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Parallel visualization method for large-scale distributed data sets in
scientific simulations with background voxel’s

KENGO NAKAJIIMA ™ and L1 CHen

In large-scale scientific simulations using massively parallel computers, visualization of results is a critical technical
issue. Various types of methods have been developed in this area, but it is very difficult to keep both of parallel
efficiency and interactivity. In this study, efficient parallel data processing and simplification method for distributed
data sets of simulation results have been developed. This data processing and simplification method can reduce the
size of data "f to 1% of that of the original data set, therefore, users can easily visualize results of simulations with
more than 10° meshes on more than one thousand of processors using general visnalization tools for serial processor,
such as Micro AVS. In this method, information of distributed unstructured meshes for FEM has been mapped to
background voxel’s with adaptive mesh refinement (AMR). Simplification of boundary surface is also applied for
reducing data size. Delaunay operations for tetrahedral meshes are conducted based on the information in voxel’s
and simplified boundary surfaces. Users can control number of meshes in final model for visualization by level of
AMR, number of voxels, and/or boundary surface nodes according to memory size and performance of PC.
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Fig.2 Data flow procedures in GeoFEM’s parallel visualization
subsystem (a) via-File version, (b) via-Memory version [1,2,3].
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Fig.3 Data flow paradigm in parallel visualization [1,5]
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Fig4 Data flow paradigm in parallel visualization subsystem of
GemFEM and the current work[1]
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Fig8 Local operations on voxel’s for distributed data sets of
parallel FEM computations.



Fig.9 Results of parallel FEM simulation by GeoFEM on pin grid
array of a processor for mobile PC (distribution of Von Mises stress).
Parallel volume rendering by GeoFEM’s parallel visualization
subsystem [1,2,3]. .
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Fig.10 Mapping information of unstructured
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Fig. 10 Contraction of the edge (v;, v2) into a single point. The
shaded triangles become degenerate and are removed during the
contraction.
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Fig.,12 Tetrahedral mesh generation procedure based on Delaunay
method for centers of background voxel’s with AMR and surface
nodes after simplification process.
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Fig. 13 Domain decomposition of Southwest Japan model
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Fig. 14 Temperature distribution of Southwest Japan model with
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Fig. 15 Result of surface simplification. Reduction rate is 50%
(72,830 triangle patches, 146,240 triangles in original data)
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