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Spurring
Growth
Supercomputers are
brainpower boosters
that help innovators
leapfrog the competition.

In
partnership
with:
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f you were asked to come
up with a complicated
problem for a supercomputer to solve, how to deal
with flying potato chips
probably wouldn’t be the
first idea to come to mind.
But when Procter & Gamble’s Pringles started soaring off the production line,
that’s exactly what happened. Employing some of the most advanced
computer technology in the world,
P&G made a computer model of
the air turbulence around a Pringles chip—much the way an aircraft
maker would study a new wing
design—and was able to adjust its
manufacturing process so its chips
wound up in containers, not on the
floor. By dramatically decreasing
the amount of lost product, Procter
& Gamble was able to boost efficiency and cut costs.
Therein lies the power of highperformance computing, or HPC:
its ability to simulate and deal with
life’s complexities. In the business
world, it enables companies to
analyze massive amounts of data
so they can optimize global supply
chains, risk management programs,
and other complex functions. HPC
also accelerates innovation. Companies use it for virtual design
and testing of new products—everything from weapons systems
and automobile engines to golf
clubs—cutting down development
time and the number of expensive
physical prototypes needed. By using HPC, Boeing needed to build
and test just 11 wing designs for
its new 787 Dreamliner jet, versus

the 77 needed for its earlier 767 aircraft. Similarly, using HPC to design
all-weather tires, Goodyear Tire &
Rubber went from spending 40% of
its development budget on building
and testing tires to just 15%.
No matter what the product, the
result is the same: HPC gives companies a competitive advantage.
It’s an advantage U.S. companies
desperately need as they face increasing challenges from abroad.
S

Out-of-the-box thinking: The Jaguar
supercomputer at the DOE’s Oak Ridge
National Laboratory in Tennessee is
working on climate modeling.
“We have very creative people in
our country,” says Deborah WinceSmith, president of the Council on
Competitiveness, based in Washington, D.C. “If they have the right tools,
the possibilities are amazing. Supercomputing will propel 21st century
innovation. It will take away the cost
advantage of low wages.”
www.fortune.com/sections
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he field of contenders in the global race for
intellectual property is steadily growing – and the
competition is tough. Now is the time to explore
America’s strength in high performance computing as an
essential tool in enhancing your
competitive
edge.

“The country that out-computes will be the
one that out-competes.”
-- Council on Competitiveness
http://compete.org/

Is your business tapping into some of
the world’s most powerful computers
to innovate and compete globally?

For more
than two
decades,
CASC member
universities and centers
have been the core of our
nation’s research infrastructure.
We’re helping U.S. industry
sustain its global leadership
in the evolution of
information and
communications
technologies as well as
spurring innovation and
productivity across all sectors
of the economy.
Whether you’re a microcap or blue chip company,
when you partner with us for
innovation, we can customize a
research program to meet your
critical computing needs.

To compete globally,
innovate locally.
Partner with a leading-edge
computing center near you.
For a list of centers throughout the US, visit

CASC
Coalition for Academic Scientific Computation

w w w.casc.org

CASC – an organization with 44 member institutions representing the nation’s most
innovative universities and computing centers – is dedicated to accelerating scientific discovery
for national competitiveness, global security, and economic success.
IMAGES COURTESY OF: ARCTIC REGION SUPERCOMPUTING CENTER • NATIONAL CENTER FOR SUPERCOMPUTING APPLICATIONS
INDIANA UNIVERSITY/NATIONAL INSTITUTES OF HEALTH • OHIO SUPERCOMPUTER CENTER • PITTSBURGH SUPERCOMPUTING CENTER • RENAISSANCE COMPUTING INSTITUTE
TEXAS ADVANCED COMPUTING CENTER • TEXAS A&M UNIVERSITY SUPERCOMPUTER CENTER • UNIVERSITY OF HAWAII
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U.S. companies face another
challenge: getting high-performance
computing into the hands of those
who need it most. While prices for
entry-level supercomputers are
as low as $10,000, top machines
cost between $50 million and $100
million. Nor are they particularly
user-friendly, requiring complicated
software to run. Fortunately,
thanks to recent initiatives and
technological advances, companies
are finding it easier to access and
harness the tremendous power of
high-performance computing. And
they’re seeing results.

