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AFCIE [Performance Optimization for Parallel and Distributed Discrete Event Simulation of Large—Scale
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ZHF|FH L7z What-1f Analysis OE#{bFEICE L TH L TW5D, BERAIZIL, Exact-Differential Simulation
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In the era when new large—scale systems have emerged because of the improvement in information
technologies, it is necessary to clarify the behavior of large—scale systems, because society has become
more dependent on these systems. Computational simulation is widely recognized as an important method
to examine or study such large—scale systems because their behavior is too complex to analyze in static
or mathematical ways. In addition, parallel and distributed discrete event simulation (PDES) techniques
are used for fast and scalable simulation execution. This thesis discusses studies on the simulation of
such large—scale systems with PDES, and I propose three new techniques.

First, I present a new modeling technique of emerging P2P systems. The proposal includes a data
partitioning method for distributed computers and performance optimization for P2P system simulation on
PDES, as well as a representation of P2P systems with the PDES scheme. The effective partitioning decreases
the cost of machine-to—machine communication, which is one of the main performance factors in PDES. In
addition, the proposal shows the effectiveness of some optimization techniques used to accelerate the
simulation performance.

The second technique is a new redundancy reduction technique for a repeating simulation. Large—scale
system analysis by simulation requires repeating the execution of simulation many times with various
patterns of scenarios or parameters in order to validate or calibrate the results, which results in a
large amount of redundancy, even when the change from a prior scenario to a later scenario is very minor.
The new technique, exact—differential simulation, is illustrated. The technique enables to simulate only
the changing scenarios in later executions while retaining exactly the same results as in the case of
a complete simulation. The proposal also shows the implementation of the exact—differential simulation
on the top of optimistic PDES, and it illustrates the experimental results with large—scale traffic
simulation.

The final technique provides efficient simulation execution optimized for a cloud computational
environment. When using the cloud, where computing resources are rented in a “pay as you go” charge model,
cost performance is important. I proposed an adaptive virtual machine provisioning method used during
the simulation, which enables the effective use of computational resources. The experiment, conducted
with a case study of an agent-based traffic simulation on PDES, shows the improvement of its cost

performance.
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