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ABSTRACT

This thesis amines strateagic planning in the U. &,
supercomputer field within the government and corporate
sectors. Various firm strategies, u.S. government
supercomputer policy, and Jdapan®™s National Super-—-Speeed
Computer (NSCF) project are evamined, analyzed, and

contrasted.

A supercemputer industry analysis is performed wusing data
obtained by literatuwe research, foreign trip reports, and
personal  interviews with top erecutives within the U.S.
government and industry. External and internal facteors are
analized. Firms examined in this study include Control Data
Corporation, ETA Systems, Cray Research, Denelcor, Hitichi,
Fijutsu, amnd MNEC as well as the recently established multi-
corporation sponsored Microelectronic and Computer Technoloqgy
Corporation (MCC) . Current and future industry positions are
projected for each firm.

A historical perspective of the U.S. supercomputer industry is
developed to provide insight into the appropriate government -
industry relationship. In addition, historical US and
Japanese industrial policies in related fields are examined.

US government/corporate strategy alternatives are contrasted
with the Japanese government/industry efforts in this same
field. Cooperative U.S. government and corporate sector
strategy alternatives are offered which involve an appropriate
mixtuwre of government and private sector R&D to fulfill {the
strategic objectives of both these sectors. Gtrategic policy
recommendations focus on R%¥D investment.

A set of substantiated government/corporate supercomputer
strategy recommendations are provided. The broad implications
of the U.S./Japanese supercomputer battle are Hplored.
Finally, the implications of the U.S5. supercomputer industrial
policy recommendations on U.S. high-technology industrial
policy are discussed.
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Title: Associate Professor of Management
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CHAFTER 1

INTRODUCTION
1.1 Motivation
Since World War II, the economic growth of Japan has
consistently outpaced that of the United States. This

economic growth was initially confined to non—-R%¥D intensive
industries such as automobiles, consumer electronics and
steel. However, during the past five years, Japan has been
successful in penetrating a number of R&D-intensive
industries, including semiconductors, robotics, and fleuxible
manufacturing equipment. Recently, Japan has begun to {focus

on supercomputers.

"Supercomputers"” are defined as the fastest, largest computers
available at any point in time.? The United States has
dominated the supercomputer industry since its inception.
Japan®s focus on supercomputers is a challenge to U.S.
domination in this industry. In fact, Japanese firms have
developed supetrcomputers of comparable performance to U.S.
supercomputers in only three years. This remarkable success
is pitting the U.S5. and Japan in a "battle" for supercomputer
SuUpremacy. It is also forcing the American government to re-
examine its supercomputer policy and American firms to re-
examine their strategies.

1This thesis focuses on supercomputers and does not
address fifth-generation computers. The distinction between

supercomputers and fifth—generation computers is clarified in
Chapter 2.

_1(:)_



This thesis will examine the reasons for Japan’s recent
ascendancy in the supercomputer market and compare and
contrast the Japanese and U.S. strategies for developing
supercomputerss; the relationships between government,
industry, and universities; differences in technological
innovationi and cultural and structural differences in these

two countries.

The U.S.-Jdapanese supercomputer “battle”" is of substantative
interest to motivate this study. However, the broader
implications of this subject also support doing this analysis.

First, supercomputers provide an important base of techrioclogy

for smaller, lower speed mainframe, minicomputer and personal
computer segments. Large computer firms such as International
Business Machime (IBM) and Control Data Corporation (CDC)
believe that leading-edge supercomputer techrnolegy has f1lowed
down to their lower-speed computer products. Second., both
Hitachi and Fujitsu are introducing supercomputers with IEM

compatible software. These products are clear threats to  IEM

accounts which involve high—speed computational applications.
Since IBM does not currently provide supercomputers, prestige
and potential 1loss of its world dominance in the computer
market may force IEM to respond with a supercomputer offering.
Third, supercomputers are becoming essential enginearing
tools, providing competitive advantages for a growing number
of industries. For example, enlightened automctive and

aerospace firms believe that supercomputers can reduce the

—-11-—



time and cost required to design sophisticated new products by
as much as 30 to 40%. In addition, nearly all major petroleum
firms have invested in supercomputers to reduce the risk and
therefore the cost of petroleum exploration. Japanese
development of supercomputers appears to be aimed at providing
supercomputer capability to domestic Japanese industry. This

action will have a profound impact on the future economic

competitiveness of overall Japanese industry. Fourth,
computers play a key role in performing national security
tasks associated with secure communications and foreiaqn
intelligence. National security #perts believe a loss of

leadership in supercomputers could severely impact the health
of the U.5. computer industry. WNational interest requires
that the U.S. maintain a healthy supercomputer industry not
only for the supercomputer segment but for the potential
impact this segment has on the health of the overall computer
industry. Any analysis of the supercomputer industry must
include the views of this important community and their strong

influence on government policy.

The development of supercomputer policy is complicated by the
natural conflicts that arise between key stakeholders
interested in this industry. For example, those stakeholders
with a view toward economic competition would favor reduiced
barriers to foreign export of supercomputers, while those
stakeholders with a view toward national security would favor

barriers to supercomputer export due to potential military use

_12_



by hostile foreign governments. This thesis will attempt to
offer a balanced set of recommendations form the viewpoint of

all key stakeholders.

Finally, the House Democratic caucus has called for some form

of industrial policy. The Reagan Administration is
empbasizing free enterprise to maintain "healthy" u.s.
industry, and, as a result has avoided efforts to set
industrial policy. The supercomputer industry differs from

most WU.S5. industry in that the U.S. government, through
agencies such as the Department of Energy (DOE) , the
Department of Defense (DOD), and the National Aeronautics and
Space Administration (NASA), is the largest single user of
supercomputers. Additionally, supercomputer capability is
closely coupled to national security. For these reasons, the
Administration, through the White House Office of Science and
Technology Folicy (OSTF), is offering a policy statement to
ensure the health of the supercomputer industry. This
supercomputer policy statement is unigue in that il serves an
important pathfinder role for <Future industrial policy

involving other high-technology industries.

There are four major objectives of this thesis. First, this
thesis will provide an historical perspective on the
supercomputer industry and document the importance of product

and executive champions in the development of successful



supercomputers. The changing role of the U.5. government in
the supercomputer industry is described. A key portion of
this section analysis the U.S. government involvement in
supercomputer development to extract the most useful lessons
learned for the most effective government-industry-—-university

relationships.

Second this thesis will analyze the supercomputer industry.
This analysis 1) includes all U.S. and Japanese supercomputer
firms and projects the competitive position of the strongest
industry participants over the next four to five years and 2)
identifies and quantifies the primary factors which atfect the
industry and the key strengths and weaknesses of major
competing firms. Individual Ffirm strategies are also

contrasted and critiqued.

Third this thesis addresses the complex issues of public and
private <sector policy in the supercomputer industry.
Historical perspectives on government-industry—university
relationships, modes of technological innovation., structural

strengths of the U.5., stakeholder positions, and strengths

and weaknesses of U.S5. supercompute.- firms are combined to
develop a strategy to maintain U.S. preeminence in
supercomputers.

Finally, the study provides strategic implications on the

broader issues of economic competitivenese, national security,



threats to IBM, and high—-technology industrial policy.

1.5 Methodoloqgy

A successful industry analysis requires a clear identification
of the strategic business unit (SEU) . The supercomputer
industry carn be considered a clearly defined segment of the
computer industry. The supercomputer industry has its own

standard industry code (SIC) and clearly defined set of

competitors. Frice changes by one supercomputer competitor
affect the prices of all supercomputers. While the
separation between the large mainframe market and the

supercomputer market is somewhat olurred. the applications of
most supercomputer users require performance in excess of that
offered by large mainframes. Thus, no other segments of the

computer industry can for supercomputers.

The methodology used in the industry analysis portion of this
thesis 1is based on the frameworks developed by the Boston
Consulting Group (RBCG), General Electric (GE), Arthur D.
Little Inc. (ADL), Hax, and Forter. (1) (2) (3) (4)(5) A modified
version of the GE format is used as an assessment of industry
attractiveness. The analysis of current competitors includes
a description of the visions of all firms, their strategic
postures, the missions of their supercomputer business units,
an identification of their major strengths and weaknesses, and

an examination of their strategic actions.



This thesis uses Horwitch®s terminol ogy to describe
technological innovation. (6) There are at least three ideal

or pure "modes" of technological innovation:

o Mode I - +technological innovation in the small high

technology firm.

o Mode II - technological innovation in the large, multi-

product, multi-market, and multi-division corporation

0o Mode 1III - technological innovation in huge, multi-
organization enterprises involving public and private
institutions that are working together on a mission-

oriented large—scale program.

Each mode has strengths and weaknesses, and does not always
exist independently. The three U.S. supercomputer firms, Cray
Research, Inc., ETA Systems, and Denelcor, utilize Type I
technology innovation. The three Japanese supercomputer
firms, Fujitsu, Hitachi and NEC, utilize Type II and Type III

technology innovation.

Data and perspectives required for this effort were developed
based on literature research, foreign trip reports,
Congressional testimony, and personal interviews with top

executives within the U.5. government and industry.



