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MIPS COMPUTER SYSTEMS

"In the 1960’s, the invention of integrated circuits allowed the main frame
computer to be built, and IBM dominated the field. In the 1970's, large scale
integration enabled a new kind of computer, the mini, and a new player,
Digital, emerged to dominate the new generation with its VAX line. Later, the
development of the microprocessor again enabled a new generation of
computers (PC’s and workstations) and another new force, Apple, was born.
RISC is an equally momentous technology. It will enable the computing
generation of the 1 990°s: network computing. MIPS is fighting to be the
dominant force behind this new generation.

-- Co-Founder Skip Stritter

“It's as if the company was Luxembourg at the beginning of World War 11
except it knew how to make the bomb. RISC was thought of as the next
ultimate weapon in the computer industry, but without a track record MIPS
needed to win some friends so it could borrow a factory and an air force. ”

-- CEO Robert Miller
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The Situation In May of 1987, three years after its founding, MIPS
Computer Systems was in turmoil. MIPS had only
$700,000 of its original $20 million capitalization left in the
bank. At the current burn rate, this amount would last
less than a month. CEO Robert Miller, who had joined
MIPS only a week before, was saddled with the task of
leading MIPS out of these dark days and into a position of
prominence in the emerging computer revolution -- a
revolution based on RISC microprocessor technology
coupled with the UNIX operating system.

The Technology  MIPS began as a laboratory project. John Hennessy, a
professor of electrical engineering and computer science at
Stanford, was fascinated by a new microprocessor design
called "Reduced Instruction Set Computing" or "RISC."
As its name implies, RISC simplified the number of
instructions computers need to operate, and thereby
significantly increased the speed at which data were
processed over the then-current technology. Intrigued by
the potential of this infant technology, Hennessy was
joined by a visiting professor, John Moussouris, and
Stanford computer science Ph.D. Skip Stritter on a project
they called "Microprocessor without Interlocking Pipeline
Stages," or "MIPS" for short. Not coincidentally, MIPS also
stands for "Millions of Instructions Per Second," the scale
used to measure the fastest computer systems. Like the
Stanford projects from which Sun Microsystems and
Silicon Graphics emerged, MIPS received research
funding from DARPA, the Defense Department's
Advanced Research Projects Agency. By 1983, the project
had produced a prototype RISC microprocessor that ran at
2.5 MIPS, 10 times faster than the fastest IBM PC then on
the market.

[For more details about microprocessors and RISC
technology, please see the glossary on page 18.]

Company Armed with their prototype, the three founders set out to

Founding develop a commercially viable RISC product which they
hoped would lead to a revolution in computing. MIPS'
goal was to become a dominant industry player, much as
IBM, Digital and Apple had done in previous generations.
(See Exhibit 1.) However, unsure of how to best exploit
this new technology, the three knew they would be
competing against the biggest electronics firms in the
country. IBM, Hewlett Packard and UC Berkeley were all
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working on RISC research projects, and other companies
were rumored to be interested.

Clearly, MIPS needed significant capital to make this goal
a reality. However, the Mayfield Fund, a leading Silicon
Valley venture capital firm with strong ties to Stanford,
believed in the new technology and acted as sole and
founding investor when MIPS was incorporated in
August of 1984. The firm received two seats on MIPS'
board of directors, and coordinated the search for
corporate officers. By early 1985, Vaemond Crane replaced
an interim president to become MIPS' first permanent
CEO. Less than a year later, the young company shipped
the world's first RISC microprocessor. This unit, the
R2000, operated at 5 MIPS.

Attracted by RISC's performance, the U.S. government
remained interested in MIPS' technology. To further this
interest, MIPS hired a salesman/lobbyist to spread the
word in Congress and at the Pentagon so as to get MIPS
microprocessors designed into as many new weapons
systems as possible. Wherever compact, high-powered
computing systems were needed, MIPS had a potential
customer. For example, the Air Force purchased MIPS'
microprocessors for development of complex radar and
target recognition systems. MIPS was a finalist in the
competition for a bid to develop control technology to be
used in the Advanced Tactical Fighter. The Navy used
MIPS microprocessors when it upgraded the electronics in
its P3 Orion submarine hunting aircraft.

Although the government proved a logical entry point for
RISC, MIPS' management believed that the more
conventional, non-military computing systems presented
the best opportunity for their new technology.
Refinements to existing architectures had been slow and
evolutionary, leaving industry experts to postulate that
microprocessor manufacturers Intel and Motorola were
"dragging their feet" in developing revolutionary
performance advances.

While MIPS' processors clearly represented the
revolutionary increase in speed that major users were
seeking, they also carried high switching costs. Unlike
industry leaders Intel and Motorola, who assured
customers that their existing software applications would
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run unaltered on new versions of their microprocessors,
MIPS had to prove that its speed advantages were
significant enough to compensate customers for the costs
of modifying their existing software.

Price: Fortunately, the speed advances were dramatic.

Performance Price:performance measures (dollars per m.i.p.s.) revealed
that MIPS possessed at least a 10:1 advantage over existing
mini-computer systems. In some cases, the ratio was 40:1 !
More impressive, MIPS' RISC architecture was evolving
so quickly that its microprocessor speed was doubling
every 18 months, compared to an industry average of
three years.

However impressive these performance increases, the
large-scale adoption of new hardware required that third-
party software vendors (such as Lotus and Microsoft)
develop compelling applications for the hardware that
would attract customers to that particular "family” of
computers. Software written for one particular
microprocessor family, such as the Motorola 68000 series
used in Apple's Macintosh computers, would run on that
family exclusively. Similarly, IBM PCs and compatibles
ran only on Intel's 8080 series. Because of the high fixed
costs associated with developing software for a particular
series, software publishers were reluctant to develop
applications until the series' customer base had been
proven.

The UNIX Because of the need for applications to run on its systems,

Operating System MIPS adopted the UNIX operating system as a standard for
its products. The operating system translates applications
(such as Microsoft Excel and Lotus 1-2-3) into the language
the hardware understands. It enables the computer to
print, read and create files, receive information from the
keyboard and send information to the screen -- all of its
most basic functions. By adopting UNIX, the industry
standard operating system among the large organizations
in MIPS' target market, the company decreased the
switching costs associated with adopting its RISC systems
and ensured that there would be a large body of
applications software that would run on them.

The UNIX system had been evolving since Bell Labs had
first released it in 1969. Its resilience reflected its
widespread use on the university campuses where most
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computer scientists and programmers learned their trade.
In the early 1980s, UNIX was growing in popularity, and
had been adopted by computer manufacturers Pyramid,
Plexus, Altos, HP and Sun for use on small systems.

In summary, to gain broad acceptance in the marketplace,
a new class of computer systems had to achieve the
"critical mass" necessary to attract software developers to
its architecture. For the design to be successful, all of the
pieces shown in Figure 1 needed to be in place. However,
no more than one or two designs would likely emerge as
industry standard RISC-based microprocessors. MIPS
resolved that its microprocessor designs would be one of
those few.

Applicatio
Soitware

/ Operating System Software\
/ Computer Systems (Hardware) \

/ Components, RISC Microprocessors \

Figure 1: Ingredients of a successful computer architecture

1985: .

A New Strategy By 1985, there appeared to be three different product
categories which would have to be developed if the RISC
revolution was to be successful. MIPS had the potential to
participate in all three.

A) RISC Microprocessors. MIPS designed these chips, but
could not afford to invest the capital necessary to become a
"foundry" or microprocessor manufacturer. The
economics of microprocessor fabrication favored large
production runs at low margins, which would not be
possible given the current demand for RISC chips.

B) RISC Workstations. Producers of RISC-based "super-
workstations" would compete with existing workstation
manufacturers. Workstations are highly powerful
personal computers primarily used in scientific and
engineering applications such as circuit design, stress
analysis and computer-aided drafting. Faster than
traditional PCs, workstations are better able to handle
these complex applications, and can transfer information

This document is authorized for educator review use only by Neil Klingensmith, Loyola University - Chicago until Nov 2026. Copying or posting is an infringement of copyright.
Permissions@hbsp.harvard.edu or 617.783.7860



MIPS Computer Systems Page 6

rapidly among themselves when connected via a
network.

C) Software. MIPS could capitalize on the increased
importance that software would play in the new
architecture by creating applications for RISC-based
workstations produced by other manufacturers.

[Appendix B presents the opinions of several industry
experts on trends in the emerging workstation industry.]

Within MIPS, each alternative was championed by its
own constituency, with the largest group favoring
development of full systems based on MIPS
microprocessors. This alternative would bring MIPS into
direct competition with Sun Microsystems, the dominant
workstation manufacturer, and Intel, the world's largest
microprocessor manufacturer. However, to be a force in
the computing industry, MIPS knew it had to do more
than simply build chips.

Because of its larger vision, the company decided to take
option B, to produce computer boards built around MIPS
microprocessors. Traditional computer manufacturers
could then build whole systems using these boards. In its
initial marketing, MIPS would target computer
manufacturers who lacked an installed base -- companies
wishing to launch 'attack” products designed to grab
market share by attracting high end users to their systems'
speed.

Meanwhile, workstation manufacturers Sun and Apollo
were interested in the potential of RISC systems. Both
companies contacted MIPS in hopes of procuring
microprocessors alone. However, intent on it strategy of
selling only compete boards, MIPS refused. Since Sun and
Apollo were interested only in MIPS' chips, neither
pursued a deal with MIPS.

