEI6.6)/IH ,6(3XE16.6)/IH ,7(3XEl
 
C C606))
 

RETURN
 
END
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5SUBROUTINE RCS
 
DIMENSION C19O), XNfiO.2)9 5V(18,SO), VTRAN(181, RK(ltq)t
 
I SC(*5I DC(I'i). A(6), D(1)9 F(20)v VOL(IO), RMT(2)e
 
2 aC(q), QF(6), TAUIS), CC(3), CHB(3), CH(0i, CPH(3)t
 
3 DQ( I)
 
COMMON/Z/ CO XN, SV, VTRANs RKv SC. DC, A, DO F, VOL, RMT, SC, WF,
 
I TAU, CC, CH8, CHO CPH, DQ, V, VI, CpB, CPT9 CADK, X, DT,
 
2 IRK, LOC, ITERXi INDEX, It J, M, N
 

C CALCULATES TRANSPORT TIMES
 
C EQUATIONS 8.10 THRU 8914 .
 

C6969 FORMAT(IH 7HSUB RCS)
 
DO 870 1 a 1,5
 
DT a C(35) - SV(18,1)
 
ND a I
 
GO TO (8Ia08)281q,816,81O), I
 

aID 	NC = 11
 
NB * 10
 
GO TO 820
 

812 	NC = 10
 
NB 0 11
 
GO TO 820
 

814 	NC a 10
 
NB * 12
 
GO TO 820
 

816 	NC a 12
 
NB 10
 
QA QF(I)
 
GO TO 822
 

820 QA a C(NC),
 
822 Do 860 j a 192
 

GO TO (83q,8Zq), J
 
824 NC * NB
 

ND - K + I
 
-IF (K) 826,' 826, 832
 

826 IF (NC - 12) 830, 828, 830
 
828 QA " SV(NC*I) - (SV(NCOI) - QF(1))*DT/(C(3S) - SV(18i))
 

GO TO 83q
 
830 QA a SV(NCl) - (SV(NC,5) - C(NC))*DT/(C(35) - SV(I8,1))
 

GO TO 834
 
832 QA - SV(NCND) - (SV(NCvK) - SV(NCND)).DT/D(1q)
 
83q 	iJ a 201 + . - 2
 

AB 0 VOL(IJ)
 
AA a DT*(QA SVCNCND))/200
 
DO 838 K m NDq9
 
IF (AA - AS) 836, 836* 840
 

836 AA z AA * C(36)0(SV(NCK) * SV(NC.Kej))
 
838 CONTINUE
 

WRITE (6,890) 1
 
8qO 	DA AA- AB
 

K * K -1
 
IF (K) 842, 8429 86
 

842 DV a SV(NC,1) " QA
 
IF (DV) 8501 8qql 850
 

844 DT = DA/QA
 
GO TO 860
 

846 DV a SVCNcK+I) - SVINcIK)
 
IF (DV) 850, 848, 850
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8q8 DT a DA/SV(NC.K) 
GO TO 860 

850 DT I (SV(NCtK+1 . SQRT (SV(NCInK+I)2 - DV*DA/C(361))/(DV/D(I9)) 
860 CONTINUE 

TAUCI) a C(35) - SV(8K + 1) - DT 
870 CONTINUE 

RETURN
 
890 	FORMAT (SXZ7HSV ARRAY EXCEEDED ON CYCLE 12)
 

END
 
SUBROUTINE RC9
 
DIMENSION C(40)9 XN(i0,2), SV(I85O) VTRAN(18), RK(I14#4)
 

I SC(i4*5), DC(I' )t A(6)9 D(jS). FIZO)t VOL(IO), RMT(2).
 
2 BC(9), QF(61, TAU(S)t CC(3), CHB(3), CH(4), CPH(3),
 
3 DQ(Q)
 
COMMON/Z/ C, XN, SVt VTRANT RKo SC, DC, A, Do F, VOLo RMTm BC, QF,
 
I TAU* CC$ CHB, CHI CPH, DQ, VE, VI, CPB, CPT, CADK, Xt DTq"
 
2 IRK, LOC, ITERX, INDEX, It Js M, N
 

C SETS VALUES IN VTRAN ARRAY
 
C6969 FORMAT(IH 7HSUB RC9) 

DO 960 1 s 1.5 
TA a TAU(I) - (C(35 - SV(If8,)) 
LOC = TA/Dj'i)
 
IF (LOC - 49) 904O 909, 902
 

902 WRITE (6,990) 19LOC
 
LOC s 49
 

904 XLOC a LOC
 
aB
a XLOC.D(19) 

DT - TA - TB 
GO TO (9100929o93019409950)O I 

910 DO 914 J I 193 
C LUNG To BRAIN Co2.o2,NZ TIME DELAYED ARTERIAL CONCENTRATIONS, 

VTRAN(J) 0 RCF31J) 
914 CONTINUE 

C LUNG TO BRAIN H+ TIME DELAYED ARTERIAL CONCENTRATION* 
VTRAN(1B) * RCF3S13) 
GO TO 960 

920 DO 924 J i 4o6 
C BRAIN TO LUNG C02,OZ-N2 TIME DELAYED VENOUS CONCENTRATIONS* 

VTRAN(J) a RCF3(J) 
929 CONTINUE 

C BRAIN TO LUNG COMBINED C02,029NZ TIME DELAYED VENOUS CONCENTRATIONS# 

VTRAN( 161 RCF3C16) 
GO TO 960 

930 DO 934 4 u 7o9 
C TISSUE TO LUNG C020 2 ,N2 TIME DELAYED VENOUS CONCENTRATIONS. 

VTRAN(JJ a RCF3J) 
939 CONTINUE 

C TISSUE TO LUNG COMBINED C02,OZNZ TIME DELAYED VENOUS CONCENTRATIONS* 
VTRAN(17) RRcF3(17)
 
GO TO 960
 

990 DO 94 4 I 1,3
 
C LUNG TO TISSUE COZOZNZ TIME DELAYED ARTERIAL CONCENTRATIONS*
 

VTRAN(J*9) I RCF3(J)
 
999 CONTINUE
 

GO TO 960
 
C LUNG TO CAROTID SITE H+ TIME DELAYED ARTER-IAL CONCENTRATION.
 

950 VTRAN(13) a RCF3(13)
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C LUNG TO CAROTID SITE 02 TIME DELAYED ARTERIAL TENSION. 
VTRAN(34) a RCF3(1I) 

960 CONTINUE
 
C NAMELIST/DONM/VTRAN
 

RETURN 
990 FORMAT (5X27HSV ARRAY EXCEEDED ON CYCLE Iz12H WITH LOC * 14) 

END 
SUBROUTINE RCIO 
DIMENSION C(0). XN(9*2), SV(18,s0). VTRAN(I8), RK(jI4,), 
I SC(1iS), DCi'), A(6), p('1s), F(20), VOL(1O), RMTIZi, 
2 BC(q), QF(6), TAUCs), CC(3), CHB(3). CHIi), CPH(3), 
3 UQ(0) 
COMMON/Z/ C, XN. SV, VTRANO RK. SC, DCl A, DO Fs VOL. RMT'. BC, &F. 
I TAU, CC, CHB, CHO CPH, DQ, VE, VIs CPB, CPT, CADKO X, DT, 
2 IRK, LOCO ITERX, INDEX. Is Js Mi N
 

C6969 FORMATiIH BHSUB RCIO)
 
C COMPUTES EMPIRICAL FUNCTIONS FOR ACRDIAC OUTPUT AND BRAIN BLOOD
 
C FLOW DIFFERENTIAL EQUATIONS 
C F(S) > PA(02) 

IF (.FC'8) - 10490) 1008. 10209 1020 
C (DELTA)Q(02) , EQUATION 7,3 , 
1008 DQtIJ a ((C-iO0 3 3E-SOF(8) + 2. 9 2'41E-3)*F() 0.2885)*F(B) +9.6651 

C (DELTA)QB(o2) * -EQUATIoN 7*9 • 
DQ(2) (((7.669E8F(8) " 2.324E-s)F(8) + 2,6032E.3).Fl8) 
I -. 1323)*F(a) + 2785 

IF CDQ(1)) 1012, 1016, 1016 
I12 OQI!) a 0.0
 
1016 IF (DQ(2)) 1024s 1028. 1028
 
1020 DQ(I) a 0.0
 
IUzq DQ(2) = 0#0
 

C F(7) a PAICZI
 
1028 IF (F(7) - 60.0) 1032, 1032s 1036 

C 
C IF.PCO2 GT 60 DQ(3) STAYS AT ITS VALUE AT 60 - - OLD ROUTINE SETS 
C THE VALUE OF DQ(3) EQUAL TO 0
 
1032 IF (F(7) p 40.0) 2036, lOo 1040
 
2036 DQ(3)0.O
 

GOTOIOq 
C (DELTA)Q(C02) , REPLACES EQUATION 7.6 
1036 Do(3)m6,0 
C 

GO TO 104q
 
C (DELTA)Q(C02) s EQUATION 7.5 . 
1040 0Q(3) a o*3(F(7) - *O0) 
1044 IF (F(7) o 38.0? 1048, 1062. 1052 

C (DELTA)QB(C0Z) a EQUATION 7.1l . 
1048 DQ(4) a (8.0163E-q*F(7) - 3.3073E-2)*F(7) + 293232E-2 

RETURN
 
IUS2 IF (F(7) - * .0) 1056, 1056, 1060
 
1056 DQ(') a 0.0
 

RETURN
 
C (DELTA)QB(COZ # EQUATION 7.13 
1060 DQC$) a (((-2I748E-7*F(7) + 9.3918E-5)*F(7) - 1.2947E-2)sF(7) 

1 + 0*7607)*F(7) - 15.58 
C NAMELIST/DG/DQF 

RETURN 

END
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SSUBROUTINE RCII 
DIMENSION C(O), XN(qO2), 5V4185s0), VTRAN(18), RK(1jqq), 
I SCCI'4,5), DC(1q), At6)t DIS), F120)v VOLCIO), RMTIZ)o 
2 BCH), QF6), TAUt5), CC(3), CHB3), CH'4). CPH(3)s 
3 DQ(41 
COMMON/Z/ Co XN, SV, VTRAN, RK, Sc. DC. A, D. F, VOL. RMTo BC, QF, 
1 TAU* CCs CHB, CH, CPHs DQg VE, VI, CpB, CPT* CADK, X, aT. 
2 iRK, LOC, ITERX, INDEX, It Jo Mg N 

C CALCULATES DIFFERENTIAL EQUATIONS 
C6969 FORMAT(IH 8HsUB RCII) 

CALL RC17 
C EQUATION 101 9 

DC1) a (VI'C(31) - VEeCtI) + D9)etC(II)*VTRANVi) + QF(g) 
I *VTRAN(7) - C(IO).Cc()))/Ct22) 

C EQUATION 102 
DC(Z) a (VI*C(32) - VE*Ct2) + D(9)e(C(11)eVTRANC5) + QF(1) 
I *VTRAN(8) - CI)eF(9)))/Ct2'2)

C EQUATION 10.3 
 * 
DC(3) a tVI*C(33) - VEOC(3) + D(9)e(c(II)OVTRAN(6) + QF(I) 

I *VTRAN(9) - C(IO).F(IO)))/Ci22) 
C EQUATION 1094 s 

DC(4) (C(25) + CII).(VTRAN(I) - CC(2)) -NFiq))/C(23) 
C EQUATION 10.5 . 

