


A new IBM at NCAR
In November 2001, NCAR and 

UCAR announced the purchase of a 
new IBM SP supercomputer, to be fol
lowed by latest-generation technolo
gies, code-named Blue Sky, in a three- 
phase acquisition for NCAR's Advanced 
Research Computing System (ARCS).

The acquisition began with the 
delivery of a suite of equipment that 
more than doubled the computational 
capacity of NCAR's IBM SP to a peak 
of 2 teraflops. It increased the labora
tory's disk storage capacity tenfold, up 
to 23 terabytes.

A second delivery, in September
2002, will introduce IBM's next-gener- 
ation processors, nodes, and other 
hardware, bringing the peak computa
tional capacity to nearly 7 teraflops. 
The package will also include almost 
21 terabytes of new disk storage. In 
fall 2003, NCAR will receive IBM's next 
round of switch technology, whose 
lower latency and higher bandwidth 
will significantly increase communica
tion speed.

NCAR's Scientific Computing Divi
sion (SCD), which is managing the 
three-phase equipment acquisition, 
maintains and supports the ARCS.

PowerCurve, Vol. 2: 
Winter 2002
"PowerCurve" is published by the Digi
tal Information Group (dig@ucar.edu) 
of the Scientific Computing Division at 
the National Center for Atmospheric 
Research, P.O. Box 3000, Boulder, CO 
80307-3000 USA. Writers: Anatta, 
Lynda Lester, Greg McArthur. Photos: 
Lynda Lester.

About the cover
Students visiting NCAR—potential 

next-generation scientists—take a 
close look at NCAR's Advanced Re
search Computing System.

IBM engineers move an ARCS component 

into place.

ARCS: Business as 
usual—but bigger 
and faster

If you haven't been to Boulder 
and visited the NCAR Com
puter Room for a while, you'll 

notice one thing as soon as you see the 
current machine lineup: blackforest, 
the IBM SP, appears to be getting big
ger.

Where there used to be 11 six- 
foot towers, glimmering with sub
cutaneous green and orange lights, 
there are now 24. Tall, black, almost 
daunting, they march across the floor, 
two hedges of one-and-a-half-ton units 
with an aggregate peak computational 
capacity of 2.0 teraflops —NCAR's lat
est bid for the processing power it 
needs to answer the scientific ques
tions at the core of its research mission.

The blackforest expansion is part 
of the new Advanced Research Com
puting System (ARCS), a collection of 
IBM equipment that will be signifi
cantly upgraded over the next several 
years. But while the first installation 
alone doubles computational power at 
NCAR, many users are finding that for 
them, ARCS means business as 
usual—with a shorter wait in the job 
queues.

"When we designed the RFP [Re
quest for Proposal], we wanted a pro

duction-level, high-performance com
puting system that offered both capa
bility and capacity computing," says 
Al Kellie, director of NCAR's Scientific 
Computing Division (SCD). "But more 
than that, we wanted to provide an 
upwardly compatible system architec
ture and user environment, and a sta
ble environment for software engi
neering and development."

Thus, blackforest users have 
found a seamless continuity of soft
ware tools, including the same oper
ating system, the same batch system, 
and the same industry-standard de
bugger. Usage of the new system is 
split 50/50 between Community Com
puting and the Climate Simulation 
Laboratory (CSL), as it was before the 
upgrade. But whereas blackforest had 
been saturated for some time, there is 
plenty of room on the larger ARCS 
system, which went into production 
computing in December 2001.

To make certain users' scientific 
needs were adequately reflected in 
ARCS specifications, SCD invited 
representatives from each NCAR di
vision to serve as full partners on the 
RFP technical committee. The com
mittee evaluated the needs of the 
NCAR community and the CSL, 
forged them into explicit require
ments, and assembled a benchmark 
suite that included tests of represen
tative models run at NCAR (CCM3, 
MHD3D, MM5, MOZART2, PCM, 
POP, and the WRF prototype). Three 
members of the NCAR community 
constituted the external review team.

The collaborative effort contin
ued during the evaluation and selec
tion process, ensuring that the ARCS 
machine would serve a wide range of 
users.

The land of micro-opportunity
ARCS is a cluster of intercon

nected multiprocessor systems based 
on microprocessors. This architecture 
is a sign of the times—indicative of a 
trend that began more than a decade 
ago when "killer micros" began to fall 
in price and increase in speed. Today, 
fast microprocessors can handle most 
computing needs, while customers 
whose codes have traditionally run 
best on vector processors comprise a 
tiny niche market.
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This makes the old-fashioned vec
tor processors, which typically ran 
codes at 20-40% of peak speed, prohibi
tively expensive in the new millen
nium. And even though NCAR codes 
tend to get only 5-10% efficiency out of 
microprocessor systems, these systems 
are so much cheaper than custom-built 
vector supercomputers that in terms of 
price/performance, they have an advan
tage.

