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C.

IDENTIFICATION

Program Name

Programmer's Name

Date of Issue

GENERAL_DESCRIPITON

PROGRAM DESCRIPTION

= Croston Exercisc Model
(Univac 1110 Version)

- R. C, Croston, GE/JSC, Houston

- August 1, 1973

A mathematical model and digital _aputer simulation of the human

cardiovascular system and its c.strols 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¥eses which cannot be easily tested in an animal or human or

in a spaceflight environment.

USAGE AND RESTRICTiONS

Machine and Compiler Required

Peripheral Equipment Required

Univac 1110 TSS and Fortran V

Magnetic Tape
Time Sharing Terminal

PARTICULAR DESCRIPTION

Equations Used and Derivations

Definition of Terms Used

See TIR No, Til-MED-2010

See Table 1.

Detailed Description - Equations describing pulsatile blood flows,
pressures, and volumes Tor 28 model sections of the uncontrolled

cardiovascular circulatory systen are solved, The circulatory system
model, Figure 1, is coibined with models of the controlling systems

to simulate transient responses to exercise. Other characteristics of
the combined model include gravity effects, muscle punping, venous
tone, venous valves, respiratory frequency, and intrathoracic pressure
effects.
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CIRCULATORY MODEL

(€) CONTROLLED VARIABLES
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G.

DESCRIPTION OF INPUT

(1)

(2)

Contact V., J, Marks, GE/JSC, Houston to obtain Univac 1110 sign on
procedures and authorization codes.

Interactive operation of the odel will ask the user if he wishes
to change the standard set of initialization data shown in Table 1,
If so, the user enters the appropriate index code and new value

for each variable as directed by the conversational output of the
program.

DESCRIPTION OF OUTPUT

(1)

8

S

Conversational output of the program will ask the user if he wishes
to change the standard terminal output list of variables. If so,
the user enters the appropriate index coae and new value for each
variable as directed by the ronversational output of the program,
The standard set of output variables consists of time and 8 depen-
dent variables which are output at the end of each heart beat. The
selected standard variables are as follows:

Simulation Time (sec)

Heart Rate (oveats/min)

Cardiac Output (liters/min)

Stroke Volume (liters)

Mean Blood Pressure (mm Fg)

Systolic Blood Pressure (mm Hg)

piastolic Blood Pressure (mm Hg)

Respiration Rate (Breaths/min)

Intrathoracic Pressure (mm Hg)

INTERNAL CHECKS AND EXITS

Exit - A normal stop exit occurs when the finish time specified is

exceeded,



H.

INDEPENDENT SUBROUTINES

SWIN Switch Input

FONSW Function Switch

DELAY Delay

ALGO Integration Algorithm

cvs Pulsatile Circulatory Model

CONTRL Cardiovas~ular Controlling Systems
XI10 Conversational Input/Output

BLKDAT Initialization Data

COMPUTER _PROGRAM LISTING

(Attached)



ELEMENT

=
-

'O O~ v Ew o

,.
o

11
1e

13

1k
15
16
17
18
19
20

21
22
23
2k
25
26
27
28

29
30

31
32
33
34
35

37
38
39

MNEMONIC

X(1)
x(2)
X(3)
w(k)
X(5)
x(6)
X(7)
X(8)
x(9)
x(10}

x(11)
x(12)
x(13)

X(1h)
X(15)
X(16)
X(17)
x(18)
X(19)
x(20)

Xx(21)
X(22)
x(23)
X(2k)
X(25)
X(26)
x(27)
X(28)

X(29)
X(30)

X(31)
x(32;
X(33

X(3k4)
X(35)
X(36)
x(37)
x(38)
X(39)
X(L4o)

TABLE 1
DEFINITIONS
CONSTANT OR
DEFINITION INITIAL VALUE UNITS
Stressed Vol., RT. Atrium 71.88 ml
, RT, Ventricle 158.2 ;-
- ", Left Atrium 29.62 i
o ", Left Ventricle 147.6 .
" ", Pulmonary Arteries 12.08 i
- g " Capillaries 16,51 »
: Rl 2 Venules 2k, 97 ”
Total Vol. , Aortic Arch 165.7 e
Inertance Integral 0.0 -
Integral of Aortiec Arch 0.0 mmHg-sec
Pressure/Beat
Inertance Integral 0.0 -
Total Vol., Thoracic Aorta 202.6 ml
Integral of Carotid 0.0 mmHg=-sec
Pressure/Beat
Total Vol., Abdominal Aorta 1le.5 ml
Stressed Vol., Common Iliac Arteries 100.3 N
, Legs Small Arteries 101.2 s
iy " , Legs Arterioles 109.3 "
% ", Legs Venules 81.79 "
n ", Legs Small Veins 61,72 "
" ", Femoral Veins 4,932 .
Total Vol., Abdominal Vena Cava 597.7 "
Total Vol., Thoracic Vena Cava 3u8.6 "
Total Vol., Superior Vena Cava 2.587 .
Stressed Vol., Lower Carotid Arteries 25.37 =
- ", Upper Carotid Arteries 25.35 »
L4 " , Head Small Veins 0.0 e
o ", Jugular Veins 0.0 Y
3 ", Superior Mesenteric 264 .4 .
Veins
i ", Inferior Mesenteric 32,62 -
Veins
= " , Portal Veins 127.3 E
2 ", Renal Arteries 24,31 "
: ", Renal Veins 82.68 .
Integral of Left Vent. Flow/Beat 0.0 1
Inertance Integral 0.0 -
- 0.0 -
" " 0.0 =
Integral of Pulmonary Arterial Pressure 0.0 mmHg-sec.
y Arterioles " 0. i

Not Used




ELEMENT
NO, MNEMONIC
b1 x(41)
L2 x(k2)
L3 x(43
L X( Lk
us X(ks)
e X(L46)
W7 x(L47)
48 X(48)
L9 X( u9;
50 X(s50
51 - 100
101 QRA
102 QRV
103 QLA
104 QLV
105 QPA
101 QPC
107 QPV
108 QAA
109
110
111
112 QLTA
113
114 QLABA
115 QCILL
116 QLGSA
117
118 QLGCAP
119 QLGVE
120 QLGSY
121 QFEV
1,2 QABVC
\ T QTHVC
124 QSPVC
125 QLOC
126 QUPC
127 QHCAP
128 QHSV
129 Qv
130 QCPR

