
Appendix A

Extensions to Smeagol: scaling to

large systems and high

performance computing

In section (2.4.1) we presented the main features of the parallel version of Smeagol.

In Smeagol, one needs to perform an integral over the energy (see equations (1.57)

and (1.58). Numerically, this integral is discretised and becomes a sum over energy

points weighted using Gauss-Legendre polynomials [101]. The Green function for a

subset of energies (obtained by inverting equation (1.33)) is calculated in serial in

each processor (POE method). Subsequently the partial sums for are gathered to

obtain the full density matrix. This method is very efficient since the number of

communication between CPUs is rather small - the Hamiltonian at the beginning of

each self-consistent cycle is distributed over all the CPUs. Each CPU then works

independently to calculate parts of the integrals and finally all the segments are

added to obtain the total density matrix.

Although the scalability is good for the POE method, the equilibrium part of

the density matrix (equation (1.57)) can be performed with a reasonably small num-

ber of points (between 50-150 depending on the system)1 and with good precision.

Therefore increasing the number of CPUs would not increase the overall speed up of

the code (we could only increase the total number of energy points in the integral

despite the need for more points) and we still need to perform the calculation of the

Green function - a matrix inversion - in series for each energy point.

Hence the POE method only allows for parallelism up to approximately 128

processors. Albeit respectable for small clusters, the present form of parallelism

implemented in Smeagol is not scalable to a higher number of processors. More

1he number of points for equation (1.57) is usually smaller than the one of (1.58) and therefore
it defines the bottleneck of our calcualtion.
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importantly, until recently great effort was placed in increasing the speed of individual

processing units, but there has been a shift towards distributed architectures where

the overall time for a calculation decreases by increasing the actual number of CPUs.

In other words, instead of improving the performance of a single processor (a task

hindered by technological barriers), computer companies are increasing the number

of CPUs performing the same task. This change in paradigm is not only the realm

of high performance computing, but has also made its way into desktops and laptops

with the advent Duo Core technology.

Furthermore Smeagol needs to store in memory the Green function (and other

auxiliary matrices). In DNA molecules attached to Au electrodes (see chapter 5) the

number of degrees of freedom is in excess of 5,000 (5,000 × 5,000 matrices). At its

present state we are reaching the limit of available memory per single compute node

in state-of-the-art facilities for high performance computing.2

Figure A.1: Schematic represtation of redistribution of the Hamiltonian into groups of
communicators. The Hamiltonian is innitially distributed over NNodes proces-
sors. It is then regrouped and redistributed NComm times over groups of CPUs
comprising NNComm processors each.

Facilities where a few thousand processors can be accessed at a time are becoming

increasingly available to the scientific community. Numerical tools that can be used

in such systems, however, remain relatively few, specially within the materials science

community. Importantly, no electronic transport code as far as we know, has been

2Blue Gene architectures deserve special attention. In favour of low power consumption and
scalability the memory available per CPU is approximately 500 Mb, i.e., rather small. Therefore
one must ensure that memory usage is small as possible while ensuring scalability.
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designed to run in such facilities and no way of accurately treating the transport

properties of large systems (in excess of 10,000 atoms) is yet available.

Charge transport in macromolecules for example present exciting pontential for

future applications in molecular electronic devices. Furthermore, with the present

computing hardware we can start to calculate electronic transport properties of quan-

tum dots and the new generation of transistors from first principles. The numerical

tools for such tasks, however, as mentioned eaerlier are still lacking.

A new approach is needed to deal with these two issues: 1) scalability up to

thousands of CPUs and 2) memory storage of large matrices. One possible way to

deal with this problem is to have a mixed scheme. In other words use the POE

scheme already implemented in Smeagol together with the POO approach (discussed

in section (2.4.1). In the latter case the orbitals are distributed over the processors

without the need to store the entire matrices in one single processor. This can ensure

better memory usage.

The way to do this is by using sets of communicators [146]. A communicator is

nothing more than a subset of CPUs within a parallel task. Let NNodes be the number

of CPUs available. Initially SIESTA distributes the Hamiltonian (the overlap matrix

and the density matrix) over all processors. We then set NComm groups of CPUs,

each group comprising

NNComm =
NNodes

NComm

(A.1)

compute nodes.3 The total Hamiltonian is then redistributed using the POO scheme

over NNComm.

Figure (A.1) shows a schematic representation of this procedure. To increase

performance even further we split each group into a two-dimensional grid [147],

NNComm = Nx × Ny (A.2)

instead of the one-dimensional strips used by SIESTA. This ensures better scallability

for parallel inversion algorithms specially if

Nx ∼ Ny.
4 (A.3)

This approach ensures better memory management overall. On average, we can

increase memory availability (and system size) by approximately a factor NNComm.

3We must ensure that NNodes is a multiple of NComm.
4The one dimensional grid is a special case with Ny = 1. As the number of processors increases

Nx ≫ Ny and scalability becomes poor.
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Figure A.2: Schematic represtation of the calculation of the density matrix. Each group
of communicators calculates the inversion of the Green function in parallel for
a different set of energies. The partial density matrices are then summed and
collected to form the final density matrix which is subsequently redistributed
over the initial NNodes processors.

Once this is done we can consider each set of communicators as a separate entity.

Each group performs the inversion of equation (1.33) for a set of energies. Note

that within each group the inversion is performed in parallel instead of in series as

the standard POE method. But if we take the subset collectively the operations

performed resemble the POE method. For that reason we call our new approach the

mixed parallel over energy method (MPOE).

Because we work with groups of communicators each inversion is performed

within NNComm processors. Usually NNComm ≤ 32 processors which ensures good

scalability of the inversion subroutine if we have good interconnects. Moreover, we

can use the power of the POE method to scale up to 128 processors/communicators.

Therefore using the MPOE approach we can not perform calculations over

NNodes = NComm × NNComm ∼ 128 × 32 = 4, 096 CPUs, (A.4)
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while increasing memory availability by a factor of

NNComm ∼ 32. (A.5)

This means that while previously we could do calculations with 1,000 atoms, the

MPOE method allows us to break the 10,000 atom barrier. Furthermore, with more

efficient inversion algorithms one can increase NNComm even more and consequently

so can the system size.

The MPOE method has been implemented in Smeagol and tests have been per-

formed on a 1024-processor BlueGene solution located at HPCC Edingburgh. While

it is hard to compare these results with other benchmarks for Smeagol (see section

(2.4.1)) given the peculiarities of the BlueGene architecture, the results look promis-

ing.
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• Computational Spintronics in highly confined systems, Stefano Sanvito and

Alexandre R. Rocha, CMSM 2004.
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The Smeagol Manual
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