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208  Chapter 7

mutilate punched-card environment as one could possibly find. Th
hardware they were using was not “personal,” but the way it was hein
used was personal: for fun, interactively, with no concern for how man
ticks of the processor one was using. That was what people wanted when
two years later, personal computers burst into the markert.

Spacewar was running on a PDP-10. In terms of its hardware, a PDP-1
had nothing in common with the personal computers of the nex
decades.* It was large—even DEC’s own literature called it a main
frame.® It had a 86-bit word length. A full system cost around a hal
million dollars and easily took up a room of its own, It used discret
transistors and magnetic cores, not integrated circuits, for logic aric
memory.® Still, one can think of the PDP-10 as an ancestor of th
personal computer. It was designed from the start to support interactiv
use. Although its time-sharing abilities were not as ambitious as those &
MIT’s Project MAC, it worked well. Of all the early ime-sharing systeris
the PDP-10 best created an illusion that each user was being given th
full attention and resources of the computer. That llusion, in turn
created a mental model of what computing could be—a mental mode
that would later be realized in genuine personal computers.” '

Chapter 5 discussed the early development of time-sharing and th
selection of a General Electric computer for Project MAC at MIT. Whil
that was going on, the MIT Artificial Intelligence Laboratory obtained
DEC PDP-6, the PDP-10’s immediate predecessor, for its research (ﬁgurf
7.1). According to the folklore, MIT students, especially members of th
Tech Model Railroad Club, worked closely with DEC on the PDP-6
especially in developing an operating system for it, which would late
have an influence on the PDP-10s system software.® As a pun on th
Compatible Time Sharing System that was running on an IBM main
frame nearby, the students called their PDP-6 system ITS—Incompatibl
Time Sharing System.” The PDP-6 did not have the disk storag
necessary to make it a viable time-sharing system and only abou
twenty were sold. The PDP-10 did have a random-access disk system,
which allowed its users direct access to their own personal files.'” Liki
other DEC computers, the PDP-10 also allowed users to load personal
files and programs onto inexpensive reels of DECtape, which fitted easil
into a briefcase. .

The feeling that a PDP-10 was one’s own personal computer cam
from its operating system—especially from the way it managed the flov
of information to and from the disks or tapes. With MIT’s help
DEC supplied a system called “TOPS-10,” beginning in 1972. In the
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The Personal Computer, 19721977 209

- One of the most influential computers of all time, the DEG PDP-6, flanked by its
creators at the Mill, 1964. C. Gordon Bell is at the left, wearing the sports jacket,
The PDP-6 did not sell well but was the prototype for the more successful PDP-10
and DEC System-20. It would have as much of an impact on the course of

“computing as the much more celebrated PDP-8, also introduced at that time.
{Sowrce: Digital Equipment Corporation.)

introduction to the TOPS-10 manual, the authors stated, “Our goal has
always been that in a properly configured systemn, each user has the
feeling that he owns his portion of the machine for the time he needs to
use it.”’!! Users could casily create, modify, store, and recall blocks of
data from a terminal. The system called these blocks by the already-
familiar term, “files.” Files were named by one to six characters,
followed by a period, then a three-character extension (which typically
told what type of file it was, e.g.: xxxxxx.BAS for a program written in
BASIC). By typing DIR at a terminal users could obtain a directory of all
the files residing on a disk. They could casily send the contents of a file
to a desired output device, which typically consisted of a three-letter
code, for example, LPT for line printer, or TTY for Teletype.12

A small portion of TOPS-10 was always present in core memory. Other
programs were stored on the disk and could be called up as necessary.
One, called PIP {(Peripheral Interchange Program}, allowed users to
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210 Chapter 7

move liles in a variety of ways to and from input/output cquipm
Another program, TECO (Text Editor and Corrector), allowed users:
edit and manipulate text from a terminal. DDT (Dynamic Debuggin
Tool) allowed users to analyze programs and correct errors witho
going through the long turnaround times that plagued batch processi_r:i“
For PDP-10 users, TOPS-10 was a marvel of simplicity and eleganc.
and gave them the illusion that they were in personal control. TOPS-],
was like a Volkswagen Beetle: basic, simple, and easy to understand an.
work with."® Using a PDP-10 was not only fun but addictive. It was. 1y
accident that Brand saw people playing Spacewar on one, or that it w;
also the computer on which Adventure—perhaps the most long- Iastm
of all computer games—was written,"” '
On the West Coast another system appeared with similar capablhtle
the SDS-940, offered by Scientific Data Systems (SDS) of south
California. The 940 was an extension of a conventional computer, the
SDS 930, modified by researchers at Berkeley with support from th,
Defense Department’s Advanced Research Projects Agency. The 940 w.
more polished than the PDP-10, and it performed well. Still, the PDP:1¢,
seemed to be preferred. At the Xerox Palo Alto Research Center, th
legendary lab where so much of personal computing would be created;
the staff was encouraged to use SDS machines, since Xerox had just
purchased SDS. But the researchers there resisted and instead built a4
clone of a PDP-10, which they called MAXC—Multiple Access Compute
Xerox—the name a pun on Max Palevsky, the founder of SDS.'2
{Palevsky, after becoming very wealthy from the sale of SDS to Xerox;:

dabbled in Hollywood movies, politics, and culture—and joined thé:
board of Rolling Stone. Palevsky also became a venture capllahst with th ;
money, helping to fund Intel, among other companies.) *®

For a while, when Wall Street was enamored of anything connecté
with computers, it was easy to raise money to buy or lease a PDP-10 or
SD5-940, and then sell computer time to engineering companies o
other customers. Most of these firms were undercapitalized and did not.
understaud the complexities of what they were selling. Like the
counterparts in the electric utility industry, they had to have enough
capacity to handle peak loads, in order not to discourage customers. But.
that meant that during off-peak times they would be wasting unused and:
expensive computing equipment. The capital requirements necessary to:
manage the cycles of the business were as large as they were in the
electric power business, which had gone through decades of chaos an
turmoil before settling down. Ouly a few survived,]7 and even fewer, like
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The Personal Computer, 19721977 211

.Tymshare of Cupertino, California, did well (although it was sold to
McDonnell-Douglas in the early 1980s)."® Among those many compa-
fties, one is worth mentioning, Computer Center Corporation, or C-
Cubed, which installed one of the first PDP-10s in the Seattle area in
1968. While it was getting started, it offered a local teenager, Bill Gates,
free time on the computer in exchange for helping find and rid the
system of bugs. C-Cubed folded in 1970, having given Gates a taste of the
potential of interactive computing.'

Many of those who had access to these systems saw the future of
computing. But the financial troubles of time-sharing companies also
showed that it would be difficult to make personal, interactive use widely
available. There were attempts to make terminals accessible to the public
for free or at low cost—the most famous being the Resource One project
in the San Francisco Bay area (partially funded by the Whole Earth
Catalog). But it did not last, either.?’

. Calculators and Corporate Personal Computer Projects

- Economics prevented the spread of computing to the public from the
_top down—from large mainframes through time-shared terminals, But
s while those attempts were underway, the underlying technology was
“advancing rapidly. Could personal computing arrive from the bottom
" up—{rom advances in semiconductor electronics?

Many engineers believe that a mental model of the personal computer
was irrelevant. They believe that no one invented the personal compu-
ter, it simply flowed from advances in semiconductors, Chuck House, an
engineer involved with the early Hewlett-Packard calculators, said, “One
could uncharitably say that we invented essentially nothing; we simply
took all the ideas that were out there and figured out how to implement
them cost-effectively.” Gordon Bell stated, “The semiconductor density
has really been the driving force, and as you reach different density
levels, different machines pop out of that in time."*! To them, inven-
tions are like a piece of fruit thar falls to the ground when it is ripe, and
the inventor is given credit for doing little more than picking it up. If
that were true, one would find a steady progression of machines offering
personal, interactive use, as advances in semiconductors made them
viable. And these would have come from established firms who had the
engineering and manufacturing resources to translate those advances
into products.
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212 Chapter 7

Products that took advantage of advances in semiconductors d
appear on the market. It is worth looking at them to see whether t_hg_
validate or refute the bottom-up explanation of the PC's invention

The first electronic computers were of course, operated, as if th
were personal computers, Once a person was granted access to
machine (after literally waiting in a queue), he or she had the whol
computer to use, for whatever purpose. That gave way to more restricte
access, but those at MIT and Linceoln Labs who used the Whirlwin
TX-0, and TX-2 that way never forgot its advantages. In 1962 some
them developed a computer called the LINC, made of Digital Eqﬁ:ip
ment Corporation logic modules and intended for use by a researcher
a personal tool. A demonstration project, funded by the NIH, mad
sixteen LINCs available to biomedical researchers. DEC produce
commercial versions, and by the late 1960s, about 1,200 were in use 2l

personal computers. A key feature of the LING was its compact tape
drive and tapes that one could easily carry around: the forerunner:,
DECtape. The ease of getting at data on the tape was radically differen
from the clumsy access of tape in mainframes, and this ease would ;
repeated w1th the introduction of floppy-disk systems on persona
computers * DEC also marketed a computer that was a combination
of a LINC and a PDP-8, for $43,000. Although DECtape soon was offer_e_
on nearly all DEC’s products, the LINC did not achieve the same kind'o
commercial success as the PDP-8 and PDP-11 lines of minicomputers.”