CHAFTER 2

SUFERCOMFUTER DEFINITION AND FLACE IN COMFUTER MARKET

This chapter defines the supercomputer and provides a

(]

description of the primary technical characteristics of
supercomputer. In addition, the supercomputer market is

described and related to the overall computer market.

2.1 Supercomputer Definition

The computer industry can be roughly divided into five
segments, primarily based on computational speed in millions

of instructions per second (MIFS):

Fersonal computers Less than 0.2 MIFS
Minicomputers 0.5 - 1.5 MIFS
Superminicomputers 1 - 5 MIFS
Mainframe computers 8 - 20 MIFS
Supercomputers Greater than 40 MIFS

Supercomputers are large-scale, high-speed computer systems
used to solve complex problems in a wide variety of
industries. The primary attribute of supercomputers is high
computational speed. Supercomputers exploit hardware advances
to achieve increased speed. Fifth—generation computers are
distinguished from supercomputers in that they are focused on
advances in software and, in particular, by extensive use of

artificial intelligence. The Fress has tended to confuse

—-§{7-



these two types of computers and call them both

supercomputers. This thesis only deals with supercomputers

and will not examine fifth—generation computer efforts.

Al though high computational speed is the primary
characteristic of supercomputers, other supercomputer

characteristics include large, fast main and secondary memorvy,

and vector or parallel processing capability.

High computational speeds are important to large—-scale

computer users, particularly the scientific community. This
quantitative aspect of supercomputers has changed with
improved technology. For example, supercomputers developed in
the 1950°s operated at computational speeds of 0.2 to 0.4
million instructions per second. The Ffirst commercially
successful supercomputer, the Control Data Corporation 6600
(delivered in 1964), had a computational speed of 3 million
instructions per second. By the early 1970%°s, supercomputer

speed had reached 20 million instructions per second.

Today, supercomputer speed is measured in MFLOFS, or one
million floating—-point operations per second. "Floating-
point" refers to binary representation of numbers expressed in
scientific notation (mantissa and exponent). A single
floating—-point operation is the addition, subtraction,
multiplication or division of two floating-point operands to

get a floating-point result. To gualify as a supercomputer

-18-



today, a computer should sustain average rates of 20 million
floating-point operations per second for a wide range of
problems. (7) A comparison of supercomputers in terms of speed

and memory ie given in Figure 1.

The computational speed of supercomputers will continue to
increase and this aspect of the definition of supercomputers
will change accordingly. The Denelcor HEF in the four-
processar—-system configuration represents the 1ower limit of
the supercomputer industry segment today. By 1986, the lower
limit of the supercomputer industry segment should have a
performance slightly in excess of the Cray 1/5 with a

computational speed of 100 MFLOFS.

Large, fast main memory is essential for problems which have a

substantial data base. Today, supercomputers must provide at
least one million or more words of main memory, usually &4-

bits each.

Secondary memory is important for applications when the

required data will not +Ffit into main memory. Optimizing
transfer of data between main and secondary memory involves
considerable programming effort to maintain high computational

speeds.



First Number Speed Memory

Manufacture Model Installed Installed (MFLOFS) (Million
Words)
cbC 6600 1964 o9 1.5 Cal
cbC 7600 1969 27 7 0.5
Eurroughs ILLIAC-IV 1970 1 25 16
Cray Research Cray 1 1976 17 80 1
CDC Cyber 203 1980 = 80 2
Cray Research Cray 1/S 1980 I3 100 4
CbhC Cyber 205 1981 22 400 a
Denelcor HEF I 1982 3 I—-48% 2
Cray Research Cray X/MF 1987%= 7 420 4
Figure 1. Comparison of supercomputer performance and market

SUCCessS.

*Maximum size sold is 4 processor system capable to about 12
MFLOFS.

Source: Supercomputer Market: 1981 Report. and Frocessor Data
Book, (Framingham, MA: International Data Corporation: October
19815 19823 19837).
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Vector processing refers to the ability for the computer to

handle computations involving an ordered list of data items -
a vector. The number of elements in the list is the vector
length. Vector computers allow a single vector instruction to

execute pairwise operations on the entire vector. Ordinary

operations. Froblems which can be "vectorized" execute at

much higher speeds than scalar operations.

Farallelism is another method of increasing computational
speed. Farallel computers execute operations concurrently on
individual processors or functional units. The Cray-1, for
example, utilizes seven functional units to implement specific
instructions concurrently. The ILLIAC IV was an early
experiment with a highly parallel architecture. It used &4
identical processors that operated in lockstep under a single
instruction processor. The major vector supercomputers
developed to date are single instruction multiple data (SIMD)
computers. Machines that can handle multiple instructiors as
well a multiple data - MIMD machines - are in the research
stage. The Denelcor HEF represents the first commercial MIMD
supercomputer offering. As the cycle time of individual
processors reaches a limit, supercomputer designs will turn to

MIMD architecture to achieve continued gaimns in speed.

The computational speed of a supercomputer is a function of

processor speed, memory size and access time. overall computer



architecture, and the specific problem to be solved.
Computational speeds given in Figure 1 are for typical
problems. For problems dominated by scalar and short-vector
operations, the Cray X/MF is the fastest due to its very short
cycle time. For problems programmed to include long vectors,

the Cyber 205 is the fastest.

2.2 Place of the Supercomputer in _the Computer Industry

The market for computers in 1983 is approximately $40 billion
worldwide. (8) The mainframe portion currently represents the
largest share of the market with about 60%Z of the total
mar ket. The supercomputer market has historically been a
small portion of the whole computer market (less than 1%) as
demonstrated by the numbers of installed computers listed in
Figure 1. The average supercomputer sells for about $10
million. In the last 195 vyears, the two major vendors have
been Control Data Corporation and Cray Research, Inc. Annual

supercomputer revenues are estimated at $259 million in 1983.

Fecently, CDC has formed ETA Systems to handle ite
supercomputer business, with the exception of the Cyber 203,
which CDC will continue to enhance and market. CDC has given
ETA Systems the technology. capital, equipment and Lkey
technical and management personnel to develop a new line of
supercomputere considerably more powsrful than the Cyber 2Z205.
In this thesis, these two firms will be treated together., even

though they have separate corporate and market objectives.



Supercomputers represent an important segment of the computer
industry. Marketing the "world's fastest" computer has become
a symbol of prestige. For example, both Hitachi and Fujitsu
began their 1983 annual reports with photographs and
discussion of their supercomputer efforts. Some of the
brightest computer scientists have been attracted to the
supercomputer field. The next chapter will examine key
individuals who have contributed to the vitality of the

supercomputer business.



CHAFTER 3

HISTORICAL PERSFECTIVE ON THE SUFERCOMFUTER INDUSTRY

This chapter provides a historical look at the supercomputer
industry and examines the role of champions in the development

of successful supercomputers.

Donald Schon has addressed the importance of product champions
in development of new products. (?) He states. "The new idea
either finds a champion or dies... No ardinary involvement
with a new idea provides the energy required to cope with the
indifference and resistance that major techrnological change
provokes....Champions of new inventions play persistence and
courage of heroic gquality". More recently others (Roberts
Feters and Waterman) have suggested a more complex schema
including a product champion plus some f or i of
protectar. (10) (11) Feters and Waterman identify two types of
protectors — executive champion and godfather. The executive
champion many times is a former product champion. He shields
the product champion from the organization®s tendency to kill
new projects. A godfather is described as am aging leader who

serves as a role model for championing.

Control Data Corporation (CDC) emerged as the dominant
supercomputer firm in the early 19260°s. The reasons for this
early success are largely due +to the championing of CNDC's

William C. Norris, founder and chairman, and Seymour Cray.
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chief supercomputer architect.

3.1 Early Beqinnings

William Norris gained an understanding of government needs for
computational capability during World War II, when he served
in a highly classified communications section involved in
cryptography - Communications Supplementary Activities,
Washington (CSAW). After the war, the Defense Department
continued its interest in computer development. By promising
defense contracts., the government encouraged Norris and other
members of CSAW to seek outside financing to start a computer
combany.(lz) They formed Engineering Research Associates
(ERA) in 1945, and were awarded Navy contracts. The ERA aroup
developed the magnetic memory drum and several first
generation computers. (13) (14) In spite of these technological
successes, ERA s earnings began to decline. By 1951, ERA
rneeded adﬁitional capital +to expand into the commercial
market. Remington Rand, who previously acquired the 'Eckert-
Mauchly group, acquired ERA in December 1952. This
acquisition lead to the merger of the Eckert-Mauchly and ERA
groups to form Univac computer division. Norris became
general manager of Univac operations in 1955. Howevet,
internal rivalry and frustrations with senior Rand management,
led to an outright rebellion of the former ERA engineers.
Frustrations over top management at Kemington Rand led Norris
to later say "To run a computer company, it*s necessary to

have top executives who understand computers". (1%3) Norris and
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other ERA engineers (including Seymour Cray) left Univac to

form a new company — Control Data Corporation (CDC) in 1957.

