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Abstract 

The Discrete Event System Specification (DEVS) provides a general methodology for 

hierarchical construction of reusable models in a modular way and has been used to simulate 

sophisticated systems in a variety of domains. This dissertation addresses software design 

and performance issues that arise in parallel simulation of large-scale DEVS-based models 

on both multiprocessor clusters and chip-multiprocessor architectures. 

The Time Warp (TW)  mechanism is the most well-known optimistic synchronization 

protocol for Parallel Discrete-Event Simulations (PDES). With the increasing scale and 

complexity, TW simulations face new challenges in terms of excessive memory consumption 

and operational overhead. In an effort to alleviate these problems, a novel Lightweight Time 

Warp (LTW)  protocol is proposed for efficient optimistic parallel DEVS simulation on 

multiprocessor clusters. By exploring the intrinsic computational properties of DEVS-based 

simulations, the LTW protocol allows purely optimistic parallel simulation to be driven by 

only a few full-fledged TW Logical Processes (LPs), while most of the LPs are set free from 

the burden of TW execution. The experimental results indicate that simulation performance 

can be improved significantly in various aspects, including shortened execution time, 

reduced memory footprint, lowered operational overhead, accelerated event queue operations, 

facilitated process migration, and enhanced system stability and scalability. 

To address the limitations of microprocessor performance, the industry is moving 

towards multicore chip-multiprocessor designs. As a latest example of this trend, the IBM 

Cell processor has attracted a growing interest from the modeling and simulation community. 

However, general-purpose PDES on such platform requires innovative redesign of existing 

algorithms in return for better simulation performance. To this end, a new computing 

technique called Multicore Acceleration of DEVS Systems (MADS) is developed for high-

performance parallel DEVS simulation on the Cell processor, combining multi-grained 

parallelism and various optimizations to overcome the major performance bottlenecks, while 

hiding, to a great extent, the technical details of multicore programming from general users. 

Through the concept of LP virtualization, the MADS technique explicitly exploits the 

massive data- and event-level parallelism inherent in the simulation, making the achievable 
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performance gain more deterministic and predictable than the traditional LP-oriented 

approaches. Promising results have been produced in the experiments, demonstrating that the 

MADS technique can be used to accelerate both memory-bound and compute-bound 

computational kernels in demanding parallel DEVS simulations. The proposed technique not 

only allows a broad community of DEVS users to tap the potential of the Cell processor with 

a minimal knowledge of the multicore execution environment, but also makes it possible to 

integrate cluster-based parallel simulation with multicore-accelerated parallel simulation on 

hybrid supercomputers. 
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