Advances m chip density first made an impact on personal devices in
calculators.** For decades there had been a small market for machine:
that could perform the four functions of arithmetic, plus square root. In
the 1950s and 1960s the calculator industry was dominated by firms such
as Friden and Marchant in the United States, and Odhner in Eurdpé
Their products were complex, heavy, and expensive.” In 1964 Wang
Laboratories, a company founded by An Wang, a Chinese immigran
who had worked with Howard Aiken at Harvard, came out with an
electronic calculator. The Wang LOCI offered more functions, at a lowe
cost, than the best mechanical machines. Its successor, the Wang 300
was even easier to use and cheaper, partly because Wang deliberately se
the price of the 300 to undercut the competitive mechanical calculator
from Friden and others,*® (Only one or two of the mechanical calculato
firms survived the transition to electronics.) A few years later Hewlett
Packard, known for its oscilloscopes and electronic test equipment, came
out with the HP-91004, a calculator selling for just under $5,000. And
the Italian firm Olivetti came out with the Programma 101, a $3,500
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The Personal Computer, 1972-1977 213

alculator intended primarily for accounting and statistical work. Besides
irect calculation, these machines could also execute a short sequence
f steps recorded on magnetic cards.?’ Like the LINC, these calculators
sed discrete circuits. To display digits, the Wang used “Nixie” tubes,
“an ingenious tube invented by Burroughs in 1957, HP used a small
athode-ray tube, as might be expected from a company that made
‘pscilloscopes.

. By 1970 the first of a line of dramarically cheaper and smaller
calculators appeared that used integrated circuits.®® They were about
the size of a paperback book and cost as little as $400. A number of
‘wealthy consumers bought them immediately, but it wasn’t until Bowmar
advertised 2 Bowmar Brain for less than $250 for the 1971 Christmas
season that the calculator burst nto public consciousness.?® Prices
"plummeted: under $150 in 1972; under $100 by 1973; under $50 by
1976; finally they became cheap enough to be given away as promotional
trinkets,™” Meanwhile Hewlett-Packard stunned the market in early 1972
with the HP-35, a $400 pocket calculator that performed all the
logarithmic and trigonometric functions required by engineers and
scientists. Within a few years the slide rule joined the mechanical
calculator on the shelves of museums.™

Like processed foods, whose cost is mostly in the packaging and
marketing, so with calculators: technology no longer determined
commercial success. Two Japanese firms with consumer marketing
skills, Casio and Sharp, soon dominated. Thirty years after the comple-
tion of the half-million dollar ENIAC, digital devices became throw-away
commodities. The pioneering calculator companies either stopped
making calculators, as did Wang, or went bankrupt, as did Bowmar,
Hewlett-Packard survived by concentrating on more advanced and
expensive models; Texas Instruments survived by cutting costs.

The commodity prices make it easy to forget that these calculators
~ were ingenious pieces of engineering. Some of them could store
sequences of keystrokes in their memory and thus execute short
programs. The first of the programmable pocket calculators was
Hewlett-Packard’s HP-65, introduced in early 1974 for $795 (figure
7.2). Texas Instruments and others soon followed. As powerful as they
were, the trade press was hesitant to call them computers, even if
Hewlett-Packard introduced the HP-65 as a “personal computer”
(possibly the first use of that term in print).?* Their limited program-
ming was offset by their builtin ability to compute logarithms and
trigonometric functions, and to use floating-point arithmetic to ten
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Figure 7.2
HP-65. {Source: Smithsonian Institution.)

decimal digits of precision. Few mainframes could do that witho
custom-written software. :
The introduction of pocket programmable calculators had seve
profound effects on the direction of computing technology. The first w;
that the calculator, like the Minuteman and Apollo programs of th
1960s, created a market where suppliers could count on a long produ
tion run, and thereby gain economies of scale and a low price. As chi
density, and therefore capability, increased, chip manufacturers face
the same problem that Henry Ford had faced with his Model T: on
long production runs of the same product led to low prices, but marke
did not stay static. 'That was especially true of integrated circuits, whi¢
by nature became ever more specialized in their function as the levels o
integration increased. (The only exception was in memory chips, whi:ch
is one reason why Intel was founded to focus on memories). Th
calculator offered the first consumer market for logic chips that allo'w'_
companies to amortize the high costs of designing complex integﬁlie__
circuits. The dramatic drop in prices of calculators between 1971 ang
1976 showed just how potent this force was. ™ :
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218 Chapter 7

By 1971 the idea was rcalized in silicon. Several engineers dese
credit for the invention, Ted Hoff, an engineer at Intel, was responsifs
for the inidal concept, Federico Faggin of Intel deserves credit fo
realization in silicon, and Gary Boone of Texas Instruments design,
similar circuits around that time. In 1990, years after the microproce
became a household commodity and after years of litigation, Gil Hya
an independent inventor from La Palma, California, received a paté
on it. Outside the courts he has few supporters and recent court rilin,
may have invalidated his claim entirely.*® i

The story of the microprocessor’s invention at Intel has been to
many times."”” In essence, it is a story encountered before: Intel w,
asked to design a special-purpose system for a customer. It found that |
designing a generalpurpose computer and using software to tailor it
the customer’s needs, the product would have a larger market.

Intel’s customer for this circujt was Busicom, a Japanese company that
was a top seller of hand-held calculators. Busicom sought to produce
line of products with different capabilities, each aimed at a differes
market segment. It envisioned a set of custom-designed chips th
incorporated the logic for the advanced mathematical function
Intel’s management assigned Marcian E. Hoff, who had joined__ th
company in 1968 (Intel’s twelfth employee), to work with Busicom:’

Intel’s focus had always been on semiconductor memory chips. It ha
shied away from logic chips like those suggested by Busicom, since it felt
that markets for them were limited. Hoff’s insight was to recognize th
by destgning fewer logic chips with more general capabilities, one could
satisfy Busicom’s needs elegantly. Hoff was inspired by the PDP-8, which
had a very small set of instructions, but which its thousands of users had
programmed to do a variety of things. He also recalled using an IBM
1620, a small scientific computer with an extremely limited instruction:
set that nevertheless could be programmed to do a lot of useful work::

Hoff proposed a logic chip that incorporated more of the concepts of
a general-purpose computer (figure 7.3). A critical feature was the abili
to call up a subroutine, execute it, and return to the main program : as
needed.”® He proposed to do that with a register that kept track of Where
a program was in its execution and saved that status when interrupted t to
perform a subroutine. Subroutines themselves could be 1nterrupte
with return addresses stored on a “'stack”: an arrangement of reglsters
that automatically retrieved data on a lastin-first-out basis.*

With this ability, the chip could carry out complex operations stored
as subroutines in memory, and avoid having those functions perma-
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220 Chapter 7

That flexibility meant that the set of chips could be used for’
other applications besides calculators. Busicom was in a highly co
titive and volatile market, and Intel recognized that. (Busicom eventiig]
went bankrupt.) Robert Noyce negotiated a deal with Busicon
provide it with chips at a lower cost, giving Intel in return the righ':
market the chips to other customers for noncalculator applicatio
From these unsophisticated negotiations with Busicom, in Noye
words, came a pivotal moment in the history of computing.®

The result was a set of four chips, first advertised in a trade journal
late 1971, which included “a microprogrammable computer on
chip!”®" That was the 4004, on which one found all the bhasic regi's't.
and control finctions of a tiny, general-purpose stored-program comp
ter. ‘The other chips contained a read-only memory (ROM), randong:
access memory (RAM), and a chip to handle output functions. The 4(
became the historical milestone, but the other chips were Important:
well, especially the ROM chip that supplied the code that turned
general-purpose processor into something that could meet a customé.
needs. (Also at Intel, a team led by Dov Frohman developed a ROM"c_hlp
that could be easily reprogrammed and erased by exposure to ultraviol

light. Called an EPROM (erasable programmable read-only mernb’f
and introduced in 1971, it made the concept of systern design using
microprocessor practical,)?? S
The detailed design of the 4004 was done by Stan Mazor. Federic
Faggin was also crucial in making the concept practical, Masaté)'_s_'_
Shima, a representative from Busicom, also contributed, Many histories
of the invention give Hoff sole credit; all players, including Hoff, now
agree that that is not accurate. Faggin left Intel in 1974 to found a rix:,_r"
company, Zilog. Intel, in competition with Zilog, felt no need to
advertise Faggin’s talents in its promotional literature, although Inte
never showed any outward hostility to its ex-employee.®® The issue’ 0
whom to credit reveals the way many people think of invention: Hoff ha
the idea of putting a general-purpose computer on a chip, Faggin an
the others “merely” implemented that idea in silicon. At the time, Inte
was not sure what it had invented either: Intel’s patent attorney resistec
Hoff’s desire at the time to patent the work as a “computer.”** Inte
obtained two patents on the 4004, covering its architecture and implemen
tation; Hoff’s name appears on only one of them. {That opened the doo
to rival claims for patent royalties from TT, and eventually Gil Hyatt.)
The 4004 worked with groups of four bits at a time-—enough to code
decimal digits but no more. At almost the same time as the work with -
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222 Chapter7 .o

ductor companies did not think of their products as a possible basig
personal computer.