3.2 First Days at Control Data

Bill Norris served as president of CDC. He focused CDC' s
initial business on military research and development and did

not intend to compete head-on with the computer industry

leader - International Business Machine (IEM). Seymour Cray
convinced Norris that a powerful, solid-state (second
generation) computer would be highly profitable. Devel opment:

of a solid-state computer was a significant technical and
financial undertaking for the small engineering firm, but
Norris took the gamble. CDC cut salaries and used the
cheapest electronic parts obtainable. CDC began development
of a solid-state computer in 192598 and in 192460 delivered the
1604 to the Navy post—graduate school. The rapid development
of the 1604 was due to previous design efforts on a military
transistorized computer and the strong technical competence ot

Cray. (16) (17)

S IBM s Stretch

IEM*s first supercomputer was Stretch, a development effort
begun under contract to Los Alamos in 1955 and delivered in
1961. The machine met only 70 percent of its promised
specifications. Tom Watson, the president of IBM, reduced the
price of Stretch to match the value of its performance. This

lower price provided no profit maigin for IEM, and Stretch was



withdrawn from - the market. Only seven of the Stretch
computers were completed and installed. Watson later
remarked, "Our greatest mistake in Stretch, is that we walked
up to the plate and pointed at the left-field stands. When we
swung, it was not a homer but a hard line drive to the
outfield. We’re going to be a good deal more careful about
what we promise in the future."(18) While STRETCH had strong
technical champions within IEM, Watson was clearly not

supportive of the effort in the early 1260°s.

Z.4 Seymour Cray and the CDC &4600

Shortly after the formation of CDC. Cray examined the
possibility of developing a supercomputer and is credited for
convincing CDC "that it was feasible for a little company to
build a big computer". (19) Norris saw an opportunity to avoid
a head-on confrontation with IEM, a strategy of {flanking I1EM
in the supercomputer market aimed at government research
laboratories, university centers, and certain large
scientifically oriented corporations. Thus, Cray saw the
opportunity to build a supercomputer, and Norris saw the
opportunity to build & computer company. After their success
with the 1604, Control Data’s strategy focused on producing
the biggest, most powerful, most sophisticated computer in
existence. The company®s prospects were viewed in relation to

this one great supercomputer - designated the 64600.

The 6600 was publicly announced in August, 1963, Al though



Cray’s role in the development of the 6600 was in questiocn
from the start, it proved to be a significant technical
achievement for him. Cray operated in the individual inventor
style, the complete opposite of other large computer research
and development organizations. (20) When development of {he
6600 began, Cray, had become uneasy with "large corporate
structure problems" and wanted to move to Wisconsin to start
his own company. Norris was able to convince Cray to stay
with the company, by agreeing to move the 6600 development

program to Chippewa Falls, Wisconsin. (21)

The Big Box. as the 6600 was nicknamed, was over six feet
high, fourteen feet long and weighed 7.5 tons. As the Big Eox
neared completion, its performance capabilities were far above
the capabilities of the most powerful computers installed in
the field. The 6600 could operate at speeds of three million
instructions per second, more than three times faster tharm the
IBEM Stretch. The Atomic Energy Commission®s Livermore
Laboratories was interested in the 6600 and CDC focuced on
completing development and delivery to Livermore 1in early

1964.

S5 IBM Strilkes Rack with System I60-920

The announcement of the 6600 in August 1963, set IEBEM in
motion. Technical managers involved in the Stretch program
began to urge senior IEBM management to re-enter the

supercomputer field as a competition—-stopper. These events



led to a memorandum from Tom Watson making clear his

sentiments:
"Last week, Control Data had a press conference during
which they officially announced their 6600 system. 1
understand that in the laboratory developing this
system there are only 34 people, including the
janitor...I fail to wunderstand why we have lost our
industry leadership position by letting someone else
offer the world®s most powerful computer." (22)

IBM was engaged in the development of the 360. In an effort

to compete head-on with the 6600, Watson set up a taslt Aforce

to build a computer to "blot out the 6600". (23 The ultra-

high performance system was called the 260 Model Q0. System

specifications, price and performance were basically unknown

in early 1964.

Unfortunately for CDC, debugging the 6600 took longer than
originally expected, delaying delivery to Livermore until
August of 1964. This delay came at a critical time, since on
April 7,1964, IBM announced 1its new System 60 computer
series. (24) This series t.as intended to make all other
existing computers - including those being offered by IEM -~
obsolete. The 360 series also offered a wide range of
computers with software compatibility. The 360 architecture
relied on integrated circuits, which made it the first of the
third—generation computers. During the early summer IEM

announced its plans to introduce the System 3I60-90 ‘"which
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achieves new levels of performance and is capable of operating

efficiently on programs written for other models of

System/360". (25)

During 1964, internal documents from the IEM anti-trust
hearings indicate confusion about the specifications and price
of the System 360-70. (26) In a memorandum, IBM s chief legal
officer argued that the System 360-90 development effort was
needed to push speculative technologies, and that this
justified working jointly with sophisticated users and
delivery commitments prior to fully pricing the system.
During this period IBM management was most concerrned about
legal issues and the System 360-90 (later assigned names Model
21 and 95) ran into technical difficulties. A technical
champion for the System 360-90 never emerged and this more
than any other factor led to its commercial failure. IEM

withdrew the System 360-90 series in 1967.

During the late 1960°s and 1970°s, IEM supercomputer projects
died. There were squabbles between divisions over technical
scope and project funding. IBM cancelled its Josephson
Junction program in 1983, ending their major supercomputer
device research program.(27) In the early 1980°s IEM formed a
scientific computing division, but has not yet re-entered the

supercomputer market.



S.6 CDC*s Financial Crunch

In August 1964, CDC delivered the first 6600, and received
orders for three additional machires. Each machine required a
considerable "shakedown" period after initial installation.
CDC engineers went to each installation to keep the machines
working. These initial installation problems were expected
for a machine 1like the 6600, but they led to concerns from
future customers. In 1965, Norris focused on a sale of 6600's
te the largest supercomputer user - the Atomic Energy
Commission (AEC). CDC feared tough competition from IEM with
its yet-to-be-developed System 3I60-90. After several weeks of
negotiating CDC landed the contracts, with a stiff penalty
payment if the machines were not delivered by October, 1%9645.
Norris accepted the terms and took the gamble. Unfortunately,
installation was delayed six months at a cost of $90,000 per

month. (28)

At the same time. RCA reduced its computer prices. Norris
felt obliged to cut prices on the 6400. Fenalty payments and
lower revenues in the second quarter of 1965 led to a sizable
drop in earnings. Fearing financial losses, Continental
Illinois Bank, which had extended considerable credit to CDC,
recommended outside board members to temper Norris® management
éctions.(E?) Norris gambled on the success of the 6600, and
indeed orders began coming in steadily. IBM experienced
difficulty with development of the 360-920, announcing it as a

“limited project” and accepted no more new orders.
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By the late 1960°s, CDC dominated the supercomputer market.
To ensure this lead, Cray began developing an even faster
computer—- the 7600. Introduced in 1969, the 7600 had a
processing speed of 20 million instructions per second. This
computer ensured CDC's lead in the supercomputer market in the
early 1970%s. Cray began the development of CDC's next

supercomputer, the 8000 in the early 1970°s.

3.7 Cray Research is Formed

In 1972, Cray founded Cray Research, Inc (CRI). Cray left

Control Data because they began to de-emphasize construction

and delivery of supercomputers. "It was a real opportunity
for me to go off and do my own thing," Cray later said. "1°d
certainly been doing it anyway". {(30) Cray objected to

)

borrowing, so he raised capital by floating stock. He hired I
researchers from +the CDC Chippewa Falls laboratory to began
development of the Cray 1. Introduced in 1976, the Cray 1 was
the world’s fastest computer with a speed 1in excess of 20
MFIL.OFS. In 1975 John Rollwagen joined CRI, and today
Rollwagen is president and chief executive officer. Cray
relinquished his chairman post in 1961 to devote full time to
the development of the Cray 2.(31) The initial delivery of a

Cray 2 is expected in 1984.

3.8 CDC after Cray
With Cray’s departure to form CRI, the development of the

8000, a follow-on to the 7600, was slowly phased out at the
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CDC Chippewa Falls Laboratory. Additionally, the development
of the Star 100 supercomputer at CDC's Arden Hills plant ran
into delays from ‘"heaping on" technical requirements for
numerous parties. Delivery of the first Star computer te the
AEC was delayed and penalty payments began to mount.
Additionally, CDC received no follow-on orders for the Star
computer. By the end of 1974, CDC terminated the STAR
program, and took a massive write-off (estimated in excess of
$Z0 million). This termination removed CDC from seriously

competing in the commercial supercomputer businpess.

Neil Lincoln assumed technical leadership of the STAR-100
program just prior to the shipment of the first machine.
After project termination. Lincoln reviewed the architecture
of CDC’s supercaomputers to derive an architectural design for
future generations of supercomputers. In 1978, Lincoln drew
the essence of what has become the architectural design for
the Cyber 200 series supercomputers. The following vear,
Lincoln and Lloyd Thorndyke (senior vice president for
technology development) began development the Cyber 203
computer, with a funding cap of %10 million. (32) They
successfully developed and sold the first Cyber 203's and

205° s,

Cray was clearly CDC’s supercomputer product champion, and in
retrospect his departure in 1972 left a huge void at CDC.

Norvris believes in champions located down in the organization.



