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New SciDAC Project

Computational Molecular Modeling for Biofuel Research

The SciDAC portfolio has again expanded to
include a new project, “Understanding the Pro-
cessivity of Cellobiohydrolase Cel7a (CBHI).”
The project is led by Dr. Michael Himmel of
the National Renewable Energy Laboratory
and is supported by researchers from leading
institutions across the country including Cor-
nell University, the Scripps Research Institute,
ORNL, the Forest Products Research Lab, and
the University of California—San Diego. Using
molecular dynamics (MD) simulations, this
project will investigate the mechanisms by
which enzymes hydrolyze and degrade cellu-
lose. The result of this multidisciplinary effort
will be fundamental advances in our under-
standing of the action of these critically impor-
tant microbial enzymes, called cellulases. An
additional benefit of this work will be the
development of MD codes that can efficiently
utilize terascale and petascale computer sys-
tems. The improvements in modeling soft-
ware will include both straight MD to include
more scientifically important and demanding
techniques, including enhanced sampling, and
quantum mechanical approaches. Ultimately,
this work will lead to molecular simulations of
systems the size of the entire cellulose-degrad-
ing enzymes acting on cellulose.

To reduce our nation’s dependence on for-
eign oil, bioethanol has garnered considerable
attention as a viable alternative fuel. Its pro-
duction from biomass such as agricultural
residues and energy crops represents an enor-
mous renewable resource for the production
of ethanol and other liquid fuels. However,
producing ethanol from biomass depends on
a deconstruction step to form fermentable
sugars—a step that requires costly enzymes.
By increasing the efficiency and thermal toler-
ance of these expensive enzymes, the ultimate
cost of ethanol production can be reduced. A
detailed understanding of cellulase structure
and function at the molecular level will require
significant computational effort and expan-
sion of the capabilities of existing tools.

The class of cellulases called cellobiohydro-
lases (CBH) are thought to decrystallize and
processively depolymerize cellulose, produc-
ing glucose and cellobiose. The dominant cel-
lobiohydrolase found in the fungus Trichoderma
reesei, CBH I, is notable among cellulases.
These enzymes are truly protein machines in
that they translate along a single strand of crys-
talline cellulose (a cellodextrin) found in the
microfibrils of plant cell walls and hydrolyze
alternate beta (1-4) glucosidic linkages. Thus,
they provide a direct link between the impor-
tant biopolymer found in plant mater (cellu-
lose) and sugars that can form the basis of
many renewable fermentation technologies
using biochemical processes. Understanding
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Figure 1. The MD results for modeling the entire CBH I protein docked on a cellulose microfibril.

the mechanisms involved and improving the
efficiency of this hydrolysis process through
computational models and protein engineer-
ing presents a compelling grand challenge.

A molecular-level understanding of CBH 1
structure and function is required to direct
protein engineers to the right modifications
or, indeed, to understand if natural thermo-
dynamic or kinetic limits are in play. This new
project will leverage existing computational
tools and expand the capabilities of these
tools to investigate the complex mechanism
of CBHI. Much can be learned by conducting
careful modeling of the binding and catalytic
domains of CBH I with biologically relevant
cellulose surfaces. Some simulations are
within the range of existing MD software,
such as CHARMM and Amber, running on
existing terascale computational facilities.
Other critical simulations, however, will
require significant modification of existing
programs in order to efficiently utilize current
(terascale) and future (petascale) computers
to simulate systems the size of CBH I acting
on microfibrils.

Early Results

Some preliminary studies using MD simula-
tions have been performed to study individual
components of CBH I and the cellulose sub-
strate (figure 1). Such simulations provide a
method by which to model the structure of
cellulose in plant cell walls and the water lay-
ers above it. MD simulations have also pro-
vided a better understanding of the critical
aspects of the binding of CBH I on crystalline
cellulose surfaces. A preliminary MD simula-

tion of a complete three-component cellulase
has already been conducted by the team. The
new project will include detailed studies of the
domains of CBH], isolated cellulose substrates,
and the entire enzyme/cellulose ensemble,
which will be modeled through this cross-dis-
ciplinary, five-year effort.