Further demonstrating its commitment to its board
strategy, MIPS completed a prototype computer system,
the M500, in December of 1985. MIPS designed the M500
for software publishers to use in developing programs for
its RISC architecture. In addition, the M500 would
highlight the potential speed of RISC workstations.
However, the system's design was crude. According to Al
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Sisto, MIPS' vice president of marketing, "its
microprocessor was like a beautiful diamond in a terrible
setting. The M500 was a mess; jumper wires made pin
connections that hadn't been etched in its boards."

Building a Solid  Despite the M500's shortcomings, the technical reputation

Technical Teamm  of MIPS' design team gathered momenturmn as competing
projects at other companies failed to produce workable
designs. By mid 1986, MIPS' engineering department had
swelled to 65 people, many of whom had defected from
RISC projects at industry giants like HP, IBM, Data General,
Intel and Motorola. MIPS' success reflected an environment
specifically created to engender technical excellence.
According to Jake Vigil, vice president of engineering and
manufacturing, CEO Vaemond Crane deserved the credit
for this accomplishment: "The dominant activity of a start-
up in its early years is product development. Under his
leadership, an environment had been established where we
could create revolutionary products.”

Production Although MIPS' design was clearly the fastest in its class,

Problems manufacturing this new generation of microprocessors
was proving difficult. Since MIPS still did not have its
own manufacturing capabilities, all production was
subcontracted to outside manufacturers. This lack of
control over delicate manufacturing processes was
proving disastrous to MIPS' strategy.

Microprocessors are made by focusing miniaturized
images of circuit designs onto wafers of silicon in a process
similar to printing photographs. Under perfect conditions,
each wafer would yield 81 microprocessors. Since each of
these microprocessors consisted of thousands of
transistors, MIPS' design required the flawless
reproduction of 80,000 transistors in an area about the size
of a thumb nail. In addition, while state-of-the-art
technology could accurately reproduce images 2 microns
in width, MIPS was asking for .8 microns.

Because of these challenging specifications, initial
production runs yielded not 81 chips per wafer, but rather
only one chip for every three wafers. Over 99% of these
early MIPS microprocessors were rejects!

* There are one million microns in a meter.
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Semiconductor ~ MIPS' Semiconductor Partner Strategy emerged from the

Partner Strategy ~ company's needs for both better production capabilities
and increased capital. The strategy emanated from an offer
made to Thompson S.A., a European conglomerate, and
was later expanded to other microprocessor
manufacturers. The negotiations with Thompson, which
went on for most of 1986 and continued on into 1987,
illustrate the strategy.

For a fixed fee ($7 million in this case), Thompson would
receive 10% ownership in MIPS and a license to
manufacture MIPS' microprocessors. In exchange, MIPS
would receive royalties on each microprocessor
Thompson manufactured and sold, but would give up the
rights to market RISC chips in Europe. Thompson was
the largest manufacturer outside of the United States of
microprocessors for military use, as well as a qualified
second source for Motorola microprocessors. In addition,
their manufacturing techniques were identical to those of
Sierra Semiconductor, MIPS' most successful supplier.
Because of Thompson's production capability and
established distribution, MIPS' management viewed
Thompson as an ideal Semiconductor Partner.

1986: ,
Abandoning the Having never generated even a quarterly profit, MIPS set
Board Strategy an ambitious 1986 revenue goal of $8 million. This goal

increased the company's focus on sales. While MIPS had
planned to sell the M500 system for development
purposes only, it began producing the system for several
vendors to resell as a finished product. Still lacking its
own manufacturing facilities, MIPS subcontracted all
aspects of the M500's production except for the final
quality control inspection.

Meanwhile, sales of boards proceeded below expectations
throughout 1986. As a result, MIPS agreed to abandon its
"boards only" rule late in the year and sell chips to Silicon
Graphics Inc. (SGI), a promising young workstation
company. SGI's workstations, designed to process
sophisticated and complex graphics for engineering and
design purposes, required the speed of a RISC-based chip,
and could showcase the benefits of MIPS' design. By
"betting the company" on the eventual success of MIPS'
chips, SGI provided a much-needed vote of confidence for
MIPS.
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An entirely different opportunity presented itself when
Prime Computer approached MIPS late in 1986. The
company was interested in distributing a state-of-the-art
workstation under the Prime label. Under the terms of the
deal, MIPS' engineers needed to re-configure the M500 to
Prime's specifications. While the engineers agreed that
the reconfiguration was possible, they were adamant that
the proposed delivery schedule was not. Although MIPS
did not get the job, the episode both exemplified and
exacerbated the company's increasing factionalization.
The engineers' complaints had reached the Board:
"Marketing is making promises the engineering
department can't keep."

By the end of 1986, MIPS was finally operating in the
black, fueled by impressive fourth quarter sales of $4.5
million. Despite this success, rumors continued to surface,
such as: "It's not real sales, just a reduction in back
orders;" "The stuff we're shipping probably isn't going to
make spec;" and "We'll have to eat it -- all of it -- when it
gets returned."

1987:
The Situation Tensions continued to rise in the company. The $7
Worsens million Thompson deal still had not been signed. "Every

week at the all hands meeting we heard the same story: it
should be signed next week." The relationship between
engineering and marketing continued to worsen. In
addition, CEO Vaemond Crane abruptly left MIPS to
pursue other opportunities. The temporary CEO the
Board hired was unable to improve the situation, as
exemplified by the comments of a high-level member of
the engineering staff: "The guy was a consultant who
didn't know anything about high tech. He looked at the
cash balance, saw where things were going and laid people
off. It was as simple as that... I was beginning to wonder if
the Board sent him in to shut the company down." Cash
projections for the upcoming quarter revealed the
situation's urgency. (See Exhibit 2 for the cash projections,
and Exhibits 3 and 4 for the income statement and balance
sheet, respectively.)

Al Sisto, MIPS' head of marketing and sales, summed up
the situation as follows:
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"Those were tough times. I can remember driving over to
Silicon Graphics to pick up a check so we could make
payroll. We were trying to sell anything we could to make
our customers happy. 1 think the engineers wanted to
build workstations and be another Sun. They were off
doing what they wanted to. We just didn’t have enough
middle managers.”

On April 27, 1987, MIPS' fourth CEO, Robert Miller,
reported for work. (See Exhibit 5 for MIPS' organization
chart.) A. Grant Heidrich, a general partner at Mayfield
Venture Capital, describes the decision to hire Miller:

Never did we lose faith in the basic technology. Bob was
the only one we interviewed who shared our vision for
the future: design and produce a RISC architecture capable
of running the UNIX operating system. In addition,
produce a new generation of system software and
compilers which will make our machine’s RISC design
transparent to the applications programmer. Bob also had
the required interpersonal skills and operational
competence.

An article on Robert Miller's motivations for coming to
MIPS is included as Exhibit 6. Comments from Miller on
his philosophies on business and life are contained in
Exhibit 7.

The View from  The list of problems facing Miller was long and

the Top complicated, ranging from short-term survival to long-
term strategy. Although he was impressed with the
company's technical capabilities, the marketing program
was one of Miller's greatest concerns:

In my model of the world, the technical team is the
engine that runs the ship. 1 felt that I had a pretty good
engine room. Using this analogy, I looked at the sales and
marketing organization. They tend to be the navigators;
they set the direction. I felt I had a pretty weak navigator.
When you want to sell something you start by defining
what sort of person wants to buy it, then how you're going
to reach them and then how you are going to convince
him that yours is better than the next guy’s. There was
none of that. They couldn’t tell me who the ideal
customer was.
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Although MIPS still had the most advanced technology,
the competition was beginning to catch up. Product
announcements and rumors of impending
announcements from competitors made the "RISC war"
even more turbulent. Hewlett Packard and IBM had both
introduced RISC-based products. SUN Microsystems had
announced a workstation based on its own proprietary
RISC technology (SPARC). Although MIPS considered
Sun its most formidable competitor, engineers at MIPS
remained cautiously optimistic. Sun's first product had no
software and did not integrate well into its existing
product line. Furthermore, MIPS believed that Sun's
entry legitimized RISC technology as a viable design
concept in the eyes of many prospective customers. Even
so, Miller felt that MIPS' grasp of market conditions was
inadequate:

I was absolutely convinced this company did not know
where it was competitively or where it was as perceived by
its customers. They didn't know if their customers either
loved or hated ‘em. (There was in fact a combination of
those two emotions.) MIPS didn’t know what leverage it
had either on the customers or the competition and
couldn't answer the question: where do you want to be
two years from now?

Miller faced another critical issue: MIPS' deteriorating
revenue and cash situation. The revenue forecast for 1987
was $24 million, but Miller expected MIPS to fall far short
of this target -- perhaps to less than half. While MIPS had
$700,000 in the bank, payroll for the 123 employees was
over $600,000 per month, and rent on its 80,000 square feet
facility was $200,000 per month.

Surveying the One possibility for conserving cash was to lay off 30% to

Options 40% of MIPS' employees, keeping the engineering team
intact and cutting everything else. Given the already
strained atmosphere in the company, Miller had to
consider this decision especially carefully. As he described
the situation: "There was incredible cynicism and
frustration. People were not about to trust in anything.
There was a tremendous concern that the company was
withering on the brink. Attrition was very high. There
was just a tremendous lack of confidence."

Another option was to eliminate a costly engineering
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project whose purpose was to perfect a circuit design
known as Emitter Coupled Logic. This project, which
provided evolutionary improvement to the physics of
circuit implementation, was not crucial to the RISC
design. While ECL promised to quadruple microprocessor
speed, the engineers couldn't be sure when the project
would be completed; they hoped for two years. Since the
ECL project was costing $4 million per year, eliminating it
would save MIPS a great deal of money. However, some
felt that it might result in MIPS' losing its long-term
technological edge.

