


SCD Director Al Kellie

Data point
As of Fall 2001, SCD's Mass 
Storage System held more 
than 724 terabytes of data 
(362 terabytes of original 
data, plus one backup 
copy of each file). A ter
abyte is one trillion bytes 
(1,000,000,000,000) or a 
million million bytes of 
data. If you converted this 
amount of information to 
printed pages averaging 
1,500 characters per page, 
you would have nearly 500 
million pages of text. If 
you stacked this many 
pages on top of each 
other, they would form a 
pile 30,000 miles high.

Data point
The environment inside the 
NCAR Computer Room is 
maintained at a constant 
72 degrees Fahrenheit with 
a relative humidity of 35 
percent. It takes more 
than 400 kilowatts of 
power to run all the hard
ware in the room. A set of 
four Uninterruptible Power 
Supply (UPS) units "clean 
up" the electrical power 
entering the computers 
and allow them to operate 
through power interrup
tions for up to fifteen min
utes. This amount of time 
allows SCD staff to safely 
shut down the equipment.

A message from 
SCD's director

On behalf of the professionals who 
work in the Scientific Computing 
Division (SCD), I welcome this 

opportunity to provide an introduction to the 
division. As an integral part of the National 
Center for Atmospheric Research (NCAR), 
SCD provides a world-class, general-purpose 
operational computing center that serves a 
multidisciplinary community of more than 
1,100 university and NCAR scientists, as well 
as other researchers located around the 
world.

SCD provides one of the most powerful 
supercomputing environments in the world 
to support and advance research in the 
atmospheric sciences. We operate two com
puting facilities: a specialized multiagency 
facility known as the Climate Simulation 
Laboratory (CSL), dedicated to long-running 
simulations of the Earth's climate, and a com
munity computing facility serving our con
stituents at sixty-six of North Aonerica's most 
prestigious universities.

SCD supplies resources for computing 
and data storage, high-speed networking and 
data communications, research data, and data 
analysis and visualization. We provide a 
secure computing environment that empha
sizes reliability, high performance, cost- 
effectiveness, and user productivity. (For 
more information, see our web site at 
http://www.scd.ucar.edu.)

The past several years have been a period 
of significant change for SCD and our com
munity of researchers—and for the develop
ment and execution of complex models of the 
Earth's climate system. To meet these chal
lenges, we have placed a stronger emphasis 
on providing new resources and services to 
help our users in their scientific work.

We have increased computing cycles and 
added machines, enhanced our scientific visu
alization and data processing capabilities, and 
expanded the capacity of the Mass Storage 
System—which now holds an astounding 724 
terabytes of data.

Because climate research is an insatiable 
consumer of computing cycles, SCD collabo
rated with NCAR's science divisions to devel
op and release a Request for Proposal (RFP) 
for a new Advanced Research Computing 
System (ARCS). This new machine, a 334- 
node IBM SP Power3-II, will enable us to 
deliver a peak of 2 teraflops (two trillion cal
culations per second) to our scientists and 
researchers with the first installation in Fall

2001. In Fall 2002, we will upgrade the ARCS 
to achieve a peak of 6.8 teraflops with options 
to further upgrade the peak performance to 
8.75 teraflops. ARCS will permit scientific 
inquiries that were unattainable just a few 
years ago.

SCD is actively engaged in collaborative 
research efforts with universities and other 
labs in networking, advanced algorithms,
Grid technologies, data mining, data portals, 
and educational projects. We have just com
pleted a new visualization laboratory that 
blends visual supercomputing with advanced 
collaboration tools. SCD is dedicated not only 
to supporting the best possible computational 
environment, but also to playing a central 
role in defining and realizing the future of 
information technology at NCAR.

This brochure illustrates the breadth and 
depth of SCD's commitment to providing our 
community of scientists with a state-of-the- 
art facility that is staffed with knowledgeable 
personnel and supportive of the broad scope 
of NCAR's scientific research agenda. Please 
visit the various web sites noted in this docu
ment to learn more about SCD's role in 
advancing atmospheric research at NCAR.