Plan for Discovery

An integrated plan for this effort will coordi-
nate the production of cellulase and cellulose
models, their simulation using improved MD
codes, and dissemination of outcomes. Part of
the team will form a biological application
task force, which will conduct simulations,
analyze results, provide guidance for construc-
tion of biological models, and compare results
to experimental observables. Others will form
the program optimization task force that will
focus on the challenges of scaling MD simula-
tion codes to make efficient use of available
computing resources with the objective of
producing one code that efficiently scales to
greater than 100,000 processors. Moreover,
this task force will focus on producing highly
scalable versions of the essential simulation
methods that are not currently present in
existing, scalable, MD programs. In other
words, rather than re-inventing the wheel, this
team will focus on taking what already exists
and improving it dramatically for this impor-
tant biological application. Together, both
tasks will ensure that the code is numerically
correct, has the necessary features to run MD
on the enzyme problems of interest to DOE,
and is sufficiently general to address other
molecular systems.
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Fall Creek Falls Conference

Meetings Speed HPG Community Toward Petascale Systems

More than 120 leading experts from acade-
mia, industry, and government convened at
the 2007 Fall Creek Falls Conference in
Nashville, TN to explore the challenges of
designing and running models and simula-
tions on high-end computing systems per-
forming at the level of petaflops, or a
quadrillion floating point operations per sec-
ond. The conference, held September 24-26,
brought together users of high-performance
computing facilities for open scientific
research, software developers, and hardware
vendors to discuss how to extract the most
science from high-end facilities provided by
the DOE Office of Science, the largest source
of funds for basic research in the physical sci-
ences in the United States.

“The conference aims to engage the compu-
tational science community broadly,” says
Computer Science and Mathematics Division
Director Dr. Jeff Nichols of ORNL. Partici-
pants, including representatives from the NSF,
NASA, and DOE’s national laboratories,
engaged in meaningful dialogue with ven-
dors—including Cray, IBM, SGI, Sun
Microsystems, and Data Direct Networks—
and academic participants from coast to
coast, including graduate students, postdoc-
toral fellows, and researchers from North Car-
olina State University to the University of
California—Davis.

The event included individual presenta-
tions, panel discussions, and posters organ-

ized around themes including climate change,
energy, and hardware and software, including
scientific visualization tools.

In the session on climate change Dr. David
Erickson (ORNL) provided an overview of
modeling Earth systems and Dr. Auroop Gan-
guly (ORNL) spoke of modeling climate
extremes. Dr. Lawrence Buja of the National
Center for Atmospheric Research, an NSF
center, spoke about new directions and
requirements for climate modeling following
the findings of the Fourth Assessment Report
of the Intergovernmental Panel on Climate
Change. This has particular national and
global relevance because of the Panel’s con-
clusion that the 1.5 degrees Fahrenheit of
planetary warming observed during the 20th
century has a more than 90% chance of being
the result of human activities. The authors
predict large-scale changes in food and water
availability, dramatic changes in ecosystems,
increased flooding, and extreme weather.

In a session led by ORNL's Dr. Gil Weigand,
seven speakers explored the challenges of
modeling and simulation of advanced energy.
Key challenges presented by next-generation
hardware systems were discussed in two ses-
sions. Topics included scaling beyond com-
modity, storage-intensive supercomputing,
performance monitoring, developing petas-
cale applications, and much more. A final ses-
sion tackled challenges in visualization and
data analytics.

Dr. Nichols stated that petascale systems will
be deployed by mid-2009. “The key to scien-
tific applications running efficiently on great
big systems is balance,” says Dr. Nichols. A
petascale system may contain 100,000 com-
pute cores, just as 100,000 laptops would. How
much data can a system that size store? How
fastis it to retrieve those data from primary or
secondary storage, such as disks, or tertiary
storage, such as tapes? How much memory
and bandwidth are needed to run a simulation?

