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PROGRAM DESCRIPTION

A. IDENTIFICATION

Program Name

Programmer's Name

Date of Issue

Croston Exercis Model
(Univac 1110 Version)

• R. C. Croston, GE/JSC, Houston

August 1 1 , 1973

B. .ENFRAL DF.VCRIPI'IMN

A mathematical model and digital .iputer simulation of the human
cardiovascular system and its c,.;trols were developed to simulate
transient responses to bicycle ergometer exercise. The purpose of
the model is to provide a method to analyze cardiovascular control
hypot l--l ses which cannot be easily tested in an animal o hu m an or
in a spaceflight environment.

C. USA:E AND RESTRICTIONS

Machine and Compiler Required - Univac 1110 TSS and Fortran V

Peripheral Equipment Required - Magnetic Tape
- Ti^ie Sharing Terminal

D. PARTICULAR DESCRIPTION

^quations Used and Derivations - See TIP No. 7141-MED-2010

Definition of Terms Used	 - See Table 1.

Detailed Description - Equations describing pulsatile blood flows,
pressu res, and volumes for 28 motel sections of the uncontrolled
cardiovascular circulatory syste7 are solved. The circulatory system
model, Figure 1, is co bi ped with models of the controlling systems
to simulate transient responses to exercise. Other characteristics of
the combined model include gravity effects, 	 pu°lying, venous

tone, venous valves, respiratory frequency, and intrathorar.ic pressure
effects.
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E. DESCUPPION OF INPUT

(1) Contact V. J. Marks, GE/JSC, Houston to obtain Univac 1110 sign on
procedures and authorization ^odes.	 p

(2) Interactive operation of the odel will ask the user if he wishes
to change the standard not of initialization data shown in Table 1.
If' so, the user enters the appropriate index code and new value
for each vari.ablo as directed by the ( , onvorsational outp , it of the
program.

F. DESCRTMTON OF 01UPIM'

(I) Conversational output of the program will ask the user if ho wishes
to change the standard terminal output list of variables. It' so,
the user ent(,- rs the appropriate index cone and new value for etiolh
variable as directed by the -onversational output of the program.

(2) The standard set of output variables consists of time and 8 depen-
dent varlables whi<-h are output at the end of each hecirt heat. The
selected standard variables are as follows:

1	 Simulatioa Time (sec)

2	 Heart Rata (meats/min)

3	 Cardiac Output (Liters/min)

4	 Stroke Volume (liters)

5	 Menn Blood Pressure (mm 1'g)

6	 Systolic. Blood Pressure (mm 119)

Di:utol le Blood Pressure (mm 1110

8	 Respiration Rate (Breaths/min)

9	 Tntrat` orac.ic Pressure (mm 141;)

G. INTERNAL CHECKS AND EXTTE;

Exit - A normal stop exit occur:; when tho finish time specified is
exceeded.



INMTENOEN'f SUBROIITTNE• ',

SWIM Swat h Input
FCNSW Function Switch
DF.I.AY De lay
AWO Integration Algorithm
CVs Pulsatile Circulatory Model
CONTRL Cardiovas-ular Controlling Systems

X 110 Conve satioral	 Input /Output
BLOAT Initialization Datri

I.	 COMI UFFR PROGRAM LISTING;

(Attached)
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TABLE 1

DEFINITIONS

ELAN"T CONSTANT OR

NO. hNEMONIC DEFINITION INITIAL VALUE UNITS

1 X(1) Stressed Vol., RT.	 Atrium 71.88 ml
2 X(2) "	 , RT.	 Ventricle 158.2
3 X(3) "	 , Left Atrium 29.62
4 %(4) , Left Ventricle 147.6
5 X(5) "	 , Pulmonary Arteries 12.08
6 X(6) iftoCapillaries 16.51
7 X(7) IV

	 Venules 24.97
8 X(8) Total Vol.	 , Aortic Arch 165.7
9 X(9) Inertance Integral 0.0
LO X(10) Integral of Aortic Arch 0.0 mmHg-sec

Pressurt /Tit•at

11 X(11) Inertance Integral 0.0 -
12 X(12) Total Vol., Thoracic Aorta 202.6 ml
13 X(13) Integral of Carotid 0.0 m!1j1g-sec

Pressure/heat
14 X(14) Total Vol., Abdominal Aorta 112.5 ml
15 X(15) Stressed Vol., Common Iliac Arteries; 100.3
16 X(16) it,	 Legs Small Arteries 101.2
17 X(17) "	 , Legs Arterioles 109.3
18 X(18) to Legs Venules 81.79
19 X(19) , Legs Small Veins 61.72
2.0 X(20) , Femoral Veins 4.992

21 X(21) 'Total Vol., Abdominal Vena Cava 597.7
22 X(22) Total Vol., Thoracic Vena Cava, 348.6
23 X(23) Total Vol., Superior Vena Cava 2.58'(
24 X(24) Stressed Vol., Lower Carotid Arteries 25.37
25 X(25) "	 , Upper Carotid Arteries 25.35
26 X(26) , Head Small Veins 0.0
27 X(27) , Jugular Veins 0.0
28 X(28) , Superior Mesenteric 264.4

Veins
29 X(29) "	 Inferior Mesenteric 32.62

Veins
30 X(30) , Portal Veins 127.3

31 X(31) , Renal Arteries 24,31

32 X(32)
to

	 Renal. Veins 82.68

33 X(33) Integral of Left Vent. Flow/Beat 0.0
34 X(34) lnertance Integral 0.0 -
35 X(35)

"	 " 0.0 -
36

X(36) „ 0.0 -

37 X( 3(7) Integral of Pulmonary Arterial Pressure 0.0 mm}lg-sec.
38 X(38)

to
 "	 "	 Arterioles 0.0

if

39 X(39) Not Used -

40 X(40) " -
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'F''10ITNT CONSTANT OR
N0. MNEMONIC DEFINITION INITIAL VALUE UNITS look

41 X(41) (ACCMET) Metabolites 0.0 -	 9

42 X(42) Not Used - -

43 X(43) (;,N10 Neural Signal 0.0 -
44 X(44) (DA) Alactic Debt 0.0 Liters 02
45 X(45) (DL)	 Lac-tic Debt 0.0 Liters 02
46 X(46) (AVDA) AVD Lag 0.0 -
47 X(47) Not Used - -
48 X(48) (D0.) 0? Deficit 0.0 Liters 02

49 X(49) (01) Neural 0.0 -
50 X(50) Not Used - -

51 - 100 Time Derivatives of the above state variables

101 QRA Flow from RT. Atrium Computed ml/sec
102 QRV of	 of RT. Ventricle Variable
103 QLA 91	 it Left Atrium
104 (4LV to

105 QPA "	 Pulmonary Arteries
10 , QPC Pulmonary Arterioles
107 QPV of Venules
108 QAA Aortic Arch "

of

109 Not Used
110 11

111 Not Used Computed ml/sec
112 QLTA Flow from Thoracic Aorta Variable
113 Not Used
114 QIALA Flow from Abdominal Aorta
115 QCII.L Flow from Common Iliac Arteries
116 QL(,SA Leg Small Arteries
117 Not Used
118 QLc;CAP Flow from Leg Arterioles
119 QL(;VE 11