— Al Kellie

How SCD supports 
NCAR science

Many of the research activities 
undertaken at NCAR collect 
and use important data about 

the Earth's climate system. Thousands of 
gigabytes of data are obtained from field pro
grams using observational platforms such as 
satellites, aircraft, sophisticated radar, ocean 
buoys, ships, and ground personnel.

Some of these data are used in existing 
computer models of the atmosphere, convec
tive storms and turbulence, ocean circulation, 
chemical dispersion, and even wildfire behav
ior. Other data are used in entirely new com
puter models designed to predict or analyze 
various components of the climate system.

Computer models help researchers 
understand the complex interplay of phe
nomena that generate, maintain, and possibly 
alter Earth's climate. Because NCAR scientists 
cannot experiment with the Earth's atmos
phere, they collaborate with colleagues 
around the world to evolve these detailed 
simulations—which are subsequently 
released for use by the international atmo
spheric science community. Examples include 
the widely distributed Community Climate

http://www.scd.ucar.edu


System Model (CCSM), the Parallel Climate 
Model (PCM), the Model for OZone And 
Related chemical Tracers (MOZART), and 
the Penn State/ NCAR Mesoscale Model 
(MM5).

SCD works with the scientific modelers 
to ensure that they have the necessary time 
and computing cycles on various machines 
to design a model, test and refine it, and 
determine when it will go into production. 
This is an intensely iterative process, often 
lasting three to five years as the model is 
refined, reworked, and evaluated —particu
larly when new computing technology offers 
faster processors and a shorter time-to-solu- 
tion for any given model.

SCD also helps NCAR researchers visu
alize their data, using powerful graphics soft
ware and hardware to better understand 
what the data are telling them.

Because SCD supports a variety of mod
eling, visualization, and data analysis activi
ties, the division continually researches and 
acquires computing systems that deliver 
abundant computing power, provide large 
memory and data storage capacities, are 
accessible via high-speed networks, and 
which are cost effective and efficient to oper
ate.

In addition to providing state-of-the-art 
high-performance computers, SCD offers the 
full range of support necessary for successful 
science to be undertaken at NCAR: consult
ing, training, documentation, software 
libraries, mass storage, visualization, and 
data analysis facilities.

For examples of scientific visualiza
tions generated by the models mentioned 
above, see http://www.scd.ucar.edu/vg.
For information on SCD's data resources, 
see http://www.dss.ucar.edu.

Figure 1: This simulation looks at the 
formation of coherent turbulent struc
tures in decaying quasi-geostrophic tur
bulence. The dynamics are similar to 
those found in the Earth's oceans.
The animation begins with random ini
tial conditions of the simulation—a 
chaotic soup with no recognizable fea
tures. As the simulation evolves, it 
begins to organize; recognizable coher
ent structures begin to form. Red and 
blue structures, representing clockwise 
and anticlockwise potential vorticity 
fields, begin to emerge.

Science: Jeffrey Weiss; University of Colorado. 
Visualization: John dyne and Tim Scheitlin, 
SCD; Jeffrey Weiss, University of Colorado

Data point
Because the pursuit of 
science never sleeps or 
takes a vacation, SCD pro
vides a secure operational 
computing environment 
that is staffed 24 hours a 
day, 365 days a year. SCD 
also manages an integrat
ed Network Operations 
Center to ensure that net
working and communica
tion subsystems are up 
and fully operational at all 
times.

Data point
Data transfer rates 
between the Mass Storage 
System and the mainframe 
computers are maintained 
at an aggregate rate of 
118 megabytes per sec
ond.

Data point
SCD provides high-speed 
network connections for all 
divisions at NCAR. Every 
office has a 100-megabits- 
per-second network con
nection as well as dual 
connections to the Internet 
at 0C3 rates (155 megabits 
per second).

