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Kratos Multi-Physics Framework for Large Unstructured Mesh
Simulation in Gid pre and post Processor

Miguel A. Pasenau, P.Dadvand and N. Lafontaine
CIMNE

Abstract

Dealing with large simulation and creating a highly parallelizable code is a
growing challenge. Develop a code for distributed memory
machines(DMMSs) can be very different form developing a serial code in
term of algorithms and structure. Ideally for the well-parallelized software
pre-pared for high performance, the problem solving capability depends on
the available hardware resources. But in practice there are several technical
details which reduce the scalability of the system and prevent the effective



use of such a software for large problems. In this work we describe a two
combined tools to solve and visualize large scale problems: Kratos
MutliPhysics [3] framework and GiD [2] pre and post processor.
GiD is a universal, adaptive and user-friendly pre and postprocessor for
numerical simulations in science and engineering. It has been designed to
cover all the common needs in the numerical simulations field from pre to
post-processing: geometrical modeling, effective definition of analysis data,
meshing, data transfer to analysis software, as well as the visualization of
numerical results. Kratos Multi-Physics is an open source generic
multi-disciplinary platform for solution of coupled problems consist of fluid,
structure, thermal and electromagnetic fields. The parallelization of this
framework is possible and can be prepared and migrated for high
performance computing (HPC) with minimum modification and is
performed with objective of enforcing the less possible changes to its
different solver modules and encapsulate the changes as much as possible in
its common kernel. This objective is achieved thanks to the Kratos design
and also innovative way of dealing with data transfers for a
multi-disciplinary code. The migration has been verified by a set of
benchmarks which show very good scalability.
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Biomolecular Surface/Volume Meshing and Visualization for Mathematic

Lu Benzhuo
Institute of Computational Mathematics Chinese Academy of Sciences

Abstract



It is a challenging task to generate quality mesh which can be used for
emerging mathematical modelings of biomolecular systems.

In the first part, 1 will present a robust method and software TMSmesh
developed recently to generate manifold surface mesh for complex
biomolecular surface. A Gaussian surface is used to represent molecular
surface. The method computes the surface points by solving a nonlinear
equation directly, polygonizes by connecting surface points through a trace
technique, and finally outputs a triangulated mesh. To guarantee the
generated mesh is a manifold mesh, it is necessary to divide the surface into
into single-valued pieces along each x,y,z directions by tracing the extreme
points along the fold curves on the surface. TMSmesh is shown be able to
generate quality surface mesh for arbitrarily large molecule in PDB. Volume
mesh can be generated based on the TMSmesh surface mesh by applying a
third-part software such as Tetgen.

In the second part, | will present a visualization system MMV developed in
our lab. MMV is also specifically designed for continuum modeling
community, featured by its multifunction of visualization, modeling and
analysis of biomolecule, mesh, and simulation data.

Tetrahedral Mesh Generation: An Introduction and the State of the Art

Hang Si
WIAS

Abstract

In this talk, I will give an introduction of some fundamental topics in
tetrahedral mesh generation, and a brief review of the state-of-the-art
algorithms and techniques. I will then talk some algorithms which have both
theoretical properties and practical values. Experimental results regarding
the practical behaviors of these algorithms are presented.
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Fast Methods for Computing Centroidal VVoronoi Tessellations

Huayi Wei
Xiangtan Uinversity

Abstract

A Centroidal VVoronoi Tessellation (CVT) is a Voronoi tessellation in which
the generators are the centroids for each Voronoi region. CVTs have many
applications to computer graphics, data compression, mesh generation, and
optimal quantization etc. Lloyd's method, the most widely method used to
generate CVT, converges very slowly for larger scale problems. Recently
quasi-Newton methods using the Hessian of the energy associated as a
preconditioner are developed to speed up the rate of convergence. In this
work a graph Laplacian preconditioner and two-grid methods are used to
further speed up quasi-Newton schemes. The proposed graph Laplacian is
always symmetric, positive de_nite and easy to assemble, while the Hessian,
in general, may not be positive de_nite nor easy to assemble. Therefore the
graph Laplacian works as a better preconditioner than the Hessian that needs



modi_cation to be used a preconditioner. The two-grid method can be used
to generate a better initial guess in a coarse level and further speed up the
convergence. Numerical tests show that our preconditioned quasi-Newton
methods combined with a two-grid method converges fast and has nearly
linear complexity.

SCHERE TR A B R E EBOR

2 J5
Bl SRy REE7/EL R R K &G}

[ 3

H AT, fERR ARG A PRI Behe ) 1 TBE 4 vt S5 45 s 1) v JOA 7 i
AR 3K o 375 BT AT A AL s M 2 2L A DR P il 7
B A AFERGLZR I, 2 HURH . (0 Bt o BRI o %, A
FERER RS . BRG] @R T/ 0% PERIE I 55 7 T BT IS AT ek e,
JETRAETRAI RS . R MORLRE A S5 AU T B 1 B L RACR - Ay
SR 5 AT RRE 2B AL .

I 17 TB B2 I AR ER &R I AT Al AL 0B

AEHON L T S A ST

W



RS TR, 8T B b, B AE H 5 5
PR LT, AN AR S R AR TB S . INARHEEE hE T BT
BN 2 et SR A R BN 2Bl S o A AP T BT A SO, 2K
PE RIS GB Jh%2 1 GB 4. SIS LLENHIFTK, WFHIAUAR & T JF
TR TR 5 . %76 BAFEE SR ot Aae]
Wik, HFEMEMOTENR G . HAnzr 6 o T sy,
WOGIRAL . RFRAEAR . BB S, MR SR ICFH M b
K BEYR I AU . SRR N TR, X TN %) GB S, (et
R TR AT A L I T AR RORD LAPY, REASR A2 AT L)
B Ko

A Novel Geometric Flow-Driven Approach for Quality Improvement of
Segmented Tetrahedral Meshes

Guoliang Xu
Institute of Computational Mathematics Chinese Academy of Sciences

Abstract

We present an efficient and novel geometric flow-driven method for mesh
optimization of segmented tetrahedral meshes with non-manifold
boundaries. It is composed of geometric optimization and topological
transformation techniques, so that both location and topology of mesh
vertices are optimized. Due to the complexity of non-manifold boundaries,
we categorize the boundary vertices into three groups: surface vertices,
curve vertices, and fixed vertices. Each group of boundary vertices is
modified by different shape-preserving geometric flows to smooth and
regularize boundary meshes. Meanwhile, all vertices are relocated by
minimizing an energy functional which is relevant to quality measure of
tetrahedra. In addition, face-swapping and edge-removal operations are
employed to eliminate poorly-shaped elements. Finally, the performance of
our method is compared with a state of art method, named Stellar, for a



dozen single-component meshes. We obtain similar or even better results
with much less running time. Meanwhile, we validate the presented method
on several segmented multi-component tetrahedral meshes, and the results
demonstrate that the mesh quality is improved significantly.
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