The Fall Creek Falls Conference sought to
support well-balanced systems designed for
research by bringing together the software
developers who write the codes with the com-
putational scientists who run the codes to
explore complex scenarios. The computa-
tional scientists then work with the
researchers studying grand scientific chal-
lenges, and those researchers in turn commu-
nicate with the vendors who need to
understand the researchers’ requirements in
order to build systems that meet them.

This conference series has been conducted
since 2004. “These ongoing conferences—dia-
logues with the community—are important
to achieving more scientific output than we
normally would if we were locked into com-
modity design,” Dr. Nichols said, citing a
research computer that runs on PlayStation
3™ chips. Though science is often fun, it’s not
often child’s play. “It’s all about how to make
better scientific compute engines.”

Hardware

NCCS, NERSC Contribute to 2007 Nobel Peace Prize

The IBM pSeries Cheetah supercomputer at
the National Center for Computational Sci-
ences (NCCS) at ORNL and supercomputers at
the National Energy Research Scientific Com-
puting (NERSC) Center at LBNL provided
more than half of the simulation data for the
joint DOE/NSF data contribution to the United
Nations Intergovernmental Panel on Climate
Change (IPCC) Fourth Assessment Report
(AR4). This year the IPCC—a group of more
than 2,000 scientists and policy experts—
shares the 2007 Nobel Peace Prize with former
Vice President Al Gore “for their efforts to
build up and disseminate greater knowledge
about man-made climate change, and to lay
the foundations for the measures that are
needed to counteract such change,” according
to the Nobel announcement.

“Access to DOE leadership-class, high-per-
formance computing assets at NERSC and
ORNL significantly improved model simula-
tions,” said atmospheric scientist Dr. Lawrence

Buja of the National Center for Atmospheric
Research (NCAR), an NSF center. “These com-
puters made it possible to run more realistic
physical processes at higher resolutions, with
more ensemble members, and longer histori-
cal validation simulations. We simply couldn’t
have done this without the strong DOE/NSF
interagency partnership.”

The Cheetah IPCC simulations were led by
computational scientist Dr. John B. Drake of
ORNL and Dr. Buja. The runs occupied half of
Cheetah’s processors for the better part of a
year and required the efforts of five ORNL staff
members to help develop the model and two
dozen NCCS staff members to move enor-
mous amounts of simulation data. “Having the
computer resources at ORNL made it possible
to carry out a more comprehensive and
detailed study than ever before,” Dr. Drake
says. “This improved the level of certainty for
some of the conclusions in the IPCC reports
and enabled breakthroughs to new climate

results such as the prediction of regional heat
waves.”

At NERSC, climate runs began in the late
1990s with the Parallel Climate Model (PCM).
Results from these runs were stored in the
PCM database at NERSC, the first truly pub-
lic database for distributing climate data. “It is
fair to say that without the PCM runs, made
largely at NERSC in the late 1990s through
2002, the U.S. modeling effort would have not
been the major factor it is in the IPCC report,”
said Dr. Michael Wehner, who managed the
PCM database at the time. Since 2002, the
IPCC project has used more than 8.6 million
processor hours at NERSC, of which 2.8 mil-
lion were run in 2004 and 2.5 million in 2006.

The result of the runs at ORNL, NERSC, and
NCAR is “the largest set of publicly available
climate change simulations with the Commu-
nity Climate System Model and Parallel Cli-
mate Model that we are aware of anywhere in
the world,” according to the project team.
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Fernbach Award

Dr. David Keyes Honored for his
Outstanding Contributions to HPC

Dr. David Keyes—a Fu Foundation Professor
of Applied Mathematics at Columbia Univer-
sity, and the current director of the Toward
Optimal Petascale Simulations (TOPS) SciDAC
Center—has been named recipient of the 2007
Sidney Fernbach Award. The Fernbach Award
honors a computational scientist “for out-
standing contributions to the development of
scalable numerical algorithms for the solution
of nonlinear partial differential equations and
exceptional leadership in high-performance
computation.”