Production problems continued to plague MIPS. Only
Sierra Semiconductor had proven to be a reliable supplier
of MIPS designed microprocessors. Efforts to qualify a
second source in Japan had not been successful.

The Semiconductor Partner Strategy posed a difficult
dilemma for MIPS. The Thompson deal was still not
signed. If completed, it would provide MIPS with much
needed cash and the second manufacturing source it
required. However, in exchange MIPS would give up 10%
of the company for $7 million and all rights to sell directly
in Europe.

If the Thompson deal did not work out, the question
remained as to whether MIPS should pursue this strategy
with other partners. Proponents of the strategy cited the
advantages of the cash infusion and production
capabilities it would provide, as the prospects for MIPS'
manufacturing its own chips became increasingly dim due
to the high costs involved. They also cited the potential
access to distribution channels that partners might bring.
Miller observed:

We did not have a distribution channel. There are those
who think that the world begins and ends with the
product and that the distribution channel will somehow
materialize and evolve. That's absurd. The idea that MIPS
was a systems company without any means of distribution
or ability to support it was bizarre.

Opponents of the Semiconductor Partner Strategy argued
that it was risky because it required the transfer of highly
proprietary design information to potential competitors

with far greater resources. Furthermore, Miller had held
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preliminary discussions with other potential partners,
such as Motorola, Intel and NEC, and none had been
interested. The only companies that expressed interest
were second-tier players that did not have the market
power or distribution channel to "make the market."

Another possibility was to consider an outright merger with
a larger company or one of MIPS' significant customers.

One last alternative was to persuade one of the major
computer makers -- such as IBM, DEC or HP -- to design
MIPS' RISC microprocessors into some of their product
lines. If successful, this strategy would give the small
company a gigantic jump in credibility and very large
order volumes. However, no one at MIPS had made any
focused efforts in this direction.

The question of determining MIPS' strategy remained.
Should it simply sell chips? Should it design, build and
sell entire workstations in an attempt to be the first
company to put true mainframe power in a desktop
computer? Should it develop software for the RISC-based
computers sold by others'? How exactly should MIPS take
advantage of its technology'?

In reflecting on these question, Miller shared some of his
own thoughts:

I came to MIPS because of the core technology and the
market potential of that technology linked with the UNIX
operating system. Forecasts of the market for computers
using the UNIX operating system are in the billions of
dollars, and I believe that RISC microprocessors will be at
the heart of it all.

I'm a great believer that the way you succeed in this
industry is by owning your technology. We own a
technology called the MIPS RISC microprocessor, but few
people seem to understand the significance of that. A
complete technology is the silicon and the software -- and
we have both. Other companies only have the silicon. At
Data General, when 1 wanted to buy a Motorola
microprocessor, I not only had to buy the chip from
Motorola, 1 had to negotiate with ten different software
companies plus do a lot of other work on the operating
system to make the whole computer play.
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Linked with the question of what MIPS should try to do was the question of
precisely how should Miller go about setting the direction for MIPS. Exactly
what steps should he take -- what process should he employ -- to set the
overall direction of the company? Fighting for its survival in this time of
crisis, how much time should he dedicate to long-term thinking about what
MIPS should strive to become?
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Exhibit1

Glossary of Technical Terms

This glossary is included to explain some of the technology related to the
MIPS case, but is not knowledge necessary for discussion of the business
situation.

Microprocessors ~ Microprocessors are thin squares made out of silicon
(about 1 sq. inch) that are the most basic element of a
computer. Essentially, they are the "brains" of computers,
responsible for executing tasks such as printing, storing or
multiplying. They do this by successively breaking these
tasks (or instructions) into smaller sub-instructions which
are implemented throug h an array of electrical "on/off"
switches. They do this with the help of software programs
(composed of lines of code) that direct the information.

Computer Boards A board represents a collection of electronic devices soldered on to
a thin sheet of fiberglass, which are interconnected by electrical
"pathways" etched into the fiberglass. Several boards, each
performing a unique function, are connected to form a computer
system (which can also include a a disk drive, a screen, or
a keyboard).

RISC vs. CISC The lines of software code that a microprocessor interprets
are called the "instruction set." One theory was that the
more detailed (and therefore longer) the instruction set,
the more capable the microprocessor was of quickly
getting the computer to do what you want it to do. This
theory was the basis of CISC (Complex Instruction Set
Computing)--which was used in the Macintosh, the IBM
PC, and Digital Equipment Corp.'s VAX. Proponents of
CISC's antithesis, RISC, argued that limiting the size of
the instruction set enabled the microprocessor to more
efficiently execute the vast majority of instructions by
eliminating the "overhead" required to support the larger
number of instructions. Comparing CISC to RISC is like
comparing a 1000 page dictionary to a 10 page vocabulary
list: RISC is faster to work with but not as comprehensive.
A more complete discussion of RISC is included in
Appendix A.
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Software Software basically consists of lines of "code" that a
programmer inputs to get the computer hardware to do a
certain function (word processing or spreadsheets, for
example). It allows you to work with the keyboard and/or
the mouse to process your information. Usually software
is developed for a "family" of computers, and
correspondingly, microprocessors. For instance,
Macintosh software will run on all Macintosh computers,
because they are all based on Motorola's family of chips.
This compatibility is important to software developers
because it expands the market for their software. Software
developers want to be sure that a system will have a large
enough market to justify development costs before they
invest time and resources into a software effort. Often,
though, customers will not want to purchase a system
unless useful software is available. So developing a new
system often has an inherent Catch-22.

UNIX Every computer has an operating system that comprises
lines of code that tell the computer hardware (e.g., the
microprocessor) how to run. It makes it possible, for
example, to receive information from the keyboard and
direct it to the microprocessor so it does what you expect it
to do. The operating system functions as sort of a mediator
between the hardware and you. It also works with any
software program (such as Microsoft Excel) that you are
running to make sure it functions as you expect it to. A
well-known operating systems is MS-DOS on IBM PCs
(and compatibles). Many workstations use the UNIX
operating system, including Sun, HP, NeXT, and Silicon
Graphics.

This document is authorized for educator review use only by Neil Klingensmith, Loyola University - Chicago until Nov 2026. Copying or posting is an infringement of copyright.
Permissions@hbsp.harvard.edu or 617.783.7860



MIPS Computer Systems Page 17

Exhibit 2
Share of Computer Industry Growth
By Segment
Main Frames
IBM 360/370 .
ini Personal
Computers, Computers

Digital (VAX) IBM, Apple

80 %

60 % Networked
Computing

40 % (Sun ?, Mips ?)

20 %

Source: Sanford
9 Q y and Bernstein
0% ‘72 ‘74 '76 ‘78 ‘80 '82 '84 '86

Figure 1, Share of Computer Industry Growth By Segment
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MIPS Computer Systems

Actual Actual Actual  Est. Est. Est. Est. Est. Est.  Est.  Est

Company 1 2 35 37
Company 2 4 4
Company 3 2 2
Tandem 242 147 389
Company S 55 55
Company 6 6 6
Company 7 20 20
Company 8 49 49
Company 9 4 108 112
Company 10 53 53
Company 11 1 2 3
Silicon Graphics 139 116 39 207 501
Comps. 13-15 5 77 82
Company 16 90 139 139 368
Comps. 17-21 0 0 15 92 173 0 45 39 0 0 364
Company 22 221 221
Company 23 69 69
Company 24 72 29 17 118
Company 25 64 64
Company 26 145 . 24 169
US Govt 77 77
Company 28 56 56
Company 29 12 6 18
Company 30 4 4
March Sales 100 100 200 400
Cash In 531 4 152 695 276 497 630 156 100 200 3,241
Cash Disbursements
Payroll 328 275 333 325 333 1,594
AP 434 324 376 318 233 250 257 250 371 365 3,178
Other: Westech - 37 37 74
CGS 113 113 113 339
Bank 33 21 21 75
Europe 80 30 30 140
AWARE 30 30
COB 5 5 5 5 20
Rent, Bldg 1 36 36 36 108
Rent, Bldg 2 42 64 64 170
Coniingency 25 25 25 25 25 25 150
Cash Out 1,066 324 651 511 734 280 607 468 842 395 5,878
VC Cash 1,205 795
Cash Balance 1,592 2,067 1,568 1,752 1,294 1,511 1,534 1,222 480 285

Assumptions: A) Payroll - Focal increasses will be effective July 1, 1987
B) Accounts Payable is paid according to payment program with vendors
C) Accounts Receivable - Agressive collepgians, but attainable

This document is authorized for educator review use only by Neil Klingensmith, Loyola University - Chicago until Nov 2026. Copying or posting is an infringement of copyright.
Permissions@hbsp.harvard.edu or 617.783.7860



(L09'e$)

(L09't$)
89§
(Oorses)
veETHS
(449 L3
808$
06°1$

v69%
SS6°1$
9§
¥20°'1$
ov1$)
S09¢

6b9°C$
ELVS
9LI‘CS

TORT
L8361

61 33ng

(SS6°L$)

(Ss6'L$)
(10v$)
(95€°8%)
£T6°11S
9TK'es
veL'1s
ELL'9S

896°¢c$
£ESES
98¢$
162°C$
6e$)
0ST'1$

101°L$
9¢0C$
$90°c$

’SX
9861

v6$

v6$
(<%
68$
P6LTS
058$
LyS$
L6ETS

£88°C$
621°C$
08$
£98°1$
(962$)
(4:14)