DEFINITION

(ACCMET) Metabolites
Not Used

(AN4%) Neural Signal
(DA) Alactic Debt
(DL) Lactie Debt
(AVDA) AVD Lag

Not Used

(p0,) O, Deficit
(Xﬂg) Néural

Not Used

Time Derivatives of the above state variables

Flow from RT. Atrium
" " RT. Ventricle
* " Left Atrium

BT " Ventricle

Pulmonary Arteries

" " Pulmonary Arterioles
i Venules

" " Aortic Arch
Not Used

Not Used

Flow from 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

Thoracic p

" "

Upper

" from Upper Carotid Arteries
" from Head Small Veins

"

from Jugular Veins
Coronary Blood Flow

Abdominal Vena Cava

Superior Vena Cava
Flow to Lower Carotid Arteries
"

CONSTANT OR
INITIAL VALUE

0.0

Computed
Variable
"

Computed
Variable

UNITS

Liters
Liters 02

Liters 02

ml/sec
"



ELEMENT
NO. MNEMONIC

131 QCSMA
132 QIMA
133 QCSMV
134 QPgV
135 QMV
136 QRENA
137 QRALE
138 QRENV
139 QRET
140 (1)
141
1k2
143
144
145
1ké
147
148
149 Qp(10)
150 QSKB
151 CRA
152 CRV
153 CLA
154 cLV
155 CPA
156 CPC
157 CPV
158
159
160
161
162
163
164
165 CCILL
166 CLGSA
167 CLGAR
168 CIGVE
169 cLGSY
170 CFEV
17
172
173
174 cLgc
175 CUPC
176 CHSV
177 cJv
178 CCSMV
179 CIMV
180 CP@V

_DEFINITION

Flow to Superior Mesenteric Veins
" " Inferior Mesenteric Veins
Flow from Superior Mesenteric Veins
i " Portal Veins
Inferior Mesenteric Veins
Flow to Renal Arteries
Flow from Renal Arteries
" Renal Vein
Flow to RT, Atrium
Not Used

Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Flow Through Skeleton, Bone Marrow,
and Fat

Compliance, Right Atrium

" , Right Ventricle

. , Left Atrium

" , Left Ventricle
Compliance, Pulmonary Arteries

” Arterioles
E i Venules
Temporary Storage
"

Compliance Common Iliac Arteries
, Leg Small Arteries
" , Leg Arterioles
s Leg Venules

i , Leg Small Veins
, Leg Femoral Veins

Temporary Storage
" "

Compliance, Lower Carotid Arteries

" A Upmr "
" , Head Small Veins
= , Jupular Veins

L]

" , Portal Veins

» Superior Mesenteric Veins
" , Inferior Mesenteric Veins

CONSTANT OR

INITIAL VALUE

Computed
Variable

"

Computed
Variable

0.8
.8
0.3
Computed
Variable
"

0.2

0.3996
0.3996
5.328
0.9058
9.59
1.509
6,047

UNITS

ml/sec
"

"
"
"
"

"

ml/sec

ml{mmHg

"

ml/mmHg




ELEMENT
NO,

181
182
183

185
194
187
188
189
190

191
192
193
19k
195
197
198
199
200

\NEMONTC
CRENA

CRENV
cr(1)

cD(18)

INITION

Compliance

Not Used
"

y Renal Arteries
y Renal Veins

CONSTANT OR

INITIAL VALUE

0,222k
2.517

UNITS

LU



CALCULATED VARIABLES FOR EACH VOLUME COMPARTMENT

ELEMENT PRESSURE

NO, mm

201 PRA 21 vl
202 PRV 322 v(2
203 PIA 323 v(3)
20k PLV 32k v(k)
205 PPA 325 Vv(5)
206 PPC 326 Vv(6)
207 PPV 327 v(7
208 PAA 328 v(8
209 Temporary Storage
210 " "

211 -

212 PLTA 332 v(12)
213 Temporary Storage
214 PLABA 334 V(lh;
215 PCILL 335 V(15
216 PLGSA 336 v(16)
217 PLGAR 337 V(17)
218 PIGVE 338 v(18)
219 PLGSV 339 v(19)
220 PFEV 340 v(20)
221 PABVC 341 v(21)
222 PTHVC u2  v(22)
223 PSFVC 343 v(23)
22k PL@C 34l v(2k)
225 PUPC L5 v(25)
226 PHSV 346 v(26)
227 PJV U7 v(27)
228 FCSMV 348 v(285
229 PIMV 349 v(29)
230 PPPV 350 V(30)

L21
k22
k23
Lak
k25

L27
L28
L29
h30
L 31
u32
b3

N3k
L35
k3()
437
438
h39
Lko
Lhy
Lh2
uk3
Lk
ks
Lhé
Lily7
L8
Lh9

450

PRESSURE DUE
TO GRAVITY

Pa(1)
pPa(2)
m(3i
Pa( L
PG(S

PG(6)

()

PG(9)
PG(10)

1)

;gmg
PG(15
PG(16)
PG(17)
PG(].B;
PG(19
PG(20)
PG(21)
PG(22)
PG(23)
PG(24)
PG(25)
PG(26)
Pa(27)
Pa(28)
PG(29)

PG(30)

L5

L56
L57
L58
459
L60

61
L2
Lé3
Lék
W65
Le6
Lé7
LAR
L69
470
471

L73
L 7];

W75
W76
W77
478
W79
480
481
Lg2
L83

L84

EXTERNAL
PRESSURE
PEXT(1
PEXT(2
PEJ(T(3;
PEXT(L
PEXT( ;)
PEXT(6)
PEXT(7)
PEXT(8)
PEXT(9)
PEXT(10)

PEXT 11}
PEXT(17)

mileé
PEXT(1
PEXT(15
PEXT(16)
PEXT(17
PEXT(18
PEXT(19)
PEXT(20)
PEXT(21)
PEXT(22)
PEXT(23)
PEXT(24)
PEXT(25)
PEXT( 26)
PEXT(27)
PEXT(28)
PEXT(29)

PEXT( 30)

VOLUME
COMPARTMENT

RT. Atrium

RT. Ventricle
Left Atrium
Left Ventricle
Pulmonary Ar-
teries
Pulmonary Ar-
terioles
Pulmonary Veins
Aortic Arch

Thoracic Aorta

Abdominal Acrta
Common Iliac
Artery

Leg Small Art-
eries

Leg Arterioles
Leg Veins

Leg Small Veins
Femoral Veins

Abdominal Vena
Cava

Thoracie Vena
Cava

Superior Vena
Cava

Lower Carotid
Arteries

Upper Carotid
Arteries

Head Small Veins
Jugular Veins
Superior Mesen-
teric Veins
Inferior Mesen-
teric Veins
Portal Veins



ELEMENT

2.