	 Leg Venules " to

120 qu"SV 01	 toLeg Small Veins " it

121 QFF'V It
	 Femoral Veins

1;'2 QABVC to Abdominal Vena Cava
1L , QTIIVC itThoracic	 to	 11

"

124 QSI'VC
if Superior Vena Cava

125 QLOC Flow to Lower Carotid Arteries
126 QU1'C It 	 if " "

127 QHCAP "	 from Upper Carotid Arteries to "
128 QNSV "	 from Head Small Veins to

129 QJV "	 from Jugular Veins It to

130 Qcol? Coronary Blood Flow If to



I^MMONIC DFFiNITION

Qmv, Flow to Oulx!rior Me. enteric Veins
QIMA

It"
	 Inferior Mesenteric Veins

QCSMV F).jw from Superior Mesenteric Veins
(INV '-	 'Portal	 Veins
QIT1V otInferior Mesenteric Veins
(^.ENA Flow to Renal Arteries
C"LE Flow from Renal Arteries
Q.RENV Renal Vein
QRE7 Flow to RT. Atrium
QD(1) Not Used

Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used

QD(10) Not Used
(j,E® Flow Through Skeleton, Done Idarrow,

and Fat

^Ww
t

j

E I,R4:NT
N0.

131

132
133
134
135
136
137
138
139
14o

141
142
143
144
145
146
t47
148
149
150

r*
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C01.STANT OR
INITIAL VALUE
	

UNITS

C(.)-T;puted	 Ml/sec
	

F:

Variable
	 ,.

„	 to

to

it

to

„

„

Computed
	

ml/sec
Variable
	

It

MILL Compliance,, Common Iliac Arteries
CIGSA

I I
, Leg Small Arteries

CIPAR it , Leg Arterioles
CLOVE it , Leg Venules

CLCSV " , Leg Small Veins
CFEV of , Leg Femoral Veins

Temporary
,I

Storage
it

CLOC

of

Compliance,

to

Lower Carotid Arteries
CUPC " , Upper	 It

CHSV of
, Head Small Veins

CJV , Jugular Veins
CCSMV , Superior Mesenteric Veins

CIMV " , Inferior Mesenteric Veins
CPO " , Portal Veins

161
162
163
164
i65
166
16"l
168

169
170

171
172

173
174

175
176

177
178

179
180

o.8
0.8
0.3

Computed
Variable

of

0.2

0.3996
0.3996
5.328
0.9058

9.59
1.505
6.047

,

„

„

151

152
153
154

155
156

157
158

159
160

CRA	 Compliance, Right Atrium
CRV	 "	 , Right Ventricle
CIA	 it, Left Atrium
CLV	 to, Left Ventricle
CPA	 Compliance, Pulmonary Arteries
CPC	 to

	 "	 Arterioles
CPV	 VI	 ofVenules

Temporary Storage
1,	 ,t

it	 11

ml/mmHg
of

it

of

1.2
	

ml/mmHg
1.7
5.3



L'JtJ'{L17 1

',0. "NI.t(?NIC DETINITION

181 CRFNA Compliance, Renal Arteries
182 CREW , Renal Veins
183 Cr(1) Not Used

84 to

185

13'^ it

187
188

189
190

191
192
193
194
19G;
1. of

1.97 of

198
it

199
to

2GO CD(18)

8

CONSTANT OR
INITIAL VALUE	 UNITS

0.2224

2.517
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CALCULATED VARIABLES FOR EACH VOLUMF. COMPART%TINT

}:LE'A'NT PkESS'!RE PRESSURE DUE EXTERNAL VOLUTE
NO, mm ! TO ^7RAVTTY PRESSURE CON;PARIMENT

201 PRA 321 Vfl) 421 PG(1) 45 5 PEXT(1) RT. Atrium
202 PRV 322 V(2) 422 PG(2) 456 PEXT(2) RT. Ventricle
203 PTA 323 V( 3) 423 PG(3) 1,57 PEXT(3) Left Atrium
204 PLV 324 V(4) 424 Pr,( 4) 458 PEXT(4) Left Ventricle
205 PPA 325 V(5) 425 PG(5) 1+59 PEXT(,) Pulmonary Ar-

teries
206 PPC 326 V(6) 426 PG(h) 460 PF.XT(6) Pulmonary Ar-

terioles
207 PlAr 327 V(7) 427 PG ('1) 1+61 PEXT(7) Pulmonary Veins
208 1,AA 328 V(8) 428 MR) 1,02 PEXT(8) Aortic Arch
209 Temporary Storage 429 >'r(9) 463 PEXT(9)
210 430 PG(10) 464 PEXT(IO)

211
212 PLTA 332 V(12)

14 31
432

Pr;(11)
Pr. 12

'+65
466

PERT'
PF.XT^'. Thoracic Aorta

213 Temporary Storage 43 PG	 1,3 467 PEXT 1
214 PLARA 334 V(14) 43^ M 14^ hA8 PEXT^1 ; Abdominal Aorta
215 PCILL 335 V(15) 435 PG(15) 469 PEXT(15) Common Iliac

Artery
216 PLGSA 336 V(16) 436 PC; (16) 470 I'EXT(1(,) Leg Small Art-

eries
217 PLGAR 337 V(17) 437 PG(17) 1171 PEXT(17) Leg Arterioles
218 PLGVE 338 V(18) 438 PG( 18) 1,72 PE'XT(18) Leg, Veins
219 PLGSV 339 V(19) 439 PG(19) 473 PEXT(19) Leg Small Veins
220 PFF.V 340 V(20) 440 PG(20) 4711 PEXT(20) Femoral Veins

221 PABVC 341 V(21) 441 PG(21) 1175 PEXT(21) Abdominal Vena
Cava

222 PTLTVC 342 V(22) 442 PG(22) 1176 PEXT(22) Thoracic Vena
Cava

223 PSFVC 343 V(23) 443 PC, ( 2 3) 1177 PF.XT(23) Superior Venn
Cava

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

225 PUPC 345 V(25) 445 PG(2 5) 1179 Pl!XT(25) Upper Carotid
Arteries

226 PHSV 346 V(26) 44r, PG(26) 1+80 PEXT(,)6) Head Small Veins
227 PJV 347 V(27) 447 PG(27) 481. PF.XT(27) Jugular Veins
228 FCSNfv 348 V(28) 448 PG(28) 482 PEXT(28) Superior Mesen-

teric Veins
?29 PIMV 349 V(29) 449 PG(29) 183 PEXT(29) Inferior Mesen-

teric Veins
230 PPOV 350 V(30) 1150 PG(30) 1184 PEXT(30) Portal Veins
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CAIonAnD VARIABLES) F'oR wii VoumE COMPAItTMFn

F:r,F7.0fl' I'RF:SSIME T(rl'AL VOIP&	 PRKLIlJRF; DUE	 F.X'rF11NA1, VOLIINIF;
NO. ( !i (Ml)	 TO (7RAV ITY	 PRFS SURF: COMPARTMENT

231 1'RL'NA 3')1	 V(31)	 451	 PG(31) 1465 PEXTHI) Renal Arteries
232 PHF71V 352	 V(32) 	 162	 PG( 3: 1 ) PF;XT( 32) Renal Velnu
233 PD(1) Mean ^)ilmonary Arteries
234 11D(2) Wedge Pressure 	 1.53 - 454	 Not Unel

235 Not Used 3')3 -	 308 Not Used
230 "	 " 1&) - V(49 	 Blood Volumo Command
23' "	 " 370 - V(50	 rotal	 Blood Volu!rw = 5325.0 ml
238

•^	 ,

239
•	 .,

240

24: •.	 "

242
of'

243

244
24")
24r',
247 "..