As director of the TOPS Center, Dr. Keyes
leads efforts to create software, develop and
implement algorithmic research on optimal
solution methods for simulations, and to pro-
vide consulting throughout the DOE national
laboratory complex. Simulations of impor-
tance often involve the solution of partial dif-
ferential equations on terascale computers—
those capable of performing more than a tril-
lion calculations per second. In addition the
TOPS Center researches, develops, and
deploys an integrated toolkit of open-source,
optimal complexity solvers for the nonlinear
partial differential equations that arise in many
DOE application areas, including fusion, accel-
erator design, global climate change, and reac-
tive chemistry. The algorithms created as part
of this project aim to reduce current compu-
tational bottlenecks by orders of magnitude
on terascale computers, enabling scientific
simulation on a scale heretofore impossible.

Moreover, Dr. Keyes directs the Institute for
Scientific Computing Research (ISCR), an
association with LLNL and university collab-
orators. ISCR’s mission is to keep the Lab
aware of and connected to important external
computer advances, and to carry these
advances into the Lab so that they can be put
into practice. This fits with SciDAC’s aim to
promote large-scale scientific computation at
the Lab.

Dr. Keyes has co-organized and lectured for
numerous conferences and short courses on
high-performance computing with PDE-mod-
eled systems for NASA Langley, LLNL, the
Society for Industrial and Applied Mathemat-
ics (STAM), the Department of Defense Mod-
ernization Centers, the domain decomposition
and parallel computational fluid dynamics
communities, and university departments. Dr.
Keyes is currently a member of the editorial
boards of numerous publications, and he has
served as an editor of The SIAM Journal of Sci-
entific Computing.

Dr. Keyes graduated summa cum laude from
Princeton University in 1978 with a B.S.E. in
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Figure 2. Fernbach Award winner Dr. David
Keyes spoke at the opening session of SciDAC
2007.

aerospace and mechanical sciences and a Cer-
tificate in Engineering Physics. He received his
Ph.D. in applied mathematics from Harvard
University in 1984. He then participated in a
post-doc in the Computer Science Department
at Yale University and taught there for eight
years, as Assistant and then Associate Profes-
sor of Mechanical Engineering. Dr. Keyes
joined Old Dominion University and the Insti-
tute for Computer Applications in Science &
Engineering (ICASE) at the NASA Langley
Research Center in 1993. At Old Dominion,
Dr. Keyes was the Richard F. Barry Professor
of Mathematics & Statistics and Director of the
Center for Computational Science. Dr. Keyes
was also awarded a Gordon Bell Prize for
High-Performance Computing in 1999, and he
received a National Science Foundation Presi-
dential Young Investigator Award in 1989.
Dr. Keyes was chair of the SciDAC 2007
Conference held last June in Boston, MA (fig-
ure 2). His introductory remarks advocated
predictive simulation as critical to understand-
ing and prioritizing the world’s problems. He
further made a case for petascale and exascale
simulations to move from interpolary to pre-
dictive capability, and to couple together more
interacting phenomena. Dr. Keyes also urged
the conference participants to educate policy
makers and the public about the limitations of

simulations.

