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CUTTING-EDGE RESEARCH

Austin emer ges astop supercomputer center

As mor e power ful machines help solve problems from global

war ming to human disease, Univer sity of Texas experts and Central
Texastech wizards claim a bigger piece of the action.

By Kirk Ladendorf
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Sunday, May 25, 2008

When Earth scientists ponder the consequence®bélglivarming, some look south to the West Antaricc
Sheet.

Parts of the ice sheet — which is 22 miles thict about the size of Mexico — have started movingemo
rapidly toward the sea. Its most active glacietumping about 4 cubic miles more ice each year Wasthe
case 12 years ago.

Some scientists say that eventually, most or athefice sheet is likely to slide into the oceansing the
world's sea level as much as 30 feet.

When? No one is entirely sure. But University oka® scientist Don Blankenship plans to providettebe
picture with the help of Ranger, the world's latgesnputer devoted to general research, which began
operating in February at UT's J.J. Pickle Rese@apus.

"Without Ranger, these results aren't possibleghBénship said.

For many 21st-century scientists, cutting-edgeanreseis increasingly reliant on new, more powerful
computers to tackle really big problems. And selvefghose big new computers are being built thtoag
federal initiative that will cost hundreds of milfis of dollars.

"High-performance computing is having a greateraotpn all areas of science, from climate modetong
environmental modeling to biological modeling tdioaal security,” said Jack Dongarra, a supercoerput
expert at the University of Tennessee.

Coupled with immensely complex software, the maghienable scientists to make more detailed modlels o
the natural world, sorting through mountains oeggsh data to find new patterns and thus new krayele
on topics as varied as nanotechnology, the origfitlse universe and the roots of common illnesses.
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"This is the most exciting time in history to beamputational scientist because of these new ims&nis
that are coming into the fold," said Omar GhattasEarth scientist and computational science exgesi's
Institute for Computational and Engineering Science

Until recently, Austin was a relative backwatethe field. The arrival of Ranger, prompted by UT's
determination to keep pace with top research usities, is but one sign of a major turnaround.

Another is just across the street from Ranger irttNAustin. In a dowdy, 1960s-era structure known a
Building 45, hundreds of IBM Corp.'s top chip ammputer engineers are helping design a machinéelhbe
Blue Waters, which will introduce fundamental chesign how supercomputers work and will perform at
about 30 times Ranger's level when it's built re¢hyears.

These separate, high-profile projects, along witbeaces by chipmaker Advanced Micro Devices Inel] D
Inc. and others, reflect the city's emergence énpidst decade as a key center for innovative datecing
technology that could help solve some of the biggeallenges facing mankind.

Though scientific supercomputers have been aroanchére than three decades, today's machinesgfbgle
dramatic leaps in performance of microprocessqs;hare vastly more powerful. Ranger, for exandeks
about five times more punch than the top scienseareh computers that came before it. The machkis@h
peak performance of about 504 trillion operatioesgecond, which means it is about 30,000 timegmor
powerful than a typical modern desktop computer.

Unlike the "big iron" supercomputers of past desagéich linked vast circuitry in a single largeglhly
customized box, many modern supercomputers arectiolhs of hundreds or thousands of smaller
computers, or "nodes," each of which resemblegla-performance server computer that might go into a
corporate data center or "server farm." The noded$irsked by super-fast communications switches tha
enable the different nodes to work together andestesults.

Researchers with extremely complex problems flodké new machines to tap their number-crunching
power. Ghattas says Ranger will enable him to asthgquake projections that deliver twice as much
"resolution” as he could previously get with lessvprful machines.

Ranger's giant brain is now helping with about féf®arch projects involving more than 800 scies)test
number that will top 1,000 by the end of this y&drey are investigating everything from the intégantrol
mechanisms in human cells to a more detailed @attistar formation in the first billion years aftbe Big
Bang.

While some subjects, such as the early cosmos,tiyigld few practical benefits in the short terngriger
could pay dividends in treatment of disease, ioalisry of new drugs, in better understanding ahate
change and violent weather and in development mématerials — including substances that exhibiguaei
properties when manipulated on a microscopic scale.

"The computer is a kind of microscope," said Ki&a$ulten, a University of lllinois biophysicist wsmteam
uses Ranger. "The data that we work with are venyticated. We need the computer to look through th
data. Without it, we are totally blind."

Schulten's 40-person team is out to discover ess@nbcesses that enable human cells to repaingbkres.
The team's computer models and findings have bged lby thousands of other researchers to furtear th
own research. The work is expected to be a founid&bir potential new treatments of diseases, inotud
Alzheimer's.