248
it

	
of

249 PM	 M, an Arterial Pressure 90.0 mmHg
250 PMC Mean Carotid Arterial Pr c nsur , 90.0 mmlig

E LFl`1:Mr CONSTANT OR
NO. MNEMONIC DEFINITION INTTTAI, VALUE UNITS

251. RRA RT. Atritun Valve Resistance 0.007508 mmHg/ml /s(e
252 RRV RT. Ventricle Valve Resistance 0.007508
253 RMV Left Atrium Valve 0.007518
2.54 RAV Left Ventricle Valve 0.008631+
255 RPA Pulmonary Arterioles 0.01')02
256 R1'C Pulmonary Capillaries 0.05255
257 RPV Pulmon.iry Venules 0.01502
258 Not Used
259 Not Used
260 Not, Used

261 RLi'A 'Thoracic Aorta 0.02400
262 Not Used 0.0
263 RLABA Abdominal Aorta 0.0240o
264 RCILL Common Iliac Arteries 0.02400
265 RLGSA Leg Small Arteries 0.03003
26(, RLGAR Leg Arterioles 4.r)0'5
267 RLGCAP Leg Capillaries 0.1+505
268 RWVF. Leg Venules 0.07508
269 RLGSV Leg Small Veins 0.0'1508
270 RFKV Femoral Veins, 0.02102 "
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.;L.RNIL•'::I' CONSTANT OR
1+0, MNEMONIC DEFINITION INITIAL VALUE UNITS

271 RARic Abdominal Vona Cavu 0.0073HO mmHg/ml/sec
272 RTHV(,* Thoracic Vena Cavu 0.007508
273 R^PVC Euiv-rior Venu Cava 0.01502
274 RLOr Lower Carotid Arteries 0.02252
275 RUPC Upper Carotil Arteries 0.03378
276 RHCAP Head Capillaries 3.431
277 RiISV Head Small Veins 0.3754
278 RJV Jugular Veins 0.004302
279 RCOR Coronary 15-390
280 RCSMA Superior Mesenteric Arteries 2.350

281 RP.A Inferior Mesenteric Arteries 34.534)
2&" KIM, Superior Mesenteric Veins 0.2252
283 RPOV Portal Veins 0.5255
284 RIMY Inferior Mesenteric Veins 0.3003
285 NRENA Renal Arteries 0.01502
2&, RRALF: Renal Arterioles 0.4,045
287 RREFF Effer^-^nt Arterioles 2.744
288 RRLNV Renal Veins 0.64,94
289 RD(1) Not UseJ
290 "	 "

291 Not Used
292

to

293 to

294
to	 to

295
to

296 of

2
^
97

7
to	 of

298 It	 of

299 RD(11) ofit

300 RS KR Skeleton and Fat 5.150

301 FLPA Inertance, Pulmonary Arteries 0.0007508 mJIg/ml /see t
302 FI.AA to,	 Aortic	 Ar, • h 0.00?881 It

303 Not Used
304

of

305 to	 to

306 FLLTA Inertance, Thoracic Aorta 0.008538
307 Not Used
308 FLI.AAA Inertance, Abdominal Aorta 0.008977
30(-) F'LCIIII, of,	 Iliac Arteries 0.00024

310 - 320	 Not Used
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UNSTRESSED VULUWS

h1E:i'i CONSTANT OR

:4JMONIC DFFINITION INITIAL VALUF. i1N_

?71 VU(1) Rt. Atrium 30.- m.1

372 VU(2) Rt. Ventricle 0.0

373 W(3) Left Atrium 30.0

371+ VI1(1,) I.e•ft	 Vi-rntrielc- 0.0 „

375 Vl ► (',)) Pulmonary Arteries 85.0
376 VU(()) Pulmonary Arterioles 15.0
377 VII(7) Pulmonary Veins 400.0
378 vu(s) Not Used
379 vu 9)
380 V11 10)

381 V11(1) , 

382 VU(12)

3,93 V11(13)
VU(14)

385 VU(1`i) Common Iliac Arteries 5.191+

386 VU(16) 1,s-g Smrxll Arteries 30.0
387 VI 1(17) Leg Arterioles 30.0
388 W vi) Leg Veins 100.0
389 VU 19) Leg Small Veins 68.0
390 v11(20) Femoral Veins 40.0

391 'I1J(2i) Not Used
392 VU (22)
393 VU(23)

39" VU 24) Lower Carotid Arteries 50.0

395 W 21)) Upper Carotid Arteries 50.0
3 <̂ 01 26) Head "mall Veins 500.0
397 'vii 27) Jugular Veins 28.0
?98 VU M) Superior Mesenteric Veins ) ► 51.0
399 VU 29) Inferior Mesenteric Ve in:, 80.0
400 'A1 30) Portal Veins 375.0

401 '!U(31) Renal Arteries 5..0

4o2 VI1(32) Renal Veins 150.0
1+03 - )420 Not Used

487 F.(1) Rieht Atrial Elastance Computed Vrtriab1 , mmHj-/m1
488 F 2)

E^3)
Right V-ntriclo Elastance

1.89 Left Atrial Elastanct-
490 E(4) Left Ventricl(- Elastance
491 - 500 Temporary ;toraw-
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UNSMESOED VGLUMES

ELEMENT CONSTMIT OF

110. `+211WIIIc DEFINITION INIT'.AL VALUE UNITS

5101 7. 1) Length of Vascular Segment 0.0 cm	 3

502 Z^2) " 0.0
11

503 0 3) 11 0.0
1) 0.0 11

Z 5) 0.0
r, (N. z (

1
) 0.0

Z 7) 11 O. 11

?(8) -3.0

Z (9) " 0.0
H

7(10) 0.0

,.1 7,(11) „ 0.0
J12 Z(1?) 20.0
513 Z(13) 0.0
51^, z (1 ) + ) " 16.0

515 Z(1')) 0.0
516 Z(16) " 0.0

517 7, 17) 0.0
518 Z(18) 0.0

519
Z. -).0

520 Z 

^:L())

 20) 6.0

521 Z(21) " 16.0
522 Z(22) 11 10.0 ,I

523 Z(23) -3.0
524 Z	 214) I, -114.0
525 7,(25) 0.0 ,I

526 7.(25) " 0.0

52.7 '1,(27) -]4.0
528 Z(28) „ 0.0

529 Z("9) 0.0

530 Z(30) " 0.()

531 Z(31) 0.0

532 Z(32) 0.0

533 7,03) 0.0
53 1 , 7. 30 0.0
535 Z^35) 0.0

536 Z(36 ,I 0.0
537 Z 37 " O.0 I,

533 Z(38) 0.0

539 Z(39) " 0.0

540 Z(4o) /, 0.0 11

541 WK(1) Time(Sec), Work(KPM/Min) Steps 000 See.
542 WK(2) 11	 " 0.0 KPM/Min

543 ^'K(3)
,I	 11 8.0 sec.