SciDAC Mission

SciDAC Centers
and Institutes
Reflect and Plan

The SciDAC mission focuses on the advance-
ment of scientific discovery stemming largely
from the research outcomes of the SciDAC Sci-
entific Application Partnerships. To facilitate
and accelerate this mission, the SciDAC Centers
and Institutes were formed during the second
phase of the SciDAC Awards in Fall 2006 (“Sci-
DAC-2: The Next Phase of Discovery,” SciDAC
Review, Spring 2007, p16). Focusing on software
development and infrastructure that enable
current as well as future scientific advances
across the Application areas, the Centers and
Institutes complement the Science Application
Partnerships that address computational sci-
ence and discovery in specific disciplines.
Successful implementation of a complex and
challenging endeavor like SciDAC requires peri-
odic planning and reflection exercises along with
effective communications amongst the various
participants and investigators. Therefore, one
year into SciDAC-2, the PIs of the Centers and
Institutes gathered in Las Vegas, NV for a two day
workshop to review status and accomplishments
of the first year. The goal was to discuss best
practices in areas ranging from the sociology of
the collaborations and project planning to the
communication required to make the coming
years of SciDAC successful. The workshop was
organized by the SciDAC Outreach Center (p9),
which provides a valuable interface for SciDAC
resources both to SciDAC researchers as well as
interested parties from industry and academia.
A central theme of the workshop included
identifying successful methodologies for soft-
ware development at Centers and Institutes so
that these can be further accentuated and their
effectiveness communicated to support Sci-
DAC's scientific application partnerships and
the SciDAC Program. Building strong collabo-
rations with applications groups is critical to
the SciDAC strategy and this effort takes sev-
eral forms. Some groups deliver software
libraries and applications directly to large num-
bers of science teams, while others focus on
more individualized algorithms, performance
tuning, and integration work. Several best
practices were identified regarding how to
effectively select from these different
approaches as well as how to communicate
these methods and expectations to applica-
tions groups. Given the many stakeholders in
SciDAC advances, it can be challenging to keep
interested parties properly informed regarding
resources available through SciDAC as well as
accomplishments in ongoing work.
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During the two day deliberations, Dr. Walt
Polansky from the DOE Office of Science deliv-
ered a unique perspective on SciDAC that
informed PIs of the many levels on which Sci-
DAC is evaluated. Titled “SciDAC: An Outsider’s
View,” the talk gave PIs insight into how best to
maximize their success and communicate Sci-
DAC progress and strategies to multi-level audi-
ences. Such audiences include groups as diverse
as those completely unfamiliar with the SciDAC
program and its goals, interdisciplinary scientists
who may be interested to learn more, as well as
their SciDAC colleagues on other projects.

Communicating the progress made in long-
term goals often involves subtleties not found in
the scientific impact statements from applica-
tions groups. The workshop participants also
addressed how to best direct algorithm and soft-
ware design, deployment, and maintenance in
ways that will serve applications groups through
SciDAC-2 and beyond. “We know that we don’t
want to throw software over the fence; that
doesn’t work,” said Dr. Brian Van Straalen of the
APDEC Center (“APDEC: Algorithms and Soft-
ware for Discovery,” SciDAC Review, Summer
2007, p22), referring to the need to build reliable,
durable, and usable interfaces to the technolo-
gies that Centers and Institutes are developing.

Amongst topics related to the sociology of
the collaborations, some PIs, such as Dr. David
Keyes, raised the issue of the need for all Inves-
tigators in SciDAC projects to be recognized as
proper partners rather than a segregated break
up into discipline scientists and enabling tech-
nology facilitators. As SciDAC is all about tri-
partite collaborations yielding discovery
through computational science (“Scientific Dis-
covery: Powerful, Unpredictable, and Aes-
thetic,” p8, and “SciDAC: Leadership in
Computational Science,” p62, both in SciDAC
Review, Spring 2006), it was felt that there needs
to be a suitable appreciation and recognition of
the partnership nature of the collaborations.

A key outcome of the workshop is a plan to
coordinate tutorials, workshops, and other
venues between Centers and Institutes. This
strategy, as witnessed for example by the tuto-
rials day at the annual SciDAC meeting, was
identified as a successful way to deliver SciDAC
information and training without disrupting
research schedules by planning entirely new
meetings. The workshop itself was seen as a
useful exercise to provide horizontal integra-
tion and communication across the different
component Centers and Institutes, as well as
a means to discuss ways to better utilize the
resources and outreach capabilities of the Sci-
DAC Outreach Center, which answers a wide
range of inquiries about SciDAC and helps
organize SciDAC information and software. A
published set of notes from this workshop is
forthcoming and will be disseminated by the
Outreach Center later in the year.