A general-purpose computer based on a microprocessor did appe
1973. In May of that year Thj T Truong, an immigrant to France:
Viet Nam, had his electronics company design and build a compiy

based on the Intel 8008 microprocessor. The MICRAIL was g rugged:
well-designed computer, with a '

based computer to be sold in the commercia] marketplace. Becaygea
the limitations of the 8008, its location in France, and above all;it
failure by its creators to see what it “really” was, it never broke out of.
niche as a replacement for minicomputers in limited industria] log
tions, :
The perception of the MICRAL a5 something to replace the minj'w,
echoed at Intel as well, Intel’s mental model of its product was this;
industrial customer bought an 8080 and wrote specialized software for

which was then burned into a read-only-memory to give a system wi
the desired functions, The resulting in

programmable) was then put on the ma

With these embedded uses in mind
oped educational packages intended to ease customers into system
design. These kits included the microprocessor, some RAM and ROM
chips, and some other chips that handled timing aud control, ‘al
mounted on a printed circuit board. They also included written material
that gave a tutorial on how to program the system, This effort took Intei
far from its core business of making chips, but the company hoped to
recoup the current losses later on with volume sales of components,*

These kits were sold for around $200 or given away to engineers who
might later generate volume sajes. '

Intel and the others also buile
Systems,” on which a customer co
application (figure 7.4). These wer

» microprocessor suppliers devel

more sophisticated *‘Development
uld actually test the software for an;
e fully assembled products that sold:
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Figure 7.4

Intellec-8 Development System. This was, in fact, a generalpurpose computer,
* but Intel did not market it as such. Intel intended that customers buy them to
“assist in writing and debugging microprocessor software that would go into
" embedded systems. A few were purchased and used as alternatives to minicom-

puters. (Souree: Intel.)

for around $10,000. To use these systems, customers also needed
specialized software that would allow them to write programs using a
language like FORTRAN, and then “cross-compile’ it for the micro-
processor—that is, from the FORTRAN program generate machine
code, not for the computer on which it was written, but for the
microprocessor. The company hired Gary Kildall, an instructor at the
Naval Postgraduate School in Monterey, California, to develop a
language based on IBM’s PL/1.”" He called it PL/M, and in 1973 Intel
offered it to customers. Initially this software was intended to be runona
large mainframe, but it was soon available for minicomputers, and finally
to microprocessor-based systems. In 1974 Intel offered a development
system, the Intellec 4, which included its own resident PL,/M compiler
{i.e., one did not need a mainframe or a mini to compile the (:ode).61 A
simitar Intellec-8 introduced the 8-bit microprocessors.

With these development systems, Intel had in fact invented a personal
computer. But the company did not realize it. These kits were not
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" marketed as the functional computers they were, Occasionally some,
bought one of these systems and used it in place of a minicomputer,
Intel neither supported that effort nor recognized its potential,
and the other microprocessor firms made money selling these deve
ment systems—for some they were very profitable—but the goal wa
use them as a lever to open up volume purchases of chips. The py
could not buy one. The chip suppliers were focused on the difficultie
getting embedded systems to do useful work; they did not think that
public would be willing to put up with the difficulties of programnu
Jjust to own their own computer,

Role of Hobbyists

Here is where the electronics hobbyists and enthusiasts come in. Wer:
not for them, the two forces in personal computing might have crosse
without converging. Hobbyists, at that moment, were willing to do th
work needed to make microprocessor-based systems practical,

This community had a long history of technical innovation—i W
radio amateurs, for example, who opened up the high-frequency rad
spectrum for long-distance radio communications after World War:
After World War II, the hobby expanded beyond amateur radio to
include high-fidelity music reproduction, automatic controls, and simple
robotics. A cornucopia of war surplus equipment from the U.S. Army
Signal Corps found its way into individual hands, further fueling th
phenomenon, (A block in lower Manhattan known as “Radio Ro
where the World Trade C(,nter now stands, was a famous source:
surplus electronic gear.)™ The shift from vacuum tubes to mtcgrated
circuits made it harder for an individual to build a circuit on a brea
board at home but inexpensive TTL chips now contained whole circuits
themselves.®* As the hobby evolved rapidly from analog to d1g1ta1
applications, this group supplied a key component in creating the
personal computer: It provided an infrastructure of support that nelther
the computer companies nor the chip makers could. :

This infrastructure included a variety of electronics magazines. Some.
were aimed at particular segments, for example, QST for radio amateurs..
Two of them, Popular Electronics and Radio-Flectronics, were of general
interest and sold at newsstands; they covered high-fidelity audio, short-
wave radio, television, and assorted gadgets for the home and car. Each
issue typically had at least one construction project. For these projects
the magazine would make arrangements with small electronics compa:
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226 Chapter 7

article this way as a regular practice.”” Although digital circuits
more complex than what the magazine had been handling, it re
nized that the electronics world was moving in that direction and th
readers wanted such projects, ‘ 5

Other articles described simpler digital devices—timers, gamy
clocks, keyboards, and measuring instruments—that used inexp;é
TTL chips. One influential project was the TV-Typewriter, designie,
Don Lancaster and published in Radio-Electronics in September- 19*
This device allowed readers to display alphanumeric characte
encoded in ASCII, on an ordinary television set. It presaged. -
advent of CRT terminals as the primary input-output device for pers
computers—one major distinction between the PC culture and th'_at':
the minicomputer, which relied on the Teletype. Lee Felsenstein call
the TV-Typewriter “the opening shot of the computer revolution,””!

Altair

1974 was the annws mirabilis of personal computing. In January, Hewle
Packard introduced its HP-65 programmable calculator. That sumiin
Intel announced the 8080 microprocessor. In July, Radiodilectron
described the Mark-8, In late December, subscribers to Popular Electrom,
received their January 1975 issue in the mail, with a prototype of the
“Altair” minicomputer on the cover {figure 7.5}, and an article descri
ing how readers could obtain one for less than $400. This announ
ment ranks with IBM’s announcement of the System/360 a decade
carlier as one of the most significant in the history of computing. Bi
what a difference a decade made: the Altair was a genuine personal
computer. :

H. Edward Roberts, the Altair's designer, deserves credit as the
inventor of the personal computer. The Altair was a capable, inexpen-
sive computer designed around the Intel 8080 MICrOpPIoCessor. Although
calling Roberts the inventor makes sense only in the context of all that
came before him, including the crucial steps described above, he does
deserve the credit, Mark Twain said that historians have to rearrange
past events so they make more sense. If so, the invention of the personal
computer at a small model-rocket hobby shop in Albuquerque cries out
for some creative rearrangement. Its utter improbability and unpredic _
ability have led some to credit many other places with the invention'_,-:
places that are more sensible, such as the Xerox Palo Alto Research:
Center, or Digital Equipment Corporation, or even IBM. But Albuquer-
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Figure 7.5

MITS Altair 8800 Computer. The front panel was copied from the Data General
Nova, The machine shown in this photograph was one of the first produced and
was owned by Forrest Mims, an electronics hobhyist and frequent contributor to
| Pojpular Electronics, who had briefly worked at MITS. (Source: Smithsonian Institu-
tion.)

que it was, for it was only at MITS that the technical and social
components of personal computing converged.

Consider first the technical, None of the other hobbyist projects had
the impact of the Altair's announcement. Why? One reason was that it
was designed and promoted as a capable minicomputer, as powerful as
those offered by DEC or Data General. The magazine article, written by
Fd Roberts and Williamn Yates, makes this point over and over: “a full-
blown computer than can hold its own against sophisticated minicom-
puters’’; “not a ‘demonstrator’ or a souped-up calculator”; or “perfor-
mance competes with current commercial minicomputers.”72 The
physical appearance of the Altair computer suggested its minicomputer
lineage. It looked like the Data General Nova: it had a rectangular metal
case, a front panel of switches that controlled the contents of internal
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registers, and small lights indicating the presence of a binary oné
zero. Inside the Altair’s case, there was a machine built mainly of
integrated circuits (except for the microprocessor, which was a M
device), packaged in dual-in-line packages, soldered onto circuit b'(')'a:i-d
Signals and power traveled from one part of the machine to another
a bus. The Altair used integrated circuits, not magnetic cores, for
primary memory. The Popular Electronics cover called the Altair’
“world’s first minicomputer kit”; except for its use of a microproces
that accurately described its physical construction and design.”