231
232
233
23k
235
236
237
238
239
2h0

2L}
2h2
2u3
IR
2Ls
2Lo
247
2L8
249
250

ELEMENT
NO,

25]
252
253
25k
2(31')

256

257
258
259
260

261
262
263
26k
265
266

267
268
269
270

CALCULATED VARIABLES FOR FACH VOLUME COMPARTMENT

PRESSURE TOTAL VOLUME PRESSURE DUE EXTERNAL

(mn Hg) (m1) TO GRAVITY PRESSURE

PRENA 351 v(31) L51  Po(31 LEs PEXT(31)
PRENV 352 Vv(32) us2 po(32 W86 pExr(32)

PD(1) Mean Milmonary Arteries

Pp(2) Wedge Pressure 453 = Sk Not Used

Not Used 353 = 368 Not Used

. " 369 - V(W) Blood Volume Command = 5329.0 4l
" " 370 -« V(50) Total Blood Volume = 5325.0 ml

PM Mean Arterial Presgsure 90,0
PMC Mean Carotid Arterial Pressure 90,0
CONSTANT OR

MNEMONIC DEFINITION INITIAL VALUE
RRA RT. Atrium Valve Resistance 0.007508
RRV RT. Ventricle Valve Resistance 0.007508
RMV Left Atrium Valve 0.007508
RAV Left Ventricle Valve 0.,008634
RPA Pulmonary Arterioles 0.01502
RPC Pulmonary Capillaries 0.05255
RFV Pulmonary Venules 0,01502

Not Used

Not Used

Not Used
RLIA Thoracic Aorta 0.02400

Not Used 0.0
RLARA Abdominal Aorta 0.02400
RCILL Common Iliac Arteries 0.02L00
RLGSA Leg Small Arteries 0.03003
RLGAR Leg Arterioles L, 505
RLGCAP Leg Capillaries 0.4505
RIGVE Leg Venules 0.07508
RLGSV Leg Small Veins 0.07508
RFEV Femoral Veins 0.02102

10

VOLIME
COMPARTMENT

Renal Arteries
Renal Veins

mmHg
mmHg

UNITS

mmHg /ml/sec

”
"
"
"

"



it
272
273
274
75
276
277
278
279
280

25
280
283
284
285
286
287
288
289
290

291

293
29k
295
296
297
298
299
300

301
302
303
304
305
306
307
308
300

310 - 320

MNEMONIC

RABYC

RSPVC
RIgC

RHCAP
RJV
RC@R
RCSMA

RIMA
RCSMV

RIMV
RRENA

RRENV
RD(1)

RD(11)
RSKB

FLPA

FLLTA

FLLABA
FICILL

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

Inferior Mesenteric Arteries
Superior Mesenteric Veins
Portal Veins

Inferior Mesenteric Veins
Renal Arteries

Renal Arterioles

Efferent Arterioles

Renal Veins

Not Used

" "

Not Used

Skeleton and Fat

Inertance, Pulmonary Arteries
" , Aortic Arch
Not Used
" "

Inertance, Thoracic Aorta

Not Used

Inertance, Abdominal Aorta
" , Iliece Arteries

Not Used

CONSTANT OR

INITIAL VALUE

0,007380
0.,007508
0.01502
0.02252
0,03378
3,431
0.3754
0.,004302
15.390
2.350

35345
0.2252
0.525%
0.3003
0.01502
0.45045
2.7k
0,649k

5.150

0.0007508
0.002881

0.008538

0.008977
0.00626

1

~UNITS
mmHa{ml/loc

2 = =

m-u!lg/al /sec®



ABPIRESSED VOLUES

SLEMENT CONSTANT OR
10, MNEMONIC DEFINITION IN v UNITS
371 WP) Rt. Atrium 30.0 ml
72 vu(2) Rt, Ventricle 0.0 .
373 vuia) Left Atrium 30.0 .
37k vu(k) Left Ventricle 0.0 .
375 vu(s) Pulmonary Arteries 85.0 "
376 v(6) Pulmonary Arterioles 15.0 .
377 vu(7) Pulmonary Veins 400.0 .
378 vu(8) Not Used
379 vu(9) . .
380 vu 10) " "
381 vi(11) " "
382 vu(12) o i
383 vu(13) ! e
38!‘ vu lh) " "
385 vu(1s) Common Iliac Arteries 5,194 i
386 vu(16) Leg Smal) Arteries 30,0 o
387 vu(17) Leg Arterioles 30.0 ol
388 vu(18) Leg Veins 100.0 .
389 vu(19) Leg Small Veins 68.0 ol
390 vu(20) Femoral Veins 40.0 o
391 vu(2ai) Not Used
3% v" 22) " "
393 vu(23) - "
394 vu(ah) Lower Carotid Arteries 50.0 o
395 vu(2s) Upper Carotid Arteries 50,0 B
2396 vu(26 Head Small Veins 500,0 "
397 vu(a? Jugular Veins 28,0 "
398 vu(28 Superior Mesenteric Veins 51,0 "
399 vu§29) Inferior Mesenteric Veins 80,0 "
Loo vu(30) Portal Veins 375.0 "
Lol VU§31; Renal Arteries 5.0 !
Lo2 vu(32 Renal Veins 150,0 i
L03 = 420 Not Used
L87 E 1; Right Atrial Elastance Computed Variable mup,/ml
L88 E(2 Right Ventricle Elastance I " s
L89 E 3; Left Atrial Elastance » " s
L90 E(k4 Left Ventricle Elastance = o "

L9l - 500 Temporary Storage



13
UNSTRESSED VOLUMES

ELEMENT CONSTANT OR
N0, MIEMONIC DEFINITION INITIAL VALUE UNITS
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ELEMENT

W,

551
552
553
554
555
55€
557
558
559
560
561
562
563
564
565
566
567
568
569
570

[ "1

oTe
573
574
575
576
57

578
579
')‘9"1

581
582
5
58
585 =100

c2
GNEW
PEXIN

TR

UNSTRESSED VOLUMES

CONSTANT OR
DEFINITION INITIAL VALUE

Time(Sec), Work(KPM/Min) Steps

" LU
” "

" "

Finish Time

Heart Rate

Stroke Volume

Cardiac Output

Total Peripheral Resistance
Exercise Boolean (Floating)
Work Rate

Systolic Blood Pressu.e
Diastolic Blood Pressure
Respiratory Frequency
Oxygen Uptake

Arterio-Venous 02 Difference

Intra-Abdominal Pressure
Intrs=-Thoracic Pressure

Leg Muscle Pump During Exercise
Body Angle Relative to Husizontal
Constriction Strength Factor
Heart Period

Perind of Systole

Period of Diastole

Gain Constant

Gaia Constant.