Ranger might well have been built at some otheoalcivere it not for Jay Boisseau, who runs the §exa
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Advanced Computing Center on the north side Picatapus. UT hired the brash, energetic Boissea00d 2
after it was told it could not meet its goal ofigpia top-ranking research university without a rtaipking
computing center.

"Jay has put Austin on the map," said Larry Smeagpomputer researcher at the University of Calitoat
San Diego's highly regarded computing center, wBeisseau worked before coming to UT.

Boisseau's new team won a stiff competition fob@ fillion National Science Foundation grant toldui
Ranger and run it and provide support for reseasdioe four years.

The computer — consisting of nearly 4,000 smalenputers plus other equipment in about 6,000 square
feet of floor space, roughly the size of three agerhomes — was built by Sun Microsystems. Thelemal
units use advanced, designed-in-Austin processaderhy Advanced Micro Devices, which also works
closely with supercomputer maker Cray Inc.

For Boisseau, the 2006 grant was as sweet as thighbons' Rose Bowl win to secure the national falbtb
championship earlier that year.

"We are instrumental in making sure the best sei@m¢he world gets done here," he said.

That science will be done by corporations as welbyaacademics. UT's computing center currentlyféasr
than 10 commercial clients; the goal is 20. A kegdition is that their projects benefit the univigras well
as the company.

A few scientists grumble privately that superconmmybhas become a tail that wags the dog: The duhbiia

of research funds tied to the big computers unghilyences decisions about which projects to pursue
Supercomputer advocates counter that they are@mensly productive investment because they do work
so many different fields, and the work they do ttha'done any other way.

Like a No. 1 football ranking, the biggest-hardwatle can't be held forever. A supercomputer natkied
"Kraken" will be built this year at Oak Ridge Natal Laboratory in Tennessee under another National
Science Foundation grant, and awards for two ma@ehimes are in the works. They all are expected to
deliver performance that is slightly higher thamBer's.

Those, in turn, will be left far behind by Blue Wed. Though IBM-Austin has a significant pieceludtt
$208 million, federally funded project, the computéll be owned and operated by the Universityltifidis'
National Center for Supercomputing Applications.

The machine will depend on IBM's next-generatiow®d processor, which is still in development in
Austin. Like Sun, IBM is attempting to expand swgmenputer sales beyond the handful of federal cotsgra
by selling to companies that need high-end machinekiding those involved in petroleum exploration
aerospace engineering and Internet commerce.

Blue Waters is "a moon-shot kind of effort,” saidviRArimilli, a key player in the project and onka
handful of technical workers in Austin who has bdesignated an IBM Fellow, the company's highest
technical honor.

IBM and Sun are among a group of companies actibeleloping high-performance computers from
high-volume commercial processor chips.

For its part, Dell has pursued sales of large teahcomputers for nearly a decade and says iPhaystems
among the 500 top-performing supercomputers. Thepany recently announced the installation of a majo
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research computer at Purdue University.

At the start of this decade, federal money for stgraputers was intended primarily for nuclear weego
research. Scientists such as Ghattas noted thatbth$uters for academic science were falling kekhin

The performance of Japan's Earth Simulator, coragliet 2002 for an estimated $350 million, put all
American computers in the shade, which in turnechisoncerns in Congress.

"The notion that we were no longer No. 1 ... didmpt the examination of whether we were doing ehgug
said Daniel Atkins, director of the National Scierfoundation's Office of Cyber Infrastructure.

By 2005, the foundation had new financial suppanf Congress and announced it would spend nedfly ha
a billion dollars on open-science supercomputesierfists who want to use these machines must get
permission from a foundation panel.

The results of the new federal money include Rargeiken and Blue Waters, which are bargains in
comparison with the Japanese model, in part bea#ube relentless advance of technology. Today's
consumer desktops deliver more performance thamtst powerful machines did 25 years ago. Ranger,
built six years later than Earth Simulator with @per, more advanced chip technology, is severastim
faster, Boisseau estimates.

Now the challenge is harnessing that power.

Software for standard computers proceeds in sequstep-by-step. But a supercomputer uses a complex
kind of software called massively parallel prograimgmnwhich distributes parts of a computing job ago
the hundreds or thousands of smaller "node" unitssupercomputer. Many scientists lack the soés&ills
needed for that kind of programming.

For any open-science computing center, a majorgbdine mission is helping researchers get thdtnsoe
application ready to run on a big machine. Collabion among researchers also helps bridge thergap.
example, Ghattas, who is using Ranger for his oamhEscience research, is also assisting Blankg'sshi
team on developing a model the West Antarctic lveeb

"There are many researchers — in geosciences, matloal and physical sciences, polar programs and
engineering — all these researchers are itchinget®n this thing," Ghattas said. "We have gottes t
machine, and now we've got to deliver.”
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