(4 (1X$
0Z6$
60'v$

oy

9861

(620'%$) (rrreeg) 016'19)
(620°v$) (Trr‘es) (016'1%)
(901$) (s819) (ro1$)
9¢1v$) (L6T'T$) (€10°7$)
9Ty 986°C$ 61£T$
90¢1S 099¢ 119¢
9Cs$ 96¢es 967$
v6¢°C$ 0LS‘1$ s
06$ 6829 90¢$
LS6$ €0¢s La4 %)
987¢ LIS (%)
62¢$ 0018
(ov$) (65$)
[4:1%) SYes (145
LyO'1$ 7659 0Sv$
SIES £3% 058
ceLs IvZ$
nopIg nopuz IO BT
9861 9861 9861

SWA)SAQ Jndwo) SdIIN

b nquyxy

(£8¢g°s$)

(L8€°s$)
0929)
(8¥9°s$)
859°¢$
8LLTS
LE9$
£€T°c$

SIXB L I3V Iyoad JaN

SIXe |, d10Jag 3yoiq
sosuadxg/(awoour) LYo
1youd 3uneradp
sasuadxyg SuneradQ reog,
uonensurpy
Sores/Bunayrepy
Sunsourdug

sasuadxy 3upesadg

UI3IRIA SSOID)

S9rES Jo 150D

180D 1910

1500 10npo1g
uondiosqy peayroagy
w:tao&::«E

S9[es Jo 3s0)

SIBS 1ON
a1emyjog
Srempreyy
anudAdy

document is authorized for educator revie' Se or b eil Klingensn yola University - cago u o) 1 or ostlng IS an Iniringe
i vView y oy Nei i , Y | \ Ity Cl g Nov 2026. C()py g p ent o copyrig t
his 1 g

Permissions@hbsp.harvard.edu or 617.783.7860



Page 20

Exhibit 5

MIPS Computer Systems

(Disguised Figures)
—Dec. 31,1986 —Apr. 30,1987
Current assets:
Cash and Short term investments $2,988 $777
Accounts Receivable, net $5,210 $3,326
Inventories $1,649 $2,422
Other current assets $228 $205
Total current assets $10,075 $6,730
Property Plant and Equipment
Machinery and Equipment $6,300 $6,600
Furniture and fixtures $1,806
Other Assets $1,121
Leasehold improvements $121
Accumulated Depreciation $1,110 $1,805
Net property and equipment $7.117 $5,916
Restircted cash $1,100 $1,105
Deposites and other assets $221 v
Total Assets $18,513 $13,751
Liabilities and Shareholders Equity
Current liabilities:
Accounts Payable $6,009 $3,451
Current portion of LTD $181 $1,609
Other Current Liabilities $2,328
Total Current Liabilities $8,518 $5,060
Deferred revenue $984 $1,285
Long term debt $363 $2,282
Other Long Term Liabilities $1,844
Total Liabilities $11,709 $8,627
Sharehelders equity
Preferred Stock $20,336 $20,336
Common stock $377 $666
Subordinated Debt $1,800
Accumulated Deficit ($13,909) ($17,678)
Total Shareholders Equity $6,804 $5,125
Liabilities and Shareholders Equity $18,513 $13,752

- 19 -
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Exhibit 6

MIPS Computer Systems
Organization Chart

May, 1989

Robert Miller

CEO

Al Sisto Jake Vigil

Marketing and Sales Engineering and
Manufacturing

John Moussouris Skip Stritter

Vice President Vice President
VLSI Business Development
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: PEOPLE

WHY DG’s MILLER WENT
TO MIPS COMPUTER
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president Data
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nce at 1BM Corp. under
kinc of quarry that com-
puter-incustry hezdhunters love to bag.
Little wonasr. then, that Robert C.
Milier. who firs that deseription. had
“career opportunities” dangled
him curing his six vears at the

severa.
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b ass. computer maker. But

r.v ore seemec worth taking—the
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: { Sunnyvale, Calif,
a dream of mire to
. company.” sovs
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“To finc one that piaved to

my interests like MIPS is trulv 2 rare
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1
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Stanford L'm\ ers::\.
a Component
develop-
men: system puilt around that chip.
The RISC technology was one reason

Cc\e Ded
pius boxc level products.
kit optimizing compilers. and &

IS

atl

Miller accepted the MIPS offer. The
pary's location, in Palc Alo. Cah.
& role, as did tre opporuri
“a team that has rezl class.”
s MIPS" use of Unix.

‘DONE RIGHT. Milier earned a master’s
degree in thermodynamics from Stanford.
which is in Palo Alto. “When 1 Ief‘. there
20 vears ago. I promised myself I'd go
back. And when the people at MIPS too}
me through the architecture of the RISC
processor. I could see that these fellows
hac done it right. They've moved the
state of the art quite a bit forward.” he
contencs. “These feliows” include John
Hennessey. who pioneered in RISC when
he desig’neh' the experimental chip at
Swnford tha: MIPS is now seliing. He
remains at MIPS as chief scientist and
now heads a Stanford research project
aimed at developing an advanced version
of the chip for the Defense Advanced Re-
search Projects Agency.

Miller deciines to discuss that effort
untii ne's more familiar with it. but he's
quite vocal about Unix and RISC. He's

MILLER. MIPS gave him an opportunity he
says he simply coulcn't overlock

convinced that RISC processors wiii be

the dominant Unix platforn for the
1900s, “Forec: asts for the L“\ r‘ar}' :
| m ch nex: de

rs, and

e"V <
exciung

of the businesz.” |
thinx .xbo.;: a pro

par: o
ocessor bm.m that run
at & mips at nc cost premm.. versus a
62020-based board is especiclly exciting
We'll need to keep driving the pe':'cr
mance up to reaiize high- -functior work
wations and servers.”

For now. Milier sees MIP3' current
CMOS as the most cost-effective impix-
mentation for RISC architectures.

a: S

coupled logic in applications where us-
ers will pay a premium for speed.
Miller is joining a company that act-
ing chairman Donald Muller savs is
aimed at becoming the dominant suppli-
er of RISC-based products. MIPS has
backing from some of Silicon Valley's

But !
¢ he anticipates opportunities for emitter-

ago

,‘TJE

top venture firms. including the May-

field Fund and Kleiner Perkins Caureld
and Byers. Sun Francisco. The company
has already sold Unix-based RISC plat-
forms to several original-equipment
manufacturers, including Prime Com-
puter, Silicor Graphics Computer Sys-
tems, and Racal-Recac. All in ali. Miiler
concludes, “I couldr't overlook this op-
portunity.”

~Laurence Curran

Electronics / Aprii 30, 1887
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Exhibit 8

In the last question of an interview conducted in the preparation of this case,
Robert Miller was asked to comment on his personal philosophy of doing
business. His remarks are reproduced below.

I'm a great believer in the concept of role models. I'm not a person who
believes that everything should be invented from the ground up. If you can find
some role models of people and companies that exhibit the kinds of traits and
characteristics that you admire, the ideal thing is to synergistically put some
combination of those things together. To put it in a familiar context: If you
thought that Paul Rizzo at IBM was the best businessman you ever met, if you
thought that Winston Churchill was the greatest charismatic leader in terms of
the integrity of the leadership and the vision and the courage and all the things
that went with it, and if you also believed that there were some people in your
personal life who exhibited exceptional qualities, you should feel free to emulate
these qualities. Parallel to that, if you thought there were things that IBM did
very well in terms of how it treated its people, if you thought that there were
things that Hewlett-Packard did well in terms of creating a good positive
environment, if you thought that there were things that Tandem did well in
terms of employee compensation, then put together a company that has all those
things rather than doing it like a lot of people in the valley try to. They try to
do it like no one has ever done it before.

The other philosophy I have is the toughest one to keep: Once vou make a
commiiment you keep it. I think of business as a mission. People go on the
mission and they don't always like the way it comes out. A lot of things get
thrown in your path that you never predicted, but you should never lose sight of
the things that you committed to do. Sometimes you can't get there in the time
you promised or you can't get there within the level of spending because of
things you really never could have expected. You never stop trying to make the
commitment unless the other person releases you from it. You don't
unilaterally drop the commitment. At all levels in this company, when we give
our commitment we keep it. It doesn't have to be written down in a legal
document. We've had a couple of situations where we've lost a great deal of
money on verbal commitments made by salespeople who didn't have the
authority to make such agreements, but we've kept the commitments. As a
personal and business philosophy I see this in the Japanese. It's one of the things
I admire most.
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| ELECTRONICS

SPECIAL REPORT

INSIDE TECHNOLOGY

RISC: IS IT A GOOD IDEA
OR JUST ANOTHER HYPE?

DESPITE THE FLAP, IT'S BEGINNING TO CHANGE COMPUTER DESIGN

by Clifford Barney and Tom Manuel

nere's so much noise being generated now about the
reduced-instruction-set computer and whether such
designs are a big step forward that it tends to
obscure what's really happening in computer archi-
tecture. The RISC concept is gaining increasing
credibility as it starts showing up in major commercial de-
signs. New products from Hewlett-Packard Co. and IBM
Corp.. for example. are helping a lot to move RISC out of the
realm of debate and speculation and into the real world.

Yet the debate still rages on whether the RISC concept that
was born a decade ago in the rarefied atmosphere of academia
can be successfully applied to the design of commercial ma-
chines. Complicating things further is that computer scientists
cannot even agree on just exactly what a RISC machine is.

