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ABSTRACT

This paper describes a methodology for the
development of models of discrete
system(DES). The methodology is based on
transformation of continuous

event
state space into

discrete one to homomorphically represent

dynamics of continuous processes in discrete
events. This paper proposes a formal structure
which couple DES models within a
framework. The structure employs the DEVS
formalism for the DES models. The proposed
formal structure has been applied to develop a

DEVS model for the human cardiovascular system.

can

For this, the cardiac cycle is partitioned into a set
identified through
VisSim simulation in the CS of the electrical
analog model. VisSim is the simulation tool of
visual environment for developing continuous,
discrete, and hybrid system models and performing

of phases based on events

dynamic simulation. For each phase, a CS of the
electrical analog model for the cardiovascular
system has been simulated by VisSim 20. To
validate this model, first develop the DEVS model,
then simulate the model in the DEVSIM++
environment. It has same simulation results for
the data obtained from the CS simulation using
VisSim. The comparison shows that the DEVS
model represents dynamics of the human heart
system at each phase of cardiac} cycle.
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Tablel. Discrete Event Partitioning for the Heart

A3 A29 2] DEVS Atomic &9
£ 19 398 459 ¥4 208 Ty

43¢ DEVS 2de) YAE DEVS e o4
dehie E 2.9 2o,

Conditions | Phase Sympton State Range
VP<AP<AOP ::“’ ;';cczz:g 4<P,y<8mmHg
A-Viopen | ASP ‘; decreasin“ 80<Pao<90mmHg
AO-Viclose €1 o7as6<t.<08
i <
AP<VP<AOP P'Lv raplfi 8<PLv<100mmHg
increasing | 80<Paoc<100mmHg
A-V: close | ICP .
AO-Viclose Pao decreasing | 4<Parr<15mmHg
’ Part increasing 0<t,<0.0512
AP<VOP<VP 90<PrLv<140mmHg
. . . 90<Pa0<140mmHg
A-V open | EPl | Pv increasing
AO-Vio 6<ParT<15mmHg
open 0.0512<t. <0.144
" |AP<KVOP<VP PLv decreasin 80<PLv<140mmHg
A-V:open Ep2 | p v decreasi ¢ 90<Pa0<140mmlig
AO-V:open PAO increasil::g 6<PARf<2(hang
ART £ oadd<t,<0a92
AP<VP<AOP Puv decreasing | L0 <F+<100mmlig
, . . 90<P20<110mmHg
A-V:close IRP | Pao increasing B
AO~V:close ParT increasin, 8<Parr< &
ART 1 0192<t.<02076
Prv decreasing
<
VP<AP<AOP & increasing | 2 FLv<150mmig
. 80<Pav<110mmHg
A-V:open FP1 | Pao decreasing
AO-V:iclose Parr decreasin 2<Parr<15mmtig
' ART SN 1 0.2976<t.<0.5088
& increasing
VP<AP<AO >P increési 2<PLv<8mmHg
P P2 P”’ dweasi“g 80<Pa,<100mmHg
A-Viopen P"° increasi““ 2<Parr<8mmHg
AO-Vclose ART "€ | 0.5088<t,<0.7456

E 2. AFZAN2YY DEVS Atomic =d¢] A
Table 2. DEVS Atomic model specification of
Heart System

Mawomic=<X,S,Y, & ext, 8 int, 4 1>

X=((Pressure, Volume)|Pressure€ (0, 130),Volume€ (60, 160)};

Y={(p, V)IPER', VER'};

¢ €{(ASP,ICP EP1 EP2IRP,FP1,FP2), (Busy, Passive)};

Sex = ((0,¢,p(v)),epressure(volume));
0< ta < 00512 (¢ < ICP)
0.0512< t. <0.144(¢ <« EP1 )
0.144 < t, <0.192(¢ « EP2)
0192 < t; <0.2976(¢ <« IRP)
0.2976< t. <0.5088(¢ <« FPI1)
0.5088< ta <0.7456(¢ <« FP2)
case condition : 0.7456< ta <08(¢ <« ASP)
Al(o,¢,pv)) < p(v) ;
ta(( 0, ¢ .p(v))) « p(v) ;

case condition :
case condition :
case condition @
case condition :
case condition :
case condition :