OC(5) a ( 6CZ)+ C(11)*(VTRAN(Z) - F(IZ) - FtLS))/CtZ3) 
C EQUATION 10.6 . 

OC(6) 0 tC(II)*(VTRAN(3) - C(6)') - F(I6))/C(23)
C EQUATION 10.7 

DC(7) a tRMT(1) + QF(I)*(VTRANtIO) - CC(3)))/C24) 
C EQUATION 10.8 s 

OCt8) a (tRMTt2)+ QF(I)O(VTRAN(II) F(-13)))/C(2) 
C EQUATION 10.9 C 

DC(9) "M QF(I)*(VTRAN(12) - (;49))/C(214)
 
C EQUATION 7,1 V
 

DCIO) a (-C(1O) + 6.0 + DQ(I) + DQ(3))/COI8) 
C DEPENDANCE oF CARDIAC OUTPUT ON TISSUE 
C UTILIZATION OF OXYGENs. 
C 

XABzSoS *(RMT(2)-.2IS)+6o-CtIO)
 
IF(4RMT(2).GTOI215).ANDo.XABGTO*.)DCtIO()DC(I0) XAB/.0IO
 

C 
C 
C EQUATION 7.7 . 

oCtI) S (-CcI|) + 0.75 + DQ(2) * DQ4f))/C(I9) 
C EQUATION 1.10 s 

OCt12) a FtIq)/(Ct3q).D(Ifl) 
C EQUATION 1.11 e 

DC(1 3 ) = F(IS)/(C(36)@DtI2)) 
C EQUATION 1.12 . 

DCIlq) & F(16)/(C(3q).DtI3)) 
C NAMELIST/AB/DC 

RETURN
 
END
 
SUBROUTINE RCIZ
 
COHMON/XIOD/IARA155),RARA(56),XNC(3),TVNTAVO2DFFREQ
 
COMMON/STATE/XXZZ(600)
 
COMMON/RINTR/ROUT(IO,CIN(IO)
 
COMMON/TOSHOR/GUYIN20)QUTGUY(20)
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DIMENSION C iO) "XN(iO,2), SV(I8S50), VTRAN(I8), RKClts4),
I SCj9,), DC(II), Ab6), 
DIs)o F20), VOL(IO), RMTC2),
2 BC('4) QFI6), TAUCS), CC(3), CHB(3), cH-AQ), CPH(3),
 
3 DGH)

CONMON/Z/ Cs XN, SV, VTRAN, RK, SC, DC, 
A, D, F, VOL, RNT, BC, QF,


1 TAU, CCs CHBS CH, CPH. DQ, VE, VIt CpBv CPTt CADK, X, DT,

2 IRK, LOC, ITERX, INDEX1v Is Jo M, N
 
COMMON/R/ XDS.XMHCXTWORKDUMI DUM2DUM3,WORKZRMTBoRMTBZTIMEOF
 
I .RMLINITTYITTYOTITTYINWRKTTY5O,3),LEXECMARKERNWREST
 
2 ,RMTMsTCTDURATTINEONRNTKTKT
 
DATA IRUN/'RUN '/IISTOP/'SToP'/,MORE/wMOREt/
 
DATA IBACK/'BACK'/


C DIMENSION WRKTTYISo3)
 
C6Y69 FORMAT(IH BHSUB RC12)

C OUTPUT -- PUNCHED CARDS AND PRINTED
 

CXTsC(35)XDS-IO.
 

IFPCXT.LE*O.o)CXTa+O,
 
C DEAD SPACE VOLUME
 

DSVOLO* 4O4.002VE
 
C RESPIRATORY FREQUENCY.
 

FREQM((I*(#(726sVE)/DSVO)0eS.Io)/.363
 
C DEAD SPACE VENTILATION
 

DEADVTUI .. O98OVE
 
C C31)J(DEADVT.C1I).VE*DUHII/DEADVT*vE)
 
C C(32)n(DEADVT.C 2)+VE.DUM2)/(DEADVTVE)
 
C C(33)-(DEADVT.C(3)+VE.DUM3)/(DEADVT.VE)
 
C MINUTE VOLUME,
 

TVNT=DEADVT+VEVI )/2.
 
C HEART RATE. 
 I
 

HRATEU 3.8*(RMT(2)+C(26)).Sq.
 
C
 
C
 

IF(CXT *LT. TIMEOF) GO TO Z03
 
C
 
C HERE IF NEED TO READ A NEW WORK LOAD CARD*
 
C BRANCH IF IN BATCH MODE.
 

IF(ITTY *EQ 0) GO TO 500
 
C 
C
 

ITST'RARA56)
 
IF(ITST*EQ.')WRKTTY(II2) (XXZZ'I560) 
I*)/60.


C HERE IF TTY MODE....**e.*....... 
FIITTY .EQe ) GO TO 50 

C HERE IF TTY MODE, AND iST TIME THIS ROUTINE CALLED. 
ITTY z I 

C WRITE(6,B05)
 
C 505 FORMAT(IOINPUT WORK CARDS.o'/)

C 1 0 WORK* WORK LOAD(WATTS).e.,/
 
C 2 fMINS. TIME FOR WORK LOAD.*.'/


3 t PRINT= TIME INCRIMENT(MINS)FOR PRINTOUT...'/ 
C '40EXEC.,,'/ 
c 5 MORE= INPUT MORE BEFORE EXEC..../C 6 RUN a EXEC.WITH ABOVETHEN CAN INPUT AGAIN*../

C 7 ' STOP. EXEC*WITH ABOVE THEN STOP...'/

C 8 ' 
 BACKs ERASE PREVIOUS WORK RECORD...')
 
50q ITTYIN n 0
 

ITTYOT a I
 

http:3.8*(RMT(2)+C(26)).Sq
http:C(33)-(DEADVT.C(3)+VE.DUM3)/(DEADVT.VE


113 

LISTING OF WHOLE BODY ALGORITHM
 

PRINTUXXZZ(599)/60.
 
IF(ITST.NE.3)GO TO 701
 
DO 747 1I1,18,2 
INDXSI.SqI
 
IF(XXZZIINDX+I)qLE.0.)GO TO 747
 
IF(RARA(56)oGT.4e.AND.ITTYIN.GE9.))GO TO 747
 
IF(XXZZ(INDX).LT.0.)GO TO 747
 
ITTYIN.ITTYIN+I
 
WRKTTY(ITTYINl)OXXZZ(INX)/6.12
 
WRKTTY(ITTYIN,2)W(XXZZINDX+I)XXZZINDX-I))/60O
 
WRKTTY(ITTY1N,3)uPRINT
 

747 	CONTINUE
 
GO TO 702
 

701 	ITTYINaI
 
WRKTTY(ITTYIN,2)n(XXZZ(660)dI*)/60S
 
WRKTTY(ITTYIN3)6PRINT
 
WRKTTY(ITTYIN I)0o
 

702 CONTINUE
 
LEXECSIRUN
 

C 00 9999 IuIITTYIN
 
C9999 WRITE(6,748)I,(WRKTTYil4) .I,3) 
C 718 FORMAT( 3X0' WORK CARDS',/,I3,3X,3(FIO.5))
 
C
 
C HERE IF IST TIME THIS ROUTINE CALLED. 
C SEE IF MORE WORK CARDS IN BUFFER(WRKTTY(6O3),) 

550 IF(ITTYOT *LE. ITTYIN) GO TO 551 
C HERE IF EXAUSTED WORK CARD BUFFER (WRKTTY(SO,3)). 

IFCLEXEC *EQ* IRUN) GO TO 50q 
C FORCE END OF COMPUTER RUN WHEN LEXECs ISTOP'. 

C(151 a 09 

GO TO 1210 
C 

551 	WORKZ 8 WRKTTYCITTYOTI)
 
DURAT a WRKTTYIITTYOT,2)
 
039) = WRKTTY(ITTYOT,3)
 
ITTYOT 0 ITTYOT + 1
 
GO TO 606
 

C
C 
C
 

Z03 IFCMARKER.EQ.O) GOTOIO.
 
I WORKSWORKZ
 

MARKERaI
 
C SYSTEM RESPONSES: TIME CONSTANTS FOR WORK LOAD LEVELSIINCREASING).
 

IF(WORK.LE.O)GOTQZ
 
IF(WORKoGE.5Q.) TKTaZ.3/(Z*oWORK/200.)
 
IF(WORK.LTS0)TKT4.,6
 
TIMEINuCXT-TIMEON
 
IF(WORK.LE.60.)TCTUI.6632
 
IF(WORK.GT. 50.,AND.WORK.LE100*)TCTs2.286q*.6232eWORK/SO.
 
IFIWORK.GT100,**AND.TIMEIN.LE*2)TCTSI.0O
 
IF(WORK.GT.1OO.AND.TIMEIN GT.2.)TCTS.45
 

C TISSUE 02 METABOLIC RATE,
 
IF(TIMEIN*LE92.)RHT(2)
 

& nSS02W(WORK)(SSO2W(WORK)-RMTB2)*EXP(-TCTOTIMEIN
 
IF(TIMEIN.LE.2.)RMTK-RMT(2)
 
IF(TIMEIN.GT.Z)RMT(Z)
 

http:GT.2.)TCTS.45
http:IFIWORK.GT100,**AND.TIMEIN.LE*2)TCTSI.0O
http:IF(WORK.GT
http:IF(WORKoGE.5Q
http:WRKTTY(ITTYINl)OXXZZ(INX)/6.12
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& 0SSOW4WORK)-(SSO2W(WORK)-RMTK)EXP.TCT*TIMEN.2))
 
VTIMES)*I-I.I.EXP(-TKT*(CXT-TIMEON)/192 )


C TERM USED IN VI THAT IS A COMPONENT OF TRANSIENT RESPONSE RELATED
 
C TO WORK LOAD.
 

RMLIN =S502W(WORK)-(SSOZW(WORKI-RMTB2)e(|1-VTIME)
 
WF(VTIME*GEtl) RMLINuSSO2W(WORK)
 

C TISSUE C02 METABOLIC RATE.
 