The RISC concept emerged in 1975 at IBM's Thomas J.
Watson Research Center in Yorktown Heights, N.Y. (see
“How it all began,” p. 29). when John Cocke, an IBM Fellow,
came up with the idea. Cocke is considered the father of RISC,
although the term was first used at the l’m\ersm of Califor-
nia at Berkeley, where gradu- g
ate students under David A
Patterson designed a micro-
processor theyv called RISC I.
Other early RISC research was BB
done at Stanford University in g
Palo Alto. As interest in the
concept mounted, commercial
RISC or RISC-like computers B
were produced by Acorn Com- )
puters, Celerity. Harris Com- P
puters, Pyramid Computer,
Ridge Computers, Shiva Mult-
systems, and France's Thom-
son. Most recently, Mips Com-
puter Systems, Sunnyvale,
Calif., has introduced a blaz-
ingly fast “pure RISC” system
based on the chip developed by
John Hennessey at Stanford
(see story, p. 36).

Now IBM and HP have mint-
ed two of the newest designs
applying basic RISC principles.
One is the IBM RT Personal
Computer (see story, p.34), §
and the other is HP's Precision
Architecture [Electronics,
March 3, 1986, p. 39]. which is
being used first in the new HP
3000 series 930 minicomputer.
They both apply such princi-

cute in one cycle. only load and store instructions can access
memory, other instructions operate only upon registers. hard-
wired control is used instead of microcode. and complex corr:
pilers provide complex functions and generate the optima!
code for the machine.

As interest has grown in the RISC concept. so has debate
over 1t. The arguments swirl around the closely related ques-
tions of applying the university-nurtured technology to com-
mercial machines and how to define RISC. In fact, the acro-
nym has turned into such a buzzword that an argument over
RISC versus complex-instruction-set computers practically
drained all other sessions at Compecor in San Francisco in
March.

Looking back on that debate—a pane! discussion entitled -
“The Great RISC vs. CISC Debate"—G. Glenn Henry disur-
guishes between work done on RISC at universities and in
industry. “The RISC chips done at UCB and Stanford really
are the classical RISCs.” says the IBM Fellow, who is also
manager of hardware and software system development for
the IBM RT PC at the compa-
nv's Engineering Systems
| Products independent business
| unit in Austin, Texas [Elec-
| tronics, April 28, 1986, p. 54,

“But RISC is 8 misnomer for ‘
the work being done in indus-
trv—for example, here at IB¥V
in Austin and at HP. !

“The commercial systems
1 have some complex instruc- .

tions where they are needed.”

1 he continues. “The classical |
RISC chips out of the universi-
ties are very simple—just
chips, not complete systems.%
Therefore, it is rather unrealis- ;
tic to compare performances of
these to the performances of
commercial systems.”

Performance measurements :
cited for the RT PC were made
using real applications rurning
under AT&T Bell Laboratories’
Unix operating system with .
virtua! memory ard error cor-
rection turned on and fully op-
erating. They were not done '
with simple benchmarks on a’
stripped-down microprocessor. '
Henry notes. “But wait,” he
quickly adds, “I'm not putting

ples as a small set of simple, OONIIERCIAL RISC. The HP 3000 series 930 is the first product from
regular instructions that exe- Hewiett Packard buitt with its new RISC-based architecture.

the universities’ work down.
They did good work. They |
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Mearried things that we all could put
to use.”

Another IBMer rejects that no
tion. Nick Tredennick, a researcher
st IBM's Watson Research Center,
Jed an attack on RISC at Compcon.
“RISC is a poor idea for commercial
microprocessors,” he said. “Com-
mercial microprocessors are band-
width-limited at the pins already,
and reducing the instruction set
makes the problem worse.”

One argument against RISC is
ecertainly that with fewer instruc-
tions. doing a particular task
takes more instruction execution,
concede Henry and Joel Birn-
baum. an HP vice president and
head of the Palo Alto company’s
RISC-like Spectrum project. That
would mean that more memory
bandwidth would be needed to de-
liver those instructions to the pro-
cessor. “But,” says Henry, “Tre
dennick works on putting a 370 on
a chip, and for that task he can't
use the classical university RISC.
That's probably what he is talking

A BETTER MOUSETRAP. HP's Joe! Bimbaum believes
RISC principies, ngidly applied, tead to better computers.

nbom when he says that RISC is a poor idea for commercial i
microprocessors. " Henry has proved that a commercial com- ]
puter system can be designed using RISC principles while
still solving the memory bandwidth problem. I
HP s Birnbaum says that ‘“Tredennick is right, in one sense,
to sav that RISC won't work in a commercial microprocessor.

{

HOW IT ALL BEGAN

But what's RISC? 1f vou are talk-
ing about the Berkeley chip. as op-

posed to a set of design principies |

upon which you can build, that's
such a trivial and obvious argu-
ment it isn’t worth making. It's like
arguing sbout how many angels
can dance on the head of a pin.”
David Patterson, the Berkeley
computer scientist who helped star
the debate four years ago, agrees

§ that by now the argument is irrele-

vant. “In 1981 and 1982, it was he-
retical to suggest that you could

N improve performance by transfer-

ring hardware functions to soft-
ware,” Patterson says. “It was sur-
posed to go the other way. In 19: -
rather than argue, let’s see wha:

people have built. The professional |

designers and the computer buyers
will be the judges.”

Even these judges, Birnbaum
contends, won’t be intent on classi-
fving computers as RISC or non-
RISC machines. “l don’t know
whether Spectrum is an architec-
ture that proves that RISC is viable

or that it is not,” Birnbaum says. “The reason is that there is
o ‘RISC architecture.’ There is a set of principles which can

be applied in a pardcular architecture to solve a design goal.”
These principles—such as singlecvcle execution and ab-
sence of microcode—cannot be applied blindly to a commercial
computer, Birnbaum adds. “We have some multicycle instruc-

the 801 minicomputer prototype, which
was built in 1979.

The research team experimented
along many avenues to reach their ob-

R aft began In 1978 when IBM Fellow
John Cocke had an idea. Cocke, then a
researcher at IBM's Thomas J. Watson
Research Center in Yorktown Heights,

It was pot just slashing away at the
instruction set. “In fact,” savs Cocke.
‘“while it's true that we reduced the
number of imstructions, that is more a
result than a cause. We didn’t believe

simple architecture, using a simple 3
mstruction set, could have certain
advantages over the trend toward
eomputers with increasing architec-

students at the University of Cal-
fornia at Berkeley gave it the label
#t goes by today—reduced-instruc-
tion-set computer (RISC).

Cocke and his smali team of re-
searcheis at first tested the idea’s
feasibility with 8 research proto-
Gpe—the 801 computer (named af-
ter the number of the building

eal project, however, did not have a
pew computer architecture as its
objective. “We were studying what
would be needed to make wvery
krge telephone switching systems,
and a very fast controller was one

year IBM veteran. “After the
switching project was abandoned,

ler as a machine in jtself.” The re-
sult of the redirected effort was

—

N.Y. decided that a computer with a

tures and more complex instruction ¢
sets. In the late 1970s, graduate §

where the team worked). The origi- #

of these needs,” says Cocke, a 30- EPe2

we started to consider the control §

jective of an efficient new architecture.

we should put complicated instruc-
tions into a machine when they can
be built up from simpler ones with-
out sacrificing performance.”
Cocke and his researchers also
took advantage of advances in com-
piler technology. The new compilers
were getting smarter at automatic
programming and code optimiza-
tion. The compiler technology made
simple machine instructions feasi-

i ble because if a complex instruction
| were needed, the compiler could
| string together simple instructions.

The 801 desigmers also put to use

B large, very fast memories. “Since

the memory hierarchy of the 801
minimized problems of storing and

383 retrieving information and we had
designed the instructions to all be

the same size and execute in one
cycle,” Cocke says, “we were able
to build in & lot of overlapping—
pipelining—of the execution of in-
structions.” The 801 and other
RISC machines pipeline nicely be-
cause of their simple organization
and ingtructions.  -Tom Manue!

Bectronics /May 5, 1986
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tions. So if you want to say we are
not RISC, that's OK. On the other
hand, most of the Spectrum instruc-
tions execute in one cycle. We have
some ricrocode, to help with input/
outp.t. So we have RISC architec-
ture but it goes far beyond RISC.”
Yale Patt, the Berkeley professor
who chaired the Compcon session,
calls RISC a “useless label” be
cause “people can't agree on what it
means.” He suggests a new micro-
processor category, “RISC-but,” into
which HP's Spectrum fits neatly.
In Glenn Henry's idea of RISC,
“the key is to get the processor
speed as fast as you can on the
smallest amount of silicon and, at
the same time, separate the pro-
cessor from the bottlenecks of
memory and 1/0.” This is peces-
sary, he says, because in recent
years very large-scale integration
has produced processors that are
much faster than memory and 1/0
circuitry. The goal is to make a
single processor chip run as fast
as possible, independent of memo-

ADVOCATE. David A. Patterson of UC Berkeley was the
first promoter of RISC principles for computer design.

prepare for and recover from Th«
design takes longer, and it is harder
| to change. You even pay in extenc.
ed time to market.” Patierscr
| agrees, saying that with computer
§ power increasing 20% to 40% each
year, a complex design may lag the
§ state of the art by the time i
4 reaches the market.
¥ Patterson expresses the actus
)i mechanism by which complexity de
{ grades performance in an equatior.
relating factors that affect pro
) gram execution time: |

Program time = I x Cx T

where 1 equals the number of in-
structions executed for a program. :
C equals the average number of
clock cycles per instruction. and
T equals the length of each clock
cvcle.

The basic RISC principle—one in-
struction execution per clock cycle
with no complex microcoded instruc-
tions—obviously makes C smaller.
It was by reducing this factor tha:

ry and 1/0 speeds.

