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The Evolution of Supercomputing at NCAR

This document traces the evolution of supercomputing at NCAR, highlights the contributions
made to the support of science by the Scientific Computing Division (SCD), and provide a his-

torical perspective of SCD’s activities.

A supercomputer is defined as the highest performing scientific processor available at a given
point in time. Supercomputing however, may be more broadly defined as the use by a group of

researchers or an institution of a computer system that provides the best obtainable perfor-
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mance (at that point in time) considering all of the variables comprising scientific computer
architectures. These variables include Central Processing Unit (CPU) speed, memory size,
input /output (I/O) performance, data archival capacity, graphics, networking, and overall

software performance for the mix of scientific projects of interest to that group.

Supercomputing is difficult to define because its definition changes with time as more power‘ful
computérs are introduced. Perhaps a more appropriate description would be advanced
scientific computing. In the past, other terms were in use at NCAR: an advanced computer for
array processing (ACAP), an advanced vector computer (AVC), a fifth-generation computer, a
sixth-generation computer, etc. It remained for others to coin the term "supercomputer” that

has named advanced computing in the 1980s.

Startup

Computing at NCAR had somewhat more humble beginningd than implied by the terms super-
computing or advanced scientific computing. An IBM 1620 was installed at the High Altitude
Observatory (HAO) in 1962 and arrangements were made that allowed NCAR scientists to use
resources on the IBM 709 at the University of Colorado (CU) and on the IBM 7090 at the

National Bureau of Standard’s [[NBS) now called the National Institute of Standards and
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Technology (NIST)]. These arrangements were informal and classified as "gentlemen’s agree-
ments." They were important because computing was provided at a nominal cost and at the

same time assisted the university in paying for its equipment.

|
A computing facility (CF), formed under the leadership of Dr. Glenn Lewis, was housed in the
Physical Sciences Research building on the Boulder CU campus. Lewis hired staff to augment
those that had been with NCAR since the earliest days. By the end of 1962, about ten persons

were in the SCD.

SCD was organized to serve the needs of NCAR science. It was nof immediately an official
UCAR policy to provide computing to the national community. SCD spent the early months of
1963 planning the development of a local service. SCD sought permission to withdraw from the
agreements with the university and NBS in order to make funds available to purchase a com-

puter.

There was disagreement about the timing and performance of the first advanced computer
that would be installed at NCAR. Dr. Thornton C. Fry, acting as a consultant on advanced
computing, was of the opinion that NCAR should wait until the Control Data Corporation
(CDC) 6600 was ready in 1965. Mainframes available in 1963 were not sufficiently powerful to
permit much progress on the problems of interest. He along with Axel Wiin-Nielson and Sidney
Fernbach (Director of the Computing Facility at Livermore) had supported this schedule in a

report to the Executive Committee in April 1962.

SCD engaged in a study of available mainframes that might serve in the interim while await-
ing a more powerful system: the Philco-Ford 2000, the CDC 3600, the IBM 7094 II, the Bur-
roughs 5500, etc. SCD staflers were also preparing a computer survey that compared the com-
peting architectures expected in the ’65 time frame. The results of the survey were published

in May 1964.

In April 1963, Wiin-Nielson, tiring of the debate and delay, had a change of heart and
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instructed Glenn Lewis to proceed with the procurement of an interim machine, the CDC 3600,

since sufficient information was at hand to justify its selection.

This was a call to action that recognized that building an advanced computing capability was
an evolutionary process and that SCD and its stafl would grow in competence with its own sys-
tem to nurture. Also, the CDC 6600 seemed ill-defined in 1963 by the standards of the day. Its

performance had to be judged from rather skimpy information about its architecture.

The 6600 was a distributed architecture (central scientific processor supported by ten very fast
peripheral machines) and was actually a reduced instruction set (RISC) machine many years
before such a term was invented. It also turned out that the CDC 6600 had a number of seri-™
ous design problems that would impact the user community. Of course, these were not
envisioned at the time. On the other hand, the CDC 3600 was at the evolutionary end of com-
plex instruction set mainframe computers (CISC) and was well understood by the computing

community.

However, the call to action provided only the administrative go-ahead. The funding (even with
CU and NBS out of the picture) was less than the $67,000 a month needed to directly lease the
CDC 3600. SCD negotiated an arrangement whereby Control Data was able to use about a

hundred hours a month and was willing to accept about $40,000 a month.