RMT(I)wo8.RMT(2)
 
IF(TVNT.GT.37,) RMT(I))(TVNT*QO77)eRMT(21/88.5
 
IFIC(35)OLTC(O)) GOTO2
 
WRITE 46333) RMT(II)RMT(2)
 

333 FORMAT( 'O',IX,25HCHANGE IN METABOLIC RATESSX,7HMRC02 
,FIO.4.
 
I 5X,6HMROZ- oFI0.&/)
 

C
 
C
 

2 	 CONTINUE
 
IF (WORK.LE9O.O *AND. NWREST.LT.I) RMT(2)-CIN(3)-C(26)
AVoEDM-i(9)*C(iO)-F,(13)*(C(lo)-C(||))-F(12)eC(|i))o|OOO
 

AVO2OFUAVO2DM/C{lO)
 
C 	 OUTPUT INTERFACE FROM RESPIRATORY
 

OUTGUY(3)mCHB(I)
 
ROUT(I))AVO2DM/IfOO.
 
IF (WORK.GT.O.) ROUT(I)RMT2)#C(26)
 
ROUT12)wFREQ 
ROUT(3)wC(II) 
ROUT(4)F(7) 

C 
ROUT(SjuF(I)
U 0 AMOD(C(35') 0.5) 

C IF (U *LT, 19OE-5 OR, U *GT9 9A1999) GO To 1210 
IF(C(35)*LT9C(40))GOTO)230
 

C(40)C(4O)+C(39)
 
C ARTERIAL N2 TENSIONo
 
1210 PANZ o D(I)@C(3)


C TISSUE 02 TENSIONo
 
PTO2 - C(8)/D(3)


C TISSUE N2 TENSION.
 
PTNZ - C(9)/D(4)


C CEREBRoSPINAL FLUID pH a EQUATION 6.2 . 

PHCSF 0 9# - RCFI(CH()) 
C VENOUS BRAIN H+ CONCENTRATION , EQUATION 4.7 9 

HV8 0 CADK'F(Q)/(CC(2) - F(P))
C VENOUS BRAIN PH 9 EQUATION 46 . 

PHVB, a 9% - RCFI(HVB) 
C VENOUS TISSUE He CONCENTRATION o EQUATION 5.7 s 

HVT a CADKOF(6)/(CC(3) - F(6)) 
C VENOUS TISSUE PH , EQUATION 5.6 . 

PHVT a 99 - RCFI(HVT) 
C RESPIRATORY QUOTIENT (ALVEOLAR).

RQ a ((CI1).VTRAN(Q) + QF(t)*VTRAN(7))/C(10) -CCil))/ 
I (F(9) - (C(II)eVTRAN(5) + QFCI)OVTRANI8))/C(I0)) 
QFV5) w QF(6) - RQ 

C 
C-

C HERE WHEN READY TO PRINT.
 
C SEE IF TTY MODE.
 

IF(ITTY *EQ. 0) GO TO 610
 

http:IF(TVNT.GT.37
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C HERE IF TTY OUTPUT.
 
C WRITE (6,7OO) CXTOcc(I)tCc(Z) CC(3),F(9)F(ZI)IF(13).t

C & VTRAN(13),CH(qi)F(7),CPBsCPT.F(I),F(17),PToZVItVE,
 
C 6 FREQ.TVNTC(II),AVO2DFRMT(Z),C(IO)
 
C 700 FORMAT(/F9.N,9X,6F9.q/8FVN/8F9.q/)
 

RETURN
 
610 IF (N *NE, f) GO TO 1220
 

N"O 

WRITE (6,1805)
 
1220 N u N + I
 

WRITE (6,1810) CXT, RQ, QF(5)
C
 
WRITE (6,1815) iCII)t I * 193)t (OC(I), I * I,3), F(7)p FiI),
 
I PAN2
 
WRITE (6,1820) CCII), F9vL FIO)t Ff7)t F(), PAN2, CH(I),
 
I CPHII), CHB(I)

WRITE (691825) (C(I), I 0 '16), (DC(1), I • q,6)t CPS, F(17),
 
1 F(IB), CH(2), CPH(2)
WRITE (6,1830) (C(I), I * 7*9), (DC(I)q I - 7@91s CPT, PT02
 

1 PTN2, CH(3), CPH(3)

WRITE (6,1835) (DC II)t I a 12114)p 
(C(I), I 112.If)# CH(li),
 
I PHCSF
 
WRITE (6,1840) CC), F(12), C(6), CPS, F(17), F(tl)o HVB,
 
I PHVS CHB(2)

WRITE (6918q5) CC(3)'. F(I3)9 C(9), CPT. PT02, PTNZ, HVT,
 
I PHVT, CHB(3)

WRITE (6,1850) (TAU(I), 
I -1t), VI, VEP C(Io), C(II)I DC(IO~o
 
I DC(II)
 
WRITE (6,1855) FREQTVNTDEADVTHRATEAVO2DF DSVOL
 

1230 RETURN
 
1290 FORMAT (SH XXXX5X7FIOQ)
 
1292 FORMAT (FIOSI)
 
1805 FORMAT (IHI)

1810 FORMAT (IHO6X4HTIMEFIO,4q7QX6HALV RQFlOt'I3X7HRQ DIFFsF8.q/


I I6 X3HCOZSXZHOZBXZHN27XZIHD E R I V A T I V E S9X4HPCO26X
 
2 3HPO27X3HPN27XHCH*)7XzHPHSXqHHB02)
 

IIS FORMAT C3X8HALVEOLAR9FIOq)
 
1820 FORMAT (3X8HARTERIAL3FIOGqs3OX5sFjOoqF8.q)
 
1825 FORMAT (6XSHBRAINIIFIOq)
 
1830 FORMAT (BX6HTISSUEIIFIOi)
 
1835 FORMAT (SX3HCSF3OXSFIOL)
 
I1SO FORMAT (4X7HV BRAIN3FIOi,3OXBFIO,1,FJ)
 
1845 FORMAT (3X8HV TISSUE3FIO.qu3OX9SFIOsqF8)

1850 FORMAT (SXISHTRANSPORT.TIMES "LX2HAB8X2HVBBX2HVTBX2HATSX2HACZA
 

I 2H..LX2HVISXZHVE8XIHQX2HFB7XIHDERIVATIVES/2IXIOF1OqFaoq)
 
1665 FORMAT(3X,9HRESP.FREQV8.4t2X,13HMINUTE VOLUMEF.q,
 

I 2XS8HD S VENTFB.Li,2XIOIHHEART RATEFS9,4
 
2 2X,7HAVO2DFF8,a=2XsHDSVOLFsq)
 

C BATCH MODE WORK CARD READ...
 
C
 
C 
 WILL USE WORK CARD WITH TIME00 AS INDICATION
 
C OF END OF RUN BECAUSE 1106 HAS PROBLEM
 
C WITH END= ON READe
 
5OO READ(S9300#ENDo2) WORK2,DURAT
 
300 FORMAT(F6@2#3XtF62)
 

C
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C 

C 

IFIDURAT oGT. 
HERE IF READ IND

C(is) 0 0. 
GO TO 1210 

606 CONTINUE 

0o) 
ICAT

GO TO 606 
ION OF END OF RUN 

C 606 WRITE (6#305) WORK2,DURATCXT
 
C 305 FORMAT('O',3S'$)/
 

IN BATCH MODE.
 

C I I WORK LOAD CHG.(',F6.2,'WATTS FOR',
 
C 2 F820'MINS) AT',F9,4t'MINS')
 

607 TIMEOF.DURAT+CXT
 
TIMEON=CXT
 

C SYSTEM RESPONSES; TIME CONSTANTS FOR WORK LOADS AND TISSUE 02
 
C METABOLIC RATE,
 

IF(WORK2*GEoWORK)RMTB21RHT(2)
 
C DECREASING WORK LOADS*
 

IF(WORK2,LT.WORK) RMTMORNT(2)
 
IF(WORK2.LT.WORK)RMTB=SSO2W(WORKZ)
 
IF((WORKZ.LT.WQRK)*AND.(WORKt9E.SO=}) TCTm2.3/(Z.WORK/2OO )
 
IF((WORK2,LT*WORK)*AND*(WORK*LT.5O.))TCT*496
 
IF(WORK2'.GE.WORK) GOTOI
 

101 WORKUWORK2
 
MARKER=O
 
NWREST=2
 

C TISSUE 02 METABOLIC RATE.
 
RMT(2)URMTB-(RMTS-RMTM)*EXP(TCTS4CXTTIMEON)''SO)
 
VTIMESI.1.1.1*EXP(-TCT*(CXT TIMEON)/3o8q)
 

C TERM USED IN VI THAT IS A COMPONENT OF TRANSIENT RESPONSE RELATED
 
C TO 	WORK LOAD.
 

RMLIN -RMTB'(RMTB-RMTM)(I*-VTIME)
 
IF(VTLME*GE.I.) RMLIN=RMTB
 

C TISSUE C02 METABOLIC RATE,
 
RMT( I)m.B8RMT(2)
 
IF(TVNT.GT'3 7 ,) RMT(I)m(TVNT+qO*77)*RMT(Z)/88O5
 

IF(C(35).LT.C(QO)) GOT02
 
WRITE (6,333) RMT(I),RMT(Z)
 
GOT02
 
END
 
SUBROUTINE RC13
 
DIMENSION C(40)t XNU4O,2)3 SV(I8,S0). VTRAN(IB) RK(144)t
 

I SC(1,5), DC(a4), A(6)o D(15), F(20)# VOLIIO), RMT(2),
 

2 BC(qlI QF(6), TAU('5), CC(3), CHB(3)U-CH(l4) CPH(3)',
 

3 DQ(4)
 
COMMON/Z/ Co XN, SV, VTRAN, RK, SC, DC, A, Do Fo VOL, RMT, BC, QF,
 

I TAUo CCi CHB, CH, CPH, DQ, VE, VI, CPB-o CPT, CADK, X, DT,
 
2 IRKt LOC, ITERX, INDEX, Is J. N, N
 

C6969 FORMATIIH SHSUB RCI3)
 
C SOLVES M DIFFERENTIAL EQUATIONS BY FOURTH.ORDER RUNGE-KUTTA AND
 

C ADAMS-MOUTLON PREDICTOR-CORRECTOR METHODS
 

C NAMELIST/DBG/CSDCISC
 
IF (IRK - q) 13049 1356, 1356
 

1304 Do 1352 INDEX - I,0
 
DO 1308 1 a ISM
 
RK(IINDEX) a DC(I)
 

1308 CONTINUE
 
GO TO (13129 1320, 1328, 13qO)9 INDEX
 

1312 00 1316 1 a IM
 

http:IF((WORKZ.LT.WQRK)*AND.(WORKt9E.SO
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Sc(IIRK+I) a C()
 

SC(IIRK) = DC(I)
 
1316 CONTINUE
 

11 a C(35)
 
1320 C(35) a Ti + C(36)/Za
 

DO 1321 I M
 
C11) a SC(ZIRKI) ..C(36)4RK(IINDEX)/2.O
 

1324 	CONTINUE
 
GO TO 1336
 

C( 3 6 )
1328 	c(35) a TI + 

DO 1332 1 a 1* M
 
C(U) a SC(IIRK+I) * C(36)ORKCIINDEX)
 

