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This article takes a | ook at a number of practical business reasons why
Power PC wi | | be the better choice of a nmicroprocessor than Pentium The
busi ness issues boil down to the fact that as an ol der architecture,
Pentiumis nore expensive to build, will continue to be nore difficult to
i mprove, and suffers fromthe sane shortconi ngs as any sol e-source part.
Power PC i s | ess expensive to produce, easier to advance, and has the
advant age of bei ng designed and manufactured by multiple sources.
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To best understand where the two microprocessor famlies stand in today's narket
it is necessary to take a look at the primary design criteria of both. PowerPC
is a new architecture which was designed specifically to neet the conputing
needs of this decade and beyond. Those needs are very high performance at | ow
cost. Intel acknow edges that Pentium was designed with backward conpatibility
with the installed base of DOS applications as its nunber one design criteria.

PowerPC s roots lie in the powerful |BM POAER (Perfornmance Optimzation Wth
Enhanced RI SC) architecture introduced in 1990. The POAER architecture is a
very high perfornmance RI SC architecture designed initially for use in high end
wor kst ati ons and servers. PowerPC is a cost reduced adaptation of this
architecture by the joint design teans of Apple, IBM and Mdtorola. PowerPC
starting with its first its generation has always been intended for use in high
performance conputers, be they desktop, server, or portable.

Whil e PowerPC s roots are in high perfornmance conputing, the x86 architecture's
roots lie in the sinple 4004 calculator chip which Intel built in the early
1970s. The 4004 led to the 8008 and then 8080 the i nmedi ate predecessor to the
8086. The x86 architecture was essentially defined by its nanesake 8086, the
grandfat her of all succeeding x86 generations including Pentium Intel had not
i ntended to make the 8086 the basis for a | ong succession of chips so it
probably didn't put as nuch effort into designing these early-generation parts
as it would have had it intended the x86 to be the foundation for nmany
generations to cone. |In fact, according to John Warton, author of many
articles about Intel's x86 processors and a forner Intel enployee, the first
generation of the 8086 was designed by three engineers in a hotel roomover the
course of a couple of weeks. Intel was putting its serious mcroprocessor



design efforts into its ill fated APX432 processor

Because the | BM Power architecture was designed with very high clock speeds and
nodern i npl enentation techni ques |ike superscal ar execution and deep pipelining
inmnd, it was optim zed for the ability to run at hi ghspeeds and to take
advant age of these inplenmentation techni ques through the use of such R SC
architectural features as fixed size instructions, large register sets, and

m ni mal nunber of nenory addressi ng nbdes. Because the x86 was defined | ong
bef ore today's advanced i nplenentation techniques were available to

m croprocessors (and at a tine when 5 MHz was considered fast) it was designed
as a conplex CISC architecture which nmust be squeezed into these npdern

i mpl ement ati ons.

Intel's effort to bring an older architecture closer to nodern perfornmance
standards has resulted in a processor with a |arge and expensive die size,
t hermal output |evels which has brought a new nmeaning to the term"a hot PC"
and ultimately delivered considerably |ess than industry-I|eadi ng performance.

Lets | ook at each of these factors from a busi ness perspective:

Die size

CI SC architecture mcroprocessors, |like Pentium typically have a higher

transi stor count than conparable RISC processors. And |[|arger nunber of
transistors will generally translate to a larger die size and hi gher thernma
output. There has already been a considerabl e anbunt witten in the press about
the larger die size of Pentiumrelative to Power PC but nost conputer buyers
probably remain unaware of why the relative die size or transistor count is
important to them These characteristics directly affect the cost to produce a
m croprocessor. And if a manufacturer nust pay nore to produce a part it is
likely that ultimately they will have to charge nore for the part.

Additionally, over the long termit will be increasingly difficult for the nore
expensi ve processor architecture to maintain its place in the narket. (A nore
conpl ete conpari son of the transistor count and die size of Pentium and Power PC
are covered later in this paper.)

The hi gher thermal output of Pentium conpared to PowerPC will lead to higher
system costs because of the need for conpl ex heat sinks or larger and bigger
cool i ng fans. But the additional cost of these fans and heat sinks is not very
great. The big financial inpact will be on those individuals and organi zati ons
that had intended to upgrade their current 486 based systens to a Pentium based
system but are unable to do so because of the significantly increased cooling
requi renents of Pentium processors were not considered by the manufacturers of
their supposedly "Pentium upgradeabl e" 486 based system (See the Appendi x
"Pentium Upgrade Hoax" for nore details).

