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Seismic waves are simulated by solving the equations of
motion for an elastic or viscoelastic body. There exists an
analytical solution only if the Earth is considered to be a perfect
sphere and the Earth model spherically symmetric. However, the
real Earth exhibits various significant deviations from spherical
symmetry, such as ellipticity as well as heterogeneous structures
in the crust and mantle, which makes it impossible to obtain
analytical solutions. Traditionally, assuming that the Earth can
be represented by a spherically-layered structure, normal-mode
summation algorithms have been used to calculate seismograms,
but these algorithms are typically accurate down to seismic
periods of § seconds. However, in modern seismology the
community is interested in seismic waves that are characterized
by a dominant period of about 1 second. Therefore, it is
desirable to calculate theoretical seismograms with a precision
of 1 second for realistic three-dimensional (3-D) Earth models.

The use of the Spectral-Element Method (SEM) for
numerical modeling of seismic wave propagation in realistic
3-D models at the scale of the full Earth has been prevailing
in recent years (Komatitsch et al., 2005) [1]. The SEM is an
optimized high-order version of the finite- element method that
is very accurate for linear hyperbolic problems such as wave
propagation. In addition, its mass matrix is perfectly diagonal by
construction, which makes it favorable to implement on parallel
systems because no linear system needs to be inverted. The
3-D SEM was first used in seismology for local and regional
simulations and adapted to wave propagation at the scale of the
full Earth. Here we use the 3-D SEM package SPECFEM3D
GLOBE to try if it will be possible to simulate global seismic
wave propagation with an accuracy of about 1 second for a
realistic Earth model on the Earth Simulator.

The new Earth Simulator system consists of one cluster
with 2,048 nodes and six clusters with 512 nodes. Each cluster
is connected by 10 gigabit Ethernet but it is not possible to
use MPI connections on this network. Thus, we cannot use
entire 5,120 nodes as single computational job. We already

have analyzed load balancing among the compute nodes in
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SPECFEM3D GLOBE code on the K computer. We measured
load balancing between the different MPI processes of each
section of the program in the case of 72,600 compute nodes of
the K computer. The cost of arithmetic operations dominates and
represents 83% of the total cost; that cost is also well balanced.
The communication cost is only 10% of the total cost because
the SPECFEM3D GLOBE code uses non-blocking MPI and
thus communication is efficiently overlapped with calculation.
Thus, the communication cost does not cause performance
degradation, even in the case of 72,600 compute nodes. This
demonstrates that MPI parallelization of the original code is
already efficient and well optimized in this respect. Therefore, it
is just necessary to develop MPI libraries, which should run on
the 10 gigabit Ethernet so that we will use the entire 5,120 nodes
for large scale SEM computation.

We asked technical support section and manufacturer of
NEC SX system, eventually, to develop this MPI library.
It became clear that it is necessary to have an appropriate
combination of communication nodes and computational nodes
to realize an efficient performance for large scale computation.
The technical support section has tried to examine several
cases of this combination by using the MPI library developed
for the 10 gigabit Ethernet. However, it was not possible to get
optimized numbers for communication nodes and computational
modes within this project term and we could not run large scale
SEM simulation using full nodes of the Earth Simulator. This
should be a target which will be continued to the next term of

this project.
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