Contributor: Dr. David Skinner, Director,
SciDAC OQutreach Center

National Energy Research Scientific Computing Center

Berkeley’s Dr. Kathy Yelick to Serve as
Next Director of the NERSC Center

Dr. Kathy Yelick, a professor of computer sci-
ence at the University of California—Berkeley
(figure 3) and an internationally recognized
expert in developing methods to advance the
use of supercomputers, has been named direc-
tor of the DOE's National Energy Research Sci-
entific Computing (NERSC) Center. Managed
by LBNL, NERSC provides state-of-the-art
supercomputing and data storage resources to
more than 2,900 researchers at universities
and research institutions around the world.

Dr. Yelick has received a number of research
and teaching awards and is the author or co-
author of two books and more than 75 refer-
eed technical papers. She earned her Ph.D. in
computer science from MIT and has been a
professor at the University of California—
Berkeley since 1991 with a joint research
appointment at LBNL since 1996.

“We are truly delighted to have Kathy serve
as the next director of NERSC, and only the
fifth director since the Center was established
in 1974,” said LBNL Lab Director Dr. Steven
Chu. “Her experience and expertise in advanc-
ing the state of high-performance computing
make her the perfect choice to maintain
NERSC’s leadership position among the
world’s supercomputing centers.”

Dr. Yelick will officially assume her new job
in January 2008. Dr. Yelick, who has been head
of the Future Technologies Group at LBNL since
2005, succeeds Dr. Horst Simon as head of
NERSC. Dr. Simon, who has led NERSC since
1996, will continue to serve as LBNL's Associ-
ate Director for Computing Sciences and Direc-
tor of the Computational Research Division.

“When Horst Simon announced that he
wanted to relinquish the leadership of NERSC,
we knew he would be a tough act to follow,”
said Dr. Michael Strayer, head of DOE’s Office
of Advanced Scientific Computing Research,
which funds NERSC. “But with the selection
of Kathy Yelick as the next director, I believe
that NERSC will continue to build upon its
success in advancing scientific discovery
through computation. We are extremely
happy to have her take on this role.”

In 2006, Dr. Yelick was named one of the
“People to Watch in 2006” by the newsletter
HPCwire. The editors noted that “Her multi-
faceted research goal is to develop techniques
for obtaining high performance on a wide
range of computational platforms, all while
easing the programming effort required to
achieve high performance. Her current work
has shown that global address space languages
like UPC and Titanium offer serious opportu-
nities in both productivity and performance,

Figure 3. Dr. Kathy Yelick has been named
director of the NERSC Center.

and that these languages can be ubiquitous on
parallel machines without excessive invest-
ments in compiler technology.”

In addition to high-performance languages,
Dr. Yelick has worked on parallel algorithms,
numerical libraries, computer architecture,
communication libraries, and input/output
systems. Her work on numerical libraries
includes self-tuning libraries which automat-
ically adapt the code to machine properties.
She is also a consumer of parallel systems, hav-
ing worked directly with interdisciplinary
teams on application scaling, and her own
applications work includes parallelization of
a computational fluid dynamics model for
blood flow in the heart. She is involved in an
NCR study investigating the impact of the
multicore revolution across computing
domains, and was a co-author of an LBNL
study on this subject known as the “Berkeley
View.” Dr. Yelick speaks extensively on her
research, with over 15 invited talks and
keynote speeches over the past three years.

“After working on projects aimed at making
HPC systems easier to use, 'm looking forward
to helping NERSC’s scientific users make the
most effective use of our resources,” Dr. Yelick
said. “NERSC has a strong track record in pro-
viding critical computing support for a num-
ber of scientific breakthroughs and building
on those successes makes this an exciting
opportunity.”
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New SciDAC Project

Community Petascale Accelerator Science & Simulation

SciDAC now includes the “Community Petascale
Project for Accelerator Science and Simulation
(ComPASS).” The project for accelerator mod-
eling and research is led by PI Dr. Panagiotis
Spentzouris of Fermi National Accelerator Lab-
oratory (FNAL) and encompasses researchers
from leading institutions across the country.
Simulation and computational studies of accel-
erator design, development, and operation are
crucial to the success of all basic and applied sci-
ence involving accelerators. The ComPASS proj-
ect will develop a comprehensive computational
infrastructure for accelerator modeling and opti-
mization. Its goals include advancing accelerator
computational capabilities from the terascale to
the petascale to support DOE priorities for the
next decade and beyond. Because accelerators
comprise about half of the facilities in the DOE
twenty-year outlook on Facilities for the Future
of Science, computationally intensive research
ensuring their success is important for national
scientific progress.

