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HYBRID COMPUTER SIMULATION OF PHYSBE*

Introduction

Since PHYSBE was 'first proposed b\y McLeo‘d(l) flve years ago , there have
been several attempts.to simulate the model using various techniques. (2,3,4)
The model was originally proposed as a standard circulatory model, simple enough
to easily Jmplement, yet with enough corrplex1ty to accurately portray the pres-
sure-volume-flow relationships of the cardiovascular system However the model
has been a standard device for checking various simulation teohmques whether
analog, hybrid or digitél. '

So far PHYSEE has been programmed all analog, on MIMIC, CSMP-1130, DSL/90 -
(digital simulation _lahguag_es) , FORTRAN, DARE, and for a hybrid computer. The
FORTRAN sjmzlation.wias'. run on a CDC 3600 and a SDS 940. DSL/90 and MIMIC solu-
tions were obtained on an IEM 7090. A hj(brid solution was obtained on a SDS
- 930 - EAT 680 camputer. DARE is a CSSL type digital sj.rm:l.la{f.ion langﬁage using
a PDP-9. '

Recently discrepancies between the various published solutions have been
discovered and errors corrected. In addition, two more PHYSBE simulations have

been hrplenented- one by Benham(s) and the one discussed in',this’paper.

Model Descr:LEtlon |

Figure 1 is a- block dlagram of PHYSBE showmg the equat:.ons and all of the

mterrelatlonshlps .

Discussion

The mdel was. first coded using MIMIC and solved on a UNIVAC 1108
dlgltal computer. It took 28 seconds of compuber time to campile and ‘run.
The results were usedto optimally scale the fixed-point hybrid simulation.
The hybrid solution, which matched the MIMIC run for the first four heart
beats, used digital -intet_jrators. It was xun in 1/20 real—t:ime and sampled
so that comparisons could be made at similar points in time. It the hybrid
model (with digital mtegrators) could have been run: even slower a better com
parlson parison with the MIMIC "standard" would have resulted.

Since real-time simulation was the goal of this project, the digital inte-
grators were replaced by.analog integré,tors. ‘Tp obtain a steady state solution

*PHYstiological Simulation Benchmark Experiment



. RIGHT VE2ITRICLE
. va
QU /At = Py m By
v, (0) = 150.
l P = Vr/Crv :
‘ P _{78(>__ -DP_) -P_ >0
vC Ftv —{0 vc v vC rv : 0
1C,, R
Frv Prv
VIR O\VI\ M VCW 1 /Clv ) PUILMONARY ARTERIAL SYS'I'EM
dvvc/dt = Fvs - Ftv {seconds) dVa dt = va - Fps
V. (0) = 500. 0.00 0.0033 0.0066 Vop(0) = 120.
P, = 0.004 V ’ 0.04 0.0500 0.6000 Pp = 0-133 V
F,q = 1.65 (P, - P,) 0.08 0.1000 1.0000 F ={98(Pw - P Py~ Pap : 84
0.12 0.1500 1.2500 L =
o 0.16 0.1900 1.4000 -
s¢ 0.20 0.2400 1.5000 ps
0.24 0.3000 1.6000 P
F ap
0.28 0.3600 1.6000
SYSTRMIC CIRCULATION 0.32 0.4000 . 1.5000 PULMOIARY VENUS SYSTEM
al_Jat=F_ -F 0.36 0.3000 1.0000 & Jdt=F -F
s as s 0.40 0.0033 0.0066 ps ™V
v_.(0) = 3340. : : . v._(0) = 240.
P =0.0153 V . . . P_=0.033V
sC sc vp
F_=1.63 (P -P_ ) : . . F_=7(___~-P_)
as o sc 1.00 0.0033 0.0066 ps a W
{Pas - iy
r._ ¢y Pop
AORTA P LEFT VENTRICLE
- _ 1v = -
dva.o/ dt = E‘av 1:‘as (Nl\/ d,t - 1:‘mv 1:‘av
v, (0) = 100. vy, (07 = 150.
Po™ 08 Vao Plv = Vl\/clv
_f80 (p_-P P, ,=-P - >0 _{17.81(P -P) P_-P >0
Fav —{0 av ao 1lv ao <0 ‘Fav Fmv =\ lv vp 1lv <0
Figure 1. 3lock ITizgrawm o PAYSEE

LT To-¥S-TMNE



BNWL~SA-4127

-3~

a "twiddle" pot was placed in the systemic circuit. .It was adjusted until 0.5
ml/sec was added to the derivative. In order to obtain as much of the avail-
able accuracy of scaled fixed point coding as possible, relative rather than
absolute changes in the variables are integrated. Because of this and because

of developing the sampling routine, the coding and debug took about one week.

The real-time simulation was worth the effort however.