Gain Constant
Pressure Set Point
Respiratory Period
Not Used
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833
016
.36
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.0

10.0
=0.005
88.0
Calculated
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Sec,
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Sec.
Sec.
Beats/Min
Liters
Liters/Min
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KPM/Min
mmt

Beats/Min

Liters 02/Min

Liters Op

Liters Blocd
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XERCIS MADFL #1TH DATA INJTLIALIZAYION AR/2/7)

COMMON/STATF/X(650) ,XDOTI&QD)
2/STATE/NRALGRV,OLALALY sOPALQPC 0PV 4QAALOARC ,QLAAVAUTAIGLTAQUARA,
JOLARA.OtILL.QLasA.QLGAR.OLGCAr.oLGvr.uLﬁSv.nrtv.olavcoovuvc.nSPvc.
WOLOC 4GUPC ,GHCAP ,OMSV 4 GJV ,GCOR ,QCSHMA QIMALQCSHY ,QPOV,QINMV,
SQRENA,QRPALE JURFNY,QRETAD(10) ,GSKR
b/ STATE/CRALCAYCLASCLYICPAICPCoCPY sCAAVCARC ,CLAAICUTAICLTAVCUARA,
TCLARACOILL sCLGSALCLGAR CLGVE 4CLGSV (CFEVICABYC CTHVC ,ESPVC,

ACLOC 4CUPC (CHSV yCJV4CCSMV,,CIMV,CPOV,

GCRENALCRENV,CDIIR)

A/STATE/PRALPRY PLASPLYIPPAYPPCIPPYPAAIPARC ,PLAAYPUTAIPLTAPUABA,
.'LAGIQFClLLo'LGSloPLG‘pU’LGV(U’Lﬁsvn’FlVOPIQVC|PT“VCOPS'VCO

CPLOC ,PUPC ,PHSY PUV PCSHMV,PINV PPOV,

DPRENAPRPENYPDI16) PM,PNC

COMMAN/STATE /

ERRA ,BRYV ,AMY RAV ,RPA PPC APV RARC yRLAAPUTARLTARUARBAY
FRLARA JRCILL JRLGSA S AR, BLGCAPWRLGVF \RLGSY RFEY,RABVCH
CRTHVCQRS'VPO.LOCIRU.CIR"C"!.NSVO'JVIRC0"|.C’Hlo'|Hl|.CSHVO
HRPOY RIMY ,NRENA RRALE yRREFF ,ARRENV ,AN(11)RSKA
1/STATE/FLPAFLAAWFLARCIFLLAAZFLUTAWFLLYAWFLUARA:.
JFLLARAGFLCILL yFLCSMAZFLIMAFLRENA,FLODMIR)

K/STATE/ZVIGO) sVUISEN) 4PGIIU) yPEXTII2) ,EL4)aSPACELIN)
Ll?fMﬂ’.*ll?O,.HR.SV.CUlR?I'E'.*O’S'SOFD'slr.EG

MyVO2D0T ,AVDPIAR,PITH PMP THETA SF

My TTAT TAS,TVS ,C12C2GNEWPEXINITR ,DUMMY (14)

CALL XI0(T)

DO ll‘ l.'.‘z

PGI])®SINITHETA/5T7,295B8)eZ(1)el.06529B0./1332,

CALL CONTRLIT)

CALL CVSI(T)

DO 2n 1=} ,400

BRITE (10R,30) T4xt1)

FORMATIGE 1ML, 13,2H) = F15.7)

CALL ALGOLT)

IF (TelLT,WX(2n)) GO TO |

STOP

END
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SUBROUTINE CVSI(T)
CARDIOVASCULAR EXERCISF ~ODEL
Re Co CROSTON (1973 SIMPLIFIED VERSION)
CONTROLLED SYSTEM
COMMAN/STATE/XI(S0) 4XDOTI50)
2/STATE/ORASQRV ,OLA QLY 1QPAQPCIOPVIQAAIRARC ,QLAALAUTA'QLTALQUABA,
IGLABAJQCILL,PLGSA,QLGAR ,QLGCAPIOLGVF sQLGSV ,QFFV,RABVCIQTHVC ,0SPVC,
HOLOC ,QUPCE ,QHCAP ,QHSV s QJV ,QCOR ,GCSMA,QIMALQCSHY,,0POV,QlMV,
SQRENA,QRALE ,ORENV,QRET+RD(10) ,0SKR
6/STATE/CRALCPY 4yCLAYCLYICPAYCPCICPY2CAAVCARC yCLAAYCUTAICLTACUABA,
TCLABAJCCILL s CLGSACLGARCLGVE CLGSV ,CFEVICABYCCTHVC CSPVC,
BCLOC,CUPC ,CHSV sCJUVCCSMV,CIMV,CPOV,
GCRENAZCRENV ,CDILIR)
A/STATE/PRAJPRY JPLAJPLVIPPAIPPCIPPYsPAAYPARC yPLAAYPUTAIPLTA PUABA,
BPLARAPCILL+PLGSAPLGAR PLGVE ,PLGSV ,PFEVIPABYCPTHVC,PSPVC,
CPLOC PUPC ,PHSV sPJUV PCSMV, PIMV,PPOV,
DPRENAPOENY ,PDI(1A) 4PM PMC
COMMON/STATE/
ERRA,RRY ,ARMV RAY ,RPARPC PPV ,RARCRLAARUTA RLTA,RUABA
FRULABARCILL+RLGSARLGAR ,RLGCAP'RLGVE'RLGSY RFEV,RABVC
GRTMHYC JRSPYC JRLOC RUPC yRHCAP s RHSV  RIUVRCOR ,RCSEMAPIMARCSMHV
MRPOV,RIMYV,RRENA,RRALE yRREFF #RENY ,RDI(11))RSKR
1/STATE/FLPASFLAAWFLARCFLLAAGFLUTASFLLTAWFLUABA,
JFLLARAZFLCILL JFLCSMAZFLIMAZFLRENA,FLDMI(B)
K/STATEZVISOD) s VUILSED) yPGIIY) yPEXTI32) ,E(H) sSPACELID)
LaZ(4D)oWK(20) MRSV, COWRT,PEX ,W,PSYSPDYS,FREQ
MyVO200T ,AVD ,PLABPITH PMP ,THFETA,SF
NeTTOT TAS,TVS,C14C2,GNEW,PEXINITR ,DUMMY(14)
DIMENSION PRS(]),CHMP(32),RS50(S50),FINR(]12)
EQUIVALENCE (PRS,PRA)y(CHMPL1) ,CRA)IRSO(L) RRA),IFINRIEL/s7LPA)
T 1S ELAPSED TIME
TT 1§ A CLOCK FOR ONE BEAT
TT®T=TSVF
IF (TT=TYOTY) 1002,1001,1001
TSVEeTY
IFSTeSPACFI(])
CO=x(33)/TT0Te, .06
X(33)=0,0
PMesX(]10)/TTOY
Ytin)snN.n
PMCeX(13)/TTOTY
X(13)=0.0
PDEY)ImX(37)/7TOT
PDI2)1=X(3R)/TTOT
X(t37)=0,.0
Ktlg)=nN.0n
SV=TTOT/60.¢C0O
RTY=pM/CO
DIFFm=VIEN)+V(49)
YU1RImX(|R)+DIFFeD,. b
X(19)mX(19)+DIFFeN, 4
PSYSaSYS
PDYS=DYS
CALL XIntT)
CALL COMTRLIT)
TEMPoTEMP+N,2