Installation of the First Mainframe Computer

The Control Data 3600 was delivered in November 1963 and installed in an unfinished building
being constructed just to the south of the Physical Sciences'Research Building. It was to this
building, now the home of the Western Interstate Commission on Higher Education (WICHE),

that SCD moved late in 1963.

By the summer of 1963, SCD stafl judged that Control Data was not going to complete their

operating system by installation time. Paul Rotar and Dave Kitts put together enough of a
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system to be able to utilize the CDC 3600. By early 1964, SCD was able to provide service on

the CDC 3600.

By the end of 1964 (the CF’s first year of operation), usage of the CDC 3600 had grown from 50

|
to 300 hours per month and the SCD had run approximately 19,000 jobs.

SCD became a national facility in March 1964. Its mission was to provide large-scale comput-
ing facilities to NCAR and the national community engaging in atmospheric and related
research. Shortly thereafter, an advisory panel was formed. In the panel’s August, 64 meet-
ing, it approved the acquisition of the CDC 6600 which had been tentatively ordered a month

earlier for delivery in late 1965.

When service to a national community was discussed in SCD at this time, it was in the context
of permitting visitors to come to NCAR and share in the use of the equipment. Technology for

effective remote use was still almost a decade away.

The Installation of the CDC 6600 and CDC 7600

Early in 1965, it became apparent that software development by CDC for its 6600 was not on
a realistic schedule. There were two systems: SIPROS and COS. A test of ten codes showed
that only one would run on either system. Thus, SCD began development of an operating sys-
tem that would be ready to install on the machine when it arrived late in ’65. This decision to
develop operating software for the CDC 6600 set the character of the facility until the advent

of the Cray era.

The CDC 6600 systein was designed and implemented by the Systems Section consisting of
Paul Rotar, Dave Kitts, Bob Working and Gene Schumacher (on loan from CDC). Systems
stafl had written a simulator for the CDC 6600 which provided an assemble, load-and-go
environment for testing the CDC 6600 operating software modules on the CDC 3600. The

development and use of these simulation systems allowed SCD to prepare systems software for
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future machines and to enhance the existing software without disrupting the users because the

simulators ran in the users’ environment.

In order to maintain some service while the machine room was being retrofitted for the CDC
6600, as well as provide computing until the acceptance of the 6600, the Operation’s Section
planned a move of the CDC 3600 to a building at Martin Marietta’s Prince Street plant where

it was operated through April of 1966.

The CDC 6600 was delivered in late December 1965. It was operated for nearly a year at the
30th street. location until the Mesa building was ready in December 1966. Shortly after the
6600 became operational at 30th street, it became apparent that the positional access time of
225 ms for the disks on the machine severely inhibited its performance. This was solved by
acquiring some drums and then generating the software to access the drums. The drums were
rotating magnetic data storage devices similar to disks but with a large number of fixed
read/write heads that eliminated the positioning time associated with moving access arms.
This provided NCAR with a system with a superb response time which not only was impres-
sive, but delighted the users and initiated an era of rapid work turnaround for the scientific

community.

The drums were a particularly interesting challenge because Control Data staff had told us

that they could not be made to work on a CDC 6600. Ignoring their advice, we ordered four

drums, wrote a driver, and indeed on the initial tests, data would not stream from the drums.

Only one byte per revolution was moved. The drums stood in mute testimony to our folly until

Gil Green, then a Control Data regional technical representative, changed the interlace in the
!

drum controller to permit every other byte to be skipped which better matched the data

channel’s speed.

Although the CDC 6600 was to serve until 1977, there was an ongoing study of possible

replacements spurred by the desire for capability beyond the CDC 6600 based on research
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needs in the areas of the general circulation model, the dynamics of a convective cloud, and

turbulent flow and interactions.

While SCD closely monitored the progress of an early array processor, the ILLIAC IV, it
became clear by 1970 that the alddition of capability beyond the 6600 would be provided by
either a CDC 7600 or an IBM System 360, Model 195. The CDC 7600 won by a slight margin
in benchmark tests run in early 1970. It was delivered in May 1971. The 7600 generally ran at
five times the speed of the 6600. It represented the last time this large a general increase of
speed has been available from a single processor. Also, because the operating system had been
developed in house, users had a uniform software environment on both the 6600 and 7600
which was difficult because machines’ architectures differed substantially. Most users could run
on either system without changes. Such a uniform software environment would not return

again until the late 1980s when UNIX began to be used on the supercomputers at NCAR.