But the Altair as advertised was ten times cheaper than minicompht_e
were in 1975. The magazine offered an Altair for under $400 as ak1
and a few hundred more alrcady assembled. The magazine cover sai
that readers could “save over $1,000.” In fact, the cheapest PDP-§ ¢ ;
several thousand dollars. Of course, a PDP-8 was a fully assemble,
operating computer that was considerably more capable than the bas
Altair, but that did not really matter in this case. {(Just what one got fo
$400 will be discussed later.) The low cost resulted mainly from its use
the Intel 8080 microprocessor, just introduced. Intel had quoted a pric
of $360 for small quantities of 8080s, but Intel’s quote was not hased 'o'n
careful analysis of how to sell the 8080 to this market. MITS bought the'
for only $75 each. 74

The 8080 had more instructions and was faster and more capable th
the 8008 that the Mark-8 and Scelbi-8 used. It also permitted a simple
design since it required only six instead of twenty supporting chips t
make a functional system. Other improvements over the 8008 were 1ts
ability to address up to 64 thousand bytes of memory (vs. the 8008’s 16
thousand), and its use of main memory for the stack, which permitted‘
essentially unlimited levels of subroutines instead of the B008s seven
levels. :

The 8080 processor was only one architectural advantage the Altair:
had over its predecessors. Just as important was its use of an open bus,”:
According to folklore, the hus architecture almost did not happen. After
building the prototype Altair, Roberts photographed it and shipped itvia
Railway Express to the offices of Popular Electronics in New York. Railway.
Express, a vestige of an earlier American industrial revolution, was about
to go bankrupt; it lost the package. The magazine cover issue showed the:
prototype, with its light-colored front panel and the words ““Altair 8300
on the upper left. That machine had a set of four large circuit boards.
stacked on top of one another, with a wide ribbon cable carrying 100
lines from one board to another. After that machine was lost, Robeff_
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that they would make. The audience of electronics hobbyists, at
the magazine article was aimed, compared the Altair not to the:
Heathkits, but to building a computer from scratch, which was al
impossible: not only was it hard to design a computer, it was imposs
to obtain the necessary chips. Chips were inexpensive, but.only i
were purchased in large quantities, and anyway, most semicordiy
firms had no distribution channels set up for single unit or retail S
Partly because of this, customers felt, rightly, that they were getting
incredible bargain.
The limited capabilities of the basic Altair, plus the loss of the:
existing Altair by the time the Popular Electronics article appeared, |
the notion that it was a sham, a “humbug,” not a serious product a( al
The creators of the Altir fully intended to deliver a serious comput
whose capabilities were on a par with minicomputers then on 't
market. Making those deliveries proved to be a lot harder than the
anticipated. Fortunately, hobbyists understood that. But there should.
no mistake about it: the Altair was real, :
MITS and the editors of Popular Electronics had found a way to brin
the dramatic advances in integrated circuits to individuals. The fir
customers were hobbyists, and the first thing they did with the
machines, once they got them running, was play games.” Roberts w
trying to sell it as a machine for serious work, however. In the Fopulay
Electronics article he proposed a list of twenty-three applications, none «
them games.*™ Because it was several years before anyone could supp
peripheral equipment, memory, and software, serious applications were
rare at first. That, combined with the primitive capabilities of other
machines like the Mark-8, led again to an assumption that the Altair was
not a serious computer. Many of the proposed applications hinted at in.
the 1975 article were eventually implemented. Years later one could stll:
find an occasional Altair (or more frequently, an Altir clone
embedded into a system just like its minicomputer cousins, :
The next three years, from January 1975 through the end of 1977, saw
a burst of energy and creativity in computing that had almost no equal in”
its history. The Altair had opened the floodgates, even though its
shortcomings were clear to everyone. One could do litfle more than'
get it to blink a pattern of lights on the front panel. And even that was
not easy: one had to flick the toggle switches for each program step, then
deposit that number into a memory location, then repeat that for the
next step, and so on—hopefully the power did not go off while this was
going on—until the whole program (less than 256 bytes longl) was in
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memory. Bruised fingers from flipping the small toggle switches were
the least of the frustrations. In spite of all that, the bus architecture
meant that other companies could design boards to remedy each of
these shortcomings, or even design a copy of the Altair itsclf, as IMSAI
and others did.* :

But the people at MITS and their hangers-on created more than just a
computer. This $400 computer inspired the extensive support of user
groups, informal newsletters, commercial magazines, local clubs,
. conventions, and even retail stores. This social activity went far beyond
' gaditional computer user groups, like SHARE for IBM or DECUS for
Digital. Like the calculator users groups, these were open and informal,
- and offered more to the neophyte. All of this sprang up with the Altair,
and many of the publications and groups lived long after the last Altair
computer itself was sold.

Other companies, beginning with Processor Technology, soon began
offering plug-in boards that gave the machine more memory. Another
board provided a way of connecting the machine to a Teletype, which
allowed fingers to heal. But Teletypes were not easy to come by—an
individual not affiliated with a corporation or university could only buy
one secondhand, and even then they were expensive. Before long,
hobbyists-led small companies began offering ways of hooking up a
television set and a keyboard (although Don Lancaster’s TV Typewriter
was not the design these followed). Tbe board that connected to the
Teletype sent data serially—one bit at a time; another board was
designed that sent out data in parallel, for connection to a liue printer
that minicomputers used, although like the Teletype these were expen-
sive and hard to come by.*

The Altair lost its data when the power was shut off, but before long
MITS designed an interface that put out data as audio tones, to store
programs on cheap audio cassettes. A group of hobbyists met in Kansas
City in late 1975 and established a “Kansas City Standard” for the audio
tones stored on cassettes, so that programs could be exchanged from
one computer to another.*> Some companies brought out inexpensive
paper tape readers that did not require the purchase of a Teletype.
Others developed a tape cartridge like the old &track audio systems,
which looped a piece of tape around and around. Cassette storage was
slow and cumbersome——users usually had to record several copies of a
program and make scveral tries before successfully loading it into the
computer. Inadequate mass storage limited the spread of PCs undl the
“floppy” disk was adapted.
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Paper tape containing BASIC, version 1.1, from the Smithsonian Collectioti
According to a letter by Bill Gates in the December 1975 issue of the Altair Use
Group newsletter, Computer Notes: “If anyone is using BASIC version 1.1, you ha
a copy of a tape that was stolen back in March. No customers were ever shipped
1.1, as it was experimental and is full of bugs!” (Source: Smithsonjan Institution

pass from BASIC to machine language easily—a crucial feature fi
getting a small system to do useful work. :

These extensions kept their BASIC within its memory constraints
while giving it the performance of a more sophisticated language. Yét
it remained an interactive, conversational language that novices CouId
learn and use. The BASIC they wrote for the Altair, with its sklllfu_i
combination of features taken from Dartmouth and from the Digital
Equipment Corporation, was the key to Gates’s and Allen’s success in
establishing a personal computer software industry,

The developers of this Janguage were not formally trained in comp
ter science or mathematics as were Kemeny and Kurtz. They were
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would be later. The language itself was the invention of Kemeney
Kurtz of Dartmouth; the extensions that were crucial to its SUCCess
from programmers at the Digital Equipment Corporation, esp"e'
Mark Bramhall, who led the effort to develop a tdme-sharing’ sy
(RSTS-11) for the PDP-11. Digital, the only commercial entity arnon
above group, did not think of its software as a commodity to sell; i
what the company did to get people to buy hardware.”* '

Bill Gates had recognized what Roberts and all the others had
that with the advent of cheap, personal computers, software could
should come to the fore as the principal driving agent in computi
And only by charging money for it—even though it had originally b
free—could that happen. By 1978 his company, now called “Microso
had severed its relationship with MITS and was moving from Albliq
que to the Seattle suburb of Bellvue. (MITS itself had lost its identi
having been bought by Pertec in 1977.) Computers were indeed comir
to “the people,” as Stewart Brand had predicted in 1972. But the drivi
force was not the counterculture vision of a Utopia of shared and
information; it was the force of the marketplace. Gates made godd"
his promise to “hire ten Programimers and deluge the...marke
(Agure 7.7). 5

System Software: The Final Piece of the Puzile

Gary Kildall's entree into personal computing software was as a consul
tant for Intel, where he developed languages for system developme
While doing that he recognized that the floppy disk would make a gt_i
mass storage device for small systems, if it could be properly adapted. T
do that he wrote a small program that managed the flow of informatio
to and from a floppy disk drive. As with the selection of BASIC, it appear;
in hindsight to be obvious and inevitable that the floppy disk would b
the personal computer’s mass storage mediuom, That ignores the fac
that it was never intended for that use. As with the adaptation of BASI_C
the floppy had to be recast into a new role. As with BASIC, doing the
took the work of a number of individuals, but the primary effort cam
from one man, Gary Kildall. i
A disk had several advantages over magnetic or paper tape. For one;
was faster. For another, users could both read and write data on it: I
primary advantage was that a disk had “random” access: Users did not
have to run through the entire spool of tape to getata specific piece of
data. To accomplish this, however, required tricky programming—son‘ic'—
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Once again, Digital Equipment Corporation was the pioneer; in
because of its culture; because of the experience many of its empi
had had with the TX-0 at MIT, one of the first computers to h
conversational, interactive feel to it. For its early systems DEC intro
DECtape, which although a tape, allowed programmers rapid ace
data written in the middie, as well as at the ends, of the reel,”® Th_e:-
10s had powerful DECtape as well as disk storage abilities; its op_efa_ 1
systems were crucial in creating the illusion of personal computing
had so impressed observers like Stewart Brand ;

In the late 1960s DEC produced OS/8 for the PDP-8, which ha
feel of the PDP-10 but ran on a machine with very limited memory.
opened everyone's eyes at DEC; it showed that small computers: ¢
have capabilities as sophisticated as mainframes, without the bloat
characterized mainframe system software. Advanced versions of the P
11 had an operating system called RT-11 (offered in 1974), which
similar to OS/8, and which further refined the concept of mana
data on disks.”” These were the roots of personal computer opera
systems. DEC’s role in creating this sofiware ranks with its inventioi
the minicomputer as major contributions to the creation of persoi
computing. _