"W hen it comes right down to it, I 
see the low efficiency on these micro
processor systems as being a land of 
opportunity—there's so much poten
tial," says Tom Engel, a high-perform
ance computing specialist in the SCD 
Director's Office. "By paying attention 
to cache optimization and so forth, 
you can double the efficiency of cer
tain applications."

In fact, Rich Loft, Stephen 
Thomas, and John Dennis, software 
engineers in SCD's Computational 
Science Section, recently developed a 
scalable, 3D climate model dynamical 
core based on spectral elements that 
achieves a higher percentage of peak 
speed on microprocessors. Their code 
achieved 15.7% (127 gigaflops) at 
NCAR using 134 four-processor IBM 
SP nodes, and 16.1% (370 gigaflops) 
at the National Energy Research Sci
entific Computing Center using 128

sixteen-processor IBM SP nodes.
Certainly it can be a challenge to 

work on new computer architec
tures—but real work is getting done. 
"We can be nostalgic for the old vec
tor processors, but we'll go where the 
opportunities are," says Vince Way- 
land, a software engineer with the 
Climate Change Research Section in 
NCAR's Climate and Global Dynam
ics Division. "We've done good sci
ence on these microprocessors. In the 
past two years, we've completed over 
3,700 years of climate simulations on 
blackforest."

New scientific horizons
With the new equipment on

line, NCAR's IBM SP system is 
ranked at number 11 on the top 
500 Supercomputer Sites list 
(http://www.top500.org/list/2001/ll)
— and installation of the second 
phase of ARCS could place NCAR 
within the top five.

"ARCS is a world-class system 
that exceeds the articulated purpose 
and goals of the RFP," says Al Kellie. 
As such, its extended capability 
(speed) and capacity (size) will 
allow NCAR users to be leading- 
edge participants in the discovery and 
exploration of new environmental 
science.

Data point
SCD provides climate modelers 

and atmospheric scientists with a 
state-of-the-art, high-performance 
computing infrastructure that is essen
tial for the design, execution, and re
finement of complex models of the 
Earth's weather and climate system. 
Some important models that SCD sup
ports are the Community Climate Sys
tem Model (CCSM), the Weather Re
search and Forecasting Model (WRF), 
the Model for OZone And Related 
chemical Traces (MOZART), and the 
Parallel Climate Model (PCM).

Data point
One of NCAR's most complex and 

widely used climate models is the 
Community Climate System Model 
(CCSM). The latest version of CCSM 
(2.0) will soon be made available to 
atmospheric scientists. It has new, 
fully coupled models for the atmos
phere, ocean, land, and sea ice. Dur
ing 2001, refining and validating the 
CCSM required nearly 1.2 million CPU 
hours on NCAR's blackforest super
computer, an IBM RS/6000 SP.

Data point
You can learn more about some 

of the models that run on SCD's com
puters at their respective web sites: 
the Community Climate System Model, 
http://www.ccsm.ucar.edu; the 
Weather Research and Forecasting 
Model, http://wrf-model.org; 
the Model for OZone And Related chem
ical Traces, http://acd.ucar.edu/ 
models/MOZART; and the Paral
lel Climate Model, http:// 
www.cgd.ucar.edu/pcm.

Data point
How do researchers "pay" for 

using SCD's computers? Charges for 
general community computing are as
sessed in General Accounting Units 
(GAUs). The GAU is the unit of com
mon currency users can "spend" on 
SCD computing resources. It takes into 
account the various resources needed 
to conduct research, including mass 
storage, CPU hours, and type of com
puter. GAUs are allocated by an SCD 
Advisory Board that reviews proposals 
for computing time and makes recom
mendations on how many GAUs to al
locate for any given project.

The Scientific Computing Division (SCD) manages, maintains, and supports the 
Advanced Research Computing System at NCAR.
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NCAR, SCD, and IBM: A historical partnership

With the acquisition of 
NCAR's Advanced 
Research Computing 

System, NCAR and the Scientific 
Computing Division (SCD) have 
once again allied themselves with 
an old friend and computer power
house—IBM. While it is true that 
for many years, SCD and NCAR 
had a close relationship with Sey
mour Cray, the founder of Cray 
Research and Cray Computer Cor
poration, "Big Blue" has been no 
stranger to supercomputing at 
NCAR.

