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“Let us ... restrict ourselves to simple structurdsewever possible and to

avoid in all intellectual modesty ‘clever constriocis’ like the plague.”

Edsger W. Dijkstra,
Notes on Structured Programming,
In Pursuit of Simplicity
1969 - 1970.



Abstract

The Discrete Event System Specification (DEVSprovides a general methodology for

hierarchical construction of reusable models incntar way and has been used to simulate
sophisticated systems in a variety of domains. Tmsertation addresses software design
and performance issues that arise in parallel sitan of large-scale DEVS-based models
on both multiprocessor clusters and chip-multipssoe architectures.

TheTime Warp (TW) mechanism is the most well-known optimistic symciization
protocol forParallel Discrete-Event Simulations (PDES)With the increasing scale and
complexity, TW simulations face new challengeseinrts of excessive memory consumption
and operational overhead. In an effort to allevibese problems, a novalghtweight Time
Warp (LTW) protocol is proposed for efficient optimistic pdeb DEVS simulation on
multiprocessor clusters. By exploring the intrins@mputational properties of DEVS-based
simulations, the LTW protocol allows purely optitiisparallel simulation to be driven by
only a few full-fledged TWLogical Processes (LPsWwhile most of the LPs are set free from
the burden of TW execution. The experimental resdicate that simulation performance
can be improved significantly in various aspects;luding shortened execution time,
reduced memory footprint, lowered operational oearh) accelerated event queue operations,
facilitated process migration, and enhanced systability and scalability.

To address the limitations of microprocessor pentorce, the industry is moving
towards multicore chip-multiprocessor designs. Aatast example of this trend, the IBM
Cell processor has attracted a growing interest fitte modeling and simulation community.
However, general-purpose PDES on such platformiregjunnovative redesign of existing
algorithms in return for better simulation performoa. To this end, a new computing
technique called/ulticore Acceleration of DEVS Systems (MADS)s developed for high-
performance parallel DEVS simulation on the Celbgassor, combining multi-grained
parallelism and various optimizations to overcoime rnajor performance bottlenecks, while
hiding, to a great extent, the technical detailsnodticore programming from general users.
Through the concept of LP virtualization, the MAD&chnique explicitly exploits the

massive data- and event-level parallelism inhereihe simulation, making the achievable



performance gain more deterministic and predictaiblen the traditional LP-oriented

approaches. Promising results have been produdbe iexperiments, demonstrating that the
MADS technique can be used to accelerate both mebwmuind and compute-bound

computational kernels in demanding parallel DEM8wations. The proposed technique not
only allows a broad community of DEVS users tottag potential of the Cell processor with
a minimal knowledge of the multicore execution eawvment, but also makes it possible to
integrate cluster-based parallel simulation withitroore-accelerated parallel simulation on

hybrid supercomputers.
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