1332 CONTINUE 
1336 CALL RCI 

GO TO 135Z 
130 O 1344 1 0 IsM 

C() SC(I.IRK+I) C(36)#iRK(II) + 2.oRK(I,2) + 2oO*RK(I.3) 
I + RK(Iq))/6,a 

13qq CONTINUE 
IRK a IRK + 1 

1352 CONT,INUE 
RETURN
 

1356 	DO 1360 1 a J#M
 
SC(I9S) a CCI)
 
SCI,') a DCCI)
 
C() 0 SCI.S) * C(36)0(Ss"O.SC(I.q) - 59.O.SC(1,3) + 37.O*SC(I.2)
 

I - 9§O*SC(.1))/24.O
 
1360 	CONTINUE
 

C(35) t C(35) * C(36)
 
NC3=C(35)/C(36) + .1
 
C{35) C(36)*NC3S
 

136 	 CALL RCIq
 
DO 1368 1 a IsM
 
SC0111) a C(i)
 

C(I) = SC4i1S) * C( 3 6)+(9.OSDCCI) * 190,SC(I1q) - 5.O*SC(l,3)
 
I * SC(I,2))/2qg
 

1368 CONTINUE
 
00 1372 1 a1tM
 
IF (ABS (CII) - SC(S,))) " IOE-3) 1372. 1372, 136q
 

1372 CONTINUE
 
DO 1376 1 a lM
 
DO 1376 J a 193
 
SCCIJ) 3 SC(ItJ+I)
 

1376 CONTINUE
 
RETURN
 
END
 
SUBROUTINE RCIi
 
DIMENSION C(aO) XN(qO,2), 5V(ISC5O), VTRANCIB), RK(CQ,4), 
1 SC(14,6), DClii), A(6). D(15)1 FiZO), VOLCIO)v RMTCZ)t 
2 BC(q), QF(6), TAUCS), CC(3), CHB(3)-, CH(Q), CPH(3), 
3 DQ(q)
 
COMMON/Z/ Cs XN, SVP VTRAN, RK, SC, DC, A, D. F, VOL. RMT, BC QF,
 
I TAU, CC, CHB, CH, CPHt DQ, VE, Vi, CpB, CPT, CADK, Xb DT,
 
2 IRK, LOC, ITERX, INDEX, It J, N, N
 

C, CALLS OTHER SUBROUTINES IN A BLOCK
 
.C6969 FORNAT(IH 8HSUB RCI4)
 

CALL RC3
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CALL RC8
 
CALL RC9
 
CALL RCq
 
CALL RCS (CPB, F'4), C(o). BC(2))
 
CALLRC21 (CHB(2), Ff3)t FU, Clq), CH(Z) CPH12))
 
CALL RCI9 (CPB, CHB(2), CC(2), B(i), FM))
 
CALL RCS (CPT, F(6), C(7), BC(3))
 
CALL RC2I (CHB(3), F(S), F(6), C(7), CH(3), CPH(3))
 
CALL RCI9 (CPT* CHB(3), CCi3), BC(I), F(6))
 
CALL RCIO
 
CALL RC20
 
CALL RCII
 
RETURN
 
END
 
SUBROUTINE RCIS
 
DIMENSION C(4O)i XN(4Op2), SV(1B.SO), VTRAN(IS), RK(CIQq),

I 5C(1495)9 DC(14)t A(6)v 0415)9 F(20)t VOL(IO)w RMT42)9 

2 BC(Q), QF(6), TAU(S)# CC'(3),"CH8(3), CHIqI, CPH(3), 
3 DQ(q4) 
COMMON/Z/' C. XN, SV. VTRANo RK, SC, DC, A, Dt F, VOL, RMT. BCs QF,
 
I TAU, CC, CH8, CHt CPH, DQ, VE, VI, CPB, CPT, CADK, X, OT,
 
2 IRK, LOC, ITERX, INDEX, It J, Mt N
 

C6969 FORMAT(IH BHSUB RCIS)

C NAMELIST/SCH/SV
 
C SHIFTS VALUES IN SV ARRAY
 

DO 1530 1 - 1,18 
DO 1520 J 9 1S9 
JM SI - U 
.MM JM I 
5VIiodM) SV(J,4MM)
 

1520 CONTINUE
 
1530 CONTINUE
 

RETURN
 
END
 

% SUBROUTINE RCI6
 
DIMENSION c( O1s XNVIO,2)t SVCI8.5O'), VTRAN(IB). RK(IQ#i),
 
I SC(0i.5). DC(4), A(6), D(IS), F20). VOL(IO), RMT(2),
 
2 BCq), QF(6)t TAUIS), CCC3), CHB(3)v CHMI CPH(3)t.
 
3 OQ(I)
 
COMMON/Z/ C. XN, SV, VTRAN. RKv SC, OCt At Do F, VOL. RMT, BC, QFs 
I - TAU, CC, CHB, CH, cPHs DOQ VE, VI, CPB, CPT, CADK, X, DTm 
2 IRK. LOC, ITERX, INDEXt Is 4. M, N 
COMMON/R/ XDS.XMHCXTWORKDUMI DUMZDUM3,WORK2,RMTBRMTBZ.TIMEOF
 

I ,RMLIN
 
C6969 FORMNAT(IH OHSUB RC16)
 
C SETS VALUES FOR SV ARRAY
 
C ARTERIAL C02 CONCENTRATION.
 

SVClI) CCil)
 
C ARTERIAL 02 CONCENTRATION.
 

SV(2sI) 0 F49)
 
C BRAIN VENOUS COZ CONCENTRATION.
 

SV(q4.1) n CCCZ)
 
C ARTERIAL N2 CONCENTRATION.
 

SVC3S1) a FIO)
 
C BRAIN VENOUS 02 CONCENTRATION
 

SV(SI) a F(12)
 
C BRAIN VENOUS N2 CONCENTRATION.
 

http:SVCI8.5O
http:SV(1B.SO
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SV(6ol) n C(6)

C TISSUE VENOUS CO2 CONCENTRATION*
 

SV(7s3 ) n CC(3)
 
C TISSUE VENOUS 02 CONCENTRATION.
 

SV(8,1) = F(13)
 

C TISSUE VENOUS NZ CONCENTRATION.
 
'SV(9,l) = C(9)
 

C CARDIAC OUTPUT.
 
SV(aa.1) a CLIO)
 

C CEREBRAL BLOOD FLOW,

sV(II1I) = C(I1)
 

C TISSUE BLOOD FLOW.
 
SV(12,1) * QF(I)
 

C ARTERIAL H+ CONCENTRATION,
 
SV(13.l) - CH(I)
 

C ARTERIAL 02 TENSION.
 
SV(1'1) I Fi)
 

C INITIAL TIME*
 
SVIIB.)) a Oa
 

C TOTAL GAS CONCENTRATIONS AT BRAIN EXIT.

SV(1611) a 5V(4ol) * SV1591) + SV(6t-l)
 

C TOTAL GAS CONCENTRATIONS AT TISSUE EXIT.
 
SV4t7*1) am SV(7ol) SVi8#1) + 5Vigtl) 

C SIMULATED TIME* 
SV(L8,I) a C(35) 
RETURN 

%END 
SUBROUTINE RC17 
DIMENSION CliOl, XN(iO,2), SV(18SO). VTRAN(II8) RK(j~,4l, 
I SC(1q,'5), DC(li)t A(6)m D(5). F(ZO), VOL(IO) RMTI2), 
2 BC(VOt QF(6), TAU(S), CC(3), CHB(3), CH(q), CPH(3). 
3 DQ(q) 
COMMON/Z/ Ca XN. SV. VTRANI RK, SC. DC, A, Do Ft VOL. RMT. BC, QF, 
I TAU, CC, CHB, CH, CPH, DQ, VE, Vl, CpB, CPT, CADK, X, DT 
2 IRK, LOC, ITERX, -INDEX, Is J, M, N 
COMMON/R/ XDS.XMHCXT.sWORKDUMIDUMZDUM3,WORKZRMTBRMTB2,TIMEOF 
I .RMLIN 

C NAMELIST/BAD/CHi,)tCADKDjIA),C(.I2)BC(q)C(37),C(38),VTRAN(1q), 
C ITERMtVIoC(2O).C(16),VTRAN(S),tC(21),VTRAN(13),C(37) D(9) C.dl)t 
C 2VTRAN(16),QF(I)oVTRAN(17).C(10) F(ii), 
C6969 FORMATtIN BHSUB RCI7) 
C CALCULATES VENTILATION 
C "CFS H. CONCENTRATION , EQUATION 6,) * 

CH(q) s CADKED(I)*C(I2)/BCV4) 
IF (C(37) .GT. ).OE-S) GO TO 1708 

1704 VI a C(38) 
GO TO 1730 

1708 TERM a 0.0 
C DECISION ON ARTERIAL 02 TENSION AT CAROTID BoDIES'SITE. 

IF (VTRAN(Iq) - I0qO) 1710o 1720, 1720 
1710 TERM a (C236E-9).i(Oq.O- VlRAN(Iq4))..q9)

C CONTROLLER EQUATION AS A FUNCTION OF HUNORAL TERMS* 
1720 VI a C(20)*(C(I6)*VTRAN(IS) + (1.0 - C(16))eCH(Q)) 

I + c(21)*VTRAN(13) + TERM C(37) 
IF(WORK *LE. 0.0) GO TO 1730 

C INCLUSION OF NEURAL'COMPONENT AS A FUNCTION OF WORK LOAD. 
SVNTZ=SSVENT(SSO2W(WORK)) -VI 



120
 

LISTING OF WHOLE BODY ALGORITHM
 

IF(SVNT2.GT.Ot)AND.(SVNT2 *LE.I5.)) VIaVI*SVNTZ
 
IF(SVNT2.GT.I51 VIOVI+I5.
 

C
 

C DESCRIPTION OF TRANSIENT VENTILATION RESPONSE.
 