Devel opnent issues

Devel opi ng succeedi ng generations of an older architecture is likely to cost
considerably nore and take far | onger than devel opi ng new generati ons of nore
nodern m croprocessors. The reasons for this again lie in the fact that nuch
effort (both tinme and noney) nust be devoted to sections of the processor that
exist primarily to maintain conplete conmpatibility with previous generations of



the processor, generations for exanple that were desi gned when the fastest
anticipated cl ock speed was 12 Mz rather than the 120 or 200 MHz expected by
the md 1990s.

In the past, when Intel didn't face as nuch conpetition in the m croprocessor
busi ness, |ong expensive design cycles for successive generations of processors
wasn't a significant issue. But now as the microprocessor market advances
rapi dly, long and expensive design cycles could put the Pentiumand its
successors at a significant conpetitive disadvantage since it should take Inte
| onger and cost it considerably nore noney to design future generations of its
x86 processors than it will for the PowerPC alliance nenbers to devel op
succeedi ng processor generations. 1In fact, while the next generations of the
Power PC processor will ship in 1994, experts are not expecting to see the next
generation of processor fromlntel until 1995. Mtorola and | BM have al ready
shown sanpl es of the next versions of PowerPC, the 603.

Probl ems due to sol e sourcing

When a key conponent, like Pentium is available fromonly one supplier the
supplier nmay make decisions not in the best interest of its customers.
Traditionally, electronics nanufactures have been unable to sell their parts if
they were the only source for those parts. The reason for this is that having a
singl e conpany as the only supplier of such a key conmponent as a m croprocessor

| eads to a nunber of conditions which are | ess than favorable for that part's
custonmers and the end users who are the consunmers of the products.

One of the key business reasons for the ultimate success of PowerPC will be the
fact that it is being manufactured and sold by multiple suppliers. In fact one
of the nobst inmportant reasons for the formati on of the PowerPC alliance was to
ensure that Power PC woul d be avail able fromnore than one supplier, and that the
suppliers would have to conpete with each other on pricing and other single
supplier issues. This section |ooks at sone of the nunmerous reasons why a sole
source for a microprocessor, like Pentium is a less than ideal situation for
conput er manufacturers and nore inportantly the customers of the conputer

manuf acturers, the party that nmust ultimately pay for a single sourced part.

Pricing

It doesn't take a professor of economics to figure out that if only one conpany
is supplying a critical conponent that conpany will charge an exceptionally high
price for that part. Intel has nmade no secret of the fact that it has fought to
maintain its sole source position in x86 parts because as a sol e source supplier
it can charge nmuch nore for its chips than it could if there were alternate
suppliers. So long as a mcroprocessor is available fromonly a single supplier
(especially a supplier that spends many nmillions of dollars in court fighting to
remain a sole source for the part) that part will be priced much higher than one
that has to be priced according to market forces.

For exanple, fear of cutting into its very profitable 486 business is cited as
one of the reasons for the high price of Pentium Although Pentiumis very
expensive to manufacture, at a selling price of over $800 it should still be
profitable for Intel. But, apparently because Pentiumyields are | ow, producing
nore Pentiumparts would require Intel to give up too nuch of its very



profitable 486 capacity so it is slowto bring Pentiumto market in the nunbers
its customers require.

Those who are depending on Intel for the | atest generation of mcroprocessor

| ose out. They must either pay the very high chip price, or make do with ol der
generation parts. |If an alternate Pentium supplier existed Intel could not keep
Pentium prices high in order to protect its 486 profits. Both experience and
conmon sense dictate that when nmultiple suppliers offer simlar parts, as is the
case with PowerPC, |ower prices are inevitable.

Availability

Shortages of the | atest generation parts can easily occur in the case of a sole
supplier since any glitch in that single manufacturer's process could cause a
halt in production or lead to production of parts with an unacceptable bug in
the part. Al production of the part would have to be slowed or stopped till
the sol e manufacturer solved all of the problems. Intel's problens supplying bug
free versions of both the 386 and 486 in the volunes and tinme period originally
announced have been well docunent ed.

