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2. Abstract
We have been developing a comprehensive mathematical model of cardiac myocyte based on molecular
functions using a biological simulator, simBio. In this approach, expanding computing power is needed as
the model becomes more intricate. Meanwhile, distributed computation by a cluster of personal computers
(PC) became available using an open source package. A free software package named Jini orchestrates
computers on a network, which we coupled with simBio. We connected 11 PCs and found that the time
required for computing 504 models became 13 times shorter than that with a single PC. This method was
proved efficient for sensitivity analysis of models, because calculations are independent and a linear
decrease of computation time was obtained by adding PCs to the cluster. The visualization feature gives a
researcher instant feed-back and accelerates model driven study. The whole system with source code is
available at www.sim-bio.org.

3. Introduction
It is common in the physics and engineering fields to use mathematical modeling for understanding
phenomena, and we have been developing a comprehensive mathematical model of cardiac myocyte,
which is composed of multiple interactions of a large number of molecular species, and utilize the model
to drive a hypothesis based study (Takeuchi et al, 2006). In this cycle, repetitive simulation, validation of
the model and data from animal experiments, and visualization lead to a novel hypothesis (Fig. 1).
Fig. 1. Image of model-driven biological study. Mathematical modeling is common in the engineering
field, and is also a great accelerator for medical and biological studies.
Sensitivity analysis of each parameter in a model is essential in these processes. Such kind of analysis was
left to mathematicians or theoreticians because of high demand in calculation ability.
We have been developing and utilizing a biological simulator called simBio (Sarai et al., 2006b), in which
differential equations are written in Java (Sun inc., USA) and initial values of parameters and a model
structure are written in the extensible markup language format (xml). Thus we need a tool to analyze
sensitivity, with which procedures can be recorded and reused.
PC clusters are useful for accelerating the analysis of the behavior of a model with different parameters
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because each model can be calculated independently. Meanwhile, powerful software is also created by
collaborative work, and freely available via Internet. Thus, we developed a sensitivity analysis system,
which feeds back a dependency of specific evaluators on several parameters with instant visualization
using distributed computing with PCs connected in a laboratory.

4. Methods
The efficiency of distributed computation was proved by several projects such as SETI@home (Korpela et
al., 2001), and PC clusters are readily available in most laboratories. The distributed computation package
named Jini is provided as open source (Hupfer, 2000). JavaSpaces, which is a service of Jini, provides a
virtual shared memory environment on a computer network. So a calculation server using simBio
(Worker) was developed, which reads a model xml of simulation request from the shared memory, and
computes the model using simBio, then writes a calculated model xml to the shared memory. Workers are
utilized from a client, which sets various parameters for a model, sends request xmls, and collects the
results. Workers on a network are started and stopped by a commander class, which is the last unit we
made.
One of the features of simBio is that a researcher can freely connect independently developed sub-models,
so public sub-models and private ones can compose a model of their interests. Worker should use the
specific equations written in a certain Java class. To accomplish this requirement, a request xml is
connected with the specific http class server, which is a common mechanism to provide classes in Java, to
obtain exact Java class.
With these implementations, the following messages are transferred in the distributed computing process.
1. Client writes a model xml into JavaSpaces.
2. Worker, which should be already started, reads a model xml from JavaSpaces.
3. Worker checks the version of Java classes, which was specified to be used in a model xml, by
contacting an http class server.
4. Worker retrieves the latest version of Java classes from the http class server, if necessary.
5. Worker starts calculation of a model xml using simBio.
6. Worker writes a notification of starting calculation into JavaSpaces.
7. Client reads a notification, and then writes a next request of a model xml at the end of the queue.
8. Worker writes a result xml with evaluators into JavaSpaces when simBio calculation is over.
9. Client reads and gathers a result, and then writes a receipt.
10. Worker reads a receipt and discards a local copy of a result xml.
Fig. 2. Schematic diagram of distributed computing. Client, and each server of Javaspaces, simBio, and
http can be run on separate computers or on the same PC. Client and an http server are typically executed
on the same PC.
For quick feed-back to a researcher, visualization is provided right after the calculation. Two-dimensional
color contour plots appear when 2 parameters are simultaneously changed. For analysis with different
software, a summary table of various parameters and evaluators is also produced.
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Researchers can use different types of computers to simulate biological systems in our laboratory, because
simBio is written in Java, which can be executed on several operating systems such as Windows
(Microsoft, USA), Macintosh OS X (Apple Computer, USA), Linux, UNIX, and so on. We connected 11
PCs with Java development kit 1.4.2 made by IBM, in which Windows XP were installed on 10 PCs, and
Red Hat Linux was installed on the PC named X1. A hyper threading feature of Pentium (Intel, USA) was
turned on to simultaneously calculate models on a PC.
We built up a system for sensitivity analysis with distributed computation, which can be used by the
following procedures.
1. A protocol xml file for sensitivity analysis is processed on a client alone to confirm the efficacy.
Duration and repeat times of calculation can be decreased at this stage.
2. A JavaSpaces server is started.
3. Workers are started.
4. An http class server is started.
5. The protocol xml is executed with an option to use distributed computing.
6. Graphs will be presented right after computation.