Gary Kildall developed PL/M for the Intel 8080. e used an IBM
System/360, and PL/M was similar to IBM’s PL/1. While working on tha
project Kildall wrote a small control program for the mainframe’s disk
drive. “Tt turned out that the operating system, which was called CP/y
for Control Program for Micros, was useful, too, fc:)rtunately.”98 Kildzﬁ_l
said that PL/M was “the base for CP/M,” even though the commands
were clearly derived from Digital’s, not IBM’s software.” For examp
specifying the drive in use hy a letter; giving file names a period ai
three-character extension; and using the DIR (Directory} comman
PIF, and DDT were DEC features carried over without change.'™ CP/M
was announced to hobbyists as “‘similar to DECSYSTEM 10” in an artic
by Jim Warren in D Dobb’s Journal of Computer Calisthenics and Orthodonf_
[sic] in April 1976. Warren was excited by CP/M, stating that it was “well

designed, based on an easy-to-use operating system that has been around
for a DECade. [sic] ! Suggested prices were well under $100, with a.
complete floppy system that included a drive and a controller for around
$800—not cheap, but clearly superior to the alternatives of cassetté,;:
paper tape. or any other form of tape. CP/M was the final piece of the

puzzle that, when made available, made personal computers a practical
reality,
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Gary Kildall and his wife, Dorothy McEwen, eased themselves into the
ymmercial software business while he also worked as an instructor at
e Naval Postgraduate School in Monterey, California (figure 7.8). As
terest in CP/M picked up, he found himself writing variations of it for
ther customers, The publicity in Dr. Dobb’s Journal led to enough sales to
convince him of the potential market for CP/M. In 1976 he quit his job
and with Dorothy founded a company, Digital Research (initially Inter-
ralactic Digital Research), whose main product was CP/ M.102

The next year, 1977, he designed a version with an important
lifference. IMSAI, the company that had built a “clone” of the Altair
(figure 7.9), wanted a license to use CP/M for its products. Working with
IMSAI employee Glen Ewing, Kildall rewrote CP/M so that only a small
i)ortjon of it needed to be customized for the specifics of the IMSAI The
rest would be common code that would not have to be rewritten each
time a new computer or disk drive came along. He called the specialized
code the BIOS—Basic Input/OQutput System.'®® This change standar-
dized the system software in the same way that the 100-pin Altair bus had

Gary Kildall. A DEC VI-100 terminal is visible in the background. (Source: Kristen
Kildall.)
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Figure 7.9 :
IMSAI 8080, one of the most successful copies of the Altair, with a video momt

and a disk storage system supplied by Micropolis. (Source: Smithsonian Insu
tion.) .

standardized hardware. IMSAI’s computer system became a standare
with its rugged power supply, room for expansion with plenty of mternal
stots, external floppy drive, and CP/M.

End of the Pioneering Phase, 1977

By 1977 the pieces were all in place. The Altair’s design shortcomin :
were corrected, if not by MITS then by other companies. Microso
BASIC allowed programmers to write interesting and, for the first ume,-
serious software for these machines. The ethic of charging money for
this software gave an incentive to such programmers, although softwar
piracy also became established. Gomputers were also being offered with:
BASIC supplied on a read-only-memory {ROM), the manufacturer
paying Microsoft a simple royalty fee. (With the start-up codes also in
ROM, there was no longer a need for the front panel, with its array of
lights and switches.) Eightinch floppy disk drives, controlled by CP/M.
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The company thought that would be giving the “corporate jewels” aw;
Digital did produce the LSI-11, a single-board PDP-11, in 1974, but i
did not lead to inexpensive systems as did the Intel 8080. A smgIe;c
PDP-11, called T-11, was developed but never marketed. The mig
processor phenomenon passed the PDP-11 by, even though elements
its architecture turned up in microprocessor designs (especia]lyf ‘th
Motorola 6800).2

Planning for an extension to the PDP-11 began in 1974 or 1975, DE
announced the VAX, Model 11/780, in October 1977 (figure 8.1}. Th
full name was VAX-11, which stood for Virtual Address eXtension [¢
the] PDP-11. The implication was that the VAX was simply a PDP-11 wi
a 32-bit instead of a 16-bit address space. In fact, the VAX was reall
new machine. 1t could, however, execute existing PDP-11 sofiware: |
setting a ““mode bit” that called forth the PDP-11 instruction ‘s
(Eventually the compatibility mode was dropped.)

DEC continued to market small computers at successively lower price
and in smaller packages, for example, the PDP-8/A, introduced in 197,
for under $3,000.* But the company preferred to develop and marke
higher performance. One reason it gave was that for a given application
the cost of the computer was only part of the total cost; there was als

Figure 8.1
VAX 11/780, ca. 1978. (Seurce: Digital Equipment Corporation.)

SCEA Ex. 1014 Page 41



Augmenting Human Intellect, 1975-1985 245

- “the high fixed overhead costs associated with the [existing] applica-
tion.”* Apparently DEC did not feel it could achieve truly drastic price
reductions, as MITS bad done with the Altair. That argument, coupled
with DEC’s reluctance to turn over its skill in computer architecture to
semiconductor companies, kept the company out of the personal
computer market during the crucial years, 1974 to 1977, when it could
most easily have entered it.

Just as DEC was not the first to market a 16-bit mini, it was not the first
to extend address space beyond 16 bits. In 1973, Prime, also located off
Route 128 in Massachusetts, shipped a 32-hit minicomputer. Prime grew
rapidly until merging with Computervision in the late 1980s. Another
company, Interdata, described a “mega-mini” in 1974, Their design was
also commercially successful, and that year the company was bought by
Perkin-Elmer, the Connecticut optics company.® Systems Engineering
Laboratory of Fort Lauderdale, Florida, also introduced a 32-bit ming,
which was popular with NASA and aerospace customers. S.E.L. was sold
to Gould in 1980 and became the basis for that venerable company’s
entree into the computer business.” The impetus for these develop-
ments was the growing availability of relatively cheap semiconductor
memory to replace magnetic core. These memory chips made it more
practical to design machines with large main memories, which in tarn
demanded more address space.

If the VAX was only nominally an extension of the PDP-11, it was
genuinely a “virtual” memory computer, An informal definition of this
term is that it is a way to make a computer’s small but fast main memory
seem to be bigger than it is, by swapping data to and from a slower but
farger memary an a disk. A more precise definition concerns the way
this is done: first of all, overall performance must not be seriously
degraded by this process, and sccond, the user should not have to
know that this swapping is going on (hence the term: the memory is
“virtually” large but.in reality small).®

The need for a hierarchy of memories, each slower but larger than the
one below it, was discussed in the Institute for Advanced Study reports by
Burks, Goldstine, and von Neumann in the late 1940s. The Atlas,
designed at Manchester University in England and built by Ferranti in
1962, was probably the first to use a design that gave the user the illusion
of a single-level fast memory of large capacity.” It was one of the fastest
computers in the world at the time and also one of the most influential
on successive generations. A user of the Atlas saw a machine with a
virtual memory of one million 48-bit words. The computer autornatically
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swapped data between the core and the drum, based on the coﬁten
a set of registers (a technique called associative memory-addressin
Though influental, commercial versions of the Atlas were only a me
success for Ferranti. In the United States, Burroughs offered vir
memory, with some important architectural advances, in the mid-19¢
IBM offered it with System/370 models announced in 19792.: i
probably from marketmg the 370 that the term virmual memory ¢
into wide use.)'! The SDS 940 time- -sharing system also followed
Atlas design,

C. Gordon Bell led the initial design effort for the VAX, and
Strecker was its chief architect. Breaking through the limits of the'
11 s 65 Kbyte address space was their primary goal. The VAX provid
2% or 4.3 gigabytes (equivalent to one billion 32-bit words) of vir
address space. 1ts addressing scheme divided memory into blocks, call
pages, and used an associative comparison to determine Whet_hér_-_m
desired page was in core or not, The VAX processor used sixteen 32-
general registers, like the IBM 360. 1t also had a rich set of over 2
instructions with nine different addressing modes, which a!lowed
single instruction to carry out complex operations. 12

The VAX was a commercial success, selling around 100,000 over th'
next decade and leaping over the other 32-bit minis even though_
appeared later. The 11/780°s performance, roughly calculated at o
million instructions per second (MIPS), became a benchmark zig;ﬁﬁé
which competitors would compare their machines into the 1990s.
whole family of “Vaxen” followed: the less-powerful 11/750 in 1980, thi
higher-performance 8600 in 1984, and the compact MicroVax Il in 1985
among others.'® These machines kept DEC profitable and dominan
along Route 128, Even Data General, whose Nova had been such.
strong competitor for the PDP-11, had trouble competing with the VAX
although it did introduce a 32-bit Eclipse in 1980, as chronicled in Trac
Kidder’s bestseller The Soul of @ New Machine'*

The VAX was a general-purpose computer that came with the st
dard languages and software. It sold to a wide market, but its bigges
Impact was on engineering and science. Prices started at $120,000, which
was too expensive for a single engineer, but just cheap enough to serve 2
division at an aerospace, automotive, or chemical firm. For them the
standard practice had been either to get in line to use the company’
mainframe, or to sign up for time on a commercial time-sharing service
The VAX gave them computing power at hand. It had a solid, engineer:
ing-oriented operating system (VMS), and sophisticated 1,/0 facilities for
data collection. :
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Network Architecture (SNA), first shipped in 1974. SNA was a laye;
of standards, spelled out in detail, It formed the basis for networ
large computer systems into the 1990s. "

In 1975 IBM introduced a product that might have seemed at
with its mainframe oricntation: a “personal” computer, Model-§
This machine could fit on a desk and contained a processor, keybg
cassette tape drive, and small video terminal in a single package. Pr
began at $9,000 for a machine with 16 Kbytes of memory.19 It supptj:
both BASIC and APL {the developer of APL, Kenneth Iversom,
joined IBM in 1960), which the user could select hy flipping a switc
the front panel. But litile or no applications software was available;
third-party support community that grew up around the Altair faile
materialize tor the 5100. Sales were modest but steady. (The “of
IBM personal computer will be discussed shortly.)

