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Biological simulation has become an important technol-
ogy in biological research. For the analysis of complicated
biological processes multi-domain simulation techniques are
essential. In addition, due to the continuing advances in
various related areas, simulation models are subject to con-
tinuous modifications. However, many existing biosimulators
are implemented in a monolithic software architecture which
is constructed using a combined model of all concerning do-
mains and thus leads to high developing costs. To improve
this situation, we propose a novel biosimulator development
platform, the Dynamic Biosimulator System (DynaBioS).

The targets of the biosimulator involve complicated inter-
actions among different domains, while each interaction itself
is rather sparse. Based on these characteristics, in DynaBioS
biological activities are simulated as interactions among soft-
ware components, each of which is a sub-simulator of a sin-
gle phenomenon and exchanges event messages with others.
Each simulator system is composed of a system core and
components. The system core consists of a simulation con-
troller and a model manager (Fig.1). The simulation con-
troller manages the sequence of the system operations that
are defined in a simulation scenario. The model manager
maintains the simulation data followed by the definition of a
model object. The simulation scenario and the model object
are coded by the user with the help of functions provided by
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Fig. 1. System structure of DynaBioS
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the DynaBioS system. Component specific functions can be
implemented on the standard interface. It allows easy imple-
mentation of components by using existing software products
with a simple wrapper.

We have successfully implemented a cell physiology sim-
ulator component, a structural mechanics simulator compo-
nent, a 3D visualization component and several others using
the DynaBioS platform. Then, simulation systems for the
contraction of myocardial tissue, for the wall motion of the
left ventricle, and for myocardial excitation propagation were
constructed efficiently. Several components could be imple-
mented at remarkably low developing cost by wrapping ex-
isting sophisticated software products.

The main feature of DynaBioS, the independent simulation
of a phenomenon by each component, allows for collabora-
tive implementation of a simulation system by researchers
in different domains. Furthermore, easy replacement of each
component model dealing with a phenomenon is enabled.
This platform considerably reduces the costs in the develop-
ment of simulators, by implementation of components using
existing software, and by reuse of components. Although the
over-head of the component-based architecture is large com-
pared to that of a monolithic architecture, the results of an
evaluation experiment (Table 1) show that the over-head of
DynaBioS are about 3% what is sufficiently small.

Table 1. Measuring results of the system overhead

num. of elem. || over head (ms) | calculation (ms)
100 28.7 983
200 52.6 1940
400 118.4 3960
800 244.6 8005




e - AR R 2V —% 7 F v b7 + — 4 DynaBioS

B R BT ksA E N
kel fE AR Jran KE B
oA BH T graR BPRY AL
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Biological simulation has become an important technology for biological research. Though multi-domain
simulation technique is required for analysis of complicated biological activities, multi-domain biosimuator
system tends to be very complicated and so requires a high developing cost. To improve this situation, we
propose a biosimulator development platform, DynaBioS, which can handle complex interactions between
phenomena in different domains, such as electrophysiology and mechanics. A biosimulator system is composed
of components, each of which is a sub-simulator of a phenomenon, and exchanges event messages to each
others as the interaction of the phenomena. This design allows easy replacement of a model for a phenomena
by interchanging a corresponding component. This platform reduces costs to develop simulators, by imple-
mentation of components by wrapping existing software products, and by reuse of components. Examples of
developed simulators are given to show that this platform facilitates the development of biosimulators.
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Table 1. List of system core providing functions
Name Function

allocateComponent | allocate a new component
releaseComponent | release a allocated component
getModel retrieve the model object
sendMessage send a message syncronously
postMessage send a message asyncronously
processMessage process a received message
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Table 2. Command list of cell physiological simu-
lator component

Command Transmit data Response data

Set model

a model description file
Stepwise execution
variable values

Get variable values | variable names

Set variable values | variable names and values

Quit
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Fig.5. A screenshot of the simulation system for
wall motion of left ventricle

System
core

Cell physiology sggﬁ;ﬂli
simulator simulator Graph monitor
(simBio) (MSC.Marc)

Membrane excitation
and excitation-
contraction coupling
of myocardial cells.

Structural mechanical
deformation of
myocardial tissue.

Fig. 6. A simulation system for contraction of my-
ocardial tissue

AL BDO=ZRICETIVER VS, I A LAT Y
TIZBWT, TIPSR E T 5 I ORR 2R L %
MR EBEE Y I 2L —F Ty R—2 Y MIIoTEIET S,
RIZ, WEN¥yIal—FaryR—FrMkoT, 7
AN NGHIRERZELZ A L LT, b oLLZED
g FEREHE TS, 2OV AT ATIE, LEMM
FAETNDINTG A= A EH T EI2L T, Ml
BT B AEBZEACD D ESROYHG 2T 2~
WTRECTH 5o F72, LLERIKET IV MBS E TV
REET LI LX), EOEORMEIRRL ALY A
B R OLEERED LI 2 5 B % AT LWL T & %,
(4:5) DEFEBIGES I 2L —Y3> Y XTL L
BRI Y S 2 L—3 a3 Y Y AT A0, O o i B
BB L UREIGER &, DA ORE ) F AT B4
HHREE T A Z LI LD, OO ER A Y I 2
L= bFFTABYATFLTHD, 2DV AT LIZ, MfaEES
YIialb—FaryR—F b HENFEIIaL—FaY
K= N, FI9T7FERIVKR=FAIFDI IV R=—F Y
FSHRENS (Fig6)e 22T, /I 7FRa vV R—
v MIKEN % 7T 7FRRTAHIVR—F Y P THb,
CDY AT ALTIE, LMD ZRITE TV ARHEERTE
Woz=y MagdElan, £1=y MZ—20.LAlE
TNDBEZ N5 LM EZ L=y P T &
B DS 2L —y oy R—2 Y N TRIEL,
MBS ROB 2 E T ABENF Y Ia b -y a K-
v b EDBETEMB X OPHEIICET 5857 A =5 % R
FHICZH S 5 2 LIS X ) BEEIHE AT ) KRV AT LT

T C, 127 % 11 &, 2007 &£

1933

Table 3. Measuring results of the system overhead
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Fig. 7. Measuring results of the system overhead
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