Computing at NCAR began in 
1962 with a fledgling Computing 
Facility (as SCD was then known). 
Arrangements were made that al
lowed NCAR scientists to compute 
on the University of Colorado's 
IBM 709 and on the IBM 7090 at 
the National Bureau of Standards 
(now the National Institute of Stan
dards and Technology). In addition, 
NCAR's High Altitude Observatory 
purchased and installed an IBM 1620 
to assist in their research activities.

It was not until March 1981 that 
IBM re-established a presence on 
SCD's machine room floor with 
NCAR's acquisition of an IBM 4341. 
This machine was used as a front end 
to NCAR's CRAY-1A (serial number 
14) supercomputer. The 4341 was the 
fastest machine then available for 
preparing interactive jobs to be sub
mitted to the CRAY (which handled 
both batch and interactive job 
streams), and served as the gateway 
into SCD's computing infrastructure. 
In July 1986, an upgraded IBM 4381 
was used in the same capacity for 
NCAR's new CRAY X-MP/4.

Since 1985, NCAR's Mass Storage 
System (MSS) has exclusively used an 
IBM computer as the Mass Storage 
Control Processor (MSCP), a critical 
link in the MSS's ability to locate and 
retrieve files requested by users for 
their computing runs. Various genera
tions of IBM computers have been 
used as the MSCP, from the IBM 4381 
in 1985 to today's incarnation, the IBM 
9672. IBM computers are also instru-

IBM engineers install Advanced Research Com
puting System (ARCS) components at NCAR.

mental in providing control (via an 
IBM 3990) for the rotating disk sub
systems (IBM 3390s) used to stage 
data from the MSS to the various 
supercomputers in the machine room. 
And for the past several decades, SCD 
has used numerous variants of IBM 
tape drives to read and write data 
from standard one-half-inch magnetic 
tapes and tape cartridges.

Recognizing that computer archi
tecture was changing, SCD acquired 
an IBM RS/6000 cluster in June 1992 
and made it available to users on a 
production basis as a low-cost alterna
tive to supercomputing on the CRAY 
Y-MP8/864. The cluster was an experi
mental project, used for early forays 
into parallel code development and in 
the support of non-Cray serial com
pute servers. SCD kept this machine 
for five years, gaining valuable experi
ence with clustered systems.

An IBM 9071 SP1, IBM's first scal
able parallel (SP) machine, was in
stalled at NCAR in August 1993. It 
was acquired with funds from the Na
tional Science Foundation's High-Per
formance Computing and Communi
cations program. The SP1 belonged to

a new generation of products based 
on IBM RISC System/6000 technol
ogy providing users with simulta
neous parallel and serial processing 
capabilities. The SP1 was another 
experimental machine, and SCD 
used it to evaluate performance and 
assess ease-of-use for parallel pro
cessing of large simulations. It was 
decommissioned in the fall of 1995.

In August 1999, NCAR and 
SCD doubled the computing capac
ity available for atmospheric re
search by acquiring a $6.2 million 
IBM SP RS/6000 (by then, numerical 
designations after the "SP" had 
been dropped). The SP consisted of
11 tall black boxes —a virtual "black 
forest" of computers—and was 
named after a region near Colorado 
Springs, Colorado, known as the 
Black Forest. For NCAR, the arrival 
of the SP was part of a general tran
sition to clustered microprocessor 

systems. (The SP cluster is comprised 
of many nodes in which memory is 
shared by the processors within the 
nodes. Between nodes, information is 
exchanged by message passing.)

Finally, with the delivery of 
NCAR's Advanced Research Comput
ing System (ARCS) in October 2001, 
IBM effectively doubled the size of 
blackforest, which now provides a 
peak of 2.0 teraflops. In 2004, NCAR's 
contract with IBM has an option that 
may apply new technologies from 
IBM to boost ARCS to nearly 9 ter
aflops of peak computing capacity.

The increase in computing power 
will directly benefit climate change re
search. For example, NCAR's premier 
computer model of Earth's climate 
simulates a century of climate in 29 
days of computing time. Blackforest 
before the 2001 upgrade was capable 
of running six such simulations simul
taneously in that time. The ARCS 
equipment ups the number to 14 sim
ulations in a month. When the second 
phase of new equipment kicks in, the 
combined power of all IBM SP sys
tems on SCD's machine room floor 
will allow nearly 50 one-century cli
mate simulations per month.