Another answer (o the question of what IBM was doing is that it ws
court. For IBM the 1970s was the decade of the lawsuit: U.8. vs. IBM, Al
January 17, 1969, and dismissed in 1981. The charge was that IBM was
violation of antitrust laws by virtue of its dominance of the U.S. mar
for general-purpose electronic digital computers. The Justice Depa
ment based this charge on a definition of “market” that covered
business-oriented electronic data-processing activities served by mai
frame computers, of which 1BM held about 70 percent of the ma_fk
and the “BUNCH" nearly all the rest. IBM countered by argning th
competition was not just Burroughs, Univac, NCR, CDC, and Honeywell
but rather thousands of companies, large and small, that made and's:(;)l_'_
computers, peripherals, software, services, and the like. After a Jon
discovery process, during which depositions were taken from repre_s"e
tatives of most of these companies, the case finally went to trial in M;
1975—that is, around the time that Bill Gates and Paul Allen were
talking about developing BASIC for the Altair. '

The discovery process and the testimony were thorough and detailed
Transcripts of the depositions and testimony run into thousandéj o
pages.”® But none of the gathering storm of personal systems made i
into the trial. Neither Bill Gates nor Ed Roberts was called to testify: [
give depositions, The court focused its attention on the form
“Dwarfs,” especially RCA and GE, who had left the business. Occasioft
ally firms that competed with IBM’s mainframes at one or two place:
were examined. These included SDS (a subsidiary of Xerox by then)
whose computers competed with the System,/360 Model 44 for scientifi
applications, and Digital Equipment Corporation, not for its minicom:
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In the mid-70s, IBM’s Systems Network Architecture establishe.
standard for networking large systems, but SNA was different from
networking schemes then being developed by the Defense Departme
Finally, there were the different approaches to terminal design rep
sented hy the 3270 and VI-100. Only with hindsight can we disce
pattern.

IBM’s introduction of the personal computer in 1981 brought
issue to a head. The IBM PC used ASCII, not EBCDIC. It used standa
TTL and MOS chips trom outside suppliers. And its connections W1th
keyboard and monitor were closer to the minicomputer than to
3270. The PC’s internal design reveals how the pressures of the mark
place were able to accomplish what the courts and the U.S. jusu
Department could not do.

The mainframe, batch model of computing, whose high-water mar]
was the 7090, was giving way, not only to interactive but also ¢
decentralized processing. The increasingly fuzzy line that distinguish
“smart” terminals from stand-alone personal computers was one indica:
tion. New design questions came to the fore: how to appoftion proces:
sing functions and memory among the terminals and a central syste
and how to send data efficiently and reliably through such a network
IBM had embarked on the design of a “Future System” (FS) tha
attacked some of these issues head-on. Planning for FS began in the
early 1970s, and TBM hoped to announce products to replace its System /.
370 line by 1975, But FS was abandoned in 1975, in part because its
designers were unable to solve the architectural problems, and in par'
because the success of the Systen1/370 architecture meant that IBM
would put itself at an unacceptable risk to abandon that market to third:
party vendors.*® Some of the concepts found their way into the mid-
range AS/400, but canceling FS was “the most expensive development:
effort failure in IBM’s history.””*"

Viatron

A start-up company from Route 128 had an idea with similar promise but
equally dismal results. The John the Baptist of distributed computing was
Viatron Computer Systems of Bedford, Massachusetts. [t was the
outgrowth of an Air Force Project from the mid-1960s called AESOP
{Advanced Experimental System for Onine Planning). Prepared by the
MITRE Corporation, AESOP envisioned a network of terminals that pro-
vided visual as well as text information to middle and high-level managers,-
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Figure 8.2 :
Office antomarion; Viatron 21. (Source: Charles Babbage Institute, University of
Minnesota.)

company delivered a few systems by 1971, but in April of that vear it
declared bankruptcy. Losses to venture capitalists ran upwards of $30
million in fiscal year 1969-1970 alone.** Viatron became just another of
many companies to fail while attempting to topple IBM from the top of
the industry.

Wang

Even by the metric of the go-go years, Viatron’s trajectory was bizarre,
which should not obscure the truth of Bennett’s observation. Advances -
in MOS integrated circuits were making IBM’s way of doing computing
obsolete, at least in the office environment. The company that
succeeded where Viatron failed was Wang Labs, which in an earlier
era had pioneered in electronic calculators. By 1971 Wang recognized
that calculators were becoming a commodity, with razor-thin profit
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by pressing the wrong key on his $12,000 Lanier “No Problem” [si¢
word-processing system. An anxious phone call to Lanier produced;
utilities dlsk that allowed him to recover the data from the or1gma_1
diskette.™® After this, Wang’s engineers came up with a design that woul_
make such a loss nearly impossible. They also decided on a terminal tha
used a cathode ray tube, which displayed half a page of text instead o
the one or few lines that other systems used. Commands were accesse
by a simple screen of menus. In a later era Wang’s design might have
been known by the cliché “user- Hriendly”; it was also a “distributed”
system. But the company used neither term in its marketing. Unlike
other minicomputer companies, Wang did little OEM business; it soldl
machines to the people who were going to use it. Wang spared its
customers—Wail Street brokerage bouses, large banks, and oil compa'
nies at tirst—the technical jargon. (A decade later office workers were
not so lucky, everything would get plastcred with the term “‘user
friendly” no matter how obtuse it was).*

A major requirement was that the system have a speedy response
Time-sharing relieved users of the need to wait in a queue with a deck of -
punched cards, but on a busy day users faced an equally onerous wait at
their terminals while the mainframe got around to each job. Unlike MIT
hackers, office employees could not be expected to come in at midnight
to do their work. The answer was to put some of the processing power
into the terminal itself, with the central computer serving primarily for
data storage and retrieval-—commonplace after 1985, but a radical
departure from time-sharing in 1975. The WPS (Wang Word Processing
System} was unveiled at a trade show in New York in June 1976, and
according to some accounts nearly caused a riot (figure 8.3).*" A basic
system, including hard disk storage, cost $30,000. Wang Labs, ranked
forty-fifth in data-processing revenues in 1976, moved up to eighth place
by 1983, just below TBM, DEC, and the remnants of the BUNCH. Some
analysts thought Wang was in the best position of any company to
become number two in the industry. (No Wall Street person would
risk his career by predicting a new number one, ) Others put the
company’s success into the pigeonhole of “office automation” rather
than general-purpose computing, but what Wang was selling was at heart
a general-purpose, distributed computer system. Wang's success was a
vindication of Viatron’s vision. However, Wang was unable to reinvent.
itself once again in the 1990s, when it faced competition from commod-
ity personal computers running cheap word-processing software, and it
too went bankrupt.*!
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the true pioneer in distributed, user-friendly computing; that the
Palo Alto Research Center, which Stewart Brand so glowingly des'
in his 1972 Rolling Stone article, was the place where the fui
computing was invented. Why was that so? g
The Xerox Corporation set up a research laboratory in the P
foothills in 1970. Its goal was to anticipate the profound chaﬁge
technology would bring to the handling of information in the busi
world. As a company famous for its copiers, Xerox was understandaly
nervous about talk of a “paperless office.” Xerox did not know if
would in fact happen, but it hoped that its Palo Alto Rest_arch '
(PARC) would help the company prosper through the storms.*
Two things made PARC’s founding significant for computing. The
was the choice of Palo Alto: Jacob Goldman, director of c'orp'
research at Xerox, had favored New Haven, Connecticut, but
person he hired to set up the lab, George Pake, favored Palo Alto
prevailed, even though it was far from Xerox's upstate New York ba
operations and its Connecticut headquarters. The lab opened'ju
“Silicon Valley,” led by Robert Noyce of the newly founded Intel
taking form.
The second reason for PARC’s significance took place in the hall:
Congress. As protests mounted on college campuses over the..
involvement in Viet Nam, a parallel debate raged in Congre _
included the role of universitics as places where war-related researe
was being funded by the Defense Department. Senator J. William
bright was especially critical of the way he felt science research was |
its independence in the face of the “monolith” of the “militar
industrial complex” (a term coined by President Fisenhower in 1961
In an amendment to the 1970 Military Procurement Anthorization Bill
a committee chaired by Senator Mike Mansfield inserted langnage tha
“none of the funds authorized . .. may be used to carry out any researc
project or study unless such a study has a direct and apparent relauon
ship to a specific military function or operauon ® The committee di
not intend to cripple basic research at universities, only to separate basi
from applied research. Some members assumed that the Nationa
Science Foundation would take the DoD’s place in funding basi
research. Fven before the passage of this “Mansfield Amendment,;’
the DoD had moved to reduce spending on research not related tc
specific weapons systems; thus this movement had support among hawk

as well as doves.
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Douglas Engelbart was one of the first persons to apply for fundin
from ARPA’s Information Processing Techniques Office in late 1962; h
was seeking support for a “conceptual framework” for “augmentin
human intellect.”* Engelbart says that a chance encounter with Vanri
var Bush’s Adantic Monthly article *“As We May Think™ (published in Jul
1945) inspired him to work on such a plan. Licklider directed him
work with the time-shared Q-32 experimental computer located in Santa
Monica, through a leased line to Stanford; later Engelbart’s group used:
CGDC 160A, the proto-minicomputer. The group spent its time studyin,
and experimenting with ways to improve communication hetwee
human bemgs and computers. His most famous invention, fir:
described in 1967, was the “miouse,” which exhaustive tests shoWé
was more efficient and effective than the light pen (used in the SAGE
the joystick, or other input devices.”® Engelbart recalled that he wa
inspired hy a device called a planimeter, which an engineer slid over,
graph to calculate the area under a curve. Among many engineers this:
compact device was a common as a slide rule; it is now found onl
among antique dealers and museums. '

In December 1968 Engelbart and a crew of over a dozen helper
(among them Stewart Brand) staged an ambitious presentation of his
“Augmented Knowledge Workshop” at the Fall Joint Computer Confe
ence in San Francisco. Interactive computer programs, controlled by
mouse, were presented to the audience through a system of projecte
video screens and a computer link to Palo Alto. Amazingly, everything:
worked. Although Engelbart stated later that he was disappointed in the:
audience’s response, the presentation has since become legendary in
the annals of interactive computing. Engelbart did not join Xerox-PARC;
but many of his coworkers, including Bill English (who did the detail
design of the mouse), did.? .

