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Dynamic load balancing: We have developed a dynamics load balancing algorithm for particle based simulations using over
millions to billion particles performed on the new Earth simulator. Such a large number of particles are required for the realistic
simulation of geodynamical problems, such as tsunami with a floating body, magma intrusion with granular flow, and shear zone
pattern generation of sand box experiment. Our proposed method utilizes the imbalances of the executed time of each MPI process
as the nonlinear term of parallel domain decomposition and minimizes them with the Newton like iteration method. In order to
perform flexible domain decomposition in space, the orthogonal domain decomposition commonly used by improved slice-grid
and orthogonal recursive bisection algorithm is used. We have implemented our load balancing algorism for the codes of Smoothed
Particle Hydrodynamics (SPH) and Discrete Element Method (DEM). Numerical tests show that our method is suitable for solving
the particles with different calculation costs (e.g. boundary particles) as well as the heterogeneous computer architecture. Thin
shell planetary dynamo: The thin shell is thought to be in the Mercury, for example. We found that there is an active convection
in the tangential cylinder, which is not found in the Earth’s model. Mantle convection: We found the convection regime diagram in

massive super-Earths, which is published in this fiscal year.
Keywords: Particle simulation, Dynamic load balancing, Tunami, Core, Dynamo, Mantle, super-Earths

1. Dynamic load balancing (Furuichi & Nishiura) Our method utilizes the imbalances of the executed time
Fully Lagrangian methods such as Smoothed Particle consisting of arithmetic and communication cost as the work
Hydrodynamics (SPH) and Discrete Element Method (DEM) load on each MPI process. This method is suitable for solving
have been widely used to solve the continuum and particles the particles with different calculation costs (e.g. water vs
motions in the computational geodynamics field [1,2]. These boundary wall particles) as well as the heterogeneous computer
mesh-free methods offer effective numerical applications architecture (e.g. CPU and GPU or MIC). Our load balancer
to the geophysical flow and tectonic processes, which are minimizes the imbalances of the executed time by iteratively
for example, tsunami with free surface and floating body, changing the spatial domain decomposition with the Newton
magma intrusion with fracture of rock, and shear zone pattern like method [3]. We applied orthogonal spatial decomposition.
generation of granular deformation. In order to investigate such First, a whole domain is divided by columns using vertical lines.
geodynamical problems with the particle based methods, huge Then, each column is divided into subdomains by horizontal
computational cost is required. However, an efficient parallel lines independently for each column (Fig 1(a)).
implementation of SPH and DEM methods is difficult especially The performance test of SPH code shows good parallel
for the distributed-memory architecture because particles move (strong and weak) scalabilities of our proposed method for
around and workloads change during the simulation. Workload water mass breaking problem. We have performed large scale
imbalance problem arises with the fixed parallel domain dam break test with 100 million SPH particles for analyzing the
decomposition in space. Therefore dynamic load balance is key water flow inside a building at Tunami event.

technique to perform the large scale SPH and DEM simulation.
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Fig.1 (a) Example of domain decomposition, (b) Parallel scaling, (c) Dam break with building.

2. MHD dynamo simulation with large inner core

(Miyagoshi & Kageyama)

We have studied the planetary dynamo with the large inner
core (thin outer core shell). The thin shell is thought to be in
the Mercury, for example. This subject is carried out in the
“tokubetsu suisin kadai” of the Earth simulator in this fiscal
year, and a part of calculations is performed in this project.

Figure 2 shows one of the numerical simulation results. It
shows the temperature distribution in the core from the bird’s-
eye view. In this model, the radius of the inner core is 90% of
the radius of the core. In the Earth’s dynamo model, it is found
that there is almost no convection in the tangential cylinder
(polar region). However, from Fig. 2, active convection occurs
not only around the low and mid latitude but also high latitude.
In addition, convection structure is different between them. In
the low and mid latitude, the structure is like the convection
column, while that is small scale flow in the high latitude. These
structures probably affect the dynamo process. We continue

the calculation and analysis of numerical simulation results.

Fig. 2 Temperature distribution of the thin shell dynamo model.

3. Mantle convection simulation in super-Earths

(Miyagoshi & Kameyama)

Mantle convection is one of the keys to understand the
habitability of the planet because it governs the plate motion,
material circulation between surface and interior of the planet,
and planetary magnetic field strength through the vigor of the
core convection. We have studied the mantle convection of
massive super-Earths to clarify differences from the Earth’s
mantle convection.

In addition to the paper in the last fiscal year [4], we
published a paper in this fiscal year [S]. We studied about
massive (ten times the Earth’s mass) super-Earths. We found
that rising hot plume activity is considerably lowered by the
strong adiabatic compression effect due to the large size of the
planet. Although the Rayleigh number is considerably larger
than the Earth’s one, the efficiency of heat transport by the
thermal convection is low and the thickness of the lithosphere
becomes much larger than that of the Earth. We also found the
convection regime diagram in massive super-Earths and clarified
the difference from the Earth’s model without the adiabatic

compression effect.
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