Accelerators allow scientific discovery in the
form of insights into the underlying structure
of matter and the Universe. Research in high-
energy particle and nuclear physics relies heav-
ily on large particle accelerators—often
considered “Big Science” because of the large
machines and large collaborations involved.
The science includes exploring physics beyond
the Standard Model, discovering new and
unknown particles, researching fundamental
problems like charge—parity violation, and
understanding new states of matter and their

Figure 4. Visualization of electrons and
Zenerated wake fields in a Tesla cavity.

roles in the early Universe. Accelerators also
play an important role in many other research
areas including chemistry, nanoscience, biol-
ogy, and applications for medical and physical
sciences (“Designing Accelerators: Precision
Probes for Scientific Discovery,” SciDAC
Review, Spring 2006, p12).

The ComPASS project will enhance the suite
of parallel accelerator simulation tools devel-
oped under its predecessor, the SciDAC-1 proj-
ect “Accelerator Science & Technology.” Thus,
ComPASS will provide interoperable, petas-
cale components for beam dynamics, electro-
magnetics, electron cooling, and advanced
accelerator modeling. Beam dynamics studies
will include developing an understanding of
the lifetime limits from beam collisions in col-
lider machines. Electromagnetic modeling will

X-HO3L

be used to optimize cavity shapes for
increased accelerating gradient and beam cur-
rent. Electron cooling computations will deter-
mine the configuration of cooling systems
needed for mitigating beam-beam effects.
Advanced accelerator modeling is needed to
develop concepts for high-energy physics
accelerators beyond the International Linear
Collider (ILC), and to develop tabletop electron
accelerators for Basic Energy Sciences (BES)
and Nuclear Physics (NP) projects.

In each of these areas, the modeling tools
require petascale supercomputers and
advanced software for making effective use of
these large, parallel platforms. Computational
infrastructure to be used and advanced includes
the areas of shape determination and optimiza-
tion; advanced adaptive meshing; dynamic load
balancing; embedded boundaries; component
methodologies; performance measurement,
assessment and improvement; linear and non-
linear solvers; and visualization (figure 4). Con-
sequently, the embedded collaborations within
the applied mathematics and computer science
communities are critical to making high-qual-
ity computational tools available to the U.S. par-
ticle accelerator community through
installation at government laboratories, univer-
sities, and industry. The enhanced simulation
suite will be applied to numerous important
DOE accelerator projects.

Further Reading
https://compass.fnal.gov/

Climate Change

Earth System Grid Data Support Nobel Peace Prize Efforts

The Earth System Grid (ESG) project, a coali-
tion of national laboratories (ANL, LANL,
LBNL, LLNL, and ORNL), federal research
centers (the National Center for Atmospheric
Research, and the National Oceanic and
Atmospheric Administration’s Pacific Marine
Environmental Laboratory), and universities
(the University of Southern California) has
worked to maximize the accessibility of cli-
mate simulation data by the international
research community. Such access has been
critical in supporting the efforts of the Inter-
governmental Panel on Climate Change
(IPCQ), recently named a co-recipient of the
2007 Nobel Peace Prize for its work in “dis-
seminating greater knowledge about man-
made climate change.” Dr. Dean Williams of
LLNL is the PI on the ESG project.

