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A Glance at NCAR's Scientific Computing Division

How are supercomputers used at NCAR?

NCAR supercomputers perform calculations that are not feasible on any other 

class of equipment. For example, a single simulation of the future climate may require 

several thousand hours of supercomputing time as the machine performs hundreds of 

millions of arithmetic operations per second. Similarly, a single real-time forecast of 

the weather at high spatial resolution requires up to an hour of supercomputer time, 

again performing several hundred million arithmetic operations per second.

What can we expect from massively parallel computing?

Current-generation supercomputers have several processors and are therefore 

capable of so-called parallel processing, in which the computations are divided among 

simultaneously operating processors. The NCAR Y-MP8 supercomputer is dedicated to 

several hours of parallel processing in the early morning hours of each day.

Nevertheless, to undertake the next generation of computer models, which couple the 

atmosphere, ocean, chemistry, and other components of the earth's system, we will need 

machines that are 50 to 100 times faster than the NCAR Y-MP8. This means we need 

machines that can sustain 50 to 100 billion arithmetic operations per second.

Over the past decade, a tremendous amount of research and development has been 

under way for computer systems that incorporate hundreds, even thousands, of high

speed microprocessors. Although the individual processors in these massively parallel 

processing (MPP) systems tend to be slower than the processors in supercomputers, a 

sufficient number of them banded together can achieve much higher performance.
Recent studies at NCAR, the National Aeronautics and Space Administration, and 

Los Alamos National Laboratory indicate that state-of-the-art MPPs now match and 

occasionally exceed the performance of the best supercomputers. Since MPPs may soon 
offer decisive performance advantages, the NCAR computing facility is providing its 

users with an opportunity for first-hand experience with MPP technology on a 32-node
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CM-5 computer from Thinking Machines Corporation. Installed in April, this machine 

is funded primarily by the Defense Advanced Research Projects Agency through the 

National Consortium for High Performance Computing.

Why does NCAR need a large mass storage system?

NCAR's need for a capacious mass storage system is huge for two reasons: the 

center makes large observational data sets available to our scientific community, and it 

stores the results from long-running computer simulations. In the environmental 

sciences, observational data are needed for many areas of the globe over decades of time. 

The amount of observational data currently stored in the NCAR mass storage system is 

equivalent in volume to several million paperback novels.

Even more demanding is the storage capacity needed for results of long-running 

computer simulations. For example, in the case of climate modeling research, a single 

simulation may require hundreds of computing hours over weeks or even months of 

calendar time. Furthermore, the simulated climate must be sampled frequently to 

ensure that sound conclusions can be drawn from the study. The results of the sampling 

alone require huge mass storage capacity. Today, the amount of model output stored in 

the NCAR mass storage system is equivalent in volume to tens of millions of paperback 

novels.

What is the role of computer networks at NCAR?

Computer networks enable scientists to communicate with colleagues around the 

world via electronic mail and file transmission. Networks also provide convenient 

access to scarce resources such as supercomputing facilities. When sufficiently high

speed networks are available, scientists can use a supercomputer hundreds of miles 

away with the same ease as if the machine were in their own building. Given the global 

nature of our science, global computing networks will become increasingly important to 

NCAR in the years to come.
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