16



IF (TEMP=T) 110,111,111
111 CONTINUE
SYS=040
DyS=)000n,
TTOTmé0De/HR '
TASeNe10e0,N9eTTOT
TVSeDelbe0,20eTT0T
10n2 CONTINUF
IFITT=TAS) | ,2,2
SASESINIIe141460TT/TAS)
E(1)®0.N5+Ne0585ASeSF
E(3)e0,12¢00140SASeSF
RSPyC®(20.¢SASe4N.) /1332,
RTHVC®(10s+SAS020,)/71332,
GO 10 3
Ell)=0,05
Et))=0,12
RSPvC=,0n15015
RTHVC®,0076075%
3 TVeTT=04)
IFITVeLT 0,0)TVe0sD
IFLTVeTVS)4,5,5
SVSesSINIAel14lb0eTV/TVS)
El2)m04N175%439e5FeSVS
E(4)mD,0200%145N0SFOSVS
GO TO &
5§ E{2)mDsD175
El4)m0,02
6 CONTINUF
DO 11 l®|,u
11 CMPLI)®m ), /E(])
IFUX(Y) oLT,0eD)X(4)=Del)
COMPUTE VOLUMES
VISD)=DWD
DO 55 Im},32
Vil)svuill)ex(])
£§5 VISD)mVIBO)IeV(])
VISO)mYI(50)eV(f)=Vill)=Vvildlayl]O)
RESPIRATORY PUMPS
TRSPaTRSP*T=TPS
IFITRSP+GT,TR)TRSP=D,0
TISTRSP/TR
PIlTHe=2,67=]194704eT]¢56s40F0T]eT1
1 *534479eT1eTIeTI+1606020T 0T 0T OT]
IFUTHETACGT o660, )PITHEP I TH=10¢
IFUIFSTEQ.1)PITHR 5,
PIARm=PITH/2, :
CO 71 1m},12
71 PEXT(])=PITH
PEXT(22)=P]TH
PEXT(23)=PTH
DO 72 Iw28,32
72 PEXT(1)=PlAR
PEXT(14)=PAB
PEXT(21)=PlAB
MUSCLE PUMP

~

x
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13

THPeTHP+T=TPS
TPSetY
IFITMP4GEsl o) THPeD,
SHPeSIN(2403slH4]1b6eTHP)
PMPe 40 ,o5MP i
IFISMP .1 YeDsD)PMPeD WD
IFIPEX LYele)PHPeD,0
IFLIFST«EQ, 1 )PHPeD,0
DO 44 Jmlb,19
PEXT(]1)mPHP
. COMPUTE PRESSURES

DO 12 1w),7
PRS(I)®X(1)/CHP(])ePEXTI(]}
DO 13 I=}15,20
PRS(I)mY(1)/CHPIT)+PEXTIL])
DO 14 Im24,32
PRS(I1)mx(1)/CHPL])«PEXTI(])
PAAR 3 o 74660410573 0viB)+0.0031933eviBIovig)
IFIPAALGYSYS)SYSwPAA
IFIPAALLTDYS  ySepAA
PLTA®=48,028*0,620180V(12)+0,000215865*VI(]12)ey(]12)
PLlulO-l!-02&00-0022650v1I“i°0000'77340V(lqlovtlnb
PTHYC®=5,5N0b6e0s1154%,(22)=0,000658730VI(22)ey(22)
-'D-OODUﬂ!?Jb'V(ZZ)-leZ!ovtzzl
PABVCm=S 499640082408V (2])=«0es00NIASTEOV(2]1)evi2])
.00.000009450260vt2|)-vIIIIOVIZII
PSEYCAmS 49994 0,924090VI23)=Ds04224460V(23)0v(23)
1*C 1D0D&IUASReV(23)eyv(23)eV(2))
QRAm (PRA«PRV)/RRA

MEART MODEL
IFIPRACLT«PRV)QRA=N,N
QRVeX(09)/FLPA
IFIC®V4LTeDeD)GRV=DD
XDOT(D9)=PRY=PPA=RRVeQRY
IFIXDOTIO?) el T DD ANDQRV,EQ«D+0D)XDOTI(DY)=m0,.N
QLAR(PLA=PLY)/RMY
IFIPLAGLY+PLYIGQLA®=QWD
QLVeX (11 )/FLAA
IFIQLYsLTe0eD)QLYV=0D
XDOT(11)ePLV=PAA+PG(B)=RAVOQLY .
IFUXDOT(I1)olTo0sNeANDQLVEQeDD)XDOTIIIl)mD,n