Henry savs a computer architecture must incorporate three
design concepts in order to be a true RISC. First, it must
overlap processing with memory accesses. Second, instruc-
tions must operate in a single cycle. This generates the swift-
est performance possible for a given VLSI speed; when the
VLSI implementation can be scaled down even further, the
processor will run faster. For example, if IBM builds its RISC
microprocessor in 1.5-um CMOS instead of the current n-MOS
process, the chip will speed up significantly.

EFFICIENT TARGETS

The third, and most subjective, qualification for a true RISC
architecture by Henry's definition is that all instructions
should be designed to be efficient targets for high-level lan-
guages. High-level-language compilers are then built to take
advantage of the benefits of such architectural principles as
the separation of storage from the processor. For example,
the compilers must be able to organize instructions and data
flow to use the architecture efficiently. “Ther:iore, we will
get good compilers [as a fallout] from the work on RISC
architectures,” Henry says.

Henry's idea for the best term to replace the ofter mislead-
ing and confusing acronym RISC, is optimized-instruction-set
computer (but QISC is more difficult to pronounce). “The
optimized instruction set is optimized for compilers, optimized
for maximum performance from individual processors, and
optimized for not wasting silicon area,” he says.

The opposite of optimizing the use of the silicon area is the
temptation to exploit silicon technology. HP’s Birnbaum con-
siders complex instruction sets the outgrowth of what he calls
“creeping elegance,” which arises from this temptation.
‘“There is an argument,” he says, “that silicon is free—that
we have reached a level of lithography such that it doesn’t
cost much to put extra transistors on a chip, within certain pin
and power limits. S¢ why be dumb enough to have only 100
instructions when for no extra hardware cost you can have
2007 This is 100% fallacious. You pay for those extra instruc-
tions every time you execute any instruction, in several differ-
ent ways.”

One way is in design complexity, Birnbaum says. “If you
have many instructions, you have many more conditions to

the first Berkeley RISC chips per-
formed so well against commercial microprocessors. Microcod-
ed machines may take 5 to 10 clock cycles per instruction.
versus 1.2 to 1.5 for RISC architectures, Patterson says.

Birnbaum and Stanford's Hennessey contend further tha:
the complex instructions will affect cycle time itself. Birn-
baum says the key point is “if you have more complexity and
more checking, invariably your cycle time will increase. The |
machine will pay something in performance for all of the
extra combinations...there will be one extra step of the
decoder, or the error recovery path will be longer. You pa:
for complexity even when you are not using it.” HP's Spec !
trum design team paid close attention to the three factors
expressed by Patterson’s equation (see “How HP made archi- ;
tectural tradeoffs on Spectrum,” p. 31).

Both HP and Mips Computer Systems made extensive stud- |
ies of the effect of adding an instruction on a machine’s basic
cycle time. Loads, stores, and branches account for more thar
80% of all instructions, Hennessey says. “It’s then very hard
to find an instruction that won’t hurt the clock speed.”” The
Mips Computer Systems tests paralleled HP's in pinpointing
the number of logic levels required, and the way the system
deals with exceptions and interrupts, as the main factors
tending to increase cycle time.

Because of those tests, says Birnbaum, “whenever someone
suggested we really ought to have a wonderful instruction,
like ‘test left, shift mask, dim the lights’ we had to ask: ‘How
often will we execute it, and what is the performance degre
dation?’ If you have a hundred instructions, and one of them:
is executed only 1% of the time, you had better not incus more
than a 1% penalty. Our rule was nothing gets in until we do
that analysis.”

A THORNY QUESTION

The other factor in the program-execution equation is path
length (the number of instructions executed in running each
program). It is one of the thornier questions for RISC propc
nents. Hennessey says a RISC machine will pay about a 30%
penalty in added instructions over a machine that uses micro-
code. “We are willing to take a 30% hit in return for a fivefold
improvement in cycles per instruction,” he says.

The design goals of the system determine which tradeoffs
are acceptable, Birnbaum says. When HP undertook the Spij
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U

trum design, one of its goals was to main-
tain compatibility among the new system
and zll old machines it would eventually
replace. “If we had had no compatibility
objectve, our job would have been im-
measurably simpler,” he notes.

As if applicationcode compatibility was
not challenging enough, HP required
much more than that. ‘“There’s another
part—peripheral subsystems, interrupt re-
sponses, and input/output compatibility,”
Birnbaum says. “We worked hard on 170
architecture. The first version HP re-
leased in February is essentially our old
architecture, because we wanted to use
existing peripherals and channel contro}-
lers. But what is coming is RISC 1/0:
direct attachment to the bus from any
peripheral. RISC/CISC is down in the
noise compared to that problem.”

As difficult as the RISC choices were, mmJohn Henne:ssey spawneda
Birnbaum says, they paid off in a great company and a new RISC computer.

memory, or fleating-point circuitry, or vir-

tual memory management on the chip. anc

run at chip speed imstead of package
speed. The 950, HP's first RISC minicom-
puter, is 8 7-mips machine not because we
have 1-um technolegy but because the ar-
chitecture lets us put the whole processor
on a single chip.” |
Birnbaum predicts that even greater
benefits are possible in the future. On- .
§ chip coprocessors that straddle the cache |
V@ and memory buses will make possible
AN very fast special-purpose signal process- :
ing, graphics, or encryption systems. ‘“We |
now have the silicon area to put this cir- |
R cuitry on,” he says. ‘
|
|

RISC, says Birnbaum, is another itera-
tion of the experimental process in com:-
puter design. “In an ideal world, 30 or :
40 years from now,” he concludes, “pec- !
ple will design computers the way they
design airplanes with really good knowl-

dea) more than just simple system perfor-
mance. “There is a tremendous flexibility that comes from
imposing the discipline of not adding anything unless it pays its
way.” he says. “Building a microprocessor on a smaller chip, as
RISC architecture permits, gives you two different ways to
play the game. You can make a very small chip and get high
vield and lower manufacturing cost. That might be a good idea
for a semiconductor manufacturer. But the chip cost isn't terri-
bly significant compared to system cost, so instead we have the

edge of aerodynamics and fluid mechan-
ics. But airplanes flew before the science of aerodynamics
was invented.”

The RISC concept may be at the Kitty Hawk stage, and
skeptics may argue that it's just too simple to be practical.
But real-world practitioners of computer design retort that
the RISC principles are a foundation upon which to build |
practical machines that are now working well. After all, IBM

opuon to put more on a single chip. It's easier to put cache

and HP are no-nonsense outfits—they are not given to taking |
fliers on shaky propositions. O '
W

HOW HP MADE ARCHITECTURAL TRADEOFFS ON SPECTRUM |

Te William Worley, principal architect of
the Hewlett-Packard Co. Spectrum com-
puter line, the question of reduced-in-
struction-set computers versus complex-
instruction-set computers is not an argu-
ment, but a matter of principle.

Worley says three factors affect time
to execute a8 program: average number
of clock cycles per instruction, cycle
time, and path length (number of nstruc-
tions used). “RISC reduces the value of
the first two of those terms” he says.
But making tradeoffs among these three
principles is not always straightforward,
cautions Worley, who is head of system
architecture for the Spectrum project in
Cupertino, Cakf. Instructions that in-
crease cycle time must be justified by
reductions in the other two terms.

The principal influences on cycle time
are the way & system handles interrupts
and exceptions and the number of logic
levels an instruction requires. Interrupts
normally affect the eritical path of an
execution and lengthen it gradually.

The pumber of logic levels is a step
function. “If an instruction requires
computation and suboperands that is
used in the next instruction, we may
reach a number of logic levels that is
larger than can be computed in one cy-
cle, and the basic cycle would get larg-
er,” Worley explains. “If the instruction
repertoire requires n levels of logic to
accomplish all of the instructions, an ad-

ditional instruction requiring 1.5 levels
would clobber the cycle time.”

Data operations can be plotted, gince
data moves from a register through an
arithmetic logic unit and back, Worley
says. HP found that the optimum num-
ber of logic levels for primitive opera-
tions in the instruction set was equal to
one more than the minimum possible
number of - levels.

Instructions requiring more logic lev-
els were broken up. One 8byte mstruc-
tion for 32-bit address digplacements, for

WILLIAM WORLEY: Opting for 8 RISC archi-
tecture is a matter of principle.

instance, was divided into two 4-byte in- |
structions. That's not the same as resort- !
ing to 8 complex instruction, since it is i
still executed in direct hardware and !

does not require microcode, Worley says. |

Simple instructions can reduce cycle |
time; but one of the basic RISC/CISC
arguments is over how to make the
tradeoff between many simple instruc-
tions and a few complex ones. “We have
to Jearn to keep the path length small as
well,” Worley says.

One way HP has approached this
problem is through the design of the
mstruction set In 83 cases, Worley
says, his group found ways to combine
in a single instruction operations that
formerly took two or more. One exam-
ple: an instruction to compare two quan-
tities, which previously required a com-
parison and a conditional branch. HP
put the operation in one branch.

“Our tradeoffs don't hit path length
or cycles per instruction,” Worley says.
The tradeoffs made in architecture don’t
take place in 8 vacuum and must stand
up in different markets, he emphasizes.
“We have to distinguish between archi-
tecture and implementation. Some imple-
mentations will realize all of the theoret-
ical efficiencies of RISC. Not all will.
Each implementation npeeds to make
sense as a business proposition. We can |
push the architecture to the limit, but |
not every time.” ~Clifford Barney
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What’.s hot and what’s
not in workstations

CASE and electronic publishing are joining CAD/CAE as
the high-growth segments of the U.S. workstation market

By David Card

Engineering workstations became a
real live billion-dollar business last
vear. The fastest growing computer
market held up in the face of an indus-
try slump, and should continue to
cruise along in 1987. High-growth in-
dustries tend to have common trends,
and this one will be no exception.
Prices will drop and market share will
consolidate in the hands of a handful
of players, while new applications,
such as publishing and software engi-
neering. will solidify.

