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Introduction 1

Describing the motion of N electrons in the field of M
fixed nuclear point charges is a central problem in
quantum chemistry.

Scaling of run time and memory requirements with the
studied system sizes N

O(N2) for semi-emprical methods
O(N3), O(N4) for ab initio methods

The electronic structure of the simulated system will be
studied by a Tight Binding (TB) Hamiltonian.

It is observed that almost 80% percentage of the total
simulation time is spent for the diagonalization stage of
this TB Hamiltanian to obtain eigenvalues and
eigenvectors.
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Introduction 2

As a result, we have an O(N 3) scaling with the
increasing system size, N .

The possible solution;
linear scaling method for electronic structure
calculations (Phys. Rev. B 67 (3), art. no. 035415,
(2003))
apply a parallel eigen solver for the diagonalization
process as an alternative

The application of the SCALAPACK library to a TBMD
simulation of Carbon Nonotube.
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Introduction 3

Results;

block size of the block cyclic distribution,
processors grid shape,
scaling behavior,
parallel performance metrics such speed-up and
efficiency depending on the above parameters
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Carbon Nanotube

Carbon nanotubes are thought to play a major role in the
design of next generation nanoelectronic and
nanoelectromechanical devices due to their remarkable
mechanical and electronic properties.

SWCNTs are have high flexibility, strength and stiffness,
very similar to the properties of individual graphene
sheets.

10x10 (left) 17x0 (right) (Phys. Rev. B 67 (3), art. no.
035416, (2003))
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Linear Scaling

All the linear scaling methods in the electronic structure
calculations methods introduce some approximations
and simplifications together with the algorithm
complexities.

This situation also arises in our developed O(N)

algorithm as the importance of the buffer size.

As a conclusion, these linear scaling algoritms are
generally more sensitive to round off errors and
accuracy together with the special care of introduced
extra parameters/variables.

There are already well-developed packages that making
use of linear-scaling methods for electronic structure
calculations (SIESTA, CONQUEST, CRYSTAL, ...)
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Parallel Eigensolvers

First thing is to decide whether to use a direct solver,
leading to a transformation of the original matrix and
thus (for large problems) generating a need for huge
main memory, or to use an iterative solver which works
with the original matrix. A direct solver consists of the
classical three steps:

reduction to symmetric tridiagonal form,
eigen-decomposition of the tridiagonal matrix,
back-transformation of the eigenvectors.

The fastest serial algorithm is that based upon
Householder reduction to tridiagonal form followed by
diagonalization.
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Packages 1

Further many algorithms can easily generate a good
guess at the eigenvectors. Unfortunately this is difficult
within the Householder methodology.

Basic Linear Algebra Subprograms (BLAS)

Linear Algebra Package (LAPACK)

PBLAS (Parallel Basic Linear Algebra Subroutines)

Scalable LAPACK (ScaLAPACK)

A (parallel) package for the solution of large eigenvalue
problems (P)ARPACK
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Packages 2

Portable, Extensible Toolkit for Scientific computation
(PETSc).

Parallel Eigensolver System software (PeIGS) library
routines.

Parallel LAPACK (PLAPACK).

Parallel Research on Invariant Subspace Methods -
Parallel Symmetric Eigensolver algorithm (PRISM).

Parallel Engineering and Scientific Subroutine Library
(PESSL).

Within the ScaLAPACK project many LAPACK routines
were ported to distributed memory computers using
MPI. The basic routines of ScaLAPACK are the PBLAS.
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Routines & Algorithms

They contain parallel versions of the BLAS which are
parallelized using BLACS (Basic Linear Algebra
Communication Subprograms) for communication and
sequential BLAS for computation.

PDSYEVD. The parallel eigensolver, PDSYEVD, is found
in ScaLAPACK and is based upon the
divide-and-conquer algorithm.

PDSYEVX. The parallel eigensolver, PDSYEVX, is found
in PESSL, which is a library of parallel solvers for
scientific problems supplied by IBM. We used PDSYEV
(Scpk 1.5), PDSYEVX (Scpk 1.5), PDSYEVD (Scpk 1.7).

PMR3, PBDn, one-sided Block Factored Jacobi
implementation,PRISM.
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Hamiltonian Matrix

H =













ints. of 1st e− of 1st atom with all neighbors

ints. of 2nd e− of 1st atom with all neighbors
...

ints. of 4 ∗ N th e− of 4 ∗ nth atom with all neighbors













This matrix is a upper triangle matrix, having nonzero
terms only in upper triangle. This is necessary for
diagonalization procedure.

After diagonalization, band structure energy is
computed.
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Block Cyclic Distribution

Figure 1: Block cyclic 2D distribution of a 9x9 matrix

subdivided into 3x2 blocks on a 2x2 processor grid.

The numbers outside the matrix indicate processor row
and column indices, respectively.
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Code Segment
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Sparsity
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Memory Usage
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