544 WK (4 )
„	 II >00.0 KPM /IA ; n .

54 , WK (5)
„ 320.0

5Ly , WK (6)
n	 /, 0.0 nN/Min.

54 7 WK(7)
0.0

548 WY,(fI) 11	 „ 0.0 KPM/Min.

54 9 wy,(9) 0.0
550 WK(1o) 0.0

KPM^Min.
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UNS'T'RESSED VOLUMES

ELF" `.:":T CONSTANT OR
. ANEMONIC DEFINITION INITIAL VALUE UNI13

>1 W1	 11) Time(Sec), Work(KPM/Min) Steps 0.0 apes.
552 WK 12) " 0.0 KPM/min
553 4"y,(13) 0.0 Sec.
554 WK(114) 0.') KPM/min.
555 W1:(1.5) 010 Sec.
55(, WK(16) " 0.0 KPM/min.
557 WK(11) 0.0 Sec.
558 WK 18) " 0.0 ?TM /min.
559 WK 19) "	 " 0.0 Sec.
560 WK(20) Fini6h Time 320.0 Sec.
561 HR licrart Rata 72.0 Beatn Min
562 SV Stroke Volume 0.09 Liters
563 CO Cardiac Output 6.7 Liters/Min
564 HT Total. Peripheral Resistance Calculated mmHp,/L/Min
565 PEX Exercise Boolean (Flc;at•ing) 0.0
566 W Work Rate 0.0 KRi/Min
567 PSYS Systolic Blood Pressc.;e 0.0 mmHg
568 PDYS Diastolic. Blood Pressure 0.0

of

569 FRED, Respiratory Frequency 8.3 Beats/Min
570 V02DOT Oxygen Uptake Calculated Liters 02/Min

571 AVD Arterio-VEnous 02 Difference 0.055 Liters 02

Liter: Blocd
572 PIAR lntra-Ab,]ominal Pressure Calculated mmHg
573 PITT] Intra-Thoracic Pressure
574 PMP Leg Muscl,	 Pump During Exercise
575 T] [ETA Body Angle Relative to ric),izontal 	 90.0 Degrees
576 SF Constriction Strength Factor 1.0 -
577 TTOT Heart Period 0.833 Sec.
578 TAS Period of Systole 0.19 Sec.
579 TVS Period of Diastole G.36 Sec.
580 C1 Gain Constant 16.0 -

581 C2 Gain Constant 10.0 -
532 GIM,W Gain Constant -0.005 -
51 , - PFXIN Pressure Set Point 88 .o mndig
584 TR Respiratory Period Calculated sec.

585-^ ,00 Not Used

0
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CJOn	 XFRCIS mm tfL IIT1i DATA IN)TIAL170TinN	 0/2/71
(PHMON /tTATF /X15nItXDOTIc,(1)

7/STATF/^.RA,Q P v,OLA.DL V e QPA,(7P ( tNpv ► IAAA.(JARC,gLAA,(IUTA.WLTA,f%IIAPA,
30LARA, QC ILL ,'GSA.OLGAR.r)LG(AP,0LCVF,WLGSV,QFEV,CAHVC1UTHVC.25PVC.
40LOC,OuPC,qHCA P,(i ►4SV,QJV,QCna,UCSMA,QI"AtgCSMV,QPnVi01MVt
SURENA100ALC,URr hV.QRFT,Qr( IVI ,CSKP
6/STATE/CPAtCRV,CLA,CtVofrAPCPC,CPV*CAAsCAwe,CLAA,CuTAtCLTA,CUARA,
7CLAPA•CfILLtCLGSA,CLGARtCL(-VF,CL6SV,CFEv,CAHVC,CTHVC,CSPV[,
ACLOC,CUPC,CHSV,CJV,CCSMV,CIMV,CPOvt

9 C RE NA0CRFNV,Cn11R)
A/STATF/,`RA,PRV,PIA,PI-V,PPA/PPCrPPV,PAAtPARC,PLAAtPUTAoPLIA,PUAgAs

RPLARA,PCILL,nLGSA, PLGAP,PLGVF,PLCiV,PFEV,PAOVC,PTHVCtPSPVC,

C PLOCtPUPC ,PHSV,PJV.PCSVV,PIMVoPPnvt
OPRENA,PpFNV,PO(Ie), ►tM,Pt'C
COMMnN/STATF/
ERPA,pRV,RMV,RAVtRPA,PPC,RPV,RARC,RLAA,PUTA,RLTA,RUAeA1
FULARA, RCILLtRLGSA,.;4^AR ,QLGCAP,RLCVF,RLGSV,RFEV,RARVCI
rRTHVf,RSPVf,pLOC,RTC,RNCAP,RHSV,PJV,RCOR,RCSMA,pIMA,RCSMV,
MRPOV. RI M V, RRENA ,R R ALE, RR CF F , QRLN V, WO( II)mRSKR

1/STATE/FLPA, FLAA,FLARC tFLLAA,FLUTAtFLL7A,FLUARA,

JFLIARA,FLCILL,FLCSMAtFLIAA.FLRENA,FLOM(AI
K/STATE/V(Sn),vu(SO),PG(34),PFXT(17),E(4),SPACEOnl
L17(40)t*of(7Q),WR,SV,COoPT,PEX IA.PSTS#PDVS,FRFO

1,V02DOT,AVn,PIAR,PIT ►+/PMP,THFTA.SF
N,T TMT, T AS,TVS,CI,C2,fNEw,PE XIN, TR,DUMMT (1 t,)

CALL Xln(T)

D n 1 	 101112
)n PG(I)GSIN( THETA/S7.7958)•[(I)•I.nS0980./1332.