Sales should reach $1.86 billion in
1987, forecasts market research firm
International Data Corp. in Framing-
ham, Mass. IDC analyst Vicki Brown
says that unit sales are way up, but
that the average selling price of a
32-bit, graphics-oriented, networked
single-user computer (IDC’s defini-
tion of a workstation) shriveled from
$30,000 in 1985 to $22,000 last year.

Two key markets emerging this year
are electronic publishing and software
writing — usually referred to as
CASE, for computer-aided software
engineering. These applications do
not need the high-performance color
graphics required by design automa-
tion, which is still by far the biggest
segment of the workstation market.

One of the big surprises of 1986,
IDC’s Brown also says, was the emer-
gence of Hewlett-Packard Co. as the
workstation leader, although other an-
alysts, including Dataquest Inc. of San
Jose, Calif., say Apollo Computer Inc.
of Chelmsford, Mass., and Sun Micro-
systems Inc. of Mountain View,
Calif., still dominate the market.

HP, which does not break ot its
workstation sales but agrees witk
IDC’s conclusions, says its strength
was not in selling to design engineer-
ing, the traditional destination for

workstations. Instead, HP found new
homes for workstations, on the facto-
ry floor and in the lab, as controliers
for clusters of HP instruments. Mea-
surement automation ‘“is becoming a
smaller proportion of our sales as
other markets like design automation
and software engineering come up,”
reports William Parzybok, vice presi-
dent and general manager of HP's
Engineering Systems Group in Fort
Collins, Colo.

CASE:s in point

For some analysts, however, includ-
ing Dataquest, Sun is the undisputed
leader in electronic publishing and
CASE. Sun president Scott McNealy
says that he sells CASE stations to
what he calls “internal OEMs,” rather
than through regular original equip-
ment manufacturers. ‘“More often
than not it’s an EDS or a Boeing or a

Lockheed or a Hughes or somebody
like that who's got thousands of soft-
ware engineers.” he says.

“The other area is Al,” McNealy
says, referring to artificial intelli-
gence. “It’s not necessarily a market.
but a technology that's probably going
to drag us into a lot of weird markets
that we wouldn’t have gotten into.”

Not surprisingly, McNealy is more
excited about the design markets than
Sun’s current strongholds. Some of
those internal OEMs have been using
their Suns to write software for com-
puter-aided design, manufacturing
and engineering (CAD/CAM/CAE).
The CAE and CAD markets have been
a little sluggish lately, but will bounce
back, McNealy says. ““It comes in cy-
cles, and maybe we're down at the
bottom, but I see a lot of good devel-
opment going on,” McNealy says. “I
haven’t given up on it at all.”

Artificial Other
intelligence 5%

Design automation is still the major

market for workstations
Workstation sales by end market

Total 1986 sales
$1.5 billion
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Anxious to add Sun to its list of
original equipment manufacturing
(OEM) suppliers is CAE/CAD vendor
Racal-Redac Ltd. of Tewkesbury, Eng-
land. The firm just signed a $25 mil-
lion extension to its deal with Apollo.
Redac also sells systems based on ma-
chines from IBM and Digital Equip-
ment Corp. But Redac chief executive
lan Orrock likewise sees Sun as a
powerful contender in Europe, Japan
and Scandinavia, due to its OEM ar-
rangements with major computer ven-
dors in those regions. “Sun’s greatest
strength,” Orrock adds, “is its soft-
ware tools.”

Apollo, however, late last year
struck a blow into Sun’s CASE heart-
land, landing a contract for some 130
workstations for the Software Produc-
tivity Consortium. The Consortium is
a group of 14 defense contractors —
including Allied-Signal Inc., Martin
Marietta Corp., TRW Inc. and United
Technologies Corp. — founded in
September 1985 to streamline and
regulate the process of writing soft-
ware for military systems.

“Since it was not a government pro-
curement, we were free to write a
sensible RFP [request for proposal).”
quips John Githens, vice president for
the Consortium’s Environmental En-
gineering division in Reston, Va. Git-
bens likes Apollo because *‘they were
not just a workstation and/or network
vendor.” He particularly likes the per-
formance of Apollo’s propnietary Do-
main network. But the Consortium
would not have gone with Apollo if
the company had not ‘“‘opened up
their network,” with ties into net-
works and hardware from other sup-
pliers.

He says that Apollo was “more for-
ward-looking™ and — surprise —
more aggressive on pricing than Sun,
usually regarded as the low-end lead-
er. Githens says DEC also bid on the
contract.

Publishing for doliars

Electronic publishing is also prov-
ing 10 be a boom market for work-
stations, accounting for 18% of 1986’s
sales, or $270 million, according to
Dataquest. Two years ago, that share
was only 13% for a $55 million total.
Start-ups and established companies
alike are rushing to offer software for
the layout and design of publications,
both for internal consumption and
distribution [ELECTRONIC BUSINESS
February 15, 1987]. Xerox Corp. was
big enough to offer its own worksta-
tion as a publishing engine, with its
proprietary microprocessor and oper-
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Hewlett-Packard

Apollo

Silicon Graphics -859 (4.2%)

1BM - $48 (3.4%)

MASSCOMP .s 35 (2.5%)

Other .330 (2.1%)

Note: Percentages co not total 100 cue 10 rounding

Top U.S. workstation companies
* 1886 workdwide sales ($ millions)®

* System sales: doss not include board-leve! products

$398(28.3%)
BN $391(27.8%)

£ $341(24.3%)

Total
1986 market

$1,405 million

ating system. But most workstation
companies have ralhed around the
168000 series of chips from Motorola
nc.

The rise of electronic publishing,
meanwhile, has opened up new oppor-
tunities for third-party software com-
panies and system integrators. Inter-
leaf Inc. of Cambridge, Mass., for
example, offers software for Apollo,
DEC and IBM workstations as well as
Sun. “Our decision proved right in
hindsight,” Interleaf marketing vice
president George Potter says of opting
out of the proprietary hardware busi-
ness. “Apollo ships in a week what we
ship in a year,” he says, for example.
This way Interleaf can concentrate on
software development. At the same

Another new market
for workstations is
financial analysis

time, Interleaf competitor Texet Corp.
of Arlington, Mass., last year switched
from homemade hardware to Sun,
says president Al Ireton, just in time
to land a deal with typesetter supplier
Compugraphic Corp., which was
working on its own Sun-based system.

Another new market for work-
stations, one with “the potential to be
the biggest market in this industry,”
according to IDC’s Brown, is financial
analysis. “One of our largest single
orders for workstations came from a
non-engineering market, namely a
large banking institution,™ says Rich-

ard Lewan, a marketing manager at
DEC in Marlboro, Mass. Lewan says
that the computing requirements of
financial analysts — number-crunch-
ing on the desktop, multiple windows
onscreen, tight networking — dupli-
cate those of engineers. ““You talk
about these people moving billions of
dollars around,” he says. “They’re not
afraid to spend some money on a
workstation.™

The players

As the market matures, the hard-
ware from the players in the worksta-
tion arena is getting more and more
difficult to differentiate at a casual
glance, according to Dataquest ana-
lyst David Burdick. Apollo used to be
“The Proprietary One” and Sun, with
its emphasis on the Unix operating
system and Ethernet network, “The
Standards One.” Now, Apolio offers
its version of Unix. HP always did.
Standardization will not be a sales
pitch in 1987 “because everybody’s
got it,” predicts Edward Zander,
Apollo’s vice president for corporate
marketing.

All three firms — Apollo, HP and
Sun — use the 68020 chip from Mo-
torola, but Parzybok hints that it
would not be unreasonable to expect
Hewlett-Packard to adopt its so-called
Precision Architecture — based on
proprietary reduced instruction set
computing (RISC) chips. The 68030 is
due early this surmmer, Burdick says,
and its ready-made 68000 series soft-
ware base will discourage the worksta-
tion companies from looking else-
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where. The Intel Corp. 80386 is
starting to ship. but the three leaders
all claim disinterest.

Burdick of Dataquest also predicts
that, as the machines become generic,
marketing will be the distinguishing
factor. Salesmanship will become in-
creasingly important, he says.

Among the crowd, Silicon Graphics
Inc. of Mountain View is “‘a company
to look out for,” according to Burdick.
Silicon Graphics has staked out a cozy
niche for itself at the highest end of
the workstation market. The company
sells 3-D graphics machines running
$40,000 to $60.000 into markets such
as mechanical CAE. animation and
visual simulation. “At the high end.
they are starting to be considered a
mainstream application and architec-
ture. and they are certainly recognized
as the leader there.” Burdick con-
tends.

Dana Computers Inc. and Stellar
Computer Inc. are two start-ups
whose principals include famous
names from Convergent Technolog:z:
Inc. and Apollo, respectively. B!
firms profess to deliver by the end &~
the year ultra-high end graphi-s er-
gines. Silicon Graphics director jor
product marketing Craig Olson says
he thinks these two could price them-
selves out of his market.

*I don't see how they could possibly
catch Silicon Graphics.” IDC’s Brown
says. Olson adds that the “three key
players,” to his mind Apollo, DEC
and Sun, are not competing in his
market yet. His firm currently has an
OEM deal with Control Data Corp.