What was so special about the mouser The mouse provided a practlcal"
and superlor method of interacting with a computer that did not strain
user’s symbolic reasoning abilities. From the earliest days of the’
machine’s existence, the difficulties of programming it were recognized.
Most people can learn how to drive a car—a complex device and lethal if
not used properly—with only minimal instruction and infrequent refer-:
ence to an owner’s manual tossed into the glove box. An automobile’s
control system presents its driver with a clear, direct connection between
turning the steering wheel and changing direction, pressing on the gas
pedal and accelerating, pressing on the brake pedal and slowing down.
Compare that to, say, UNIX, with its two- or three-letter commands, in
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Figure 8.4 .
Werox Alto, ca. 1978, (Source: Smithsonian Institution.)

a2 mouse and windows, the Alto also had a “bitmapped” screen, wher
each picture element on the screen could be manipulated by setting bits
in the Alto’s memory. That allowed users to scale letters and mix text
and graphics on the screen. It also meant that a textediting system
would have the feature “what you see is what you get” (VVYSIWYG)—"'__
phrase made popular by the comedian Flip Wilson on the television
program “Laugh—ln.”‘r"gs e

In 1981 Xerox introduced a commercial version, called the 8010 Star :
Information System, announced with great fanfare at the Nationé_ll
“omputer Conference in Chicago that summer. Advertisements.
described an office environment that would be commonplace ten
years later, even more capable than what office workers in 1991 had
But the product fizzled. Around the same fime Xerox introduced an:
“ordinary” personal computer using CP/M, but that, too, failed o sell?*
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Shack, with its stores all over the country, helped make it an instant kj
for the company.”® Because Radio Shack’s customers included pebpl
who were not electronics hobbyists or hackers, the Model 1 allowed
personal computer to find a mass audience. Years later one could fin,
TRS-80 computers doing the accounting and inventory of small bus
nesses, for example, using simple BASIC programs loaded from cassette,
or a Hoppy disk. The TRS-80 signaled the end of the experimental phas
of personal computing and the beginning of its mature phase.

Two other computers introduced that year completed this transiton
The Commodore PET also came complete with monitor, keyboard, an
cassette player built into a single box. It used a microprocessor with
different architecture from the Intel 8080—the 6502 (sold by MOS.
Technologies). The PET’s chief drawback was its calculator-style key
board, and for that reason it was not as successful in the U.S. as the othe
comparable computers introduced that year. But it sold very well in
Europe, and on the Continent it became a standard for many years,

The third machine introduced in 1977 was the Apple II (figure 8. 5)
The legend of its birth in a Silicon Valley garage, assisted by two idealisti
young men, Steve Jobs and Steve Wozniak, is part of the folklore of -
Silicon Valley. According to the legend, Steve Wozniak chose the 6509
chip for the Apple simply because it cost less than an 8080. Beforé
designing the computer he had tried out his ideas in discussions at thé:
Homebrew Computer Club, which met regularly at a hall on the
Stanford campus. The Apple IT was a tour de force of circuit design. It
used fewer chips than the comparable Altair machines, yet it outper
formed most of them. It had excellent color graphics capabilities, better -
than most mainframes or minicomputers. That made it suitable for fast-
action interactive games, one of the few things that all agreed personal
computers were good for. It was attractively housed in a plastic case. It
had a nonthreatening, nontechnical name. Fven though users had to
open the case to hook up a printer, it was less intimidating than the °
Altair line of computers. Jobs and: Wozniak, and other members of the
Homebrew Computer Club, did not invent the personal computer, as -
the legend often goes. But the Apple II came closest to Stewart Brand’s
prediction that computers would not only come to the people, they
would be embraced by the people as a friendly, nonthreatening piece of
technology that could enrich their personal lives. The engineering and
design of the Apple 11 reflected those aims.

Wozniak wrote his own BASIC for the Apple, but the Apple IT was Iater
marketed with a better version, written by Microsoft for the 6502 and
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get running. They were uscful for playing games and for learning the
rudiments of computing, but they were not good enough for seriou :
applications. Systems based on the Altair bus were more sophlstmate_
and more difficult to set up and get running, but when propeﬂ
configured could compete with minicomputers for a variety of applici:
tions. The Apple II bridged those two worlds, with the Hexibility of thy
one and the ease of use and friendliness of the other. At the base was
growing commercial software industry. ;
None of this was much of a threat to the computer estabhshment a
IBM, Digital, Data General, or the BUNCH. Within a few years, though,
the potent combination of cheap commodity hardware and commer(:lal'-
software would redefine the computer industry and the society that
would come to depend on it. The trajectories of DEC, IBM, Wang, and..
Xerox did not intersect those of MITS, IMSAIL, Apple, Radio Shack, or
the other personal computer suppliers into the late 1970s. Tnnovations
in personal computing did not seem as significant as those at places like"
Xerox or even IBM. But in time they would affect all of computing just as '’
much. One of those innovations came from Apple. .

APPLE II’s Disk Drive and VisiCualc

By 1977 many personal computer companies, including MITS and:
IMSAI, were offering 8inch floppy disk drives. These were much-
better than cassette tape but also expensive. The Apple IT used cassctte -
tape, but by the end of 1977 Steve Wozniak was designing a disk
controller for it. Apple purchased the drives themselves (in a new 5
1/4-inch size) from Shugart Associates, but Wozniak felt that the.
controlling circuits then in use were too complex, requiring as many
as fifty chips. He designed a circuit that used five chips. It was, and
remains, a marvel of elegance and economy, one that professors have .
used as an example in engineering courses. He later recounted how he
was driven by aesthetic considerations as much as engineering concerns '
to make it simple, fast, and e}egant.59

Apple’s 5 1/4-inch floppy drive could hold 113 Khytes of data and sold
for $495, which included operating system software and a controller that
plugged into one of the Apple II's internal slots.®® Tt was a good match
for the needs of the personal computer—the drive allowed people to
market and distribute useful commercial software, and not just the
simple games and checkbook-balancing programs that were the limit
of cassette tape capacity, Floppy disk storage, combined with operating
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and they recognized that any delays would be fatal. As a result they wg
go outside the IBM organization for nearly every part of this prod
including the software %3

Representatives of IBM approached Bill Gates in the summer of 1
Lo supply a version of BASIC that would run on the Intel 8088 that I
had chosen.% IBM thought it would he able to use a version of CP/M
the operating systemn; CP/M was already established as the standard:
8080-based systems, and Digital Resear '

extension. But negotiations with Gary Kildall of Digital Research st'_a'll_l.'

had been leveled against IBM over the years, she was not b’éihg
unreasonable.%”y In any event, Digital Research’ :
CP/M was not far enough along in development, although the compan
had been Promising it for some time, (It was eventually offered for th

s 16-bit version:

Paterson of Seattle Computer Products had written for the 8086 chip__
$15,000 for the rights to use Seattle
Computer Products’s work. (Microsoft later paid a larger sum of
money for the complete rights.) Seattle
to it internally by the code name QDOS for “Qui
System””: it ended up as MSDOS, one of ¢
influential pieces of software ever written,®® .