CALL CONTRL)T)
CALL CVS(T)

C	 DO 2n I•),tinO

C	 20 r,RITF I1nP, 301 	 IX(I)
C	 In FoWMAT(Sx,)H(, 13t2H)•tFlr).7)

I CALL AL.nIT)
IF (T9LT.WK(2n)) Ctn TO I

STOP
ENO
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SUBROUTINF CVSIT)
CARn10VASCULAR EXERCISF MODEL
R, C. CPOSTnN (1973 SIMPLIFIED VERSInN)

C n HTRnLLED SYSTEM

CVMMnN/STATE/X (S0) ,XrOT1S0)
2/STATF/ QRA• QQv,QLA• QLV•QPA,QPCoQPV •QAAoQARC•QLAA,QUTA •OLTA•QUABA•

3QLAHA,OCILL•'JLGSA#QLGAP.nLGCAP90LGVF•ULGSV•QFFV•QAHVCoOTHVC,QSPVC,
40LOC,QUPC.QNCAP,QHSV,QJV,QCOR,QCSMA,QIMA•QCSMv,Qpov,01MV,

SQ Q ENA,GRALF•QRFNV•G Q F T • Qt) (10),QSKP

6/S TATk/CRA,CRV•CLA• CLV,CPA,CPC• CPV ,CAA•CARC,CLAA,CUTA,CLTA,CUABA,

7CLABA•CCILL.*CIGSA•CLGAR•CLGVF,CLGSV,CFEV,CABVC,CTHVC,CS ► VC9
ACLC`C,CUPC•CHSV,CJV,CCSMV,ClmV,CPOV,
9CRENA,CRFNV,C(?(1P)
A/STATE/PRA,PQV, PLA,PLV• PPA, PPC, PPV,PAA,PARC,PLAA,PUTA,PLTA,PIIABA,
HPLAFiA,PC ILL • P L GSA ,PLGAR*PLGVF,PLGSV,PFEV,PARV:,PTHVC,PSPVCI

CPLnC,PUPC,PHSV,PJV ,PCSMV ,PIMV,PPOV,

OPRENA,PDENV,PD(IA), ► M,PMC
COMMON/STATE/

ERRA•RRV, RMV• RAV,RPA,RPC•QPV,FARC,RLAA,R(ITA,RLTA,QIIABA,
FRLASA,RCILL•RLGSA•RLGAR,RLGCAP,RLGVE,RLGSV,RFEV,QABVC,
GRTHVC,RSPVC•R,-OC, RUPC, RHCAP,RHiV,RJV,RCnk,RCSMA,QIMA,RCSMV,
NRPOV, RIMY, RRENA,RRALE,RREFF,'sRENV,Rn(ll),RSKR
1/ STATE/FLPA,FLAA,FLABC,FLLAA,FLUTA,FLLTA,FLIIABA,

JFLLAAA , FLCILL ,FLCSMA , FLIMA,FLRENA,FLDM(R)
K/STATE/v(Sn),VU(5n),PG(34),PEXT(37),E(4),SPACF(1P)

L,2140)• WK(70) , HR ,SV,Cn,RT,PEX,W,NSYS,PnvS,FREQ
M,VO2OQT,AVD,PIAR,PITH,PMP,TNFTA,SF
N•TTOT• TAS,TVS,CI,C2 ,GNEW,PEXTN•TR,nUMMY116)

DI M F"ISIM PJ PRS(I), CPA P(32),RSO(SO),FINR(12)

EQUIVALFNCF (PRS,PRA),(C.MP(11,CPA),(RSn(l),RRA),( F INR ( I)i LPA)

C
	

T IS FL AP SF f) TIML
C
	

TT IS A CLOC K FOR ONE BEAT
TTwT -TSVF
IF (TT-TTOT) lOn2,InQ1.1001

1pr) TSVE.T
IFSTUSPACF(I)
CO•X(331/TTOT•.n6
x(33) n D.n
PMwx(10)/TTOT
x11n1wr).n
PMCwX(13)/TTnT
X(13).0.0
PDI)) n X(37)/TTnT
P1,(2)•x(30)/TTOT
X137) n n.D
x13P) n 0.0
SVATTOT/600*C0
RTBPM/CO
DIFF n -V(Sn)•V(49)
XI)gt n XIIB1.0IFF^n.^+
X(17) n X(19)•DIFF•0.4
PSYS&SYS
POYS.nYS
CALL XIn(T)

I I n CALL CO •ITRL (T )
TFMpwTEmP+n.2



I,(

IF ITEM P -T)	 I10,i11,tI1
III CONTINUE

SYS•0.0
DYS n loon.
TTOT.60./HR
TAS•n.lnon.n9eYTOT
TVS.0.16.0.20•TT0T

lOn2 CONrINUF
IF(TT-TAS)I9262

I SAS65IN13.14166TT/TAS)
Fll)•O.n5#0,05QSAS•SF
E(3) n O.12*0.14*SAS•SF
R5PVrm(20.•SAS•4n.)/1332,
RTHVC n (10.•SAS*20.)/1332.
GO TO 3

2 1111moons
E(3) so. 12

RSPVC80015n15
RTHVC•.n075075

3 TV•TT-0.1
IF(TV.LT.0,0)TV•:1.0
IFITV-TVS)495.5

4 SV5•SIN(1.1416*TV/TVS)
E(2) n O.nl75•.39*SFOSVS
E(4)•0.0 ?nn•l.tin•SF•SVS
GO TO 6

5 Ef7) n O.nl75
E(41.0.02

6 CONTINUE
DO 11	 1.1.4

11	 CMP(I)•I./F(Il
IFI X(4).LT.0.0)X(4) n O.f)

C	 COMPUTE VOLJMES
V(50)•0.0
00 55 1 n 1.32
VI1) n VUII)•x(1)

55 Vf501 n V15O1•V(I1
Vf5^1•Y1501•V19)-Vllll-V11J)•V(10)

C

	

	 RESPIRATORY PUMPS

TR5P•TRSPOT-TPS
IF(TRSP.GT.TR )TR5P•0.0

TI•TQSP/TR
PITH n -2.67-19.704•T1.569409*TI•TI
,-53.479*TIOT1•TI•169602*T1•TI$TlcTI
IF(THETA.(,T.6O.)P1TH•PITH-1•

IF(IFST.EQ.I)PITH•-5.
PIAA••PITH/2.

00 71 1•I.12
71 PEXT(1)•PITH

PEXT(22)-PITH

PEXT(23)-PITH
DO 72 I n 28,32

72 PExT( II+PIAE
PEXT( 14)•PIAB
PEXT ( 21)•PIAA

C	 MUSCLE PUMP



TMP.TMP*T-TPS
T P 5 a T

IF1TmP.GE.1.) TMPw0.
SMP.SIN(7.•3.1416•TMP)
PMPO40.•SMP
IF ISMP.I.T.n.01PMP.0.n

IFIPFX.LT.1.)PMP•0.0
IF(IFST.FQ.I)PMP.0.O
DO 44 1.16019

44 PEXT(I).PMP
COM P UTE PRESSURES

D0 12 1 a 1 r7
12 PR5111mX11)/CMP(1)•PEXTIIi

DO 1.3 1m15.20
13 PRS(I) n X(II/CMPII)•PE:XT(I)

DO 14 1024932
14 PRS(I)wX(I)/CMPII) ♦ PEXT(I)