SVNT SSSVENT(RMLIN ) -VI
 
IF(SVNT.GT$0@5) VI=V I.015*SVNT 

C 
C EXPIRED VENTILATION RATE, EQUATION 1191 * 

1730 VE z VI + D(9)'(C(II)VTRAN(16) + QF(I)*VTRAN(17) - c(IO)F(II)) 
IF (VI 'LT. 0*0 ,OR. VE *LT * 0.0) GO TO 1740 
RETURN 

17'O 	VI a 0o0
 
VE a 0.0
 
RETURN
 

xEND 
SUBROUTINE RCI9 (CPAt CVHBA, CVC, BHCA, FC) 

DIMENSION c(CO), XN(4O,2), SV(LBSO), VTRAN(I81, RK(Il i), 
I SC(1IP), DC('4)s AC6), D(IS). F(20) VOL(IO), RMT(2), 
2 BC(4), QF(6), TAU(S), CC(3)9 'CHB(3), CH('I)g CPH(3)9 
3 DQ(') 
COMMON/Z/ Ct XN, SV. VTRAN. RK, SCO .DC A, Ds F. VOL. RMTo BC, QFs 
I TAU, CC- CHB, CH. CPH, DQ, VE, Vie CpB, CPT, CADK, X9 DT, 
2 IRK, LOCs ITERX, INDEX, Is Js Mi N
 

C NAMELIST/DM2/CPACVHBACVCBHCA.FC
 
C6969 FORMAT(IH 8HSUB RCIV)
 
C ITERATES FOR VENOUS' BRAIN AND VENOUS TISSUE C02 CONCENTRATION
 
C TERM USED IN EQUATION 4.2 o 
1910 X w (CVC - FC)/(0.0I'CPA) 

C LOGARITHM SUBROUTINE. 
X a RCFI(X) 

C EQUATION 1.2 . 
X BHCA + O0.37s(C(17) * CVHBA) - D(B)O(X - o01) + FC 

CALL RC6 (CVC) 
EvC a CVC 2.O.(X - CVC)/3.O
 
IF (ITERX) 1920' 1910. 1920
 

1920 CONTINUE
 
RETURN
 
END
SSUBROUTINE RC20
 

DIMENSION c('O)t XN(QO,2), SV(18,S0),'VTRAN(IBI)RK(IQ,#q)
 
I SC(lisf), OC q(lI A16)s D(15)9 F4zo), VOL(IO), RMT(2),
 
2 BC(I). QF(6)t TAUCS), CC(3), CHB(3). CH(4), CPH(3),
 
3 DQ(4
 
COMMON/Z/ Co XN, SV, VTRAN9 RK, SC, DC, A, D, F, VOLt RMT, BC, QF,
 
I TAU* CC, CHB, CH, cPH, DQ, VE, VIe CpB, CPT# CADK, Xt DT,
 
2 IRK, LOC, ITERX, INDEX, Is J. Ms N
 

C NAMELIST/NNF/F
 
C6969 FORHAT(IH BHSUe RC20)
 
C SETS TIME DEPENDENT EXPRESSIONS
 
C ARTERIAL OXYGEN CONCENTRATION INCLUDING EFFECTS OF HEMOGLOBIN.
 

F(9) * D(6)*C(2) + CHB(I)
 
C ARTERIAL NITROGEN CONCENTRATION.
 

F(IO) a D(7)SC(3)
 
C TOTAL ARTERIAL GAS CONCENTRATION AT LUNG EXIT.
 

F(Il) w CC(I) + F(9) * F(IO)
 
C VENOUS BRAIN OXYGEN CONCENTRATION INCLUDING EFFECTS OF HEMOGLOBIN.
 

F(12). C(S) + CHB(2)
 

http:NAMELIST/DM2/CPACVHBACVCBHCA.FC
mailto:IF(SVNT.GT$0@5
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C VENOUS TISSUE OXYGEN CONCENTRATION INCLUDING EFFECTS OF HEMOGLOBIN*
 
F(131 = C(S) * CHB(3)
 

C OXYGEN TENSION IN BRAIN.
 
F(171 a C(S)/D(3)
 

C NITROGEN TENSION IN BRAIN.
 
Foal C(6)/D(4)
1 

C PRODUCT OF DIFFUSION COEFFSOAND DIFFERENTIAL BRAIN - CSF GAS TENSIONS 
F(lif) CI27).(CPB - C(I2)) 
F(15) * C(28).(F(17) - C413)) 
F(I6) * C(29).(F(18) w C(l9)1 

C 
RETURN 
END
 
SUBROUTINE RC2 (CHBA, FA, FDp CCA, CHAo CPHA)
 
DIMENSION C(401 XN(4O.2). SV(18,BO) VTRAN(I8), RKi1q4q),
 
I SC(lIS), DC(j )j AI6)0 D(IS), F(20), VOLU1O)p RMT(2)p
 
2 BC#) QF(6), TAU(S), CC(3)t CHB(3), cH(4), CPH(3),
 
3 DQ(q)
 
COMMON/Z/ C, XNs SV VTRAN, RK, SC, DC, A, Do F, VOL, RMT, BC, QF,
 

I TAU, CCs CHB, CH, cPHo DQ VEt VIs CPB, CPTs CADK, X, DTo
 
2 IRK, LOC, ITERX, INDEX, It J. M N
 

C6969 FORMAT(IH 8HSUB RC21)
 
C NAMELIST/PB/CHBAtFAFDCCA.CHACPHA
 
C COMPUTES H+ ION, PH, AND OXYHEMOGLOBIN
 
C ARTERIAL H+ CONCENTRATION.
 

CHA a CADK*FD/(CCA e FD) 

C ARTERIAL PH. 
CPHA a 9.0 - RCFI(CHA) 

C DEVELOPMENT OF EXPRESSION USED IN CALCULATION OF ARTERIAL 
C OXYHEMOGLOBIN SATURATION* 

X a RCF2ICPHA) 
X " FA-X * 

X (1.0 w EXP (X))l2
 
XSABS(X)
 

C ARTERIAL OXYHEMOGLOBIN CONCENTRATION.
 
CHBA a X.C(17)
 

RETURN
 
END
 
FUNCTION RCFI(W)
 
DIMENSION C(40) XN(4O,2)t SVlIBsSO), VTRAN(1), RK(lq4),
 

I SC(lotS), DC(4). A(6)s D(I5). F(ZO)0 VOI(IO), RMT(Z),
 
2 BC(q), QF16)o TAUIS), CC(3), CHB(3), CH(Q), CPH(3).
 

3 DQIq)
 
COMMON/Z/ C, XN, SVs VTRAN) RK, 5Cs DC9 As Do F, VOL. RMT BC, QF, 
I TAU$ CC, CHB, CH, CPH, DQG VE, Vl CPB, CPT, CADK, Xs DT, 
2 IRKt LOC, ITERXs INDEX, Is Js M, N 

C LOGARITHM TO BASE 10 
RCFI a O9'3q29qq8 * ALOG(W) 
RETURN 
END
 
FUNCTION RCFZ(Z)
 

DIMENSION COQO), XN(qO,2), SVIIBSiSO), VTRANIB), RKilqtq),
 
I SC(lq5), DC(II), A(6), D(IS), F(20)9 VOL(IO), RMT(Z),
 
2 BC(q), QF(6), TAUCS), CC(3) CHB(3), CH(4)9 CPHI3),
 
3 OQON)
 
COMMON/Z/ C, XN, SV, VTRAN, RK, SC, DC, A, Do F, VOL. RMT, aC, QF,
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I TAU, CC$ CHB,'CH, CPHv DQt VE, VI, CPB CPT, CADK, Xe DT,
 
2 IRK. LOC, ITERX, INDEX, Is J, Ms N 

C OXYHEMOGLOBIN - PH EMPIRICAL FUNCTION 
C EQUATION 3*14 

RCF2 * (C(0006681*Z) * O010098)sZ * o0q492i)*Z - OoqSq 

RETURN 
END 
FUNCTION RCF3(KKI 
DIMENSION C(NO), XN(Ifo,2), SV(I1tSO), VTRAN(18), RK(IQQ). 

1 SC(1445), DC(I)t A(6)t D(1S). FizO), VOLIIO), RMT(2),
 
2 BC(q), QF(6), TAUI5)o CC(3). CHB(3)p CH(Q), CPH(3),
 

3 OQt4)
 
COMMON/Z/ Co XNo SV, VTRANt RK, SC* DCt As Do F, VOL. RMT. BC, QF, 

.1 TAUt CC, CHB, CH, CPH, DQ, VE, VII CpB, CPT, CADK, X, DT, 

2 IRK, LOC, ITERX, INDEX, Is J, N. N 
C VTRAN FUNCTION 
C VARIABLES WITH TIME DELAYS USED IN EQUATIONS 8.1q8.I . 

RCF3 I SV(KKLOC) + (SV(KKiLOC* 1) - SV(KKLOC))SDT/D(II) 
RETURN 

%END
 
FUNCTION SSVENT(X)
 

C CALCULATION OF STEADY-STATE VENTILATION RATE AS A FUNCTION OF TISSUE
 

C OXYGEN METABOLIC RATE.
 
IFiX*LE..215) SSVENTSS.398
 
IF((X.GT..21S)AND.(XLT*2o))SSVENTB2teX
 
IF(XGE,2,)SSVENT'SSO.+S0,*(X-2*)
 

C
 
RETURN
 

END
 
FUNCTION SSOZW(XJ
 

C CALCULATION OF STEADY-STATE OXYGEN REQUIREMENTS 

C OF 	WORK LOAD (X=WATTS),
 

COMMON/RINTR/ROUT(IO),CIN(IO)
 
VO2RDT&CIN(3)
 
SSO2WSVO2RDT-.000BO,04B65085I56.12eX)/.25
 
RETURN
 

- END 
SUBROUTINE THERM 

C STOLWIJK METABOLIC MAN TRANSIENT MODEL 

FOR VARIOUS LEVELS
 

COMMON /TRM/QBASALUEFF.TCABTWTDEWCVCAB.VEFFtPCABG
 
S CLOVEUGCPGDTPRINTI.SETIXIPOS
 
& ACE(IO)ARE(IOt)CCIhqlCLODTIMEEMAX(IO)bPRINTIPRNOW


3

& QEVAPQLCGQRAD(1O),QRSENIQRSEN2tQRSEN QRSENSIQRSEN61
 

& QSEN(10),QSHIVQSTORRMSETTSQUGSTORATgT(3)P
 
& TIMETSET( II),TUG(IO),TUGAVU,VPDEWWORK
 
6 ICONDIPOS.MCASESNIO, OPUT(20)
 
COMMON/XIOD/IRARA(S5)hA(9,6htPTIEXCXNC(3)
 
CONMON/TRINT/TRINC1Oh*TROUT(tO)tPTIM
 
COMMON/TOSHOR/GUYIN(20),OuTGUY(20)
COMMON/TRDX/BFINO)tQCOND(40)tQCONV(4(),)*QMETIqO)#TRCO
 

DIMENSION PCACIO)#XXTR120)
 
DIMENSION XNEW(2Z3)
 
EQUIVALENCE CQBASAL.XNEW(I))
 

DATA PCA/.O7..3602..067O5oO6705..B1587t. 87, O25sO25,2*.Oa 3/
 

DATA KY/IHY/
 

C
 
C DEFINITION OF BODY SEGMENT TEMPERATURE SUBSCRIPTS
 

http:O25sO25,2*.Oa
http:SSO2WSVO2RDT-.000BO,04B65085I56.12eX)/.25
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T(3) 	 a HEAD FAT
C Tit) a HE-AD CORE T(2) a HEAD MUSCLE 
C T(q) w HEAD SKIN T45) S TRUNK CORE T(6) z TRUNK MUSC 