Without product champions he does not support large
development efforts. His process of finding a champion has
been described as putting N tom cats in a gunny sack, the one
that walks out is the champion. (33) While Lincoln and
Thorndyke emerged as supercomputer champions for the Cyber 200
series, they were never given full corporate funding support.
Norris has not been fully committed to supercomputer efforts
at CDC since the traumatic termination of the STAR 100, due in

large part to the lack of a strong supercomputer champion.

3.9 Formation of ETA Systems

Lincoln and Thorndyke sensed a continued 1lack of corporate
commitment to supercomputers at CDC and faced increasing
difficulty in obtaining sufficient R%*D funds to develop the
next generation supercomputers. They approached Norris with
the concept of spinning—off CDC"s supercomputer business. In
August 1983, Norris announced the formation of ETA Systems to
continue the devel opment of CDC’s next generation
supercomputer. (34) While retaining 40% ownership 1in ETA
Systems, CDC provided the compariy with technoloqgies,
equipment, personnel, and invested capital. Norris stated,
"There is a need to sponsor small, entrepreneuwial companies
engaged in the development of supercomputers. The
supercomputer market requires a tightly focused organization
with the flexibility to adapt rapidly to changes in
technology., architecture, and design." Lloyd Thorndyke became

the president and chief executive officer of ETA Systems, and



Neil Lincoln became vice president and chief architect. ETA's
initial plans are to develop and deliver the GF 10, a
suparcomputer capable of 10 billion floating-point operations

per second by the end of 1986.

S.10 Summary

The successful CDC 6600, 7600 and Cray 1 supercomputer
developments were all conducted by small entrepreneurial
teams. In the case of the CDC 46400 and 7600, Seymouwr Cray’s
development group never exceeded thirty people. In all three
cases technological innovation was entrepreneurial (Type 1I).
The success of CDC and CRI is due primarily to the championing

of Norris and Cray.

Norris began managing CDC in the style of an executive
champion. He protected the supercomputer efforts in times of
high technical risk, and financial crisis. More recently, he
has evolved into a "godfather" role. Recognizing the need to
keep the entrepreneurial spirit within CDC, Norris has
directed the start-up of numerous new ventures. Reflecting on
the situation he faced at Remington Rand in the mid-—-1950°s,
Norris became increasingly concerned about the health of the
CDC supercomputer business segment. As a result, he directed
the start-up ETA Systems. The decision to build this new
venture around a core of CDC supercomputer technical people
must have been painful for Norris. His vision serves to

motivate ETA to excel in the development of the GF 10.
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Cray has quite simply been a product champion for the last 30
years. To this day, he is still in the laboratory developing

the next generation of supercomputer.

While a fundamental i eason for IBM"s lack of success 1in the
supercomputer industry has been the smail size of the market,
the failure of IBM to successfully enter the supercomputer
market is in large part due to the laclk of a product champion
and the necessary executive champion support. Watson was not
supportive of Stretch even though technical champions did
arise in IBM. While Watson became supportive of the System
360-90, product champions for the 8System 3IZ60-90 never
surfaced. I believe the major reason IBEM is not in the
supercomputer industry segment today is the absense of

supercomputer champions within IEM.



CHAFTER 4

ROLE OF U.S. GOVERMMENT IN SUFPERCOMPUTER :

RESEARCH, TECHNOLOGY, DEVELOPMENT AND USE

This chapter examines the historical role of the u.s.
government in the supercomputer industry. The first section
addresses the government role in supercomputer research and
techrology. GSection two describes the government as a user of
supercomputers. The third section examines the role of the
U.S. government in the devel opment of commercial
supercomputers and analyzes the most successful government-
industry relationships. The fourth <cection examines the
government’s role in supporting university supercomputer
research and computer science education. The finmal section
summarizes the U.5. supercomputer policy recommendations of
the White House Office of Science and Technology Folicy

(OSTF) .

4.1 Support of Research and Technoloqgy

The government has played a major role in the development of
the computer industry, particularly in its infancy. This role
will be examined through the four—generations of computers and
will emphasize the government™s efforts which impacted

supercomputer evolution.

During the first generation, 1947-1959, many companies enter«ed

the business. At this time, vacuum tubes were used as the



active component in the implementation of computer logic.
Second generation computers were characterized by
transistorized. These computers began to appear in 1960.
Most of today’s supercomputers have their origins in second
generation technology. Third-generation computers appeared
from 1965 to the early 1970°s and featured processors
constructed with integrated circuit technoiogy. The fourth
gene?ation of computers began in the late—-1970%°s and currently
represents the state-of-the-art. Large scale integrated
circuits, solid state memory, and advanced architectures for
parallel computation typify this fourth generation. The fifth
generation is expected to emerge in the late 1980°s. Fifth
generation machines will match computer architecture to
applications such as data base management and artificial

intelligence. (35)

4.1.1 First Generation Technology

The Rallistic Research Laboratories of the Army Ordnance
Corps. supported the development of the First electronic
computer — ENIAC. (36) A second first—-generation computer, the

UNIVAC, was acquired by the National Bureau of the Census for

the 1950 census. Numerous other first—generation
industry/university computer projects were supported by
government funding. These projects included EDVAC, IAS,
RAYDAC, SEAC, SWAC, and WHIRLWIND. (37) The Navy's

Communications Supplementary Activities, Washington (C5AW) and

the Army Security Agency (ASA) issued numerous classified
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contracts in the late 1940°s and early 1930°s for computers
named DEMON, ATLAS I and ATLAS II. (38B) These efforts provided
a strong technical base for commercial computers developed at

ERA, UNIVAC, and CDC.

4.1.2 Second Generation Technoloqgy

By the late—-1950°s, transistors could be used in large numbers
to produce computers whose performance would outrun the
largest first—generation computers. The government provided
the venture capital to develop these second—generation
transistorized computers. The National Security Agency (NSA)
initiated contracts for computers named BOGART and SOL0O in
1954 and 1955 respectively. (3?2) Delivered in 1258, S0L0O was
the first completely transistorized computer. These efforts
influenced the design of the CDC 1604, and the CDC &6600. The
Atomic Energy Commission®s (AEC) Livermore and Los Alamnos
research laboratories initiated two separate contracts for the
first supercomputers. Los Alamos contracted with IBMkfor the
Stretch computer and Livermore contracted with Univac for the
Livermore Atomic Research Computer (LARC). Eoth computers
were developed by the early 1960°s. An additional contract,
initiated in 19258, resulted in a modified version of Stretch
(HARVEST) for use by the NSA. While neither the Stretch or
LARC became a commercial success, each provided significant
technical benefits to the industry. The Stretch architecture
included a "look ahead" feature which allowed the fetching of

instructions while the central processor was working on the



current instruction. This feature is central to the pipeline

architectures used in cuwrrent vector computers.

4.1.3F Third and Fourth Generation Technology

The government played a lesser role in the development of
third and fourth generation computers. The major
supercomputer technology contributions of the government are
in parallel architecture research. The Advanced Research
Frojects Agency (ARFA) suppor ted numerous comput.er
architecture research programs in the 1960°s and 19707 s.
During the 1960°s, ARFA funded Dr. Dan Slotnick's work to
develop a highly parallel computer named ILLIAC IV. (40) (41)
In the late 1970%=, the National Aeronautics and Space
Administration (NASA) contracted with Goodyear AQerospace to
develop the Massively Faralilel Frocessor MFF) aimed at
supercomputer capability for image processing
applications. (42) The MFF employes 16,000 parallel processors
and 1is an extreme extension aof the ILLIAC IV parallel
processing architecture. The MPF was delivered in 1983 and is
currently undergoing initial tests. The Army Ballistic
Research Laboratory (BRL) began the development of the
Denelcor Hetrogeneous Element Frocessor (HEF) in 1974. The
Denelcor HEF is the first multiple instruction, multiple data
(MIMD) architecture supercomputer. The Denelcor effort led to
the successful development and delivery of a HEF system to EBRL

in 1982.
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In response to the challenge of the Japanese fifth generation
program, the Defense Advanced Research Frojects Agency (DARFA)
began & new $50 million research program in 1983 to pursue
fifth generation technology for military applications. (47)
Smaller programs are underway at the National Science
Foundation (NSF) and NASA. These programs focus on academic,
government and industrial research in computer science and

technology.

During the 1970° s, industry pioneered advances in
supercomputer technology. For example, the Cray 1/5 and X/MF
computers pioneered the use of Freon coolant, and high density
packaging. (44) Due to these and other design features, clock
period has been reduced to 20 nanoseconds (ns) for the Cyber
205 and 2.5 nanoseconds (ns) for the Cray X/MF. Eoth the Cray
and Cyber computers embody very efficient vector processing

architectures.

4.1.4 Electronic Device Technology

The government also played a central role in the development
of the semiconductor industry. The Department of Defense
(DOD), beginning in the 1950°s, and NASA, beginning in the
1960" s, provided the capital to develop new semiconductor

devices. The majority of this research was for electronics

used in "embedded” military and space systems such as the
Apollo Guidance Computer and the Minuteman guidance
system. (45) These embedded computers were generally much
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slower than general purpose computers because of the
constraints on size, environment, and power. (46) In addition
the government became the major user of semiconductors in the
1950*s and early 1960°%s, providing market stimulus to this
emerging business. A significant computer device technology
program was initiated by the N5S5A in 1957 - Froject LIGHTNING.
This program included research at Sperry Rand, RCA, I1EM,
Fhilco and GE to develop "thousand megacycle" electronics. (47)
This $25 million program included development of magnetic film
devices, tunnel diodes, and the forerunner of the Josephson

junction.