Complex Modeling

Jaguar, the second-fastest supercomputer in the world (the first,
BlueGene/L, is a classified system
used by scientists at the Livermore,
Los Alamos, and Sandia National
Laboratories to monitor America’s
nuclear weapons stockpile), is
housed in a one-acre computer
room in Oak Ridge, Tenn. Composed

The Byte Stuff

of 124 refrigerator-sized orange-andwhite cabinets containing more than
11,000 dual-core microprocessors,
the system runs at 119 teraflops, or
119 trillion floating-point operations
per second. Operated by the U.S.
Department of Energy’s Oak Ridge
National Laboratory, Jaguar gives
scientists a unique tool to study climate modeling and the other highly
complex science and engineering
problems of our time.
“We can ask much more probing questions with big computers,”
says Dr. Thomas Zacharia, associate
laboratory director for Oak Ridge’s
computing and computational sciences directorate. “Fifteen years
ago, we could ask if there was such
a thing as climate change. A decade
ago, we could ask whether the temperature would increase by one degree or five degrees. Today we can
actually see what happens—and
more significantly, where it happens—if the temperature increases
by one degree or five degrees.”

Through a groundbreaking initiative called INCITE (the Department
of Energy’s Innovative and Novel
Computational Impact on Theory
and Experimentation program), Oak
Ridge is providing time on Jaguar to
organizations that do not have their
own supercomputer.
“We make Jaguar available to
two dozen of the most challenging
scientific problems that face the
nation,” says Zacharia. “Each year
DOE invites applications, puts them
through a rigorous peer review process, and selects the most compelling problems that can be solved
with our computing capability.”
General Motors, for example,
used Oak Ridge’s supercomputing
facility for research into thermoelectrical materials that can turn
waste heat into electricity. The
technology, says Zacharia, holds
the promise of boosting the efficiency of hybrid vehicles: “If
you take the waste heat a motor
generates and convert it to elec-

With blazing speed and thousands of processors, the fastest computers in the world
tackle complex questions—and pressing problems. Here are the top ten.

Rank

Site

Computer

1

DOE/NNSA/LLNL
United States

BlueGene/L—eServer Blue Gene Solution
IBM

2

Oak Ridge National Laboratory
United States

Jaguar—Cray XT4/XT3
Cray Inc.

3

NNSA/Sandia National Laboratories
UNITED STATES

Red Storm—Sandia/Cray Red Storm, Opteron 2.4 GHz dual core
Cray Inc.

4

IBM Thomas J. Watson Research Center
United States

BGW—eServer Blue Gene Solution
IBM

5

Stony Brook/BNL, New York Center for
Computional Sciences UNITED STATES

New York Blue—eServer Blue Gene Solution
IBM

6

DOE/NNSA/LLNL
United States

ASC Purple—eServer pSeries p5 575 1.9 GHz
IBM

7

Rensselaer Polytechnic Institute, Computional Center
for Nanotechnology Innovations United States

eServer Blue Gene Solution
IBM

8

NCSA
United States

Abe—PowerEdge 1955, 2.33 GHz, Infiniband
Dell

9

Barcelona Supercomputing Center
Spain

MareNostrum—BladeCenter JS21 Cluster, PPC 970, 2.3 GHz, Myrinet IBM

10

Leibniz Rechenzentrum
Germany

HLRB-II—Altix 4700 1.6 GHz
SGI
Source: The Top500 project (www.top500.org), June 2007
S
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2.36e+00
1.93e+00
tricity, you can use it to charge
the batteries.”
1.49e+00
In Spain, the Barcelona Supercomputing Center is home to a 94teraflop machine called
MareNo1.06e+00
strum (“our sea”). The fastest in
Europe (and the ninth-fastest in
6.21e-01
the world), MareNostrum
has provided support to more than 200
research projects; it has simulated the formation1.86e-01
of the universe, aided in the design of new
drugs, studied the impact of cli-2.49e-01
mate change in Europe, and even
improved the hull design of the
Spanish ship that competed
-6.84e-01 in the
2007 America’s Cup race. Installed
in a chapel, MareNostrum can currently handle only -1.12e+00
a third of the
requests it receives.
Access is one issue the HPC
-1.55e+00
community is addressing.
Cray
Inc., the Seattle-based supercomputer giant that built Jaguar, is
-1.99e+00
working to solve another probHigh-powered computing simulation
lem: flexibility. Today’s machines
of a Pringle potato chip.
typically use oneVelocity
of four processor
processors.
A
given
problem
may
Vectors Colored By Velocity Magnitude (m/s) (Time=5.83 s)
architectures; in technical terms,
work better on one architecture
Pressure on Bottom
they’re known as scalar, vector,
than another. Even within a single
work best on different machines.
multithreading, and attached coarea of research, different tasks
“A great example is climate modeling,” says Peter Ungaro, president
and CEO of Cray. “Atmospheric
In the Study of U.S. Industrial HPC Users commissioned by the
modeling works well on a scalar
Council on Competitiveness, IDC asked 33 aerospace, automocomputer, while ocean modeling
tive, petroleum, electronics, pharmaceutical, life sciences, softworks well on a vector machine.
ware, financial services, transportation logistics, and entertainUsers are looking for a single comment companies in the U.S. where they’d be if they didn’t have
puter that can efficiently run a
access to high-preformance computing. Their replies:
complex variety of applications.”