Data point
What are flops? An abbre
viation for floating-point 
operations per second, 
flops are a measurement 
of processing speed in 
supercomputers—essen
tially, the number of arith
metic operations per sec
ond. A teraflop is a trillion 
floating-point operations 
per second.
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"PowerCurve" is published 
by the Digital Information 
Group (dig@ucar.edu) of the 
Scientific Computing 
Division at the National 
Center for Atmospheric 
Research, 1850 Table Mesa 
Drive, Boulder, CO 80305 
USA.
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SCD and the history of supercomputing at NCAR

✓“"t has a unique role in providing com-
I  lputing resources for the atmospheric 

k  *  i- S  related sciences, with nearly four
decades of success in tracking and deploying computing tech
nologies as they evolve. Early in the history of NCAR, SCD 
(then known as the Computing Facility) contributed the tech
nical expertise to ensure that NCAR's budding atmospheric 
research program would thrive and prosper.

When NCAR was founded in 1960, computing science 
and technology were in their infancy. Computing hardware 
was ponderously large, slow (by today's standards), expen
sive, and unreliable. Software operating systems were gener
ally “buggy" and required many staff-hours of effort to main
tain. Yet the idea of using computers to assist in the develop
ment of climate and atmospheric models held great promise. 
It fell to the fledgling Computing Facility to identify, evaluate, 
and recommend systems that would provide the computing 
horsepower to drive NCAR's scientific programs.

In the ensuing decades, SCD has continued to provide 
this high level of expertise and service to NCAR and the 
atmospheric research community as a whole. Starting in 1963 
with its introduction to NCAR of the first Control Data 
Corporation (CDC) 3600 system (with circuitry designed by 
Seymour Cray), up to and including acquisition of today's 
IBM SP supercomputer, SCD has helped influence the direc
tion of high-performance computing.

In many cases, the equipment being used has represented

completely new computer architectures—radical departures 
from mainstream designs—that offered greater speed and 
improved modeling environments for the scientists. 
Computers such as Thinking Machines Corporation's 
Connection Machine, Seymour Cray's CRAY-3, and the 
Hewlett-Packard Exemplar are a few examples of these revo
lutionary architectures. Many of them failed to make the tran
sition to full-fledged production machines, mainly because of 
their enormous expense, but SCD evaluated them all in the 
quest for the fastest, most reliable operational computing envi
ronment to support NCAR science.

The chart below shows some of the machines SCD has 
acquired, tested, and deployed into the production computing 
environment at NCAR. For more information on these and 
other machines, see our Supercomputing Gallery on the web 
at www.scd.ucar.edu/computers/gallery.

SCD continues to evaluate new computing platforms that 
will significantly advance NCAR's research activities. As com
puting hardware has evolved from large, single-processor 
machines to distributed-memory, multiprocessor devices, SCD 
has dealt successfully with significant issues related to stabil
ity and reliability of hardware, different programming models 
and user environments, conversion of user codes to new archi
tectures, system support, and security. As an early adopter of 
multiprocessor technology for general-purpose computational 
service, SCD continues to increase computing capability for 
NCAR and its extended community's research agenda.
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Figure 2: This timeline shows the supercomputers SCD has managed for 
researchers at NCAR over the past forty years. Red indicates systems 
being evaluated, and blue indicates systems integrated into NCAR's pro
duction computing environment.

About the cover. The cover image shows 
an East Asian coastal cyclone simulated 
by the Penn State/NCAR numerical 
model, MM5. The ability to predict the 
behavior of large storm systems is an 
important and necessary tool for helping 
save lives and property that can be lost 
during severe weather events. For more 
information on this simulation, see 
http://www.scd.ucar.edu/vg/MM5/ 
cyclone.html.

Computational modeling: Bill Kuo, NCAR, 
Mesoscale and Microscale Meteorology 
Division. Visualization: Hongcjing Wang, 
University o f Peking; Tim Scheitlin, SCD.
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