Electronic device research is supported today by DOD and NASA
for application to their unigue missions. During the 1970°s,
government support of semiconductor research and development
dropped to less than 104 of the 1950°s-1960°s levels. (48) Ag
shown in Figure 2, the government portion of the electronic
device market in the early 1980°s has dropped to about 7%Z. In
1980 the DOD initiated the Very High Speed Integrated Circuit
Frogram (VHSIC), to assure a technological lead in electronics
for military systems. The primary focus of this program is,

again, on special purpose integireated circuits for embedded

processors. In 1983, twelve firms established the
Microelectronics and Computer Technology Corporation (MCC) in
1983. The consortium allows these twelve computer firms to

share in the development of microelectronic technology and

provides some degree of protection for proprietary technology.
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4.1.5 Summary of Government Role in Supercomputer Technol oqy

Figure 3 summarizes the government role in the evolution of
the computer industry. The government was responsible for
creating the technology base for first and second generation
computer tachnology, and early government support of the
semiconductor industry provided the key components for third
and fourth generation computers. In addition. qovernment
support of advanced computer architectures continues today as

a precursor to future computer generations.

4.2 Government Use of Supercomputers

The government has been the first user of every u.s.
supercomputer and has remained the primary user of
supercomputers. The government acquired 29 machines by 1976,
or about 40% of the total number built. By the end of 1987,
27 current generation supercomputers (79 produced) have been
installed in government laboratories. The Department of
Energy has fourteen, NSA has fouir, NASA has three, and NSF,
National Oceanographic and Atmospheric Administration (NOAA),
and DOD each have two. The government is the dominant user of
current generation supercomputers with over 35% of the

installed base.
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MID BALLISTIC TAELE BRL ENIAC VACUUM TUBE IEM 701

12405 CALCULATIONS UNIVAC 1

LATE CRYFPTOLOGIC CSAW DEMON MAGNETIC DRUM ERA 1101

19408 STORAGE

MID CRYPTOLOGIC NSA BOGART TRANSISTOR CDC 1401

19508 sSOLo S-1000

MID DESIGN CAFABILITY AEC STRETCH TRANSISTOR I60-91

19505 FOR NUCLEAR DEV. LARC CDC 6600

LATE ANTI-ICEBM SYSTEM DARFA ILLIAC SEMI. MEMORY STAR 100

19605 ANALYSIS FARALLEL CRAY-1
FROCESSING

LATE BALLISTIC RES. ERL HEF-1 FARALLEL

19708 FROCESSING

EARLY IMAGE FROCESSING NASA MFF FARALLEL

19805 FROCESSING

Figure 3. Historical role of the government in advancing

computer technology.

Source: Snyder,S5. "Influence of U.S. Cryptologic Organizations

on the Digital Computer Industry", The Journal of Systems and
Software 1, 1979, p. 87-1-2. and Credeur, k., "Comparisons of
Some Large Scientific Computers 1964-1986", NASA Technical

Memorandum 819228, (Hampton., VA: Langley Research Center, April
1981).



Estimates of current and future government use of
supercomputers 1is given in Figure 4.(49) These estimates are
from an Office of Science and Technology Working Group study,
which included members from DOE, NASA, DOC., and DCI. The
curve includes projections of expected use of "Class VI", the
current generation, and "Class VII", the next generation.
Class VII is typified by the Cray 2 and the GF 10. The Ffirst

Class VII supercomputer should become available in 1984.

The government has developed systems and applications software
to enhance the use of supercomputers. The DOE has devel oped

very efficient operating systems (e.g. CTS5, LTS5) that are

now available for other commercial users. A variety of
applications software has been developed by government
laboratories for reactor research, atmospheric science,
weapons research, aerodynamics, oceanography and

geophysics. (50)

4.3 Support of Supercomputer Devel opment

This section examines 1) the releationship between the
government and industry during development of the major
supercomputers, and 2) the lessons learned from these
relationships to establish the most effective government-

industry relationship.
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This thesis discusses two important types of government-

industry relationships : (1) friendly buyer, and (2) fly off.

In the friendly buyer relationship, the government agrees to

purchase supercomputers from industry prior to their
development. In such a relationship, the government sets very
loose ‘"requirements" and provides considerable sof tware
development support after delivery. By contrast, in the fly
off relationship. the geovernment contracts to purchase
supercomputers only after they pass detailed system
specifications. Most fly off acquisitions involve two or more
contractors in the early phase of development. A competition
is held and the government selects one firm for further

development phases, all other firms are eliminated from that

round of development and acquisition.

4,.%.1 Stretch and LARC

In the 1950°s, the AEC funded the development of the Univac
LARC, and the IEM Stretch - the first supercomputers. The
huge size of the two machines hinted of their future
commercial failure. Research and development costs on Stretch
are estimated at $50 millioni program losses are estimated at
$20 million. These losses forced IEM to withdraw Stretch from
the market. (51) Watson®s analysis of the Stretch program
isolated the major problem: setting unobtainable performance
requirements. This problem has plagued government—funded
supercomputer development programs. Additionally, when the

government sets performance requirements or dictates technical
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approach, development costs escalate. These performance
regquirements are often specific to the type of problems faced
by the funding agency, this specificity results in computer
architectures that are inefficient for general ~purpose

supercomputer users. (52)

These huge programs drained in-house technical talent at IEM
and Univac for five years. This traumatic experience
contributed to the fact neither IBM or Univac were successful

in entering the supercomputer industry.

4.%.2 CDC 6600

Development of the CDC 6600 was radically different from
development of Stretch and LARC. The CDC 6600 was developed
with company funding +For the general purpose user. The
government had specified no performance requirements.
Instead, the govermnment was the Ffirst user and became a

friendly buyer. CDC believed in the "utility" concept. Thisg

concept implies that supercomputers could be used as a central
utility to meet a firm" s general purpose computing needs. Ly
contrast to the LARC and STRETCH, the 6600 was developed by a
small staff in the remote Qontrol Data Chippewa Falls
facility. (53) In 19465, to ensure early commercial success,
Norris encouraged the AEC to use the CDC 6600, Al though the
AEC involvement resulted in penalty payments for late
delivery, it provided for the development of software and

ensured user acceptance. Fenalty payments had a significant



fimancial impact on CDC, but the 6600 became the first

commercial supercomputer success with 59 computers delivered.

4.3.3 ILLIAC IV

In 19646, DARFA contracted with Burroughs to design and
construct the ILLIAC IV. NASA joined in the funding of ILLIAC
IV in 1970, and ultimately became the user of the system.
Technical featuwres of this supercomputer included: parallel
architecture (64 elements), array memory, and very high
transfer rates between memory and computational units.
Initially planned for an array four times its final size and
computational speeds up to 1/2 billion operations per second,
cost escalations and schedule delays resulted in a smaller
version. The cost-plus—fixed-fee contract estimate was raised
from +8 million to $40 million. (54) Maintenance and
operations costs for the computer were estimated at %2 million
per year from the date of initial operations, 1972, to its
termination in 1981. The ILLIAC IV demonstrated parallel
processing capability and helped develop computational fluid
dynamics and computational chemistry. Only one ILLIAC IV was
produced. The computer was a commercial failure because of

its high cost, and lack of applications software.

4.3%.4 STAR 100

The AEC’s Livermwre l.aboratory contracted with CDC for the
development and delivery of the STAR 100 in the late 1960°s.

The AEC considered the ILLIAC IV and the Texas Instruments
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Advanced Scientific Computer (ASC) as contenders with the STAR
100. The AEC was prepared to cancel the STAR contract and
acquire ILLIAC IV or ASC computers if they came closer to the
AEC*s performance requirements. The government—industry
relationship represented by the STAR contract can be described
as a flvyoff. The S8STAR 100 introduced vector processing

capability which eliminated discontinuities due to varying

length vectors. Although, the ILLIAC IV was designed for
vectar calculations, however, it exhibited sharp
discontinuities in computation speeds for operations on
vectors of varying lengthe. Additionally, the STAR 100%g

unigque architecture to solved coupled partial differential
equations. These features, which were strongly dictated by
the AEC, contributed to escalated development costs.
Developmental problems 1led to late delivery and penalty
payments. The STAR 100 computer was developed under a fixed-
price contract from Livermore for %24 million, but CDC
adsorbed several million in completing the STAR 100 program.
The fived price contract with penalty payments for late
delivery applied significant pressure to CDC at a time when
they had lost key technical talent and during a ﬁeriod of
economic downturn in the computer industry. (55) Only four
STAR computers were developed. A key reasor for the STAR’ s
commercial failure was, again, the development of a unique-
architecture machine which did not support a wider community
of users. CDC learned from the Star program, and later spent

several years developing a more general purpose architecture



for its next ceries of supercomputers (Cyber 200 series).

4.3.5 Cray 1 and Cyber 2203/205

Like the CDC 6600, the Cray 1 computer was developed using
only company funds. This development effort, from 1972 to
1976, cost less than $5 million. The Cray 1 was designed as a

general purpose supercomputer and became a commercial success.