Al 'though it easy to see why having a single supplier for the | atest generation
of a processor could lead to a short supply, a sole source situation often |eads
to availability problens with ol der and | ess expensive parts as well. Even
parts that have al ready gone through the |earning curve problens of new chips
can be subject to these shortages Wien a chip naker can charge much nore for its
latest chip than it can for older chips but it has limted production capacity
for all chips, it will devote its production to building the nost profitable
chips. And because sem conductor manufacturing capacity is so costly and takes
so long to build, a sole source manufacturer often becomes capacity linmted
causing it to put its customers on allocation

Many observers believed that the acute shortage of 386 parts in 1989 and the
shortage of 486SX parts in 1992 and early 1993 was due to Intel's devoti ng nost
of its fabs to building the nore profitable 486DX parts. Custoners that had
become dependent on Intel for their processors were forced to pay nore for the
avai | abl e higher priced parts or sinply wait until the | ess expensive parts
becane avail abl e.

Mul ti ple sources for the sane chip doesn't absolutely guarantee better
availability of all generations of parts regardless of their price range, but
i ndustry experience has generally shown that it does.

Desi gn advances

A sol e source supplier whose custoners have becone dependent on it for a key
conponent has |less incentive to rapidly advance its products or create different
versions of the products. Designing advances to a processor or creating new
versions is an expensive process. It requires a large investnent in time and
noney, and without conpetitive nmarket forces a conmpany has little incentive to
make such investnments until absolutely necessary.

Intel provided an excellent exanple of this behavior with its 486
m croprocessor. Prior to the entry of AMD and Cyrix into the x86 market with



386 conpatible parts (parts which Intel continues to contest in court and parts
which may ultimately be deternined to be illegal) Intel felt little pressure to
offer different varieties of its processors. Once it felt conpetition from

t hese conpani es though it started to design different versions of the 486. Sone
of these versions provided significant benefits to computer buying custoners,

yet it seens likely that many of these versions would never have been produced
by Intel had its 486 nonopoly not been breached by AVD and Cyri X.

Not only does direct conpetition between manufacturers spur advances but the
conbi ned resources of nultiple conpani es nakes advances possible that could be

too costly or too risky for a single conpany to undertake. |BM Apple and
Mot orol a, have a conbi ned R&D budget of over $8 billion while Intel's total R&D
spending i s about one tenth as much at about $800 nillion. The conbi ned

financial, engineering, design and nanufacturing resources of the PowerPC
al i ance conpani es far exceeds Intel's resources.

Process linmtations

A single manufacture is Iimted to using only those production processes for
which it has experience or is able to obtain licenses. |f a particular
processor architecture can only be produced by a certain process or if a certain
process is necessary for the production of certain speeds of a processor a sole
source producer (and its dependent custoners) would be at a significant

di sadvantage. The first generation of PowerPC, the PowerPC 601, is available
fromboth Mtorola and | BM even though it is being produced using | BMs advanced
.6 nicron technol ogy.

Because Intel does not yet have sufficient .6 mcron production capacity and it
has not |icensed any second sources, the Pentium processor is currently being
produced with Intel's |l ess-advanced .8 nicron technology. But Intel, and its
custoners, would be better off if Pentiumwas currently being produced with the
nore advanced .6 mcron technology. By the tine Intel is able to produce
significant volunes of Pentiumwth .6 mcron technol ogy | BM and Modtorola shoul d
al ready be producing the next generation of PowerPC in .5 mcron technol ogy.

The conbi ned technol ogy and production resources of two of the best
sem conduct or nanufacturers in the world should insure that PowerPC custoners
wi Il always have the best process technol ogy avail abl e.

For further conpetitive analysis on PowerPC versus Pentium please refer
to the following Tech Info Library articles:

1) Power PC Techni cal |ssues: Conpetitive Analysis

2) RISC and CISC, Wy the Difference: Conpetitive Analysis

Qur thanks to Stephen Dougherty of Apple Conpetitive Analysis for his perm ssion

to add this article to the Tech Info Library.

Article Change History:
17 Mar 1995 - Corrected Power PC wordi ng.
11 Mar 1994 - Reclassified for public access.
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