PAA0397466-0.I0573•V(e)•n.UO31933*V18)•V(6)
IF' IPAA.GToSYS)SYS•PAA
I F(P AA.LT.DYS	 VSOPAA
PLTAO-48.U2A*0.62018*V(17)•O.QOn21565OV112)•V(17)
PLABA`-11.826#ooOn2265*V(14) .O.no97734•V(141 •V(14)
PTHVC' -5.5n06.o#IIS4•,122)-0,0006SS73*V(221•V(22)
1•0.0n00n1736•V(22)*V(22).V(22)
PABVCM-5,4996*ooV62408•V(21)-O.00n33598•V121)•V(71)
•n.0000nn4g^o26.V121)•V(21)•V(21)
PS°VC•-5.4999+0. 924n9oV(73) -0.042246*V(73)•V123)

t # C 11±C?63QASfV1231•V(23)•V(23)
QRA n (PRA-PRV)/RRA

HEART MODEL
1F(PRA.LT.PRV)QRA n O.f)
QRVnXI091 /FLPA
IFIC°V•LT.0.0)rmRVs090
XDOT1091•PRV - PPA - RRVoQRV
IFIXDOT1091•LT.O.O.AND.QPV.E0.090)XDOT(09)aO.n
QLA n (PLA- PLVI/RMV
IFIPLA.LT .PLV)QLA=Orn
QLV•X111)/FLAA
IFIQLV.LT90•nlGLVs0*V
XD0T(IllsPLV-PAA*PG(8)- RAV9QLV
IF( XnOT(III•LT.O.n. AND .QLV.EQ.0.C))Xr)OT(III.00n

P UL M ON A R Y CIRCULATION
QPA.(PPA-PPC);RPA
QPC n (PPC-PPV)/RPC
QPV n (PPV-PLA)/RPV

ARTERIAL MODEL
QAA n X(34)/FLLTA
XDOT(34).PAA-PLTA*PG(12)-RLTA*QAA
QLTAwX(3S) /FLLABN
XDOT(35) n PLTA-PLARA*PG(14)-RLABAOQLTA
QLABAOX(36)/FLCILL
XOOT(36)•PLABA-PCILL+PG(I51-RC1LL•QLAbA

LEGS
QCILLNIPCILL-PLGSA)/RLGSA
QLGSAWIPLGSA-PLC,ARI/RLGAR
QLGCAP n (PLGAR-PLG`/E)/RLGCAP
RLGVFw•n75o75

18
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IF( QLGVE.LT.C.UIRLGVF-67sS67S67
QL G VE -IPLGVF-PLGSV ► /RLGVF
IFIQLGVE.GT.O.O.AND.PEX•GT.O.O.ANn.IFST.EQ,I )QLGVE n I.ISOQLGVE
RLGSV-.o75n7S
IF(QL'.,SV.LT.().0IRLGSV n 67.567567
QLGSV-IPLGSV-PFFV ► /RLGSV
IF(QLGSV•GT*O.O.AND.PEX*GT.O.O.AND.IFST.Ep.I )QLGSV•1.15*QLGSV

VENOUS MODEL
RFEV6902ln21
IF(QFEV9LT.0.0)RFEV•67.567567
GFEV n (PFfV-PG120)-PA8VC)/RFEV
QABVC•IPABVC-PG(21)-PTHVC)/RABVC
QTHVC-(PTHVC-PG(22)•-PRA)/RTHVC
Q5PV(•(PSPVC-PG123)-PRA)/kSPVC

C	 HEAD#ARMS
QLOC8(PAA•PG(2S)-PLOCI/BL0C
Q(1PC. (PLOC,PUPC) /RUPC
QHCAP-(PUPC- PHSV)/RHCAP
QHSV n (PHSV.PJVI/RHSV
RJV0.0043nl
IF(QJV.LT.n•O)RJV-67.567567
QJV-IPJV-PG(27)-PSPVCI/RJV

C	 CORONARY CIRCULATION
QCORw(PAA.PRAI/RCOR

C	 CONTINUITY FOR VENOUS RETURN!
QRET-QSPVC•QTHVC•QCOR

C

	

	 HEPATIC - SPLANCHNIC CIRCULATION
QCSMA-(PLTA-PCSMV)/RCSM;;
QIMA•fPLTA.PIMV)/RIMA
QCSMV-(PCSMV-PPOV)/RCSMV
QPOV n (PPOV-PTHVCi/RPOV
QIMV-IPIMV-PPOVI/RIMY

C	 RENAL CIRCULATInN
GRENA-(PLABA- PRENA)/RREN4
QRALE•(PRENA-PRENV)/(RRALE+RREFF)
QRENV•IPRENV - PABVC)/RRENV

C

	

	 SKELTONsSONE MARROO # AND OTHER
QSKB•(PLASA-PAHVCI/RSKB

C	 STATE VARIAALE DERIVATIVES
XDOT(I)-QRET-QRA
XDOT(2)OQRA-QRV
XOOT(l)ft0PV-QLA
XDOT14)•QLA-QLV
XDOT(5)00RV-QPA
XOOT(6)•QPA-QPC
XDOT(7)•(^PC-QPV
XDOT(6)•QLV-QAAmUC0R-QLnC
XDOT(IO ► •PAA
XDOT(12)•QAA-QLTA-QCSMA-QIMA
XDOT(IM)•QLTA-QLARA- QkENA—QSKB
XDOTIISIOQLABA-QCILL
XDOT(16)wQCILL-QLGSA
XDOT(17180LGSA-QLGCAP
XDOTt18) n QLGCAP-QLGVE
XDOTt19)%OLGVE-QLGSV
XDOT(20) n QLGSV-QFEV
XGOT(21) n QFEV-QABVC+QRENV•QSKB



xDOT122)•GAHVC*GPOV-OTHVC
xDOT(23)•GJV-GSPVC
xDOT(2") n OLOC-GuPC
Y^-,,(25)89()PC-GHCAP
XDOT126)•OHCAP-GHSV
xDOT(17) n QHSV-GJV
xD07128)•OCSMA-GCSMV
ADOT129100IMA-QIHV
XDOT(30)ECIMV*GCSMV-GPOV
xDOT(31 )•URfNA-GRALE
xDOT(33)•QRALE-GRENV
xDOT133)sQLV
xDnT113)•PLOC
xDOT(37)•PPA
xDOT1391•PPC
RETURN
END

rn



SUBROUTINE CONTRL(TI
C0MMON/9TATE/X1501q,XC)OT1SO)

2 / S T ATE/QRA,O R V,OLA,QLV94 PA ,Q P (,Q P V9 QAA,QARC.OLAA,QUTA,OLTA,QUABA,

3QLABA,GCILL,QLGSA,QLGAHi9L(aCAP,QLGVF,4LGSV,OFEV,CABVCoGTHVC,QSPVC,
4 0L O C.QU ► C,OHCAP, OHS VIQJV, 0009,QCSPA,01MAtQCSMV,QPOV,QIMVa
50RENA,OQALF,ORENV,QRET,Ont10),QSKP
6/STATE/CRA,CRV,CLAtCLV#C ► ArCPC*CPv,CAAtCARC,CLAA,CUTA,CLTA,CttAbA,
7CLABA,CCILL,CLGSA,CLGAR,CLGVE,CLGSV,CFEV,CABV(,CTHVC,CSPVC,
SCLOC,CU ► C,CHSV,CJV,CCSMV,(1MV,(POV,
9CRENA,CRENV,CDIIBI
A/STATE/ PRA, ► Ry,PLA,PLVoPPA,PPC,PPV,PAA,PAHC,PLAA,PUTA,PLTA,PI)ABA,
BPLABA,PCILL,PLGSA,PLGAR, PLGVE,PLGSV,PFEV,PAPVC,PTHVC,PSPVC,