By 1980, 17 computers were delivered. Over 49 of its
derivative models were delivered by the end of 19873, CDC?s
successful Cyber 203/205 supercomputer series were also

developed with only corporate funding. The government was a

significant user, and a friendly buver, providing substantial

software development support, for both the Cray 1 and the

Cyber 205.

4.%5.6 NASA Numerical Aerodynamic Simulation Frogram

In 1975, NASA began studying the feasibility of developing a
supercomputer to use in numerical aerodynamic simulation.
Initial designs for the Numerical Aerodynamic Simulation (NAS)
capability were completed in 1981 and included capabilities
for a one billion floatina point operations per second with
200 million words of memory were completed in 1981. These
designs were developed under competitive phase B contracts
which, again, represented a fly off relationship with

contractors.

In mid-1982, NASA significantly changed its devel opment



approach for NAS and terminated the phase B efforts. Under
the new NAS aﬁproach, NASA will acquire a prototype
supercomputer in 1984. This computer is expected to provide a
peak speed of 2000 megaflops, with &4 megaword of main memory.
A second supercomputer, procured in 1987, would be capable of
a peak speed of 10000 megaflop, with 256 megaword of
memory. (56) Delivery dates for computers will be paced by the
internal schedules for commercial supercomputer development,
without penalty payments for late delivery. The NAS will
evolve to a multi-vendor facility so that parallel commercial

efforts can proceed.

The policy adopted by NASA for the acquisition of NAS
capability 1is based on the historical lessons. The policy

returns to the friendly buyer relationship of the 1960°s and

away from the flyoff relationship of the 19270°s.

4.%2.7 Lessons Learned

Supercomputers developed with government support usually
pushed well beyond the state-of-the-art, and exhibited uniqgue
architecture features. The government generally established
system requirements, and while the final performance

capabilities were short of initial requirements, the efforts

resulted in advances 1in supercomputer architecture and
technology. These major supercomputer development efforts
were usually flyoff competitions between two vendors.

Contractual agreements included hard delivery dates with late
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penalty payments. These payments created significant
financial hardships for manufacturers. Development generrally
required four to five years with costs of%$25 to $50 million.
STRETCH, LARC, and STAR were government supported
supercomputer developments which utilized Type II and Type III
technology innovation. The magnitude of these efforts,
coupled with poor market success, soured senior management at
IBM, UNIVAC, and CDC on supercomputer development programs.
The British government had a similar experience in the
development of the ATLAS supercomputer in the early 19240%s.
This large Type III technology program also resulted in a

commercial failure. (57)

Most commercially successful supercomputers were developed by
industry without direct government support for hardware or
system development. Designs supported a wider range of
supercomputer users. The government was usually an early

user, and a friendly buyer. The government also participa ed

in the development of systems and applications software.
Development usually required three to five vyears and costs
were moderate (less than $15 million). Al though current
estimates of industry supercomputer development costs are
increasing to above %30 million. The CDC 6600, CDC7600, Cray
1, Cray X/MF, and Cyber 205 supercomputers are all in this

class.



4.4 Support of American Universities

This section analyzes the historical relationship among
American universities, the government and the supercomputer
industry. The role of American universities includes

supercomputer research and use and computer science education.

4.4.1 Supercomputer Research

in the 1940°s and early 1950°s, universities played a key role
in the development of first-generation computers. EDVAC, IAS,
and WHIRLWIND were developed with industry - wuniversity -
government support.(58) However, the role of universities in

supercomputer development diminished in the late 1950°s.

During the 19460%s the only university supercomputer effort was
that of the University of Illinois.(59) The university worked
with DARFPA, NASA, and Burroughs to develop the ILLIAC 1IV.
During the late 19460°s, DARFA initiated computer science
research programs involving several American universities
which 1led to the formation of ARFANET. DARFA has supported
university research in computer science has continued since
that time. The University of Illinois and Furdue University
developed software in the late 1970°s for NASA s MFF. (60)
’

In the early 1980°s, the government began to rekindie the
government - industry — university relationship. The focus of
this renewed relationship is DARFA°s new strategic computing

program. (61) The program is directed toward the symbolic, or



logical, processing technologies of fifth generation computers
and is intended to strengthen the ties between U.S.
universities and computer companies. NASA and NSF have
initiated smaller computer science programs also aimed at

strengthening ties with American universities.

4.4.2 Use of Supercomputers and Computer Science Education

In the 1960"s, American universities became involved in the
use of supercomputers for science and engineering research.
However, costs of owning and operating supercomputers, and the
lack of government funding to support supercomputer centers
has led to "the supercomputer famine in American
universities". (62) Only three of the 7% supercomputers now
installed are in American universities. To compensate for the
lack of supercomputers, university researchers are devising
methods to gain access to remote supercomputer sites. A 1982
report on the use of supercomputers in science and
engineering, recommended ways to overcome these problems: 1)
increase access for the scientific and engineering research
community through high bandwidth networks, 2) increase
research in computational mathematics, software, and
algorithms and 3) increase training of personnel in scientific

and engineering use of supercomputers. (&67)

Although the per capita level of scientists and engineers in
the U.S. is currently second to only the U.5.5.R., this level

has been decreasing since the mid-19460°s, with a slight upturn



occuring in the late 1970°s. More alarming is the number of
computer science graduates in Japan compared to the number in
the U.S5. Computer science is the most popular college field
in Japan, while the U.S5. graduated only 225 Ph. Ds in computer

science and computer enqineering in 1982.

4.5 Government/0STF Supercomputer Folicy Statements

In January 1983%, a Federal Coordinating Committee on Science,
Engineering, and Technology (FCCSET) Fanel on Supercomputers
was formed within the White House 0Office of Science and
Technology Folicy. Composed of members from DOE, DCI, NASA,
NSF, DOD and DOC, the FCCSET panel was charged with dealing

with tre following issues:

i. What should the Government do to ensure that the U.S5.

retain its lead in supercomputers”?

2. What should the Government do to malke supercomputers
available to more researchers, particularly in

universities?

A preliminary set of recommendations, which 1 will assess in

Chapter 2. include(70)(71):

1. The government should set as a goal the development of
supercomputers with at least 200 times the capability of

Class VI machines (Cray 1, Cyber 205) in this decade. The
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2.

government should provide an incentive by guaranteeing to
buy at least three of each supercomputer system that meets

the goal.

The government should accelerate its purchases of
supercomputers in order to ensure the health of the
industry. Frofits from sales of new supercomputers will
contribute to the development of the next class. The
Government should continue to be a friendly user,
particularly for prototype machines that represent

important steps toward achieving the 200x goal.

It currently appears that the only feasible technical
approach to meeting the 2001 goal in the near future is to
utilize parallel processors. Government laboratories., and
universities should purchase "experimental'" machines with
parallel architectures for experimentation. These
"experimental” machines should be put on a network to
promote development of new languages, alqgorithms, software

tools, and applications systems.

Government support of long range research and development
for scientific supercomputing should be increased. This
research is required to develop the new approaches
necessary Yor the substantial increases in computing power
required in the nexut decade. Since most of this research

would be supported in universities, an important product
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of this research will be the training of supercomputer

architects and developers of the future.

The devel opment of high performance components and
peripherals required for future generations of
supercomputers is a well recognized problem. The group
recommends some form of government help in advancing

components and peripherals, however, the exact mechanism

was not determined.

The Government should take action to greatly increase
access to supercomputers at sites such as the Magnetic
Fusion Network, the National Center for Atmospheric
Research, and NASA"s Ames Research Center. A longer term
goal is the development of a coordinated national
supercomputer network. Improved access will not only
bring this modern scientific tool to universities and
improve their competitive position in research, but it
will also help train new scientists and engineers in the

use of supercomputers.

Research and development tax incentives for the industry

should be explored.

U.S5. export control of supercomputers has a significant
effect on U.S. supercomputer vendors since Western Europe

represents 40% of the market. Acceleration of the export
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licensing process should be explored so that U.S. vendors
were not uwnduly penalized in competing for fotr-eign

customers.

A permanent interagency group should be established to
coordinate individual agency supercomputer activities as
necessary to implement the above recommendations. This

group should function at both the policy and technical

level.
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CHAFTER S

SUPERCOMFUTER INDUSTRY AMNALYSIS : QVERVIEW

This chapter provides an overview of the supercomputer
industiry. The primary focus of this chapter is factors
outside the direct control of competing firms. These factors
determine the attractiveness of the industry for individual
competitors. Industry attractiveness is presented for firms
presently in this industry segment, for new entrants, and for
Japanese firms. The key factors which determine the
attractiveness of the supercomputer industry are market size
and growth rate, technol ogy and government support.
Competition and financial factors are also important, but they

currently impact industry attractiveness to a lesser degree.