C T(7) a TRUNK FAT T() * TRUNK SKIN T(9) m RIGHT ARM 

C T(I0I a RIGHT ARM MUSCLE Till) - RIGHT ARM FAT T(12) w RIGHT ARM 

TIIl) LEFT ARM MUSCLE T(15) a LEFT ARM FC T(13) = LEFT ARM CORE 

* RIGHT LEG CORE T(I-s) a RIGHT LEGC T(16) a LEFT ARM SKIN 	 T(17) 


T(21) 	a LEFT LEG C
C T(19) m RIGHT LEG FAT 	 TIO) - RIGHT LEG SKIN 

C T(22) LEFT LEG MUSCLE 	 T(23) * LEFT LEG FAT T(2q) a LEFT LEG S 

T(26) * RIGHT ,HAND MUSCLET(27) a RIGHT HANDC T(25) a RIGHT HAND CORE 
C T(28) a RIGHT HAND SKIN T(29) - LEFT HAND CORE TOO) - LEFT HAND 

C T1(3l) LEFT HAND FAT T3Z) m LEFT 'HAND SKIN T(33) * RIGHT FOOT 

C T(34) a RIGHT FOOT MUSCLE T(35) U RIGHT FOOT FAT T(36) a RIGHT FOOT 

CORE T138) w LEFT FOOT MUSCLE T(39) u LEFT FOOT
C T(37) a LEFT FOOT 
C T40) = LEFT jOOT SKIN TQ) - CENTRAL BLOOD T(q2) = AVERAGE SK 

C T(43) 0 AVERAGE MUSCLE
 

C
 
C WRITE(C,442)(TROUT(i1I=IS)
 

CLq2 	 FORMATISH ,SFIO.4)
 
IF(QBASALLT.O.Ol) QBASAL3293.
 

IF(PTIM.GTe,16)GO TO 321
 

TROUT(I)033.25
 
TROUT(Z)312.6
 
TROUT(3)07o0
 
TROUT(40)*313
 
TROUT(S)m5l.25
 

321 	 CONTINUE
 
RM*TROUT4)*482566O. 3e97
 

IF(QBASAL.GT.RM) RM=QBASAL
 

C WRITE(69443)Rm
 

C4q3 FORMATUIH ,'RMw 9,F1.0)
 
C 	 U.UEFF/IOO*(RM QBASAL)
 

IF(RMGT360*)GO TO 341
 

GO TO 33
 

3l U=UEFF/I00,*(RM-360)
 
33 WORK-RM-QBASAL'U
 

C 	 WORKSRM-QBASAL-U
 

IF (MCASES.GT.O) GO TO 260
 

C WR ITE(6s541)
 

C 5 0t FORMAT(IH ,PTHERMOREGULATORY MODEL'/// ' DO YOU WISH TO
 

C &' SEE INITIAL DATA (Y/N)I)
 

C READ(S545)LY
 
545 FORMAT(Al)
 
20 IF(IRARA(55).EQo3)GO TO 330
 

1330 MCASES=I
 
IEXCuEXC
 
IF(IEXC*NEq)GO TO 1776
 

TCAB=XNC(|)
 
TDEWC=XNC(2)
 

1776 CONTINUE
 
330 	IPOSSXIPOS
 

IF(IPOSGT3OR.IPOSLToI)GO To 332
 

GO TO (333,334,335),IPOS
 
333 	AC-19.5
 

AR015.5
 
GO TO 336
 

33q AC=1S.5
 

http:IF(QBASAL.GT.RM
http:TROUT(S)m5l.25
http:TROUT(I)033.25
http:IF(QBASALLT.O.Ol
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ARnII.S
 
GO TO 336
 

335 ACaiz*S
 
ARa9.5
 
GO TO 336
 

332 WRITE(6337)
 
337 FORMAT(IH ,'ERROR IN AREA SPECIFICATION')
 
336 CONTINUE
 

DTIME=DT/60.
 
SETX- SETI/60.
 

SETTESETX
 
PRINT=PRINTI/60.
 
PRNOW-PRINT
 

ICONDSO
 
IqO 	00 160 1I.1,O
 

ACECI )PCA(I).AC
 
ARE(t)aPCA(I )AR
 

160 	CONTINUE
 
TIME=O.
 
VPDEW=VPT(TDEWC)
 
CLO=.Be*CLOV
 

180 CONTINUE
 
IF(MCASES*EQiO)GO TO 260
 

C 	 MAIN LOOP FOR SHIRTSLEEVE CASE
 

220 CONTINUE
 
567 CONTINUE
 

PTIMuTIMEt60.
 
Do 655 IIlt1NIO
 
NGERuIOPUTCII)
 

655 XXTR(II)wXNEW(NGER)

C 	 WRITE(6t qi)PTIt TRIN(2)rfXXTR(|X)IX=|tN|OI
 

C WRITE(6Q 4 4)(TROUT(I),IwI*t0) 

4qq FORMAT(IH ,10F7.2) 

C 2qD FORMAT(F8eI#9XIIF9.2) 
IF (+MCASES.GT.O) RETURN 

260 OLDSTR a STORAT 

CALL SHRT
 
C
 

C 	 OUTPUT FROM THERM TO GUYTON
 

OUTGUYI)uQEVAP.'54/IO.#
 
OUTGUY(Z)=TRN(I)
 
TIMENTIME+DTIME
 
PTIMHTIME*6O*
 

280 	IF (TIME.GEOSETT.AND.MCASES.EQ°O) GO TO 300
 

IF(MCASESEQ*O) GO TO 260
 
IF (PRNOW.GT.TZME) RETURN
 
PRNOWUPRNOW+PRINT
 
GO TO 220
 

300 	PTIM=TIME.60.
 
PRNOWSPRNOW+PRINT
 
IF(MCASES.EQ9O)GO TO 568
 
RETURN
 

http:PTIM=TIME.60
http:PCA(I).AC
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568 CONTINUE
 
C WRITE(6o222)(QCONVill)ttintt4O)o(BF(12)ol2nl#40)oTRCO
 
C WRITE(6s222)(XNEW(II)PI10125vl67)*(XNEW(12),$12=2lGo2l9)oQSTOR
 
C 222 	FORMAT(IH jIOF7*9)
 

WRITE(6#225)
 
225 	FORMAT(I THERMOREGULATORY STEADY STATE')
 

MCASES*j
 
GO TO 20
 
END
 
SUBROUTINE MANT
 
COMMON /TRM/QBASAL#UEFFsTCAB*TW#TDEWCtVCAB*VEFFoPCABPGP
 

CLOV*EUGgCPGDT*PRINTIoSETI*XIPOS#
 
ACE(10)oARE(lO)*C441)PCLOoDTIMEIEMAX(10)sPRINTsPRNOWt
 
QEVAPtQLCGgQRAD(10)*QRSENIsQRSEN2sQRSEN3oQRSEN59QRSEN69
 
QSEN(10)PQSHIV*QSTOR*RMPSETTsQUG*SToRAT$T(43)s
 
TIMETSET(41)sTUG(tGloTUGAVgUVPDEWswoRKI
 

6 ICONDPIPOS*MCASESPNIO*IOPUT(20)
 
COMMON/TRINT/TSBF#DDEGFoTRIN(8)tTROUT(10)*TRTIME
 
COMMON/TROX/BF(40)sQCOND(40)sQCONV(40)*QMET(40)pTRCO
 

C DIMENSION QCONV(40)oQCOND(40)#BF(40)#QMET(qO)IERROR(qG)*WARM(91)
 
C 9COLDVfI)vQDIF(I0)#QLAT(Io)
 

DIMENSION ERROR(40)oWARM(ql)*COLD(41)PQDIF(tO)PQ4AT(IO)
 
DIMENSION FACTOR(qO)pQSWT(10)PWTAREA(IO)
 
DIMENSION BFB(qOlgQB(40)*WORKM(10)#CHILM(IO)oSKINV(10)tSKINC(IO)o
 

SKINS(IO)sSKINR(IO)pRESTM(IO)
 
DATA CSWOSSWDPSWOCDIL*SDIL$PDILCCONoscONsPCONiCCHIL#SCHILePCHIL
 

/7oS*o964*oo.OoOsl66o9lO#9oOoOo44o99l()ooO9OsOoOpOoGt25*7/
 
DATA aFB/99*39O*26SsO*287v3oI8# q63vOsI3*2#2*65pq*63t
 

Oe925*1*26oO*22loO*55090*9,2691*26ooo22lsOt55Oo
 
2o?7*3*79#O*575#3oI5s 2*9793*790457S93*159
 

O*tII9O*265*O*04qZo2#2Is OtIlls #2651 9044Z92*21s
 
0*177t 90221# 9055o 39319 *1779 902219 *0559 3o3l/
 

C DATA QB/9172**00134p*ooliatoootoas#6109*0672t*0286*900537j
 
C *oOO47**006499001149*000875teDO47isOO64toDO11409000875I
 
C **015s*0192toOO289soOO215soOlSitOI929*00289soOO215t
 
c **00054*oUO134990002029900033699000549#0013qo#00020299000336v
 
C *9000875,,000135,9000268#*00047O9oooo875#eoOol359oG002689
 
C **000470/
 

DATA QB/91652#90027s*ool7ptoolao@5955091015o*02469*007#
 
&00()35#90086*90015*,oOIISI00035t*OO869*0015#*001151
 
S*000510000250000025*oOoo5000005#9000259*000259000051
 
S*00765#900183titOO26o*oO2ooOO765**001839900269*002#
 
S*00129*00035PPOO065**001**OO129900036tt0006699001/
 
DATA WORKM/O9OSOo39OoOlitOoO'49Oo3#Oe39OoOG5oD*OO5tOeOOSsOoGO5/
 

C DATA RESTM/90299663*.*055oeO55t*1459014594*000q/
 
c; DATA RESTM/901**559905*905*#15ovlSoqooOl/
 

DATA CmILM/OoO2tOe85*0902510*025#0#035pOoo3St9*o*O/
 
DATA RESTM/0*013290972190*0390903,0909a2oO4o982s#OO299OO29oo0239
 

&*0023/
 
DATA SKINV/091329093229OoOq75*OeOq759o9llSto9ll5#OoO6l90*0619
 

000510005/
 
DATA SKINC/U*U5sOol5tO9O25oG*OZ590#02590ob25oOol75*09175vOol75a
 
9 09175/
 
DAT'A SKINS/0908ltO*482o2*0*077s2*o*to9 **2*0*01559200*0175/
 

DATA SKINR/921tei2soustoossolit1$00290029#015*9015/
 
DATA-FACTOR/3*04#25#14t3Ooq39G*093*02*10948993967*0*0#
 

1*32*9*82o28*8990*091,3299#82,28989*0*0*
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* 	 9*93, 13.687057,O.Gt9o93.13e68.70*57,O.O, 
* 	 6.07to6,91092OOt6.O7,lO.6Q#.0.9 2.OO*
 
