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Introduction

The large computing resources required by large scale micromagnetic simulations as well as the availability of powerful parallel computers and clusters
of workstations have been the motivation to implement a new micromagnetics package. There are several commercial and free open source packages
available, but all of them are based on the finite difference method. The finite element method is very popular for its flexibility in modeling arbitrary ge-
ometries, which makes it a very suitable especially in the light of the importance of the microstructure of modern magnetic materials.
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Mesh Partitioning
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Library Structure

PETSc |
SNES SLES| |ODE solvers
Krylov Methods | | Preconditioners

[Matrices| [Vectors| [Index Sets Mesh handling data/graphics

MPI BLAS LAPACK Metis| MPI|[BLAS|[ LAPACK [ zlib|[libpng

The micromagnetics package is based on PETSc, the “Portable, Exten-
sible Toolkit for Scientific Computation”. PETSc uses MPI for message
passing, BLAS and LAPACK for low level linear algebra. The “Toolkit
for Advanced Optimization” is used for energy minimization and
PVODE for the time integration of the Landau-Lifshitz-Gilbert equation.
METIS handles the mesh partitioning, zlib is used for the compression
of output data and libpng for the generation of PNG graphics files.
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Solvers

solution loop [ solution loop clean up
perform iteration / write final data

destroy solver

« Energy minimization using TAO
« Landau-Lifshitz-Gilbert time integration using PVODE
« Nudged Elastic Band Method

calc. observables

destroy data struct.

data output

Features

finalize PETSC/MPI

« Debugging and optimized compilation
« Easy activation of optional components
« Consistency checking - assert statements
« Memory allocation tracking
PetscMalloc, PetscFree, memory usage statistics
« C++ compatible - required by TAO

Performance
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« Mesh distortion - mimic surface/interface roughness proceasors 100 00 proceseors

« Mesh refinement - full regular refinement before partitioning:
x8" number of nodes and elements

« Micromagnetics
- Uniaxial/cubic anisotropy

Requirements/Licensing

- Exchange
- Magnetostatic field (hybrid FEM/BEM)
- External field (quasistatic, sweeping, rotating)
« Dynamic LLG integration using PVODE
« Static energy minimization using TAO
« Data output
- Geomview output
- Log file(compatible with vecu*, Diffpack program, analog.sh)
- PNG files
- sampling line

URLs: PETSc: http:/mwww-fp.mcs.anl. METIS: http: .cs.umn.edu/-

« Hardware/Software platform, which is supported by PETSc
IBM RS6000 including IBM SP, SGI running IRIX, 64 bit SGI includ-
ing Origin and PowerChallenge, Convex Exemplar running HPUX,
HP running HPUX, Sun Sparcstations running Solaris, Cray T3D/E,
DEC Alpha OSF (Tru64), Intel processors running Linux, FreeBSD,
Windows, Mac OS X, PC Running BeOS

* MPI, PETSc, GNU make, C,C++ compilers, METIS,
TAO, SUNDIALS, zlib, libpng

« Licenses: all software free and open source mostly under GPL/BSD
style OSI approved licenses

is/ TAO: http://www-fp.mcs.anl.aov/tao/ SUNDIALS: http//www.lInl.aov/CASC/sundials/
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