AE3 AN&g9 DEVS Y A E oA

AY¥ @A 2 DEVS 2d& AE#HIAEY ¢
3le] DEVS ¥4 &% C++2 FH% DEVSIM++ &
AHgEtgoh B @7 HEd Mg dAe
oS3 2. ALY A¥BAN 29 CSE VisSim
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4)e ¢ §£HES vEhdd. gty 4 nyy
7 3 g4 g o4 g Ad Aegsg F
&1 o8& AA EEZ(Event List)el A&3y).
I F ANFAYHAA, R Ao g, WRHo 4,
a3 NARA 5 Fo] dHEHW AHARE) &
Ed A Holg FYstd 29& FEd. oy
A& TEIA JeElE 4388 299 DEVS &
4 ESYolojayde 29 38 #d. 2y 3494
Atomic 29L& GENR, TRANSD, LA, LV,
PULMONARY, R.A, RVelx, Coupled 2 Y&
EF(Experimental Frame), HEART, HEARTSIM®¢]
o 39 394 AAE Atomic Fd9 J5e ©g
% ok GENR 29 AAF Frlg 944 ¢
qd R 839 dogE A4 (generation)d}t
Coupled 29¢ HEARTZ BYth o714 9A%
F7le AZ F71/ BEY F71(08/250 sec)E 9n|
g e} Atomic 2¥€ GENRY 98 @A (stop
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F93Al gk Atomic 29 TRANSDE A A4
299 s 4, A48 4Y 2 L£HE go)
HES Yol JASAY s Egc. wef
AEHAE Bz & doe &8 d(stop
port)dl “STOP” wAlAlE ®4icth Coupled 2@
HEART7F 383  71%e& o83 o
EF(Experimental Frame)olAl Ho|6|E& gy
"in_atri_p”, "in_atric_vol"2%8 Ag wn g
A} “out_vent _vol”, "out_vent_p”, "out_aortic_p"&
T3 A dolHE M4 @k HEARTH = 57
2 Atomic 2dEo] EAse H #e myse
Bel(state)& F 70 A(phase)o 2 ZF, A 13} A4
22 FEEY. A4 1& ©A "ASP", "ICP”, "EPl”",
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“BUSY”, "PASSIVE” WA 2 F2%T 47]|M 4
1& A gdol e Aol met FEAYG. F, ICP
= 0<SIMUL_TIME<0.0512, EP1< 0.0512< SIMU
L_TIME < 0144, EP2¥ 0.144 < SIMUL_TIME
<0192 IRPE 0192< SIMUL_TIME <0.2976,

oz
it

A18d A2z 96/11
FP1& 0.297<SIMUL_TIME =0.5088, FP2& 0.5088
<SIMUL_TIME<0.7456, ASP+ 0.7456<SIMUL_
TIME<08 S22 F&3t} Coupled =¥ HEART
o T4 249 ZZ9 Atomic RLES ztze A
2357t EARA € Ao Atomic REES
g Ed] Folot HolHE RHe ¥
F 2 R Hol#4E AA Fze &Y¥sE
dto] 29 YEZ dYolHg Ay, 4 UYL E
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ANgdolNg £48 A7 BYse 1Y 49 2
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=2 § A
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HAte] kekstn ANEEZ B AXHUD.

2. CS 2N Aeldz v|2wAye HLah),
DEVS 2ddMe ZZte mde disiy A ¥z

AEEFE T3t FE2 Zr] & s F§
ez CSHEYE 4 AFEF 2¥98 498 + Ad
ozt 349 3. A CS 2d ¥ dloH
€ A3 F%38loq DEVS 2de &g T34
Aol ALY A9 v FFHA oz JE
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ARA, A37%, $284d 4 439 7ie w3
T u3g 2dyd #d 477t 395 95
A3 =28 Z HEs £v #7984 499
'@ AEE o3Ey] AT F8F =2 ALgHYH
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