Another new contender in the work-
station world is MASSCOMP Corp. of
Westford, Mass. “The primary differ-
ence between us and most of the oth-
ers is that we supply product to people
that sell workstations,” according to
Douglas Rowan, vice president for
domestic sales and marketing. Harrnis
Corp., and Unisys Corp.’s Graftek
subsidiary, for instance. This was not
always the case. Before MASSCOMP
located its niche in real-time comput-
ing and data acquisition, it lost money
trying to compete in the general pur-
pose market.

In his business, Rowan says, he runs
intoc DEC and HP as competitors.
Right now, MASSCOMP is teaming
up with Sun in competition for.a
4,000-workstation contract to the Na-
tional Security Agency, the U.S. hush-
hush communications spy agency.
Systems Development Corp., a Unisys
systems integrator, is bidding the pair
against Apollo, and another integrator
is bidding IBM hardware, according

Worldwide workstation sales
by U.S. vendors*

$ milions
$2,500 1
2,000
1,500 ¢
1,000 1
500 |

* System sales; does not inchude board-level products

Source: intemational Deta Corp

to Rowan. He says that the NSA
spec’d a two-part buy, with the gener-
al-purpose machine based on Apollo,
«ad the real-time machine based on
*ASSCOMP. The winner is expected
1o be announced this month.

Four more to watch

Intergraph Corp., the Huntsville,
Ala., CAD/CAM company, is known
for picking smart hardware strategies

— Intergraph was an early DEC

OEM. So president James Meadlock
did not exactly shock anyone when he

steered Intergraph away from hosts to
a distributed Unix workstation-based
setup. But he did when he opted to
build his own, especially with the

Smart money would not
count either DEC or
IBM out of the race

Fairchild Semiconductor Corp.’s
Clipper chip as its heart. “It doesn’t
make sense to run Unix on a DEC
workstation,” is Meadlock’s reason-
ing. .
Now Intergraph is upping the volt-
age of its shock, with its January an-
nouncement that it is plunging whole-
heartedly into the general-purpose
workstation business. All of this mere
months after denying any interest in
the OEM market because of the “fric-
tion point” between OEMs and the
systems suppliers that buy from them.
Up until now, workstation sales, bun-
dled with software, have been a little
disappointing, Intergraph admits.
Prime Computer Inc. in Natick,
Mass., is another CAD/CAM compa-

ny, at least for a big part of its mini-
computer business. Prime promised a
workstation a year ago. but so far has
not delivered. “‘It's got to be really
hurting them,” Brown says. Another
minimaaer, Data General Corp. of
Westborough, Mass.. has a strong -
CAD/CAM presence. “‘Compared to
Apollo and Sun and even Digital.
we're a little later getting into this
market,” admits director of product
marketing John Scanlon. “But we
have a strong customer base to build
on."”

The Macintosh personal computer
from Apple Computer Inc. of Cuperti-
no, Calif., is not a workstation by any.
means. However, the rumored second
generation Mac will almost certainly
contain the same Motorola chip pow-
ering most of the machines. Apple’s
vice president for new business devel-
opments, John Scull, will not com-
ment on the subject, nor whether
Apple will target workstation markets.
But he does say “there is absolutely no
question that the power of a worksta-
tion will move to the desktop.”

Meanwhile, CAE market leader
Mentor Graphics Corp. sells systems
based on Apolio computers. Vice
president Gerald Langeler is keeping a
weather eye on Apple from his base in
Beaverton, Ore. *‘It’s going to be a
very capable product,” he says of the
next Mac, “‘every bit as good as the
386 PC. And it may have some good-
ies that the *386 doesn’t have. But it’s
not clear that they’re going to make a
big thrust” into CAE.

What’s missing from this picture?
DEC and IBM, that’s what. “Both of
these companies did surprisingly
poorly,” IDC’s Brown contends. “The
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problem DEC and IBM face is, are
they going to eat their own children?”
Burdick explains — meaning that
newer machines could rapidly obso-
lete their current product line. He says
that the two, as leaders in host-based
computer systems, are havmg a hard
time managing their way into distrib-
uted computing. Or even deciding if
that is what they want to do.

In DEC's case, “surprisingly poor-
ly” is a relative term at best. Both
analysts count only complete work-
stations, that is, a computer with
graphics. DEC has only offered a color
graphics workstation for a year. It has
sold at least 25,000 of its MicroVAX 11
board-level products, Burdick esti-
mates. But he does not count those
sales as workstations, because he says
most customers are using the Micro-
VAX 1II as a three- or four-person
mini-host. DEC fans will point out
that any dollar spent on a MicroVAX
IT will not end up in the pockets of
Apollo, HP or Sun.

Apollo admits as much. “In techni-
cal markets, DEC is the incumbent.”
Zander says. Besides a massive soft-

ware base running under its VMS
operating system (the MicroVAX can
support it or DEC’s version of Unix),
Zander says DEC is perceived as a
safer buy than the younger companies.
“Where DEC will win — and they do
win — against us, is in the corporate
sell,”” Zander says.

DEC also has no shortage of OEMs.
Nearly everyone who sells something
that runs on any one workstation, also
sells it on the MicroVAX. Smart
money would not count either DEC or
IBM out of the race.

And from the East . . .

Workstation vendors cannot help
but give a glance now and then to the
Far East. Nearly every Japanese com-
puter company has announced some
kind of a workstation, but few have
arrived in the United States. Most
follow the Motorola/Unix strategy.

To date, however, NEC Corp. is the
only Japanese company to bring a
workstation to the United States.
NEC, which had been embroiled in a
messy microprocessor patent infringe-
ment suit, stuck to a dual-Motorola

chip design for its workstations. *“*We
just wanted to stay in a standard ar
chitecture,” says Frank Girard. vice
president for systems marketing for
NEC’s American sales arm in Box-
borough, Mass.

With a moving video-oriented
product, NEC will focus on the auto-
motive and aerospace industries.
going after large companies with deep
pockets, rather than trying to sign up
OEMs, Girard says.

Meanwhile, Japan’s Ministry of o
ternational Trade and Industry's
Sigma project has started to produce
workstations as well. And another
state-sponsored effort is coming up
with a Unix competitor called TRON.
That is something way off, Sun’s Mc-
Nealy says. ““Let’s assume they get it
done and they announce it,” he says.
“It’s still going to take another seven
or eight years to have it all ready. The
industry, practically, is behind Unix.
There is not a major company in the
industry today that doesn’t have Unix
in its product line. TRON is going to
be a while and there will be time to
react.” C

Whither Armonk?

BM introduced its RT PC — for

reduced instruction set computer
(RISC) technology — in January
1986 with, for Armonk, no small
fanfare. The RT, IBM’s worksta-
tion, has so far proved something of
a flop.

“It has clearly been a very, very
big disappointment,’’ says analyst
David Burdick of Dataquest Inc,,
San Jose, Calif. He estimates only
3,000 to 5,000 were sold last year,
concluding that the figure is closer
to 3,000. “In technical markets you
can’t get too cute with nothaving
leading-edge performance,” Bur-
dick contends. “It has a third to a
fifth of the average floating point

clumsy graphics.”
“It i1s not a technolopml barn-

burner,” agrees Vicki Brown, an an-
alyst with International Data Corp. -
(IDC) in Framingham, Mass. She _
expects IBM will correct most of
the RT's performance deficiencies .
in early 1987. Still, without the solt= -
ware or original equipment many- _ -

the market, Brown says. ¥ 7550
e 3 Sen

performance, 5o networking and

facturers (OEMs) many ex to
dog the KT, it will be 1988 before’
IBM has ngniﬁanl dfed" 0

Jose computer-aided engineering
(CAE) company, was one of the first
to anpounce its intent to support
the RT. Valid still has not offered an
RT-based system. Marketing vice
president David Foster runs some
software on a proprietary worksta-
tion and some on Digital Equip-
ment Corp.’s VAXstation.

“Once CV [Computervision] and
others had a move to consider the
RT. That has really fallen off,” ad-
mits Bardwell Salmon, marketing
vice president for Computervision
Corp. in Bedford, Mass. CV is bet-
ting on a Sun workstation to power
most of its co -aided design/
manufacturing (CAD/CAM) sofi-
ware. Libwue, Robert Lodi, mar-
keting vice president for VIA
Systems Inc. of Chelmsford, Mass.,
which sells CAD software for inte-

 circuit design on computers
DEC and Sun is unim-

’ *The RT has no advan-

ngesmthcenpnemnghxsmess,
" Lodi claims. ~

.17 ApoHo"s Fander says that the
d mcﬂ’eaonhlsbusmmhasbeen

“Whm;ytwn.ive -
. feads to pro:gt

.

thinks, may be “‘forgetting about
our little dinky part of the business.
What is it, even if it grows to 33
[billion], $4 billion, compared 10
the overall computer industry?”
Even though IBM may have sold
more RTs than some of its other
competitors suspect, DEC’s Lewan
says he’s not worried either. Lewan
claims that his customers have a
performance “checklist” with mini-
mum requirements for graphics,
networking, power and price —
none of which the RT meets.
“This will be the year to tell
whether IBM will be a strong con-
tender with the RT — whether it
will be the RT or the *386,” says
Brown of IDC. She says that any
tential workstation based on
ntel Corp.’s 80386 chip would
come out of a different division
within IBM. The two would end up
competitors. *“It’s not out of the
question that IBM would drop it,”
she says of the losing product. Data-
uest’s Burdick agrees that this is
e year to ask, “Is the RT part of
the long-term equation?” He points
out that at the end of the RT intro-
duction last year, IBM quietly an-
pounced the discontinuation of its

mudecﬁnwiobeimniewe[%

U -~
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