As part of DOE’s SciDAC program, the ESG
Center for Enabling Technology (CET) has

developed metadata technologies (organiza-
tion, extraction based on netCDF, and Meta-
data Catalog Services), security technologies
(web-based user registration and authentica-
tion and community authorization), data
transport technologies (for high-performance
access, robust multiple file transport and inte-
gration with mass storage systems, and sup-
port for dataset aggregation and subsetting),
web portal technologies (to provide interac-
tive access to the data holdings), as well as
popular analysis and visualization tools.
One of the major ESG data collections sup-
ports the efforts of Working Group 1 of the
IPCC. The IPCC archive includes simulation
data from 12 numerical experiments per-
formed with 25 different climate models, by
researchers in 13 countries, and comprises 35
terabytes of data. To date, users from more
than 1,300 registered analysis projects have

downloaded more than 265 terabytes of data
(914,000 files). Their analyses have resulted in
more than 320 peer-reviewed publications,
which were represented in the [PCC’s Fourth
Assessment Report (AR4). Analysis of the
data continues, with downloads rising from
300 gigabytes/day to over 500 gigabytes/day,
even after the publication of the IPCC report.
The ESG CET project is now looking for-
ward to the needs of the next IPCC Assess-
ment Report, among the several modeling
efforts it supports. Though the designs for the
modeling experiments are not complete, the
project team is extending the ESG system to
be capable of supporting a multi-petabyte
archive distributed over more than 20 sites
around the world for the IPCC AR5 data.

Contact
Dr. Dean Williams, williams13@IInl.gov
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Resources

SciDAC Qutreach Center Offers Information and Support

The SciDAC Outreach Center provides infor-
mation and services that support the outreach,
training, and research objectives of the SciDAC
program. These outreach activities serve to
bring SciDAC-supported technologies to new
audiences through a variety of in-person and
electronic services. In addition to training, the
Center provides innovative information and
software services to SciDAC projects. These
services can make SciDAC technology more
approachable and more easily adopted. Source
code control systems, online surveys, email
lists, web-hosting, and web application devel-
opment are currently provided to SciDAC proj-
ects based on their needs.

The SciDAC Outreach Center also operates
afirst-level support and Q&A line for matters
related to SciDAC and DOE high-performance
computing. The center fields a wide range of
questions from interested parties, often pro-
viding answers and initiating dialogs with the
appropriate SciDAC researchers. Providing a
single point of contact for “all things SciDAC”
has been successful strategy for putting the
appropriate parties in contact with each other.

Targeted in-person outreach is also part of
the center’s activities. At the SciDAC 2007
meeting in Boston, MA (figure 5), the Outreach
Center leveraged the gathering of researchers
and specialists to provide tutorials on SciDAC
technologies. The Outreach Center piggy-
backed an extra day of tutorials onto the main
meeting. Nearly 100 students and post-docs
spent the day learning how SciDAC-supported
technologies can deliver results for their
research. In addition to coordinating the tuto-
rials, the Center helped plan content based on
stated interests of registrants, provided a lim-
ited number of travel stipends, and conducted

Figure 5. SciDAC 2007 conference participanfs
and find opportunities for new collaborations.

a follow-up survey of participants to help shape
future in-person outreach activities.

The following are some of the activities and
goals the Outreach Center has planned for Fis-
cal Year 2008:

® Generalizing software hosting and testing
services via a web-based Gforge portal

e Continuing in-person outreach events
through tutorials and coordinating with
existing conferences

@ Delivering original web content that
demonstrates SciDAC technologies in novel
application areas

® Extending collaborative development serv-
ices to new SciDAC projects

explore

; _r-""

th matrix of cross-project interactions

@ Providing software packaging and dissem-
ination services to SciDAC Centers and
Institutes

The Outreach Center is interested in your
feedback and ideas for how to make SciDAC-
2 as successful as possible. The SciDAC
Outreach Center looks forward to hearing
from you!

Contacts
1-866-470-5547
help@outreach.SciDAC.gov

Further Information
http://outreach.scidac.gov

Science Application Areas
Physics Fusion Materials Science Climate Ground Water Life Sciences
and Chemistry
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Figure 6. Collaborations between the Centers and Institutes and the Science Application areas.
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