PULMONARY CIRCULATION
QPAR(PPAPPC) /RPA
QPCe (PPC=PPV)/RPC
QPVe (PPV<PLA)/RPY

ARTERIAL MODEL
QAAmX (34)/FLLTA
xDOTlJQ!-PAA-PLYAOPG]lZl-RLYl-QAA
QLTA=X(35)/FLLABN
XDOT(3S)sPLTA=PLARA+PG(]4)=RLABAOQLTA
QLABASX(38)/FLCILL
XDOT(I6 )P LABA=PCILL*PGIIS)=RCILLeQLABA

LEGS
QCILL*(PCILL=PLGSA)/RLGSA
QLGSA= (PLGSA=PLGAR) /RLGAR
GLGCAP®(PLGARPLGYE)/RLGCAP
RLGVF=,N75075



IFIQLGVE«LT+CeDIRLGVE®RST? 567547
QLGVE®(PLGVE=PLGSV) /RLGVF
IF(QLGVE ZGTe0s0eANDSPEXeGT o0 0eANDoIFSTeEQ, 1 )QLGVE® ], I150QLGVE
RLGSVe ,N75Nn75
IFIQLGOSVeLT oD DIRLGSVEET 5867587
QLGSVE(PLGSV=PFEV) /RLGSY
IFIQLGSVeGTe0sDsANDsPEXsGT o0 DeANDIFSTeEQ.1)QLGSVE],.150QLGSY
VENOUS MODEL
RFEVe.021021
IFIQFEVsLT.0«D)IRFEVRET 567567
CFEVe (PFEV=PG(20)=PABVC)/RFEV
QABYC® (PABVC=PGI21)=PTHVC)/RABVC
QTHVC®(PTHVC=PG(22)«PRA)/RTHVC
QSPVC= (PSPVC=PG(23)=PRA)/RS5PVYC
HEADeARMS
QLOCH(PAA*PGI24)=PLOC)/RLOC
QUPCe(PLOC-PUPC)/RUPC
QHCAP® (PUPC=PHSV) /RHCAP
QHSVe (PHSV=PJV) /RHSY
RJVe 004301
IFIQUV.LT«0e0)RUVEET 5675687
QUVE (PUVePGI27)=PSPVC)/RYV
CORONARY CIRCULATION
QCORm(PAA=PRA)/RCOR
CONTINUITY FOR VENOUS RETURN
QRET#QSPVC+QTHVC*QCOR
HEPATIC=SPLANCHNIC CIRCULATION
QCSMAS(PLTA=PCSMY) /JRCSMA
QIMAS(PLYTA=PIMV)/RIMA
QCSMYS (PCSMV=PPOV) /RCSMY
QPOVe (PPOVePTHVC i /RPOV
QIMVE(PIMVaPPOV)/RIMY
RENAL CIRCULATION
QRENA® (PLABA=PRENA)/RRENA
QRALE® (PRENA=PRENV)/IRRALE*RREFF)
QRENVE (PRENV=PABVC)/RRENYV
SKELTON'BONE MARROW,AND OTHER
USKBs (PLABA=PABVC) /RSKB
SYATEF VARIABLE DERIVATIVES
XDOT(1)=QRET=QRA
XDOT(2)mQRA=QRY
XDOT(3)u@PVeQLA
XDOT(4)mQLAQLY
XDOT(S)=QRVeQPA
XDOT(&6)mQPA=QPC
XDOT(7)mOPC=QPY
XDOY(B)®QLYV=QAA=QCOR=QLOC
XDOT(IDYmPAA
xoovl12|-oAA-nLTA-0c5HA-GIHA
XDOT(14)mQLTA=GQLARA=QGRENA=QSKB
XDOT(15)=QLABAQCILL
XPOT(16)eQCILL=QLGSA
XDOT(17)wQLGSA=QLGCAP
XpOY(18)mQLGCAP=QLGVE
XDOT(I9)  QLGVE=QLGSY
XDOT(20)=QLGSV=QFEV
XDOT(21)=QFEV=QABVC+QRENV+*QSKB



XDOT(22)=QABVC+GPOV=RTHVC
XDOT(23)mQUV=QSPVC
XDOY(24)8QLOCQUPC
¥PZ7125)8QUPCQHCAP
XDOT(26)QHCAP=QHSY
XPDOT(27)mQHSVY=QuyV
XDOT(28)mQCSMA=QCSHY
KDOY(29)mQIMARQIMY
XDOT(I0)mQIMVeQCSMV=QPOV
KDOT(3 | )mQRENAGRALE
XDOT(32)=QRALE=QRENY
XDOT(3d)maLY
XDOTY(13)=PLOC
XDOT(37)ePPA
XDOY(d8)ePPC

RETURN

END

PI\
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SUBROUTINE CONTRLIT)
COMMON/STATE/X(50) yXDOTIS0)
2/STATE/ZQRALGRY yQLAGLY 1GPAIQPCIQPVIQAAYQARC JOLAAYGUTAIGLTAQUABA,
JQLABA,QCILL +OLGSALQLGAR ;QLGCAPIOLGVFsWLGSY ,0FEYV,QABVCIQTHVC ,QS5PVC,
HOLOC yQUPC ,QHCAP ,QHSVsQJUV,QCO0R ,QCSMA ,QIMAQCSHMV,GPOV,QIMY,
SQRENA ,QRALE ,OQRENV,QRET»QAN(1D0) ,QS8KP
b/STATE/CRAJCRY yCLAYCLVICPAICPCICPVICAAICARC \CLAAWCUTANCLTAGCUABA,
TCLABA+CCILLsCLGSAZCLGAR ,CLGVE yCLGSV CFEVICABYCCTHVC CSPVC,
BCLOCyCUPC CHSV CUV,CCSMV,,CIMy ,CrOV,
FCRENALCRENV,CDI(18)
A/STATE/PRAWPRY yPLAGPLY IPPAYPPCIPPYsPAAIPARC yPLAAPUTAWPLTAPUABA,
BPLABAWPCILLWPLGSAPLGAR ,PLGVE PLGSV PFEVIPARYC PTHVC ,PSPVC,
CPLOCsPUPC yPHSY PUV 4 PCSMV,,PIMY ,PPOV,
DPRENAsPRENV,PDI(]16) PM,PHMC

COMMON/STATE/
ERRA ,RRY RMV RAY ,RPARPCyRPV RARC yRLAAJRUTARLTA,PUABA
FRUABAZRCILLRLGSA RLGAR RLGCAP'RLGVE WRLGSY RFEV ,FARVC