9.1 Market Factors

Market size and growth rate are of primary interest to
supercomputer competitors. In addition, technical and
geographic market segmentation are discussed. Finally, an
analysis of trends in supercomputer uwse 1is provided to

validate supercomputer market growth projections

S.1.1 Size/Growth

As indicated in Figure 1, the supercomputer market is small in
comparison to other segments of the overall computer market.
Cost and availability of applications software has limited

supercomputer use to large research laboratories and



1]

government agencies. Two companies dominate the supercomputer
market: 1) Control Data and 2) Cray Research, Inc. (CRI).
Hitachi and Fujitsuw have both entered the supercomputer market
with delivery of a Hitachi S8S810-20 supercomputer to the
University of Tokyo in November, 1983, and with delivery of a
Fujitsu VF-100 supercomputer to Nagoya University’s Flasma
Research Institute in December, 1983. (66) llimited benchmartk:
performance data is now becoming available. Denelcor, lInc., a
small company based in Denver, has been marketing a
supercomputer called the Heterogeneous Element Processor
(HEF) . The HEF is based on parallel processing architecture
and has not yet obtained substantial market support. Low
market penetration 1is due to limited software and lower

general —-purpose performance.

The size and growth rate of the supercomputer Tarhet is best
illustrated by examining total revenues over the past four
years. Figure 5 provides estimated supercomputer sales/leases
data for 1980 through 1984. Installed supercomputer value
must be adjusted for percentage of rentals, reinstallments,
and service to arrive at annual revenues. Estimated
supercomputer revenue by vyear is given in Figure 6 for Cray
Research, Control Data and Denelcor. These data indicate a
1983 market of $259 million and a compounded four year growth
rate of 28%. I project this growth rate to continue for the

next five years.
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Control Data F1 (ZF%) TS (26%) 70 (Z3%) 80 (Z0%)
Cray Research 61 (677%4) 102 (74%) 141 (&77) 175 (68%)
Denelcor - - 1 4 2%
Total 92 137 212 259

Figure 6. Estimated total supercomputer market and market

share (%) 1980-1983.

Source: "Annual Report”, (Minneapolis, MN: Cray Research,
Inc.,1980,1981,1982,1983%) ; "Annual Report", (Minneapolis, MN:
Control Data Corporation, 1980,1981, 1982, 1983)3: and "Annual
Report", (Aurora, CO: Denelcor, Inc.,1981,1982,1983%).

The supercomputer market can be segmented based on two

important variables — computational power and IBM software

compatibility. (47) In September 1982, CRI introduced the Cray
1/M a low—-price supercomputer ($4 million) in addition to the
high—-performance Cray X/MF. (468) In January 1983%, CDC dropped
prices on the Cyber 205, (469) These actions divided the
supercomputer market into high end users, looking maximum
computational performance (e.g. Cray X/MFP and Cyber 208), and
low end users, looking for supercomputer power at the lowest
possible price (e.g. Cray 1/M). Cray Research believes that
this strategy will increase the size of the supercomputer

market, and that once a firm becomes a low end user, they

become candidates for future high end sales. (70) Fujitsu and
Hitachi supercomputers are IBM software compatible and are
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attractive to current IEM mainframe computer accounts. These
introductions created an IBM compatible software supercomputer
market which will be differentiated from the current CDC and

Cray supercomputer market segments.

The supercomputer industry has become a global industry.
Figure 7 presents & global distribution of supercomputer
installations. Cray Research and CDC have established wholly-
owned foreign subsidiaries. Similarly, Fujitsu and Hitachi
have started marketing their supercomputers through joint
ventures. (71) Foreign installations currently account for 0%
to 40% of the total supercomputer market and will account for
about S0%Z of the total supercomputer market by 1984, divided
roughly into 25% Japan, Z20% Europe and 3% Asia. (72) The rapid
growth of the domestic Japanese supercomputer market is
closely tied to the decisions of Fujitsu, Hitachi, and NEC to
enter the supercomputer industry. The expansion of foreign
use of supercomputers 1is of growing concern for US industry

who as a result face stiffer future economic competition.

5.1.2 Trends_in Supercomputer Use

About S0%L of the current supercomputer users plan for future
additions or upgrades in computational capability. (73) Most
users intend to maintain hardware and software from the same
vendor, due to the switching costs. Similarly, those users
with IBEM compatible software should develop strong ties with

IEM compatible software supercomputer vendors.



Total Number us Foreign

Type Installed Installation Installations
CDC 6600 oS4 40 14 (26%)
CDC 7600 28 22 6 (217
Cray 1,1/5,1/M 59 35 15 <41%)
Cray X/MF 7 = 2 (40%)
Cyber 205 21 1= 8 (Z8%)
Denelcor HEP-I = 2 1 (3%

Figure 7 Ratio of US to foreign installations for several
generations of supercomputers.

Source: Processor Data Eook, (Framingham, ™A: International
Data Corporation, 1980, 1981, 1982, 1983).

While supercomputers can stand alone, most supercomputers are
installed with front—-end large—-scale processors. The front-
end processors include IBM (4342,303%), CDC (Cyber 74,7600,
0, Amdahl (V6,V7R) and other vendors equipment. The front-

end processor is used to efficiently feed jobs to the

supercomputer, control batch jobs, read/write operations, and
support unit record equipment. In addition, many
supercomputer installations include high speed network

hardware (eg. hyperchanel, or loosely coupled networt). While
the cost of a supercomputer is significant, the related cost
of +Front—-end processors, network hardware, and memory systems
can often dominate the overall system cost. A major strateqgy
of CDC after the spin-off of ETA Systems is to focus on the
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sales of total supercomputer systems. while purchasing the

supercomputer processor from ETA Systems. (74)

In recent surveys, users were asked what new applications they

envisioned for supercomputers. (75) (76) Responses varied
widely, between scientific, commercial service bureau or
university users. Scientific users see substantial increase

in simulation applications particularly plasma physics,
structural design, physics, astronomy, chemistry, computer
science, atmospheric modeling, and numerous other engineering
disciplines. Exxon, Atlantic Richfield Company (ARCO) ,
Texaco, and SOHIO are using supercomputers +for petroleum
research. With increasing supercomputer capability other
commercial applications will emerge. As shown in Figure @,
NASA s Numerical Aerodynamic Simulation (NAS) program is built
around the need for increased supercomputer power to solve
aeronautical design problems of increasing complexity,
culminating in the ability to perform Navier—-S5tokes modeling
of a complete aircraft. (77) The impact of numerical
aerodynamic simulation capability on the airplane industry
will be significant in the late 1980's as the necessary
supercomputer power becomes available. The NAS program
strengthens the argument that as supercomputer power
increases, the market will also increase with the addition of
new apblications. These trends in supercomputer use support
the projected supercomputer industry growth rate of 28% per

year.



1990’8

REYNOLDS AVERAGED
NAVIER-STOKES

NASF

il

COMPUTER MEMORY, words
S

107 |= ILLIAC IV CRAY-2 . /1 AIRCRAFT
WING BODY
Wé e
108 m 4 A / HELICOPTER ROTOR
CRAVY : COMPRESSOR BLADE OR
_ O TURBINE BLADE
oL INCLINED BODY
& AIRFOIL
0
10 | ‘MY 5y T
” A 102wl 10t 0P el

COMPUTER SPEED, mfiops

Figure 8. Computer memory/speed requirements for computational
aerodynamics.

Source: Chapman, D. "Computational Aerodynamics Development
and Outlook", AIAA Faper 79- 129, (New York, N.Y.:iAmerican
Institute of Aeronaut1cs and Astronautics, January 1979).

-68-



5.2 Technoloqgy Factors

2.1 Supercomputer Research and Development

i}

Supercomputer R%D is the single most important factor in the

success or failure of supercomputer competitors. Figure 9
depicts the level of research and development (R%D) in the
computer industry. From this figure, it can be noted that the
level of R&D at CRI and within the supercomputer segment of
CDC, greatly exceeds the computer industry mean. In fact CRI
is within the top ten U.5. Firms in R%D as a percent of
revenues. The high cost of R%D detracts frrom the

attractiveness of the supercomputer industry.

Technology strategies of firms can be grouped into six classes

- offensive, defensive, imitative, dependent, traditional, and

opportunistic. (78) Offensive and defensive technology
strategies are the most relevant for the supercomputer
industry. Offensive strategy 1is based on substantial

investment in R%D to develop new products and to be the first
to market these products. Defensive strategy is based on R%D
investment to be able to respond rapidly to new products
developed by competitors and 1is generally associated with

being second into a new market.

The technical challenge of developing faster supercomputers
drives research teams to push the state—-of-the-art. When this
technical development effort is coupled with key customers

with an insatiable appetite for faster machines, the magnitude
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of supercomputer research and development 1is intensified.
Today it is common for supercomputer firms to be developing
the next generation supercomputer before marketing the latest
generation computer. This offensive technology strateqy leads
to the introduction of major new products every three or four
yvyears. New supercomputers must offer a significant advance in
performance (factor of S or 10) to be successfully marketed.

Hitting a&a market window one year after your competitor can be

disastrous to sales. A defensive technology strategy ics less
effective in this industry due to the long development period

and continued introduction of rapidly advancing products.

