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Recently several multidisciplinary projects have begun to model and simulate human
biophysical and physiological systems. These projects aim to create databases of models which
can be combined to generate larger and more complex biophysical models. These large scale
models can then be used to perform in silico (computer based) simulations to accurately
predict the effects of drugs over a range of circumstances and patients. The ultimate goal of
these projects is to realize a system for predictive medicine. This uses patient specific
models to determine treatment for an ailment in a particular patient or predict side effects
of a drug on patients with certain genetic traits.

Though this research area has advanced in recent years, there is still a lack of tools to
effectively perform these types of simulations, particularly in regards to simulating large
scale models on parallel computing platforms. These types of large scale simulations are
required to effectively solve the problems posed by predictive medicine. Although many
software packages exist to perform biophysical simulations, few of these support parallel
simulation of large scale models, and the ones that do generally support only a particular
type of model. This dissertation discusses techniques and tools that are applicable to
performing parallel simulations of these kinds of large scale models.

This subject is addressed on multiple scales. First, we examine techniques for performing
parallel simulations by converting models into C++ source code which is compiled and executed.
This method is common because of its simplicity and ease of simulation generation. Also,
there are tools such as MATLAB and Mathematica which may be used as a back end to perform the
computation. However, these types of simulations are difficult to parallelize because of the
complexity of the models and difficulty of writing metacode for parallel simulations. In this
case, we use model analysis and redundant computation to simplify the parallel simulation yet
maintain good performance and calculate the same results. However, this technique is limited
because of the time required to compile individual simulations and the complexity as the model
becomes more heterogeneous

Next we describe insilicoSim, an extendable simulation engine for performing parallel large
scale biophysical simulations. Rather than creating source code for each model, this engine
imports models, converts them to internal data structures and performs simulations. This
solves the difficulties of source based simulations in dealing with large heterogeneous models
and allows new types of models and simulations. We present three key components of the
simulator for improving extensibility and performance. First, we demonstrate how a
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standardized plugin interface allows for easy extension of the simulator to new types of
input, output and simulation methods. We detail a technique for improving simulation
performance by simplifying and compiling simulation related calculations into a byte code
representation for fast evaluation. Finally, we describe the simulation object manager which
allows for shared object access between simulation interfaces while transparently performing
parallel synchronization. We demonstrate the effectiveness of these methods by simulating
several models on both serial and parallel computing platforms.

Finally, we demonstrate a method for utilizing large scale unreliable computing resources
to perform parallel computations such as those used in modeling biomolecular dynamics. We
propose algorithms for computing batches of medium grained tasks with deadlines in pull-style
volunteer computing environments. First we develop models of unreliable workers based on
analysis of trace data from an actual volunteer computing project. These models are used to
develop algorithms for task distribution in volunteer computing systems with a high
probability of meeting batch deadlines. We develop algorithms for perfectly reliable workers,
computation-reliable workers and unreliable workers. Finally, we demonstrate the effectiveness
of the algorithms through simulations using traces from actual volunteer computing
environments.
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