GRTHVC s RSPVZ yRLOCIRUPC yRHCAP)RHSV yRIVIRCOR ,RCSMAJRIMARCSHV,

HRPOY yRIMY ,RRENA ,RRALE ¢RREFF RRENV ,RD(11)sRSKR
I/STATE/FLPAFLAAWFLARCIFLLAAZFLUTAWFLLTAWFLUARA,

JFLLARAGFLCILL JFLCSHMAFLIMAFLRENA,FLDMIB)
K/ASTATEZVISO)svUISO) yPGIIY) yPEXTII2) ,ELY4) sSPACELLN)
LoaZ(ND) aWKEL20) yHR SV ,COWRT PEX W ,PSYSPDYS ,FREQ
MyVO2DOT JAVD,PIABPITHPHP ,THETA ,SF

NoTTOTsTAS,TVS,C1 sC2,GNEWPEXINY TR, DUMMY (14}

REAL NUMSDIINUMID

EQUIVALENCE
2 (ACCMET o XIN1)) ot XNY o XT43)) (DA X(H4)) (DL, XL4G)),
JIDO2,X(4B) ), (XNIyX(49))

DIMENSION AVDYS(5D),V02TS(50)

DATA DTYS/s001/

SAVE OLD XxDOTI(NI=47)
DO 10 lwi) 49
SPACE(]=39)eXDOTI(1)
We WORK RATE KGeM/MIN

PO 25 1w 1792

IFITeWK (1)) 26,425,285

ek (1))

IFIw) 27,27,28

PEX=DD

GO YO 29

PEXw]+0

CONTINUE

OXYGEN REQUIREMENT FUNCTION VO24DT

IFIDO2.LT«0e0)DO2=NsD,

VO2WDT®, 000485081 5eW /25

PSWme)] 54002

DYi1=n02

DT2m(2,0D002«14275)/71415

DYZmnAeDL

DYINsSWINI(PSWH,DT] ,DT2)

DY®SFCNSWIPEXsDTIDTIWDTIN)
ALACTIC OXYGEN DEBT DA
DAIH®ms |Se(DT=],5)¢],5 ’



60

DAlesSHIN(PSHIDO2sDALIN)
DAOSFCNSWIPEX ,D40,0e0,041)
TOSFCNSWIPEX D 0430044 2¢)
KDOY( 44 )= (DADDA) /T8
’ LACTIC OXYGEN DEBTY DL

DLIM® 4BEe(DT=)],5)
DLISSHINIPSNID,04DLIN)
DLO®FCNSWIPEX ,040,04040DL1)
TTSFCNSWIPEX )0, 0430044 20)
XDOY(4S)m(DLO=DL)/T?

0 ARTERIAL=VENOQUS OXYGEN DIFFERENCE AVD
NUMSD = N3AeDO2
CALL DELAY(D«DsDS NUMFDT yAVDYS s NUMID 1)
AVDex(446)+0s 058
KDOT(44)= (NUMIDeX (48] )/5,
IFIPEXJEQeNWO)IFLAGED,.0
IF(FLAG:EQ,1+0)GOD TO &0
IFIPEX)S0,40061
ANFm] 40 )
TONmsY*2n,
FLAG=],0
IF(T.GT+TON)ANFuO 4D
TANBFCNSWIANF (30036003 0)
XDOT(Y49 )= (11 s0D0OANF=XNI)/TAN
XDOT (4 )m(5eSePEX=XNY) /b,
O”HI.I'O
DM=n02e2854/2),
IFIPERGTeDe0)DTSEDT
IFIPEX GTeDsO)DMSEDM
IF(PEX,LTele)DMuaDMS/DTSeDT
CHEMON®DOD2/048
IFICHEMONIGT 4045 )ICHEMON®N 5
FN®2 ,0XNU+XN]D
IFIFNeGT 11 e)FNm] ],
IFIPEXGTaDe)FNSHFN
IFIPEX LYol o )FNEFNS/DTSenT

CONTROLLED RESISTANCES
RRALE® (600,+(11020,=5140,)90L/0.,9)/1332s
REKRe (ARL0,+(2190N,~6860,)°0L/0,9n)/71332,
RCSMAR (3130 (B770,=4130,)0(FN/114/72.%0M/DMMX/2401)712332,
RHCAP® (4S704*(7690.,=6975,)00M/DMMx) /71332,
RCOR® (2N50Ns=(20500s=8770)oDM/DMMX) /1332,
RLGCAP® (260 s=ACCHMET 0654340 ,340,9DM/0DMMX) /12332,
RLGARM® (24600 =ACCHET®0654+340,340,o0M/DMMX) /1322,
RLGARN®FNeSH4D0e/ 11071332,
RLGAR®SE4NON, /1332, *RLGARNSRLGARM
PRESSURE REFERENCE FUNCTION PR

PRNm9Q,+C1eD02+C2¢ACCMET
EAsg2
E2%E0
EO=EN
ENSPRN=PM/24=PHC/2,*XNI*Is0XNY*FN/2,
ER®(EJ+E2+EO*EN)/H,
DDPensS33¢ (EReGNEW)
IFIDDP«LTY+0D«0)DDP=DD
TOT=0e 300D+DDP
HR® 4N/ T0T

22
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CONTROLLED COMPLIANCES
ERCePRNePMC
IFIERC LTeNsD)GO TO 7
IFIERC.GT 40 )ERC=4D,
CLGVE®D 95401 ] ,000,0167¢ERC)
CLGSV!JoIQ;S'IIoD-O-hlt’OENC’
Vulle)=nn,=ERC
VUl ]19)mgBe=ERCo 48
CONY INVE
DELTA®D+9¢(D02«Ds49)
IFIDORLTYeNeb)DELTARDO2/ 60
SFeQ,67¢ACCHET /N, ,*DELTA

RESPIRATION
VO2p0OTY=AyYDeCO
FREQeVO2NDOTeR,2445,28
IFIFREQGT AN )FREQ=I0,
TR®=gDe/FREQ
XDOT(4)1)eivO2D0OT=N,38)/300,
IFIPEXLFQeN D) XDOT(4]1)=®=] /300
IF(ACCHETsLEsD Do ANDJPEXREQeD0)xnOTYI(41)=p,0

OXYGFN DEFICIT FuNcTION DO2

CALL DELAY(D«D5sv02D0T,V0D2TS,V0200,1)
XDOT(48)0(aVO2DD+PEXOYO2WDT*0433) /60
IFIDO24LEsDs Do ANDePFXeEQ.D+0)XDOTI48)=040
DO 31 1m4),49
K(1)mXU1)enolo(XDOT(I)*SPACE(]=39))
RETURN
END