CPLOC,PUPC,PMSV,PJv,PCSMV,PIMV,PPOV,

OPHENA,PRENV,PD(16),PM,PMC

COMMON/STATE/
ERRA,RRV,RMV,RAV,RPA,RPC,RPV,RARC,RLAA,RUTA,RLTA,PUABA,

FRLABA,RCILL,RLGSA,RLGAR,RLGCAF,RLGvrikLGSV,RFEV,HAPVCI
GRTHVC,RSPVC,RLOC,RUPC,RHCAP,RHSV,RJVoRCOR,R(SMA,RIMA,RCSMV,
HRPOV,RIMV,RRENA,RRALE,RREFF,QRENV,R0tll),RSKB

1/ STATE/FLPA,FLAA,FLARC,FLLAA,FLUTA,FLLTA,FLUARA,
JFLLAPA,FLCILL,FLCSM4,FLIMA,FLRENA,FLDM(8)
K/STATE/VISO),VU150),P(s1341,PEXTl32),Et41,SPACFIIn)
LoZ(4nl,wK(20),NR,Sv,COoRTOPEx,t4,Pc,YS*PDYS,FREQ
M,V02')OT,AVD,PfAB,PITHoPMP,THFTA,SF
N,TTOT,TAS,TVS,Cl,C2,GNEW,PEXIN ► TR,OUMMY(16)
RE A L	 NUM9DIsNUM9D
EQUIVALENCE
2 IACCMET,X14111,IXN4,X(4311,IDA,X1441),IDLaX(4511 ►
3(DO2,X(48I),IXN3,X(49))

DI M ENSION AVDTSf50l,V02TS1bO)
DATA DTS/.001/

SAVE OLD XDOT(41-4i)
Do In 1w41,49

10 SPACEIIw3910X00Ttl)
Ww WORK RATE KG.M/MIN

00 2S 1-1 .17P2
IF(T-wKll)) 26,25,25

25 MwWK(l•1)
26 IF(W) 27,27,28
27 PEX n 0,0

GO TO 29
28 PEX.1.0
29 CONTINUE

C

	

	 OXYGEN REQUIREMENT FUNCTION V0260T

IF( Dn2.LT ant 0ID02•A.tl
V02*DTw,OnO4850B1S6W/•25

PSWw-1.5*D02
D 7 1 a n 0 2
DT2wtZ,s002'1927S)/1.15
0T:wr)A#OL
D7iNwSWINIPSA,DTI,0T2)
DT8FCNSW(PEX,DT3,0T3rDTIN)

ALACTIC OXYGEN DEBT DA
DAIMw•15e(DT-I,51•l,S

21



•'vs _r
F.
t

22

0AI•5*1"(PSw ► DO2.nAIN)
DA0eFCN%*(PFx,0i0,o*n ► CA1)
T86FCNS%(PfX•0.0 ► 300..2#)
XDOT(44)•(DA0-DA)/79

C

	

	 LACTIC OxrGEN OfhY ('L
DLI ►+..85•(DT-1.5)
DLI•SMIN(PSw90.0.DLIM ►
DLO n FCNSw(PfX,0.0 ► 0.0 ► DLI)
T10FCNSWIPEX ► 0.D$30n.l2.1
XDOT145)•IDLO-DL)/T1

C

	

	 ARTERIAL-VENOUS oxr(.EN DIFFERf.r,CE Av0
NUM901 n -n3R*D02
CALL DEI.Ar(O.O.nS.NUM9DI.AVOTS.NUM90911
AVO-x(461.0.055
Xf)0T(46)s(NUM90•Xl406))/5.
IF(PEx9Fq.n.0)FLA6w0.0
I F (F(.AG.(Q.1-O)G0 TO 6n
1FIPEX)6n.60161

61 ANF.I90
TDN•T•2n,
FLAG•I.0

60 3F(T.GT.TDN)ANFwG.0
TANPFCNSw(ANF.3. ► 36-.3.)
XDOT(49)0(11900*ANF-XN3)/TAN
XDOT1431•15.5*PEX-XN4)/6.
DMMXE200
DM n 002025-/23.
IF(PEX.GT.n.n)DTSBOT
1F(PEX.GT.0.0)DMS•nM
1F(PFX.LT.I.)DM n OM5/0TS•DT
CNEMONmoo2/O.P
1F(CMEMMN9GT.0.5)CHEMON n n95
F ►J9200XN4•XN3
IF(FN-GT.11-)FN-11.
IF(PEX.GT.O.IFNS-FN
IF(PEX-LT.I.)FN.FNS /DTS•nT

C

	

	 CONTROLLED RESISTANCES
RRALF•(6(10.•(11n2n.-514n.)•DL/099)/1332.
RSKB.(6860;*(21900.-6b60o)•DL/0.90)/1332.
RCSMA813130••(8770,-4130-)•(FN/I19/2.'DM/DMMX/2.)I/)332.
RHCAP • 14570@ 4 (7690.-6 97 5.) • DM /DMMXI/13321
RCOR•(2n50n.-(20500.-87709)*DM/OMMX)/1332.
RLGCAP•(260.-ACCMETO065.•340o-340.•DM/DMMx)/1332,
RLG4PM•(260.-ACCMET*065••340,-340.*DM/DMMx)/1332.
RLGARN 8 -FN95400 ► /1I./1332-
RLGARN540n./1332.•RLGARN*RLGARM

C

	

	 PRESSURE R EFERENCE FONCTION PR
PRNo90**Cl &DO2*C2*ACC•MET
E 3 6 E 2
E 2 a E 0

EOmEN
EN n PRN-PM/2.-PMC/?.+XN3+39*XN4*FN/2.
ER n (E3•E?•EO•ENI/4
D0P+O.S33•(ER•GNFW;
1FIDDP-LT90.0)DDP n 0-0
TOT n n.30n•DDP
MR060./TOT



i

hI^IMIIII	 •W	 i 	 _	 .. _

C

	

	 CONTROLLED COMPLIANCES
ERC-PRN-PMC

23

IF(ERC.LT.n.0)GO TO 7
IFIERC.GT.40•)(RCw40.
CLGVE•3.+S6•(I.0:0.0167•EKC)
CLGSV•3.1435•(I.0-n9n1670LkC)
VU(191-100,-ERC
VU(19)-66.-ERCs•6A

7 CONTINUE
DELT4-0.9•IDO2-0.491
1FlOQt•LT9n96)OELTA n 0O2/6.
SF-0.67+ACCMET /4• *DEL TA

RESPIRATION
v02DOT•AvO•C0
FREQeV02nOT 9A i24+S,28
IF(FRE(d.GT•30• )FREO.30.
TR•60./FRFQ
XDOT1411-(v02DOT-n, 38 3n
IF(PEx.FO9n•O)xD0T(41)•-1./300.
IF(AC.CMET.LE.O.O.ANn•PEX.E4.0.O1XnOT(41) n 0,0

OXYGFN DEFICIT FUNCTION 002
CALL Oft.AY(0.0,5,v0?DOTlvo2TS,vn2n0,1)
XDOT(40181-v02D0•PEX•VO2*DT+0.331/6n.
IF1D02. LE. O.O.ANP.PFX•EQ.0.0)XDOTI4R)-0.0
DO 31 Ii41,49

31 X(11-X11)+f1.1•(Xr)OT(I)+SPACEII-391)
RETURN
END

SU9ROUTINF DELAY(FICvN,X,TS,XOUT,K)
N-NO. OF SECS• OELAr

DI M ENSION TS(100)
5T00.2
M-IFIX(FLOAT(N)/ST)
IF(K)10,1n#20

20 X0UT-T5(I)
DO I	 l e i 'M

I	 TS(I) n TS(1+I)
TSIM)•x
RETURN

In DO 2 1 • I ,M
2 TSII) -FIC

RETURN
END



SUBROUTINE ALGO(T)
C

	

	 INTEGRATION ALGORITHM

CO M MON /STATE/ x(SO),X00TIS01
DI M ENSION IDS(SO)
IFIHII•I	 ?

