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Scientists use world's fastest computer
to simulate nanoscale material failure

October 29, 2009

Through these simulations, scientists are developing
a better understanding of how materials behave at the
size scale of a nanometer, or one-billionth of a meter

Los Alamos, New Mexico, October 29, 2009— Very tiny wires, called nanowires, made
from such metals as silver and gold, may play a crucial role as electrical or mechanical
switches in the development of future-generation ultrasmall nanodevices.

Making nanodevices work will require a deep understanding of how these and

other nanostructures can be engineered and fabricated as well as their resultant
strengths and weaknesses. How mechanical properties change at the nanoscale is
of fundamental interest and may have implications for a variety of nanostructures and
nanodevices.

A major limiting factor to this understanding has been that experiments to test how
nanowires deform are many times slower than computer simulations can go, resulting in
more uncertainty in the simulation predictions than scientists would like.

“Molecular dynamics simulations have been around for a long time,” said Arthur Voter
of the Theoretical Division at Los Alamos National Laboratory. “But the simulations
have never before been able to mimic the atomistic tensile strength of nanowires at time
scales that even come close to experimental reality.”

Using the “parallel-replica dynamics” method for reaching long time scales that Voter
developed, members of Voter’'s team adapted their computer code to exploit the
Roadrunner supercomputer’s hybrid architecture, allowing them to perform the first-
ever simulation of a stretching silver nanowire over a period of a millisecond, or one-
thousandth of a second, a time that approaches what can be tested experimentally.

“Bigger supercomputers have made it possible to perform simulations on larger and
larger systems, but they have not helped much with reaching longer times—the best
we can do is still about a millionth of a second. However, with the parallel-replica
algorithm, we can utilize the large number of processors to ‘parallelize’ time,” said
Voter. “Roadrunner is ideally suited to this algorithm, so now we can do simulations
thousands of times longer than this.”

With this new tool, scientists can better study what nanowires do under stress. “At
longer time scales we see interesting effects. When the wires are stretched more
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slowly, their behavior changes -- the deformation and failure mechanisms are very
different than what we’ve seen at shorter time scales,” said Voter.

Through these simulations, Voter and his team are developing a better understanding of
how materials behave when they are reduced to the size scale of a nanometer, or one-
billionth of a meter. “At this scale, the motion of just one single atom can change the
material’s mechanical or electrical properties,” said Voter, “so it is really helpful to have
a tool that can give us full atomic resolution on realistic time scales, almost as if we are
watching every atom as the experiment proceeds.”

Voter’'s team includes Danny Perez and postdoc Chun-Wei Pao of Physics and
Chemistry of Materials, and Sriram Swaminarayan of Computational Physics and
Methods.

About Roadrunner, the world’s fastest supercomputer, first to break the petaflop
barrier

On Memorial Day, May 26, 2008, the “Roadrunner” supercomputer exceeded a
sustained speed of 1 petaflop/s, or 1 million billion calculations per second. “Petaflop/
s” is computer jargon—peta signifying the number 1 followed by 15 zeros (sometimes
called a quadrillion) and flop/s meaning “floating point operation per second.” Shortly
after that it was named the world’s fastest supercomputer by the TOP500 organization
at the June 2008 International Supercomputing Conference in Dresden Germany.

The Roadrunner supercomputer, developed by IBM in partnership with the Laboratory
and the National Nuclear Security Administration, will be used to perform advanced
physics and predictive simulations in a classified mode to assure the safety, security,
and reliability of the U.S. nuclear deterrent. The system will be used by scientists at the
NNSA'’s Los Alamos, Sandia, and Lawrence Livermore national laboratories.

The secret to its record-breaking performance is a unique hybrid design. Each compute
node in this cluster consists of two AMD Opteron™ dual-core processors plus four
PowerXCell 8i™ processors used as computational accelerators. The accelerators used
in Roadrunner are a special IBM-developed variant of the Cell processor used in the
Sony PlayStation 3®. The node-attached Cell accelerators are what make Roadrunner
different than typical clusters.

Roadrunner is still currently the world's fastest with a speed of 1.105 petaflop/

s per second, according to the TOP500 announcement at the November 2008
Supercomputing Conference in Austin Texas, and it again retained the #1 position at
the June ISC09 conference.
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