SUBROUTINFE DELAYIFIC N X, TSsX0UT k)
NeNDs OF SECSs DELAY

DIMENSION TS1100)

STep,2

MelFIXIFLOATIN)/ZST)

IFIK)10,10,20

XoUTmTS (1)

DO | Im| M

TS(1)1=TS(1+})

TSiM)m)

RETURN

DO 2 I®1 M

TSt1)1=F)C

RETURN

END



SUBROUTINE ALGOILT)
INTEGRATION ALGORITHM
COMMON /STATE, X(50)X0D0T(80)
DIMENSION XDS(S0)
IFiMY sl a2
DO 3 Im) NOSY
XpSt1)=sxpoYLl)
ToTeW «
CALL CvVSsIT)
DO 4 1®|,NOSV
K(1)wH/2,00(XDOT (1) eXDSE]))ext])
RETURN
CONTINUE
NOSve @
He ,0025%
RETURN
END

FUNCTION SWIN(X ,A,R)
IFIX) 1,242

SHiNmA

RETURN

SWineg

RETURN

END

FUNCTION FCNSWIXsA4B,C)
IFIX)1s2,)

FCNSHmA

RETURN

FCNSveB

RETURN

FCNSwa(

RETURN

END

24



10
20
30

4“0
S0

&0
70

AD
90
100

In2
In)
104
Ins
Ing
io?
lne
ine

200

210
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SUBROUTINFE XxlOIT)

COMMON/STATE/ZX(4600D)

DATA KY INITZ MY, 0/

D.T‘ NZ.NJ.N".NS.Nb.N7oN':N'IS‘iosﬁluﬁﬁzvrﬂ.s&?|§il.5“|5731
IF (INIT.6T4D) 6O YO 200

INIY®|

WRITE ( 4410)

FORMATI'*NDO YOU WISH TO CHANGE INITIALIZED DATA™ (Y/N)Y)
READ ( §,20) x

FORMATIIAL)

IF (FaNELKY) GO TO &0

WRITE ( 4,30)

FORMATI'OPLEASE ENTER INDEX(|=600)y VALUE, CR! (13+E12:48)")
READ ( §,580) | ,VALNEW

FO'"I"'!.!"."

IF (1eLTs) «OR, 14GT460N) GO YO &n

Xtl) = VALNEW

GO YO 40

WRITE | 46,70)

FORMAT('ODO YOU WISH TO MODIFY THE OUTPUT LIsT" (Y/N)')
READ | 5.201 K

IF (KeNF4KY) GO TO 200

WERITE « 6,80)

FORMAY (*OPLEASE ENTER POSITION(29) s INDEX(1«bDN)s CRE (12,14)%)
READ ( §,100) IP,I

FORMATII2,14)

IF (1P4LTe2 s0ORe (P4GT4%) GO TO 2n0

IF (1eLT4l oOR, 14GT,600) GO TO 200

GO YO (90,102,103,104,105,104,107,108,10%),°p

N2m|

GO To 9n

Niw}

GO TO0 %0

N4® |

GO T0 90

NEm= |

GO To %0

Néw |

GO T0 %0

N7w. ]

GO Yo 90

NBw=|

GO To 90

N9w |

GO Yo %0

CONTINUE

IF (TeLT4290e¢) RETURN

WRITE( 64,2100 7 XUIN2) o XENDI) g X (NU)  XINS) g XINS) XINT) yXINB) yX(NT)
TORMAT (F7,298F8,3)

RETURN

END



Cee
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BLOCK DaTa
COMMON/STATE/ZALIDD)
COMMON/STATYE/BI(SD)
COMMON/SYATE/CISD)
COMMON/STATE/DISD)
COMMON/STATE/ELSD)
COMMON/STATE/F(20)
COMMON/STATE/GI28D)
STATE
DATa l/7lol'lIS..?.?’.‘?.I*’.‘Dl?oﬂlnlboil;2*.97||65.7|ﬂoonoo
| Do.zozoi.ﬂ.olIZ.*.IOOoJolﬂl.2-10'.!.8l-7'.51.730“-’01a
2 591;7.)~n.s.z.5l7.rs.37.25-35-0..o.-20~-~.17.52.|27.3.
3 24:314R246B4Be0,,10004,5000,/
FLOW
DATA B/SDens/
COmpP
DATA C/“.Ogglo?.I07|503|7.0'to'o.'oo’ln'lonn.?l
| 3.0;..3”“..J"‘|5|32.o¢'05'|’o5’|l.505i6.oﬂ7|.?22“|2.S|70|ﬂ.00/
PRES
DATA D/4RCDe 19044900/
RES
DATA [/30000750..l00..3“..D]SU:..05?55l00lﬁﬂ2?|3'00.
l 00?".0uoﬂ?"|.02".003093o"-505..“505|-0750‘1..07‘09..02102-
3.007]‘|oﬂ?2”0..0“513|oﬂ?252|00337l.30"31..3754..00&)02;!5.)9.2.35
) .Jn;saus.;zzsz..s:ss..3001..01502..~bn~s.z.1uq..auvu.o..0..
Y 900,45415/
INRTY
DATA F/4N007508,,002R81,300:, 00B&IR,0,4400NR977,,N0626,11%0,/
MiSC
DATa ﬂ/“l.0l05335t|53250030'oUO|30..UIOaso.lﬁc.“ﬂnonl’ﬂoo
| 400,45¢194,30,,30,,1000,684,40,,
2 J'D.|50,.53..500l|23llq5110300.375.t
- 504y 150,,1800,,34¢0,,32¢0,,400,,1N0¢00¢, )
4 7'0.--3§.J'0..20..0.-lb.,ﬁ'ﬂ.no..IA..IO..-J,.-|~..2-U..-l~..13-n.
slnogﬂouﬂ.pboncllzﬂ.|l“‘no|3200l7231.0' be7 50D, 4R0),N0,
L] “'oﬂiiﬂl’ﬂlll...'JJO"'!.J‘oﬂboolﬂ-1'0005oﬂﬁo.l7‘00/
END

| = 10
11= 20
2l= 3D
=100

101l=)50

I8le) 70
1712010

251=280
261=27p
271=280
281=290
291300

Igl=320

321=380
Jgl=as5p
Ivl=sgqo
40les0yp
S501=540
S4il=57p
§71=80y
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