2 00 3 lo)oNOSV

XDS1 11 • xt10T1 I1
T•T•M
CALL CVS(T)

00 4 1•IsNOSV
4	 x111.H /7.^(xDOTtI)•XOStI ► )•X(11

In RETURN
1 CONTINUE

NOSV•)6

H••0025
RETURN

END

FUNCTION S*INIX,A,PI

1F( X1	 1212
l 561N n A

RETURN
2 501N n 0
RETURN
END

FUNCTION FCNS*IX*AlgoC)

IFIX)Im793
1 FCNSW n A
RETURN

2 FCNSv n B
RETURN

] FCNSW n C
RETURN
ENO

24

t
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SUPROUTINF X101T)
COMMON /STATE/X(600)
DATA Kr,IN1T/;NY,7/
DATA N T, N 3, N4 , N S,N6, N7 , NA , e,Y /S e tr5h3rS6?r24 9 ,567,5bA,569,N73 / 	j
IF (INIT,GT,O) GO TO ?n0
1N1T n I
MRITE 1	 6,10)

In FORMA-T( e nt)() Y OU MISH TO CHANGE I N ITIALIZED DATA" (Y/N)'I
R E A D 1	 5 0 70) K

20 FORMATIIAI)
IF (K,Nf,KY) Go TO fin
O RITE (	 6,301

10 FORMAT('n^LEASE ENTE R I N OEX(I-600)0 VALuE, CRI 1139E1?-b)')
40 READ 1	 5,Sn1 I,VAENEA
50 FORMAT113,E12,61

IF	 fleLT 6 1 ,OR, I-GT,60 n ) GO TO bn
X11) • VALNF*
GO TO 4n

An M R ITE (	 6@701
70 FO R MATI'0M0 Y ou 61SM TO M ODIFY THE oUTP() T LIST" fv/N)')

READ 1	 S020 ) K
If (K*NF,KY) GO TO ?n0
Mk1TE 1	 60901

0 0 FORMAT ('nPLEASE ENTER P OSI T IO N (2-9)9 I N 0ExII-6nf, )@ ( R 1 112,14)'1
90 READ f	 5,100) IP,I

100 FORMAT(12,I4)

IF ( IP,LT,2 ,OR, IP,(3T,9) GO TO 2r,0
IF (I•LT,I •OR, I-GT,600) GO TO 2nO
GO TO (90,102,103,In4r105,106,107,109,1n9),;P

I n 2 N2•I

GO TO 9n
Ina N3•;

GO TO 90
In', N40 

GO TO 90
1V5 N5.1

GO T  9n
I n 6 N6 n 1

GO TO 90
107 N7•I

GO TO 90
109 N9.1

GO TO 9n
I r 9 N9 n 1

GO TO 9n

200 CONTINUE
I F 1T-LT,290,) RETURN
ORITE1	 6,210)T,X(N?1, X( N31, X ( N4 ),XIN 5 ),XINb)rXlN7I X(N8	 X11191

210 "ORMAT (F7,2r13F8*3)
RETURN
ENO



C••

C••

C••

C•.

C•.

C..

C..

"LOCK	 DATA
COMMON / STATf / AlICO)
COMMON/STATE/0(S0)
COMMON/STATE /C(5Q)
COMMON/STATE/0(50)
COMMON/STATi/E(50)
COMMON/STATE/x1201
COMMON/srATE/612801

STATE
DATA	 A/11.88 ,1 5 0,7.2 9 . 6 2,1 #47 . 6 ► 12,n8. 16.5 1,2 y . 9 7,1b5. 7 on, or., 1 •	 10

I	 0• . 2x7.A , n•, 11 2 . 5 .1 xU 8 3 01 0 1.2 ► IP9,3 i h 1.79.61.71•"• 902• 11.	 2U
2	 597,7.)•IA.b,2,5y7,t5.J7.15•JS• 0•.0•• 16 ". y •37•^T ► 117. 3 . 11-	 30
3	 24•3l •p7.ti(f,4•O.,l()00••50•0./ 31.1011

iL0*
DATA	 0 /S0•n•/ 101-ISu

COMP
DATA	 C/V•0•• 1.2,1.7,5•J,7.0••,A,.p „ 3,0.•0.••7• 151 - 17^
13•(1.•.3996,.3996,5•]28 „9QSA . 9059 i1. 505 #6.047,•7224,2,517•I p •0•/ Ill•2gA

okE5
DATA	 0 /4A•0• ► 90••9ti•/

WES

DATA	 E/3• .nn?sne ,.n(1663"••01502•.nS7SS,•OISn27,3•n„ 251.760
1	 . 02 " • n. ,. r 7",. 02 y •. nJUO) , y• 5Q 5 •• y SnSr.Q750A•.0750H • .U2101 • 261-770
2.007389.n229 9 6 „ 0451)•.02252 • •u337A , 3.V3 1,.37S",.00 y 302,15,3Q•2 9 35 171-280
3	 • 3y.SJM5 , . t25 2,. 5 t 55 , •] 0(1l •.015^7 ► ."^^"5"v4,0.,0.. 281-29U
y	 9•x.•5.15/ 291.300
INQT
DATA	 F/•00075QA ,. nn?AA1 , ]•U.O a A53 0, 0 .,. p nA977..n0676,11 • 0•/ 301-310

MISC
DATA	 f,/"8.0••5325.,`]25.,30.•0••3t1..0•,e5.,1 	 0n••3 321-3b0

1	 y• n. I S. 19"•30.,30.,IOx.06H•,y0., 381-390
2	 J • 0•• so ? • 5 '1 •,500••28 • f 4 SI., p O•.375•• 3Y1 - "(Q
3	 50••150•.18.0••34•x• 401.50a
y	 7. 0•, -3„ J• n•• 2t,••0•,16,•5•r••4.•1^.^1a•,-J.•^1"••2•U..-1".^13•^• 5Q1.54u
5,a•.f••R „AaC1.,32n.,1"•n.,32^.,72•••U9 	 A•7•`-,•n••a.3,n•, 5"1-57 0

y• ,n55n^10•	 l.•.8]3,.19,.36	 n.,-•OnS,AH•o17i0•/ 571•60u
END
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