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FFT Better for massively parallel computer 



Flow Chart
• Read initial atomic configuration (charge density, 

Hamiltonian)

• Initial electric orbitals are generated randomly.

• Optimize orbitals with Conjugate-Gradient (CG).

• Calculate charge density and Hamiltonian.

• Iterate this process until Hamiltonian and electric 
orbitals/wave functions are consistent with each 
other.
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• Paper published in SC 11.

• Won Gordon Bell Prize.

• 10 peta-flops sustained performance for the 
LINPACK benchmark (dense matrix calculation).

• LINPACK was introduced by Jack Dongarra

• CPU: SPARC64 VIIIfx.

• Interconnection: Tofu(six dimensional)

• SIMD+OpenMP+OpenMPI
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SPARC64 VIIIfx
• Produced by • 8 cores

• Shared L2 cache (virtual single processor)

• Hardware barrier/communication (much cheaper 
than software barrier/communication)

• SIMD: 2 operations per instruction

• Faster instructions for sine and cosine

• Sector cache mechanism
• Splits cache into two sectors

• One of them is used to register frequently used data

Fujitsu Ltd.

富士通株式会社



Parallelization in Orbitals
• Number of MPI tasks are limited to the number of grid points.

• Hard to fully utilize the full K computer

• Parallelization done in orbitals

• Global collectives done only within each group of orbitals, which are closer and 
cheaper.
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Implementation of Subspace Diagonalization
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DGEMM in BLAS


