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Introdu tion
Large dis rete event simulations are known to onsume signi ant amounts of time on sequential
ma hines. One basi approa h to the problem of redu ing the required simulation time is the
exploitation of parallelism. However, in parallelizing the simulation new problems arise. Due to
the distributed generation of events ausality errors an o ur. As a result the sequen e in whi h to
pro ess the events is essentially indeterminate. Several methods have been developed to avoid or to
ir umvent these ausality errors. One of the methods whi h seems to o er the greatest potential
as a general purpose simulation me hanism is the Time Warp paradigm [1℄.
To predi t the performan e metri s of parallel exe ution of dis rete event simulations, tools have
been developed to analyze the sequential exe ution of these simulations and to give bounds on the
performan e. To that end, an average parallelism evaluation tool is developed and implemented to
obtain a on eptual simple, but very meaningful hara terization of the software system and the
bounds on the performan e. These performan e metri s an also be applied as a measure in the
evaluation of e e tiveness of the Time Warp paradigm in parallel simulation. An implementation
of the Time Warp paradigm is realized on the Parsyte GCel-3/512 as well as on the Parsyte
PowerXplorer under the PARIX operating system.

The Time Warp Performan e Evaluation Environment
We are spe i ally interested in the appli ation of the Time Warp method to dynami omplex
systems that an be modelled with Asyn hronous Cellular Automata (ACA) [2℄. In addition to
the modelling and parallel simulation of ACA, we are also interested in the performan e predi tion
and evaluation of the simulation system. To that end, we formulated a ben hmark environment
that provides a platform for experimentation with ACA. The ben hmark environment, aside of the
ACA omputational model and the Time Warp proto ol, is omposed of the following parts: a
performan e model, a parallelism analysis tool, and performan e measurement tool (see Fig. 1).
A performan e model of the ACA and the Time Warp method is onstru ted for the predi tion
of the parallel performan e of the ACA with the Time Warp method. We des ribe the sto hasti
hara teristi s of the omponents of the system with use of Markov modelling and measure their
response to well de ned stimuli.
The use of the riti al path analysis tool is twofold. First, it an be used within the validation
and veri ation of the standalone ACA performan e model. The ACA performan e model gives a
predi tion about the parallel performan e, and the riti al path analysis tool a tually determines
the potential parallelism, i.e., the parallelism inherent to the appli ation. Se ond, this measured
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Figure 1: The simulation environment.
inherent parallelism is used in the evaluation of the eÆ ien y and e e tiveness of the parallel
simulation method. The performan e metri s measured after exe ution of the ACA with Time
Warp an be ompared with the results of the riti al path analysis tool. In this way it is possible
to see how mu h of the potential parallelism in the appli ation is a tually realized. This allows for
ne tuning of the simulation environment to the parallel platform.
The performan e model of the ACA and the Time Warp method an than be veri ed by performan e measurements extra ted from the exe ution of the simulation system. This will result in
a better understanding whether an appli ation an be e e tively solved by an ACA in ombination
with the Time Warp me hanism.

Criti al Path Analysis and Ising Spin System Simulation
Criti al Path Analysis

In performan e analysis and evaluation of Parallel Dis rete Event Simulation (PDES) proto ols
we need a measure to ompare the e e tiveness of the di erent proto ols. A relative riterion an
be obtain by omparing the measured exe ution time of the di erent proto ols. This allows for a
ranking of the di erent proto ols, but does not answer the question: \How mu h of the inherent
parallelism is a tually realized and what is the lower bound on the exe ution time?" This lower
bound on the exe ution time is the ultimate goal that the PDES proto ols strive to, and not their
relative position among the others. An absolute measure that expresses the ability of the PDES
proto ol to exploit the available parallelism would be very useful in the evaluation of the various
proto ols.
A dis rete event simulation an be des ribed by a program dependen y graph, also alled a
spa e-time diagram (see Fig. 2). In the program dependen y graph, the on urrent entities are
identi ed and their intra- and interdependen ies des ribed by dire ted ar s in the graph. The lower
bound on exe ution time (and the inherent parallelism) an be omputed from the riti al path in
the spa e-time diagram [3℄.
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Figure 2: Spa e-time diagram depi ting the events with their dependen y onstraints.

Ising Spin System Simulation
For our example, we will look into the two-dimensional version of the Ising spin system. The model
is omprised of an n  n square latti e in whi h ea h latti e site has an attribute alled spin, whi h
an take on either of the values 1 (known as up spin) or -1 (known as down spin). Spins on adja ent,
nearest-neighbor sites intera t in a pair-wise manner with a strength J (known as the ex hange
energy). There may also be an external eld of strength B (known as the magneti eld). The
magnetization of the system is the di eren e between the number of up and down spins on the
latti e.
The parallel implementation of the Ising spin system exploits data parallelism available in the
system. The latti e is subdivided in sub-latti es of equal sizes, and distributed over the parallel
pro essors.

Sample Run with Criti al Path Analysis Tool
From the exe ution of the Ising spin system with the Time Warp proto ol on sixteen nodes of the
Parsyte PowerXplorer, we have extra ted the following tra e data.
In Fig. 3(a) the pro le of the exe ution of the simulation is shown. During the exe ution, the
number of a tive pro essors vary between one and sixteen. One an learly identify an initialization
phase in the beginning of the simulation. This orresponds to the ex hange of boundary information,
required by the Ising spin implementation. After the initialization phase, the simulation ontinues
with randomly updating latti e points, and ex hanging message when boundary points are ipped.
Figure 3(b) is a histogram of the degree of parallelism during the exe ution of the Ising spin
simulation. From the shape of the exe ution, one an see that 13 % of the time only one pro ess is
a tive (most prominent in the initialization phase of the simulation). The other values are lustered
around the degree of parallelism of ten. This orresponds with the se ond phase of the exe ution in
Fig. 3(a). The average parallelism, A, for this simulation run is 8.82, while the measured speedup,
S , is 1.90.
The abstra tion of the parallel exe ution to the spa e-time diagram and the riti al path analysis
provides information for performan e \debugging" and dire ts users to bottlene ks in the program.
This an be very useful in omparing di erent de ompositions of the same problem by showing how
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Figure 3: Tra e output of Ising spin simulation.

mu h on urren y is available in ea h de omposition.
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