On the down side, the CDC 7600 was very unstable. Its low mean-time-to-failure forced us to
put extremely good job and file recovery procedures into the system. However, this took a few
years to accomplish and by then the aggravation level was quite high for the CF’s users. Ted
Hildebrand, the SCD director, fully supported the combined 6600/7600 software eflort.

Without this support it is probable that the CDC 7600 would have been a failure.

Vectors and the CRAY-1A Era; 1976 to 1986

NCAR’s proposed participation in the Global Atmospheric Research Program (GARP) and the
First GARP Global Experiment (FGGE) world weather experiments, December 1978 through
November 1979, provided SCD with the justification to seek a more powerful computer than
the CDC 7600. SCD developed a plan for our participation in FGGE. It turned out that we
ultimately did a little data reduction, but not much else for GARP. However, the Cray was

critically needed to permit further development of models at NCAR and at the universities.
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In 1974, the outlook for computational capability beyond the CDC 7600 was not very good.
The CDC STAR suffered from software problems and required very long vectors. The Texas
Instruments ASC had software problems and all system and support functions like compiling
were slow to the extreme although user code execution was respectable. The ILLIAC IV
appeared to be unusable in our environment. By this time, SCD was disinclined to produce

another operating system (it had already produced three).

Gerald Browning wondered whatever had happened to Seymour Cray. Acting on this, Stuart
Patterson, SCD manager, and Paul Rotar made a trip to Cray’s Halley Laboratory in Chip-
pewa Falls, Wisconsin in 1974. Although the CRAY-1A was only partially built, the design
reflected a simplicity not found in the other computers and we felt that although many techni-
cal and financial objections had to be overcome, the CRAY-1A would at a minimum, spur the

competition and in the best case be a viable upgrade to the CDC 7600.

In 1975, a request for proposal (RFP) was issued for the next machine. The CDC 7600 was
straining under a severe overload. SCD was over-subscribed. Turnaround time had become
intolerable. The ability to provide rapid turnaround for short jobs had broken down com-
pletely. Mass storage software development activities further loaded the machine. The RFP
and subsequent negotiations resulted in an order for a CRAY-1A. This was a bold move that
anticipated successful software development and put NCAR in line for the second machine

built by Cray Research, Inc.

The CRAY-1A was delivered in July 1977. It was accepted in December. The CDC 7600 acted

as a front-end. Incoming work flowed through the 7600 which also retrieved necessary archival
!

files for use on the Cray from the online TBM mass storage. This further increased the load on

the 7600. Also, the users’ jobs migrated to the Cray rather slowly and continued to use the

7600 for data handling chores.

The CRAY-1A was very stable compared to the CDC 7600 and represented a significant
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change in mean-time-to-failure rates and expectations. In very good times, the 7600 hardware
or software failed at least once a day, often four to five or more times, whereas the Cray would

run for several days and most often failed only because of disk problems.

| .
The Cray probably was only about 2.3 times faster than the 7600 unless the program was
highly vectorizable. Then an order of magnitude was possible, but overall its throughput was
estimated at about 4.5 times the 7600. The ability to handle vectors well has become a hall-

mark of an advanced computer.

The CRAY-1A permitted advances in modeling severe storms. Models were developed by Cot-
ton at CSU, by Takahashi at U of H, Wilhelmson at the U of Ill, by Clark and Hall at NCAR

and by Klemp at NCAR. It also permitted progress in climate models.

Because of growth in demand, the CDC 7600 was replaced by a low-cost, used CRAY-1A in the
spring of 1983. SCD and the NCAR scientific community had engaged in a lengthy debate
over whether it was appropriate to bring in a fast scalar processor because of the heavy data
processing component of the workload or to get a second CRAY-1A. Proponents of the scalar
processor including the SCD director, Walter Macintyre, felt that a fast scalar processor with
good 1/O could better handle the tapes and TBM archive, i.e., it was better suited for data
processing which certainly was a high percentage of our workload. Opponents felt that the
Cray would provide more numerical computing even though it might be inefficiently used for
the data processing necessary to support the atmospheric sciences. In the end, the scalar pro-
cessor lost out to the second CRAY-1A because both the price and its abilities in the modeling

area were superior.

Multiprocessing and the CRAY X-MP /48

The second CRAY-1A was but a small step. During 1982, a committee met and produced a

document entitled “Scientific Justification for an Advanced Vector Computer.” This




ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



