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Abstract

Finite difference methods are commonplace in scientific
computing. Despite their apparent regularity, they often ex-
hibit load imbalance that damages their efficiency. We char-
acterize the spatial and temporal load imbalance of On-
des3D, a seismic wave propagation simulator. We reveal
that this imbalance originates from the nature of the in-
put data and from low-level CPU optimizations. Such dy-
namic imbalance should therefore be quite common and is
intractable by any static approach or classical code reor-
ganization. An effective solution, with few code modifica-
tions, combines domain over-decomposition and dynamic
load balancing (e.g., with AMPI), migrating data and com-
putation at the granularity of an MPI rank. It generally re-
quires a careful tuning of the over-decomposition level, the
load balancing heuristic and frequency. These choices are
quite dependent on application and platform characteris-
tics. In this paper, we propose a methodology that lever-
ages the capabilities of the SimGrid framework to conduct
such study at low experimental cost. It combines emulation,
simulation, and application modeling that requires minimal
code modification and yet manages to capture both spatial
and temporal load imbalance, faithfully predicting its over-
all performance. We compare simulation and real execu-
tions results and show how our strategy can be used to de-
termine the best load balancing configuration for a given
application/hardware configuration.


