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Nowadays, the designing and optimizing of manufactured products involve more and
more compounds. They interact through variables describing different physical laws. The
behavior in time of such complex model is driven by dynamical Ordinary Differential
Equations (ODEs) and/or Differential-Algebraic Equations (DAEs) systems with more
and more variables. As these systems, should eventually manage discontinuities and are
stiff, they require implicit methods for stability reasons. The Jacobian matrix of the
global system has to be evaluated (usually numerically) and inverted frequently. These
facts lead to a rise of the computational time requirement, and need parallel computing.
This is especially necessary when several computations have to be performed in order to
give the model’s robustness to parameters.

The main difficulty in term of parallel implementation of such systems of ODEs/DAEs
equations is the poor granularity of the computations especially when the architecture
has a large number of processors. The spatial distribution of data that arises in PDEs
that usually performed well on parallel computer is no longer available. Obviously, the
amount of computational work increases with the number of unknowns in the ODEs
or DAEs systems. Nevertheless the elapse time of such computation is driven by the
sequential nature of the computation and the number of time steps to perform. The both
avoid efficient parallelism.

In this talk we will investigate three approach to parallelize ODEs/DAEs system. The
first, will be the parallelization across the method [2] which is limited to the number of
stages of the Runge-Kutta time integration scheme used.

The second, is the Schur domain decomposition for the Jacobian matrix in the LSODA
time integrator [1] . The difficulties of this approach are to build the framework to
decompose the system of DAEs in sub-system, and the large condition number in the
actual problems that requires preconditioning.
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Elapse time( s) sequential code parallel code - 3 proc speed up
Jacobian computing 260

Jacobian communication 28.6
total Jacobian 847 288.6 2.93
comput. stage 43.5
comm. stage 44.7
total stage 143 88.2 1.62

total elapse time 1082 436 2.48

Table 1
Comparison between the sequential version and the parallelization accross the method of
Radau IIa on a engine injectors problem with 131 unknowns.

#proc CPU time speed-up #Jac #discont #steps
1 6845 1 65355 1089 311115
2 4369 1.56 66131 1061 315357
3 1820 3.76 65787 1059 313064
4 1513 4.52 65662 1043 313158

Table 2
LSODA parallelization with Schur DDM on an engine problem with 10 injectors leading
to a 287 unknowns system of ODEs

The third approach presented is a multiple shooting time-domain decomposition, that
combines two levels of parallelism. One in the time direction with splitting the time
interval in sub-domains . The second level is in accuracy direction with using some
deferred correction [4]. This combination leads to a pipeline of the computation.
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