0 	 ~5,qq.19,52,15s55O9g.10 sqtt9S2.S5OeO/ 

C 
C SWEATSHIVERCONSTRICTIONDILATION CALCULATIONS
 
C
 
C ... *.*... 0**** S *@**@* e****ee*t*0*****ee***e**S*@@@***S**S*o*S***o@
 

DO so 	i=10O
 
ERROR(I *T(I)-TSET(j)
 
WARM(O)0O
 
COLD(I)sO.0
 
IF (ERROR{I)) z2oqo,60
 

20 COLD(I)uERROR(I)'
 
'0 60 TO 80
 
60 WARM(I)=ERROR(C)
 
80CONTINUE
 

C
 
TAVSKT(42)
 

C
 
C INTEGRATE PEIPHERAL AFFERENTS
 
C 

WARMS a 0.0 
COLDS a 00 
DO 90 1In•vO 
K a 'i1 
WARMS u WARMS + WARM(K)SKINR(I) 
COLDS a COLDS + COLD(K)eSKINR(I) 

90 CONTINUE 
C 
C DETEMINE EFFERENT OUTFLOW
 
C
 

SWEATOCSWERROR(f)lSSW(WARMS-COLDS)+PSWoWARM(I)tWARMS
 
DILAT CDIL ERROR(I)+SDIL'(WARMS-COLDS)+PDIL.WARM(I)eWARMS
 
STRICu.CCON ERROR(I) SCONs(WARMS-COLDS)+PCONOCOLD(I)OCOLDS
 

C 	 QSHIV(2'i6*ERROR(1)+7560(WARMS-COLDS))S.3080(WARMS-COLDS)
 
TCa(T()"32.).S./9o
 
TAVGm(TAVSK.32t) *5/9.
 
TC=TC-(.-(((37.0-TCI)*I7)*e02)/iOt) 
RMX=222219-61492*(TC)*TAVG@(1933.2453.660(TC))
 
&.TAVG*e*2(q6.q5-1,289.(TC))
 

C CONVERTS METABOLIC RATE FROM CAL/SEC To BTU/HR
 
RMXORMX3o603o97
 
QSHIVsRMX-QBASAL
 

C 
C ENSURE EFFERENT COMMANDS ARE POSITIVE
 
€
 

IF(SWEAT) 9192.92
 
91 SWEAT= 0.0
 
92 IFCOILAT) 93,9q,9q
 
93 DILAT - 0.0
 
94 jF(STRIC) 95,96,96
 
95 STRIC m O'0
 
96 IFCQSHIV) 97,98,98
 
97 QSHIV m 0.0
 

98 IF(ERRORCI)) 110,I9o,99
 
99 QSHIV=OO
 

mailto:RMX=222219-61492*(TC)*TAVG@(1933.2453.660(TC
http:5,qq.19,52,15s55O9g.10
http:6.07to6,91092OOt6.O7,lO.6Q#.0.92.OO
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C 
C 

110 CONTINUE 
CA**CU*.LAT .IOO 

CALCULATION OF 

RYEl.APAIVElefl e.lOSSlQ 

RESPIRATORY EVAPORATIVE LOSS 

efl*Oet efl* ******** 

C 
C* *e****e.*eeoeeeeee **..e..****oe***@***eeee*.**.**** eleee 

VPIN * VPDEW 
HUMIN a O.622oVPIN/(PCAB'VPIN4 
TEXP 0 86.9 + O.O660TCAB + 57.qOHUMIN 
VPEXP a VPT(TEXP) 
HUMEXP = 062200.8*VPEXP/(PCAB-OSOVPEXP) 
VRESP 0 (OqlSPCAB.5q ,.30,)/(5qq,.(TCAB+Q60O)) 

*fI*O - 0.33o(14i7 - PCAB))*RM 
QR a VRESP*(HUMEXP-HUMIN)@IO.* 

C WRITE(6,Ss5)VRESPHUMEXPPHUMINTEXPVPEXPVPIN 
C 555 FORMATI 6FO.q) 

QLATI a O.38600QR 
QLAT2 a OO860QR 
QLAT3 a O.0287*QR 
QLATS a 0.2380'QR 
QLAT6 * Oo26300 QR

C......o.n.**..**e .......... *.*******.*..******.************o********* 

C 
C CALCULATION OF SWEAT EVAPORATIVE LOSS 
C 
C... e*t*****S******9@********O0O .fl.........,*.o*,*.eee*e@efl***e~e**e 

QSWEAT a 0.0 
Do 100 J-1IO 
jwqel 

QSWT(I) * SKINS(I)*(SWEATS2.**(ERROR(J)/18.O) ).I.O 

IF1QSWT(3) *LT# 0.0) QSWT(I) a 00O 
QSWEAT - QSWEAT + QSWT(I) 
.WTAREA(I) a QSWT(I)/EMAX(I) 
IFIWTAREA(C) *GT. 3.00) WTAREA(I) = 1.000 

IOU CONTINUE 

C 
C 
C 

CALCULATION OF SKIN DIFFUSION EVAPORATIVE LOSS 

GD 
DO 

a 0.0 
120 IilslO 

QDIF(I) a 2.8*ACE(II*(VpT(TUG( I)-VPDEW) 
*((VCAB/PCAB)*o.0-15)S(I.O w WTAREA(I)) 

IF(QDIFCI) .GT. 006@EMAX(C)) QDIF(1) 0.O6eEMAX(i) 
QD - 0D * QDIF(I) 

120 CONTINUE 

C 

C 
C 

CALCULATION OF TOTAL EVAPORATIVE LOSSES 

C 

DO 130 1s5,IO 
QLAT(1) a QDIF(I) + QSWT(I) 
IF(LATCI) *GT. EMAXII)) QLAT(I) 

130 CONTINUE 
WRITE(6,987JQEVAP.QRtQDsQSWEAT 

* EMAX-(I) 
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C 987 	FORMAT( 'FIO.') 
QEVAP m QR + QD + QSWEAT 

C BLOOD FLOW CALCULATIONS
 

WERGOWORK-77.
 
IF(WERG7,7,8
 

7 WERGwOo
 
WORKRUWORK
 
GO TO 9
 

B WORKRw779
 
9 CONTINUE
 

TBMBF2'4.537
 
BFWaTROUT(I )3t6/3*785089322-TBMBF
 
IF(TROUT(4q)LT,.4)GO TO 775
 
BFRs239.
 
BFWuBFW-BFR
 
GO TO 776
 

775 BFR=BFW
 
8FWwO*
 

776 CONTINUE
 
iF(BFR.LE.OoO)BFR=O.O
 
DO 200 I,1vIO
 
N941-3
 
SF(N)=BFB(N)
 

QMET(N)=QB(N).QBASAL
 
QMET(N+I)QB(NI)*QBASAL WORKM(I)0WORK+CHILM(I)*QSHIV
 
BF(N+I)*BFB(N+I)+RESTM(I)OBFR+WORKN(I)*BFW
 
QMET(N42)OQB(Nt2).QBASAL
 
BF(N+2)'BFB(N42)
 
QMET(N+3)QB(N*3 )*QBASAL
 
BF(N+3I) (BFB(N 3)+SKINVI!) D.LAT)/(I.O+SKINC(1) STRIC))
 

C &*EXP(ERROR(N*3)/I8.O)
 
200 CONTINUE
 

BF(I)STROUT(2)03.6/3785080322
 
BF(S)ITROUT(5)*3o6/3,78508322
 
TCBF=0.
 "
 TFBFROo
 

TMBF=O.
 
TSBFuO.
 

D0 676 KLxI*IO
 
KLIaKLSQ-3
 

TCBF=BF(KLII)TCBF
 
THBFUTMBF+BF(KLIeI)
 
TFBF=TFBF+BFIKLI*2)
 
TSBF=TSBF+BF(KLI+3)
 

676 CONTINUE
 
TRCOsTCBFeTFBF*TMBF+TSBF
 
COTRwTRCO
 
TRCOOTRCO/3.603785/8.327
 

C RITE(,65S)TRCO.TMBFTSBFPBF(I)
 
C655 FORnAT(IH ,9FIOq)
 

C CHECK FOR NEGATIVE BLOOD FLOW
 
,---------------------------------------------------
C-.....M.,--------------------


DO 220 II,'40
 
220 IFCBF(I)eLT.OO)BFI)=O9O
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C QCONV(I)=CONVECTION FROM BLOOD TO EACH NODE
 
C QCOND(I)=CONDUCTION BETWEEN ADJACENT NODES
 

HEF181.
 
HEF2so
 
HEF3w@3
 
DO 2QQ 1=I.00
 
QCOND(I)SFACTOR(i)*(T(I)-T(I*I))
 

2'' 	 CONTINUE
 
DO 240 101#24
 
QCONV(I)uBF(I)*(T(lI)-T(I))
 

ZIG 	CONTINUE
 
TVANmOo
 
TVLNmO9
 
TVHN=O.
 
TVFN=Oo
 
TBFA=O.
 
TBFLiO*
 
TBFH=Oo
 
TBFF=O.
 
DO 1070 iul*8
 

TBFA=TBFA+BF(I 8)
 
TBFLuTBFL*BF(1416)
 
TBFHATBFH+BF(I2I)
 
TBFF-TBFF*BF(C132)
 
TVAN=TVAN*BF( 18)*TCI+8)
 
TVLNSTVLN+BF(I106)*T(I+6)b
 
TVHN=TVHN*BF,(I4Z'l)*T(I2'$)
 

1070 TVFNSTVFN*BF(1*32)*T(1+32)
 
TVA=TVAN/TBFA
 
TVLsTVLN/TBFL
 
TVH=TVHN/TBF'H
 
TVF=TVFN/TBFF
 
,CCToCOTRC(T(1 lT(5))*HEF3
 
CCA=TBFAO(TVA-T(9))*HEFI
 
CCHUTBFHS(TVH-T(9)+T(Ql)-T(9))*HEF2
 
CCLUTBFL*(TVL.TLi7))*HEFI
 
CCFSTBFF.(TVF-T(,17)tT(iI)eT(17))eHEF2
 
QCONV(S)=QCONV(5)+CCT
 
QCONV(9)NQCONV(9)*CCA*.rCCHO * 
QCONV(13).QCONV(9)
 
QCONV(17)*QCONV(L7)+CCLOS.'CCFO*5
 
QCONV(2I)mQCONV(17).
 
DO, 107-1 I25,32
 
QCONV(I)wBF(I)*(T(9)-T(I))
 

1071 CONTINUE
 
DO 1072 I=33,40
 
QCONV(I)8BF(I)*(T(I1)-T(I))
 

1072 CONTINUE
 

C TEMPERATURE CALCULATIONS
 

C CALCULATE TEMP OF HEAD CORET(1), AND TRUNK CORE9T(S).
 
...................--... mET-------------- ) .ND.........
-- mON
........ 