The Appendices contain the documentation of all phases of the solution of
PHYSBE. Appendix 1 contains the MIMIC code and results. Appendix 2 contains
the hybrid code (digital integrators) and results which campare favorably with
the MIMIC results. Appendix 3 contains the same hybrid code with analog inte-
grators replacing the digital ones. The results of these runs are in the form
of strip chart recordings (Figure 2). The dots on the strip chart output show
the MIMIC and PHSBED results (fifth heart beat) for comparison. 'I'he simalation
still hasn't reached steady-state which explains the discrepancies. A compari-

son was not made of the systemic circuit.
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APPENDIX 2
PHSBED Solution of PHYSBE

(Digital Integrators, Tabular Output)
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677
3256x%
674



PHUSHED

5 GN
LOOP
PUMP
STORE
LOOPY |
LOOPY
ICOND
.1VVCJ
LIVHVE
JOIVAPD
2VVP32
«3VLVI
«JIVADD
.2VSCd
RVCOMP
LVCOMP
EXIT
1SUB
VENAC
RVENT
V2
TVI
puULA
pve
PV
PULV
LVENT
mvz
iVl
AORTA
V2
AV
SYSTEM
DIGINT
SCALE
«SPVC
«OPRV
.6PAP
. IPVP
3PLV
+3PAO
L4P5C
JA4F VS
LIFTV
JIFPV
+3FP3
JIFMV
.2FAV

A
13
20
34
125«
123
166«
200+
201«
202x
223«

204~
2805 %

236+
AN ES
240 =
271
275«

313*

336x%
363«
370«
372«
4]12<
421 +
425
444+
478 =
475+
477~
516«
524«
526«
554«
6477=

68T4x

675«
6 76%
717x
186+

101

122
103
184«
725 =
1864

107%

T10=

'PSC

. 3FAS
1VvC
.3VRV

. 3VAP

< 2VVP
3VLV

. 3VAQ
.2VSC
PVC
PRV

PAP

PVP

PLV

PAQ

FVS

FTv

- FPV

FPS
FMV
FAV
FAS
vvC
VRV
VAP

"VVP

VLV
VAO
vVsC
PS
AUTO
AUTOI
CNT

CNT!

CNT2
INTEGE

INTEG2

NP

T
- TIME

Tl
«IDVSC
+OVDAO

- «BVDLV

« 1 VDRV
+2VDAP
«3VDVP

"« 4DVAO

711x « 4DVAP 325 3%
712x% «4DVLV 3251 %
T13% «4DVRV 3252%
714x% «4VDVC 3253 %
T15% « 5DVVC 325 4%
Ti6x «3DVVP 3255%
71 7% .8VDSC 3256%
728 TTAGS
721 % FG1$
722% HMPY3$
723 % IOVFLS
- T724x% HMPYL1 S
725% - X18%
726% - TCRS$ -
”7§7£”””““_“”*ﬁﬁ52$'””“
730% Xel3%
73 1% CNPS
73 2x% TTABS
733% RINTS .
" T3 4% TVOLTS
735% "HMPYZ2$
136% HOM$
C T3 7% TOCTS
740% ICLP%
T4] % TFRMS
T42% $CL I
T43x% $CLZ
T4 4% $FC
T45% $MODE
T46% $1S
3226
3227T*
3238
323 1%
3232x%
3233%
3234x%
3235%
3236%
323 Tk
3240%
- 3241%
3242%.
3243x%
J3244%
3245
3246x
3247%



K

UNIT
RELOC

SINTI
FGls
gVFL 3
-5y.M3L S
CLP®
WwCL b
PS51Z %
KOTATS
FONT S
CHRESPS
LINSPS
CHRCTS
TAB3PH
TiYPS
LINCTH
"L
L2
[OVFLA
*rC

S
“TS

JATASSHEN
HiPY 35
ICLP%
TTaLh
T5CT 5
TYOLT®
TTAabS
TCRS
TFRMS
HOM 5
Y19%

.Y.alu"
CNPS

RINTS
40DE

- LINK

16
17

45729
4251
3372

3667

3743
3741
3742
3743
3744
3745
3746
4222
4337
50417
57453
4527
5745
5546
4844
44238 .
3767
4271
4366
4114
4213
4173
4244
4412
4456
4545
4388
4332
4542
5324
46617
5251



UNIT HDOT
RELOC L S
~  sgsz . 12136 mxl " L
J— | | ) 2900
ngsnn CORIT2) : ' '
‘ 2 , 200

152167/ XOR CORIT2 233 o 252733

TTAGS 2/ LAC LAC 5052

5852/ JMP $MODE 36 252733

CORITZ’ | -

CCRIT2/ JMP CORLTZ 4

coRIT2 1/ 2 | .

CORITZ 2/ STORE 44 3 . 220

cORITZ 3/ M 567
conrlT2"

BGN'

corlT2 '

CohlTE/ JMP CORIT2 4
CORITZ: 12582

125048 °

CORITZ 214/ MMLC :
CORLT2 211/ J0P CORIT2 1617
CORIT2 212/ GLK LINCTS 3
CORITZ 213/ JMP I CORITZ 3
CORrITZ 214/ 2 ’ '
CCHIT2 215/ LAW M$% 2522
CORITZ 216/ 2 T

CORIT2 217/ 2

COKIT2 222/ @

CORITEZ 221/ &

CORIT®"®

l .
12719/ MmmLC R
CORIT2 211/ JMP CORIT2 167
CORITZ 212/ GLK LINCTS 3
127127 GLK LINCTS 3
12523(CORIT2)

CORITZ 2/ 2 . 2022
CORIT2" : ‘

754043 -
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APPENDIX 3

PHSBEH Solution of PHYSBE

~ (Analog Integrators, Strip-Chart Output)
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