5. Results
The behavior of the peak and diastole value of an evaluator [Ca2+]i on 2 parameters of NCX and PMCA
is shown in Fig. 3. Figure 3A was obtained by the above stage 1, and Fig. 3B was at stage 6, which was
used in Fig. 3B in Sarai et al (2006a). It is apparent at a glance that the same value of evaluators can be
obtained by a certain combination of parameters. The waiting time to see these graphs after starting
calculation was almost the same.
Fig. 3. Two-dimensional color contour plot by a single PC with 2 Xeon CPUs (A) and by 11 PCs (B).
Figure B was modified from Fig. 3B in Sarai et al. (2006a).
Elapsed time by the distributed computing of 504 models (=21 • 24, which is the resolution of Fig. 3B)
and estimated time by a single PC to calculate 504 models are shown in Fig. 4. Each model was calculated
until it reaches a steady-state. Twenty-two threads of 11 PCs needed 6 hours and 1 minute. The
computation time was about 13 times shorter compared to 2 threads of a Pentium 4 (2.6 GHz) computer
(equivalent to P4 and P5 in Fig. 4) which required 78 hours to calculate them.
Fig. 4. Elapsed time of computing 504 models by 11 PCs vs. estimated time by each PC. PCs with
Pentium CPU were labeled as P1 to P8, and PCs with dual Xeon CPUs were labeled as X1 to X3.
Estimated time by each PC was extrapolated by the number of calculated models in the elapsed time.

6. Discussion
As a mathematical model becomes more complicated, the process of understanding and validating the
behavior of a model becomes much more time consuming. Thus, an instant visualization tool of parameter
sensitivity is indispensable for bio-modeling study. This system is useful at least in the following features,
• The result of sensitivity analysis is immediately visualized.
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•
•
•
•

The same protocol file is executed as is on a single PC and with distributed PCs.
More detailed analysis can be achieved in the same amount of waiting time by adding more
computers.
The procedures of analysis are written in a protocol file, so repetitive and modified analysis can be
accomplished.
The whole process itself of how a mathematical model was created and analyzed can be recorded.

Only 3 classes, which is a unit of a Java program, are needed to utilize distributed computing because of
the power of open source product. Calculating a model after applying several parameter sets is suitable for
distributed computation because each calculation is separated into an independent job and small
communication is needed. Therefore linear effectiveness by adding a PC into the system resulted in a
decrease of waiting time to obtain the result. This system is reasonable for ordinary laboratories, because
they can make full use of their own PCs and increment computation power in a step manner.
Vulnerability and maintenance cost increase as the information system becomes highly-developed. We
have integrated the procedures using the system into 6 steps, but it still needs further simplification. A
JavaSpaces server, on which our system heavily relies, consumed a lot of memory space, thus Worker was
forced to keep a copy of xmls preparing for a crash of a JavaSpaces server due to a lack of memory or loss
of data while communicating. Using a commercially improved version of JavaSpaces or other solid
platform for distributed computation, when effective handling of calculation requests from multiple
clients, networking over private networks, or more reliability is required, will also be considered.
We succeeded in visualizing the behavior of a mathematical model on parameter sets by small cost using
an open source product and PC clusters. We needed 3 days to build up an early version of this system,
which is almost similar to produce Fig. 3B by a PC.
The system with source code is available at http://www.sim-bio.org/
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