of Chip

Why HPC
Matters

3%

Could not exist
as a business

47%

Unable to
compete—
product testing
and quality issues

16%

Unable to
compete—
time to market
and cost issues

34%

Source: The Council on Competitiveness and IDC
S

Adaptive Computing

Cray’s answer to this challenge is a
hybrid supercomputer, a machine
that integrates all four processor
technologies. The company’s vision—called adaptive supercomputing—has already found one
backer: the U.S. Defense Advanced
Research Projects Agency, which
has awarded Cray a $250 million
contract to build the world’s first
adaptive supercomputer, expected
to be operational in 2011. “The
idea is that the computer puts each
job on the processors best suited
for that kind of work,” says Ungaro. “The machine adapts to the
user, not the other way around.”
www.fortune.com/sections

Image courtesy of the procter & gamble Company.

Could still exist
and compete

L to R: Image Courtesy of the Goodyear tire and rubber company; Image courtesy of SGI, INC.
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By mapping each part of a problem to the most appropriate processor technology, supercomputers can work more quickly
and efficiently.
Cray is taking a phased approach to the technology. “First,
we will introduce a hybrid machine supporting multiple processor technologies with a common
user interface and storage, so
even if you have different machines, your data will be stored in
the same place and the user can
target applications at the right
processors,” says Ungaro. “Over
time, both hardware and software will become more tightly
integrated, resulting in a hybrid machine that automatically
adapts to the application.”
Others are focused on making
HPC easier to use. “Advanced
computing systems are a little
like Formula One race cars,” says
Craig Stewart, associate dean for
research technologies at Indiana
University and the chair of the
Coalition for Advanced Scientific
Computation (CASC). “You can
go really fast, but they’re very
hard to drive.” CASC—a nonprofit organization comprising
44 universities and computing
centers in the U.S.—has been
working on the problem. “Our
members are developing interfaces that hide the details of the
computers from users,” says
Stewart. “We’re building tools
that let people use advanced
computing systems without having to invest years of effort to
become experts in computational science.”
Through joint R&D programs
and fee-for-service arrangements,
CASC members are also making their own supercomputer
facilities available to industrial
partners. “If they pay only the
incremental cost of the time they
use, without having to make a
multimillion-dollar investment,
that lowers the barrier to use tremendously,” says Stewart. But
access won’t mean much if the
www.fortune.com/sections

Using HPC, Goodyear Tire designed
all-weather tires and university
scientists simulated the brain to
study Alzheimer’s disease.
supercomputers themselves don’t
keep evolving, and that, says Stewart, is a risk: “There are not enough
people who are experts in the area
of HPC, so one of the things we
spend a lot of effort on is expanding
the community. Each CASC member
has an educational program and an
outreach program. We’re working to
produce the graduates who are going to go out and help the U.S. stay
BSC_Fortune.fh11
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ahead
of the curve.”

U.S. innovation will get another
boost next year when Oak Ridge and
Cray unveil their next supercomputer—a machine capable of one
petaflop, or a quadrillion floatingpoint operations per second. Such
technology will enable researchers
to address even more complicated
questions. Instead of using crashtest dummies that lack the complexity of real people, automakers will
be able to model organs and skeletal systems, allowing them to better understand how safety systems
will behave and to improve designs.
“The reason we pursue supercomputers is not because we want the
fastest computers in the world,”
says Oak Ridge’s Zacharia. “It’s because what we can do with them is
monumentally important.” n
To advertise in our Innovation sections, contact Linda Lydon at 617.
954.9420. To order reprints, contact
Jo Mattern at 212.522.2582.
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