MS-DOS was in the spirit of CP/M. Contrary to folklore, it was no
simply an extension of CP/M written for the advanced 8086 chip
Paterson was familiar with 2 dialect of CP/M used by the Cromemco
personal computer, as well as operating systems offered by Northstar and
he Altair. A CP/M users manual was another -
n did not have access to CP/M source code;
an advanced version of Microsoft BASIC that also
supported disk storage, which it was probably led to the use of a file
allocation table by MS-DOS to keep track of data on a disk. The 86-DOS
did use the same internal function calls as CP/M; actually, it used 8086
addresses and conventions thar Intel had published in documenting the _
chip, to make it €asy to run programs written for the 8080 on the new :
microprocessor, It used the CP/M commands “Iype,” “Rename,” and

he longestlived and most

influence, although Paterso
Another influence was
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“Frase.”” MSDOS also retained CP/M’s notion of the BIOS, which
allowed it to run on computers from different manufacturers with
relatively minor changes.ﬁcJ
It is worth mentioning the differences between CP/M and MSDOS,
since these help explain the latter’s success. A few changes were
relatively minor: the cryptic all-purpose PIP command was changed to
more prosaic terms like “Copy”; this made MS-DOS more accessible to a
new generation of computer users but severed the historical link with
the Digital Equipment Corporation, whose software was the realancestor
of personal computer systems, CP/M’s syntax specified the first argu-
ment as the destination and the second as the source; this was reversed
to something that seems to be more natiral to most people. (The CP/M
syntax was also used by Intel’s assembler code and by the assembler for
the IBM Systemn/360) ™ More fundamental improvements included MS-
DOS’s ability to address more memory—a consequence of the Intel chip
it was written for. MS-DOS used a file allocation table; CP/M used a less-
sophisticated method. CP/M’s annoying need to reboot the system if the
wrong disk was inserted into a drive was eliminated. Doing that in MS-
DOS produced a message, “Abort, Retry, Fail?” This message would
later be cited as an example of MS-DOS’s unlriendly user interface, but
those who said that prohably never experienced CP/M'’s *“Warm Boot”
message, which was much worse and sometimes gave the feeling of
being kicked by a real hoot. Several features may have heen inspired
by UNIX, for example, version 2, which allowed users to store files on a
disk in a hierarchical tree of directories and subdirectories.”! Tim
Paterson later stated that he had intended to incorporate multitasking
into DOS, but “they [Microsoft] needed to get something really
quick.”™

System software, whether for mainframes or for personal computers,
seems always to require “mythical man-months” to create, to come in
over budget, and to be saddled with long passages of inefficient code.
Tim Paterson’s initial work on 86-DOS tock about two months, and the
code occupied about 6 K.”® MSDOS was, and is, a piece of skillful
programming. [t was the culmination of ideas about interactive compult-
ing that began with the TX-0 at MIT. It has its faults, some perhaps
serious, but those who claim that MS-DOS's success was solely due to Bill
Gates’s cunning, or to Gary Kildall’s flying his airplane when IBM’s
representatives came looking for him, are wrong.
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The PC and IBM

The Personal Computer was IBM’s second foray into this market, afte
the 5100—it even had the designation 5150 in some product literafug:
Neither IBM nor anyone else foresaw how successful it would be, or th
others would copy its architecture to make it the standard for the ne:
decade and beyond. In keeping with a long tradition in the compute
industry, IBM grossly underestimated sales: it estimated a total of 250,000
units; “[a]s it turned out, there were some months when we built and sold
nearly that many s.ystems.74 MS-DOS transformed Microsoft from:f_:

company that mainly sold BASIC to one that dominated the smé]i_;
systems industry in operating systems. IBM found itself with an enor-
mously successful product made up of parts designed by others, usin
ASCII instead of EBCDIC, and with an operating system it did not have:
complete rights to. It was said that if IBM’s Personal Computer division:
were a separate company, it would have been ranked #3 in the industry.
in 1984, after the rest of IBM and Digital Equipment Corporation,
Within ten years there were over fifty million computers installed that
were variants of the original PC architecture and ran advanced versions
of MSDOS.™ “ -

“The Better is the Enemy of the Good”

The evolution of technological artifacts is often compared to thé:"
evolution by natural selection of living things. There are many parallels;
including the way selective forces of the marketplace affect the Survival_

of a technology.7ﬁ

There are differences, too: living things inherit their
characteristics from their parents—at most two—hut an inventor can
borrow things from any number of existing devices. Nor does nature
have the privilege that Seymour Cray had, namely, to start with a clean
sheet of paper when embarking on a new computer design.

The history of personal computing shows that these differences are
perhaps less than imagined. The IBM PC’s microprocessor descended
from a chip designed for a terminal, although Datapoint never used it :
for that. Its operating system descended from a “quick and dirty’”
operating system that began as a temporary expedient. The PG had 4
limit of 640 K of directly addressable memory. That, too, was unplanned
and had nothing to do with the inherent limits of the Intel micropro-
cessor. 640 K was thought to be far more than adequate; within a few
years that limit became a millstone around the necks of programmers
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and users alike. The IBM PC and its clones allowed commercial software
to come to the fore, as long as it could run on that COmputer or
machines that were 100 percent compatible with it. Those visionaries
who had predicted and longed for this nioment now had mixed feelings.
This was what they wanted, but they had not anticipated the price to be
paid, namely, being trapped in the architecture of the IBM PC and its
operating system.

Macintosh (1984)

Among those who looked at the IBM PC and asked why not something
better were a group of people at Apple. They scoifed at its conservative
design, forgetting that IBM had made a deliberate decision to produce
an evolutionary machine. They saw the limitarions of MS-DOS, but not
its value as a standard. (Of course, neither did IBM at the time.) But
what would personal computing be like if it incorporated some of the
rescarch done in the previous decade at Xerox’s Palo Alto Research
Center? The Xerox Star had been announced within months of the PG,
but it failed to catch on. Some people at Apple thought they could be
more successful. '

For all the creative activity that went on at Xerox-PARC in the 1970s, it
must be emphasized that the roots of personal computing—the micro-
processor, the Altair, the bus architecture, the Apple II, BASIC, CP/M,
VisiCalc, the IBM PC, the floppy disk, Lotus 1-2-3, and MS-DOS—owed
nothing to Xerox-PARC research.

In 1979 that began to change. That fall Apple began work on a
computer called the Macintosh. It was the brainchild of Jef Raskin, who
before joining Apple had been a professor of computer science at UC
San Diego. He had also been the head of a small computer center, where
he taught students to program Data General Novas.”” Raskin had also
been a visiting scholar at Stanford’s Artificial Intelligence Laboratory,
and while there he became familiar with what was going on at Xerox-
PARC. According to Raskin, he persuaded the Apple team then devel-
oping another text-based computer to incorporate the graphics features
he had seen at PARC. Apple introduced that computer, the Lisa, in 1983.
Like the Xerox Star, it was expensive (around $10,000), and sales were
disappointing. Raskin’s Macintosh would preserve the Iisa’s best
features but sell at a price that Apple Il customers could afford.78 As
with so much in the history of computing, there is a dispute over who
was responsible for the Macintosh.” Many histories describe a visit by
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Figure 8.7 ;
Personal computers: Apple Macintosh, 1984, Most Macintosh users soon found:
that the machine required a second, external disk drive. (Sowrce: Smithsonian:
Institution.)

Apple cofounder Steve Jobs to PARC in 1979 as the pivotal moment m

transferring PARC technology to a mass market. Work on the Macintosh

was already underway at Apple by the time of that visit. The visit did.
result in Jobs’ hiring several key people away from Xerox, however, and

moving people is the best way to transfer technology. According to"
Raskin, the visit also resulted in Jobs’ insisting that the Macintosh have

features not present in the original design. Among those was the mouse

(figure 8.7).%

In January 1984 Apple introduced the Macintosh in a legendary
commercial during the Super Bowl, in which Apple promised that the
Macintosh would prevent the year 1984 from being the technological
dystopia forecast by Orwell’s novel 1984 The computer sold for
$2,495—more than the $1,000 Raskin was aiming for, but cheaper '
than the Lisa. It was more expensive than an IBM PC, but no PC at
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those predecessors. It was not just a copy of what Xerox had dong
PARC. But there was a price for being so innovative: the Macintosﬁ '
difficult for programmers to develop applications software for, espec
compared to MS-DOS. And though faster than the Lisa, its com
graphics meant that it could not he as fast as a DOS program, like Lg
1-2-3, that used more primitive commands that were closer to mzié_h_l
code. Among sophisticated customers that created a split: one groy;
favored the elegance and sophistication of the Mac, while othe;
preferred the raw horsepower and access to individual bits that )
DOS allowed. For those who were not members of the compu
priesthood, the Macintosh was a godsend; whatever time was lost by
relative slowness was more than compensated for by the time the {ige
did not have to spend reading an indecipherable users manual,

Microsoft had supplied some of the applications software for th
Macintosh, but Apple developed and controlled its operating syst
in-house. Even before the Macintosh’s announcement, other compaﬁi'
were trying to provide a similar interface for the IBM PC. In 1989 ¢
creators of VisiCale announced a product called VisiOn for the TBM.P
that was similar to the Macintosh’s interface but never lived up to
promise. IBM developed a program called Top View, and Digita
Research developed GEM (Graphics Environment Manager) along thi
same lines. Microsoft came up with a product called Interface Manag, ;
but early versions introduced in the mid-1980s sold poorly. Later versio
of Interface Manager, renamed “Windows,” would succeed dramaticé._li
Version 3 of Windows, the breakthrough version, was not introduce
until around 1990, so for the next seven years, IBM PCs and their cloné
would be known by the primitive MS-DOS interface inherited from th
minicomputer world.

Like the IBM PC, the Macintosh’s design created a barrier I
expanding memory, only it was a more generous 4 megabytes instea
of the PC’s miserly 640 Khytes. A laser printer offered in 1985 complete'
the transfer of Xerox-PARC innovations and allowed the Macintosh t
keep a strong foothold in at least some offices. The Macintosh’
equivalent of VisiCalc was a program called PageMaker from Aldu$
introduced in 1985. When comhined with the laser printer it allowed.
users to do sophisticated printing on an Apple, at a fraction of the cost of
traditional methods,
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