The race to develop the next generation supercomputer is

currently on. To a large extent this R%D push is due to the
efforts of Japanese companies to enter this market. Figure
10, presents a COmpAarison of published supercomputer

performance dota for today®s two fastest supercomputers and
five new supercomputer introductiﬁns planned in the next four
vears. Limited performance data on the Fujitsu VF 100 and
Hitachi §-810/20 are now available. Freliminary benchmarlk
test data for 14 Livermore kernals i1is given in Figue 11.
These kernals do not reflect a realistic mixture of
vector/scalar instructions, however, based on these test data
it is estimated that the Fujitsu VF 200 and Hitachi S§-810/20
are credible supercomputers with performance in the range of
the Cray X/MF and Cyber 205. In addition, it is estimated

that the Fujitsu VF 200 is faster than the Hitachi S5-810/20.
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Company 1981 1982

% of sales $ million % of sales
Amdahl 17.0 75
Burroughs 5.3 177 6.3
Control Data 6.5 294 b7
(Supercomputer Segment) 13.0 est. 14.0 est.
Cray Research 16.0 16 20.0
Data General 10.1 74
Digital Equipment 7.9 251 9.5
Fujitsu 8.5 274 8.9
Honeywell 6.9 T69 8.6
IEM ‘ 5.5 24351 8.0
Group Mean ?.3 P.7

P P e e e e e e e e e e o e N el ored

Figure 2. R&%D investment by computer industry firms.

Source: "Office Equipment Systems and 3Seirvices", 1lndustry
Surveys, (New York, NY: 6&tandard &and Foor’'s, October 21,
1982)5 "Annual Report", (Tokyo, Japan: Fujitsu, 1981,19482).

Ship Clock Speed Vector Main Memory
Computer Date (NS) Rate (MFLOFS) Size (MW)
Cyber 205 02/80 20 400 &
Cray X/MF 10/8Z 7.5 4220 4
Fujitsu VF 200 40/8% 15 SO0 52
Hitachi §-810/20 40/83 15 &E0 2
Cray 2 40/84 4 2000 64
MEC SX-2 10/65 1) 1300 2
ETA GF 10 40/86 S 10000
Figure 10. Projected performance of the next gencration of

supercomputers.

Source: Bailey, R. (Moeffet Field, CA: NASA Ames Research
Center, September 19837).
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Computational Speed (MFLOFS)

Kernel Cray-1 Cray X/MF Cyber 205 Fujitsu Hitachi
CVIVIC-8= CFT-82 VF 100 S-810/Z20

1 76.9 150.7 79.1 187.0 228.0
2 597.1 75.4 88.0 1.0 279.4
3 8.8 ?4.4 88.0 168.0 211.9
4 7.8 4.3 12.2 599.0 59.2
S 7.8 8.7 .6 8.0 5.4
é 7.6 8.0 6.5 8.0 4.6
7 2.9 149. 3 51.0 190.0 2E2.7
8 S51.4 21.0 15.7 88.0 48.8
4 89.5 89.5 47. 7% 131.0 207.6
10 J0O.0 °8.9 23.9 28.0 19,0
11 2.9 Zal 7.6 4.0 7.8
12 2.3 &67.7 86.2 70,0 QIO
13 Z.5 4.8 2.0 6.0 4.2
14 S.0 6.9 4,=% 7.0 8.5
Average 38.2 S53.0 6.9 74. 6% 100,00

Figuwre 11. Comparison of Japanese supercomputer performance on
Livermore kernels.

* Estimated performance of Fujitsu VF 200 is 132 MFLOFS.

Source: Fuss, D. and Leighton, J. "Foreign Trip Report",
(Livermore, CA: Lawrence Livermore National Laboratory,
November 14-22, 1983) and Tsuchimoto, Takamitsu (Tokyo, Japan:
Fujitsu Ltd., January 26,1984).

.2 Technoloqy Maturity/Volatility

5.

Supercomputer design requires advances in architecture,
software and electronic components, as well as power supply
and thermal control technology. The technology base and
breadth of design capability at CRI and CDC/ETA Systems
provide these firms with distinct advantages over new entrants
to the supercomputer industry. These strengths are balanced
by the threat of new technologies, which provide opportunities
for new competitors. The Japanese supercomputer technology
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program sponsored by the Ministry of International Trade and
Industry (MITI) bhas focused on the development of electronic
components including Josephson junction devices, and gallium

arsenide devices. (792)

A primary feature of the Cray and ETA Systems designs is the
use of pipeline architecture (the ETA GF 10 will have B8
parallel processors). New highly parallel architecture
designs being studied in Japan under the MITI supercomputer
project and at Denelcor and Goodyear Aerospace offer the
potential for substantial advances in computational speed.
Highly parallel architectures present a risk to Cray Research
and ETA Systems.

.o Differentiation

=
Ju

Cray supercomputers are differentisted from CDCU supercomputers
in two ways -~ architecture and software. While baoth
manpufacturers have attempted to build general purposo
computers, each is betfter suited for specific classes of
computational problems. The Cray computer has the highest
performance for scalar computations and problems involving
small vectors, while the CDC architecture is well suited for
problems involving long vectors. (80) The operating software
for each machine is unique. In addition the key applications
programs +for supercomputers are written in FORTRAN with
special attention to vectorizing of code. Applications

programs written for Cray machines require substantial rework
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to operate efficiently on CDC machines and vice versa.
Differentiation of Cray and CDC supercomputers is high, due in

large part to the high cost of switching software.

NASA is developing a dual vendor supercomputer capability
under its Numerical Aerodynamic Simulator (NAS) program. When
implemented in 1985, the NAS capability will allow a
researcher to use the latest supercomputers with a common
software interface. At the same time CDC, Cray, and Denelcor
are developing UNIX-based operating systems for their next
generation supercomputers. This should reduce software
switching costs and differentiation. The Japanese
supercomputer development efforts at Hitachi and Fujitsu are
tocused on the development of user—-friendly compilers and IEM
compatiblity. (81) These strategic moves should also reduce

the differentiation of supercomputers in the future.

5.2 Govermment/Social-Folitical Factors

Teo.l Government Support

As explained in detail in previous sections, the U. 5.

government has historically supported the development of

supercomputers and is the largest single user. In the past
!

ten years the 1level of government support to develop

supercomputers has decreased. However, government use of

supercomputers has increased. The most recent U.S. government
policies support supercomputer development through gquarantees

to buy a specific number (e.g. three) of successfully
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developed machines. (82) Increased government support of
supercomputer architecture research, and support of component
development 1is projected over the next three to four years.

This should aid U.S. firms.

At the same time MITI initiated the National Superspeed
Computer Project, in January 1982. This project is aimed at
developing a 10 billion floating—point operations per second
(BFLOFS) computer by 1989.(83) This project has clearly
helped the development of Hitachi®s 5-810/20 and Fujitsu’s VF

200 supercomputers.

Since the U.S5. government represents over 357 of the
supercomputer market, they edert significant pressure on the
suppliers of supercomputers. The DOD has a strong "buy
American” policy. Other civilian government agencies have more
discretion over foreign purchases.‘ However , it is unlikely
that they will purchase foreign supercomputers. (84) This will
clearly strengthen the attractiveness of the industry for U.S.

firms and reduce the attractiveness for foreign firms.

S.oez National Security

Because of the highly classified nature of the National
Security Agency (NSA), it is impossible to be very specific
about their reqguirements and involvement in the supercomputer
industry. They have historically played a key role in the

advancement of supercomputer technology and their
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effectiveness depends of supercomputers to perform
sophisticated tasks associated with communications security
and foreign intelligence. (85) The overall performance of NSA
will clearly increase as the state-of-the—-art in computing
technology increases. The agency is currently working with
private industry to enhance supercomputer performance. (86)
Our national interest require that we maintain a dependable
domestic supercomputer capability. The presidents chief
science advisor stated " We can’t permit foreign manufactures,
whose development cost may be heavily subsidized by their
governments, to jeopardize that capability". (87) This
overriding concern will ensure an implicit government policy
tce maintain the health of the U.S. Supercomputer industry.
This policy will clearly enhance the attractiveness of the

industry for Americean firms.

U4 Competitive Factors

9.4.1 Type of Competitors/Intensity/Diversity

The industry has been dominated for the past twenty vyears by
Cray Research, Inc. and Control Data Corporation, as shown in
Figure 1. Recent entrants to the supercomputer market include
Denelcor, Inc., Fujitsu, and Hitachi. In addition, Nippon
Electric Company (NEC) announced plans to enter the market in

1985.

The intensity of competition between CDC and Cray has been

rather high over the past few years. In one article, their
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feuding was compared to the Hatfields and the McCoys. (88) In
general the rivalry has been healthy, since many of the Cray
employees once worked for Control Data. The timing of
announcements of new computers and price cuts have been the
primary signs of a tough competition. S8Sales erecutives from
both companies talk up the performance of their computers and
talked down the performance of their competitors. Most
supercomputer users have a detailed knowledge of system
performance, often with bench mark performance data on both
machines. These users are not likely to buy a $10 million

computer based on sales hype.

Control Data and Cray Research are diverse companies. Cray
competes in only the supercomputer business. CDC competes in
several business segments including financial and computer
services, computer systems, and peripheral products. The spin
off of CDC’s supercomputer business to form ETA Systems has
removed much of the diversity between Cray Research and

CDC/ETA Systems.

Hitachi and Fujitsu are very large firms with efforts in
consumer electronics, computer systems, power systems,
communications, and industrial machinery. Eoth firms are in
the mainframe computer market. The entrance of these Japanesa
firms represents a significant change in the industry
structwe. This high level of diversity between U.S5. F<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>