T1) .T11) DT IE/Ct I)* CQMETC1)-QLAT 1.QCONV( IhQCOND( i) QRSENI)
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T(S)=TCSL*DTIME/C(S)@(QMET(S)*QLATSBQCONV(S).QCOND(SI'QRSENS)
 
IFITCAB.LT.7i OR.TCAB.GT.769)DDEGF=T(S) 98*7
 

C."---------------------------. eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
 

CALCULATE TEMPERATURES OF REMAINING CORES --ARM(9+I3)tLEGCI7+2I)$,
C 

C 	 HAND(26*2 9 )tAND FoOT133+37)
 

..---------------
C= . . .----------. . . . .	 -----. . .. Y-------------e----------------. . . .
 

DO 260 l59,37,q
 
T(IZ)T(I)+DTIME/C(I).(QMET(I)4QCONV(I)-QCOND(i))
 

C IF(I*GT.21)WRITE(6,9876)IQMETCI),QCONV(I)sQCOND(I)
 
C9 876 FORMAT( IlqX,3FIO*q)
 

260 CONTINUE
 
C ----------------------.... l---------------------------------------


CALCULATE THE TEMPERATURES OF THE MUSCLE --HEAD(2)*TRUNKC6),ARMCIO+
C 

C Iq)tLEG(18+22)HANDC26430),FOOT(3Q+38)
 

T(2)aTC2)+DTIME/C(2)(QCOND(1I+QMET2)-QLA12eQCoNV(Z)QCOND(Z)
 
* 	 QRSEN2)
 
T(6lwT(6)+DTIME/CC6)*(QCOND(5) QHETI6)4QLAT6QCONV6)-QCONDI6)
* 	 QRSEN6)
 
DO 280 IlO*.38't
 
T(I)T(1I)+DTIME/C(CIe QCONID i) QMETII)QCONV(I)-QCOND(I) )
 

Z8U CONTINUE
 

I I
 
C CALcULATE TEMPERATURES OF THE FAT LAYER "nHEAD3)UTRUNKC7),ARM(

eIB)
 

C LEG19+23),HANDC27 +3 1),FOOT(35 39)
 

T(3)*T(3)+DTIME/C(3)*(QCOND(2)eQMET3)-QLAT3 QCoNV3)-QCONDC3)
* 	 QRSEN3)
 
Do 300 =73994
 
T(I)=T(I)4DTIME/C(I)*(QCOND(I-)QMET(I)QCONVCI).QCOND(I))
 

300 CONTINUE
 

C CALCULATE TEMPERATURES OF THE SKIN --HEAD(4)#TRUNK(8)sARMf120I6)*
 
C LEG(202Q) HAND(28 32)FOT36'40)
 

DO 320 1 u4.I0.' 

T(I)=TCI)+DTIME/C(I)9(QCONDII-bQMETCI)-QLATIJ)+QCONVII)
 
* .QSENiJ)wQRAD(J).-QLCG)
 

320 CONTINUE
 
aaaaaaaaaaa
C ... .......---------------------------------------------------------......
 

C CALCULATE TEMP OF CENTRAL BLOOD -- 1)
 
. .. . e .. . . .. a.-. ...----------..---------------a-S-----.. . aaaaaaaaaaaaaaaaaaaa
C. " .. 	 . . . --


SQCONV 0 0.0
 
Do 340 l1lQO
 
SQCONV=SQCONV-QCONV(I)
 

340 CONTINUE
 
TCC-CCA*CCL+CCH CCF+CCT
 
SQCONV.SQCONV"TCC
 

C IPT=PTIM/2.
 
. IF((PTIM/Z2).hPTI.GT.OOOI1GO To 665
 
C WRITE(6,664)SQCONVTCCCCACCLCCHCCF
 
C 664 FORMAT4 6FI*O*1)
 
C 665 CONTINUE
 

T(qI)=Tl*I)*DT IE/C¢I ) SQCONV 

C CALCULATE AVERAGE SKIN TEMPERATURE(62) BASED ON PERCENTAGE OF
 

http:IFITCAB.LT.7i
mailto:T(S)=TCSL*DTIME/C(S)@(QMET(S)*QLATSBQCONV(S).QCOND(SI'QRSENS
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C TOTAL SKIN AREA FOR EACH SKIN NODE * THAT NODES TEMPERATURE
 

T(2)s0O. TcqtO3602T(s)+0.067o5ST~i2).OO6705oT(l6)tO.5B87*
7
 
* T(2O)+0.1687.Tt(24)*O.2ST(28)O.O2S*TC32)eO03q3*T(36)*
 
* O.0343.T(qO)

T(43)mOoO2325•Ti2)+0*549*T(6)+0*0627*T{lO)*eOS27*Tii*)*|5920
 

* T(18)+D0.92T22)O.00115ST(26)+O.OII6T30)OO0|I1S
 
* T(3q)+OOOII5'T(38 )
 

TBFOoO
 
DO 360 101#40
 

360 TBFUTBF BF(I)
 
C 'PULSE0SS926*TBF/60*O
 

RETURN
 
END
 
SUBROUTINE SHRT
 
COMMON /TRM/QBASALUEFFTCA8,TW.TDEWCVCABVEFFPCABIGI
 

S CLOVEUGCPG.DTPRINTz.SETIXIPOS.
 
& ACE(lO),ARE(IO),Ctql)CLODTIMEEMAX(IO)sPRINTPPRNOWI
 
& QEVAPQLCGQRADCIO)tQRSENIQRSEN2,QRSEN3,QRSENStQRSENbe
& QSEN(1O)tQSHIV*QSToReRMISETT#sQUGiSToRAT9Ti43)t
 

& TIMETSETtqlTUG(IO0UTUGAVUVPDEWWORK,
 
& ICOND*IPQSMCASESNIOIOPUT420)
 
DIMENSION H4110)
 
DATA H/.033,02692..036,2*.033#2..04,20t036/
 
1WRsTW~q60.
 
SQUGA"OO@
 
SQUGWuOO
 
SQW.O#O
 

9
 5 *
 TAVSKN=(O J46*T.0)+o4B826*T 2)+OO26*T 16)+09'S*T(20) 01 9i


&124)i/.99a2
 

C
 
C CALCULATION OF Q-RADIATED(GRAD) AND Q-SENSIBLE(QSEN)
 
C
 

DO 60 IsIsIO
 

TUGR=TUG(I)+460.
 
HCuH11).ACE(I)SQRTIPCAB.VCAB)
 
IFG9LE*O*O)iO TO 10
 

• 2S
KCI.0.O6ACE11)0CABO*2 GOABS(TUCI)-TCAB))


IFIHCI.GTHC)HCOHCI
 e e e

10 HRO.l73E-8.AREI),EUG *(T UG R 3+TUGR*e 2*TWR TU G R TWR Z+
 

STWRS*3)
 
IFCI*LT.2*OR.ItGT96 )-GO TO 20
 
IFCCLO.LT*OO.)GO TO 20
 
TUG1I)UIHRSTW+HC*TCAB+ACECI)/CLOeT1J))/CHR4HC*ACECI)/CLO)
 
G0 TO 90
 

20 TUGCI)NTJ)
 
qO QUGWSHR.(TUGLI)-TW)
 

QUGASHC*(TUCII.TCAB)
 
SQUGWUSQUGW+QUGW
 
SQUGASSQUGA*QUGA
 
QSENCI)sQUGA
 
QRADII)4QUGW
 

60 CONTINUE
 



132
 

LISTING OF WHOLE BODY ALGORITHM
 

C
 
C CALCULATION OF RESPIRATORY SENSIBLE
 
C
 

QRSENIxO.5*0.0418*PCABe1L QO/(48o3o(TCAB+459*69))*RMOCPG*((09385*T
 

e(I)+O086Tt2)+O0287lT(3)LO238T(S)+O*2615T(6))TCAB)
 
&s(1.-.33*(lI7-PCAB))
 

C WRITE(6,888)QRSENIPCABoTCABRM,.CPGeT(i)sT(5)
 
C888 FORMAT( 7F10.q)
 
C 	 QRSENImO. 

QRSENZ s 0o172 * QRSENI 
QRSEN3 a 0.057q * QRSENI 
URSEN6 a 0.523 0 QRSENI 

QRSEN5 0Oq76 * QRSENI
 
QRSENIOO771*QRSENI
 

C
 
C
 

SQUG a SQUGA + SQUGW + SQW + QRSENI + QRSENS + QRSEN2 + QRSEN3 + 

oQRSEN6 
TUGAV3Oo33I7*TUG(2)4O,1O1$(TUG(3)+TUG())'+O3015e(TUG(5| TUG( 

6 )) 

C
 
C CALCULATE MAXIMUM EVAPORATION RATE
 
C
 

DO 80 	181,10
 

VPTUG=VPT(TUG(I))
 
HESO.26SACE(I).(TCAB+60ol9)0o10VEFF/IUO*SQRT(VCAB/PCAB)
 
IF(GOLEoO*O)GO TO 65-

HEI=1o32*ACE(I)e(TCAB+q60O)/PCAB*(PCABeGe(ABS(*OOSePCABe(TUG(|)

*TCAB))+1OZ0(VPT(TUG(C))-VPDEW)))fl$25
 
IF(HEI .GT. HE) HEOHE1
 

65 	 IF(I *LT. 2 *oR. I *GT. 6) GO TO 70
 
IF(CLO #LT* 901) GO TO 70
 
HECL=22*36*ACEII)efT{j)+4609)**0081/(CLO*PCABI
 
EMAX(I)UHESHECL/(HE+HECL)O(VPT(T(J))-VPDEW)
 
GO TO 75
 

70 EMAXII)UHER(VPT(T(J))VPDEW)
 
75 IF(EMAX().'LT' 0.0) EMAX(I)w0.0
 
80 CONTINUE
 

C 

C 
CALL MANT 

C ----- -----. m...... ...------ -- ...--- ".-- ----- ---- ---- ----.--. 

WSTOR=O. 
00 IGO I=ItqI 

QSTORUQSTOR4C(I)*CT(I)-TSET(1))
 
100 CONTINUE
 

STORATaRM-(SQUGASQUGW+SQW+QEVAP+RSENI+QRSENZ+QRSEN3
+QRSEN6*
 

I QRSENS)-U*QSHIV 
C SCABC a QRSENI * QRSEN5 * QRSEN2 + QRSEN3 4 QRSEN6 + SQUGA 

C SCABInSQUGA+SQUGW 
RETURN
 
END
 
FUNCTION VPT(T)
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FUNCTION TO CALCULATE VAPOR PRESSURE AT TEMPUT
 
Xw6479Z7-(T+S60O)/I*8
 
TEMpOX*4#8/(T+460*1*(3*249+5,868E-3*x~lolTOE-SeXo*3J
 

& /(i.+2.188E-'3X)
 
VPTm3207./tO.**TEMP
 
RETURN
 
END
 

END ONSITE PRINTOUT ON JUNE 18, 1975 AT 16:1936S
 
D56-GO3432*TPFS(O) XXX(O)
 


