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GARY KILDALL He saw the future
and made it work. He was the true founder of
the personal computer revolution and

the father of PC software

ARY KILDALL loved piloting his many

aircraft, surfing his speedboats, roar-
ing off on his motorcycles, riding the waves
on his Jet Ski, racing his Lamborghini
Countach S—at one time when he had
more money than he kmew what to dowith
he had the pick of 14 sports cars in his lake-
side villa. But what Gary Kildall enjoyed
most in his short life was sitting still for
hours in a little office writing code for com-
puters. “It’s fun to sit at a terminal and let
the code flow,” he said. “It sounds strange,
but it just comes out of my brain; once I'm
started, I don't have to think about it.” He
would call colleagues in the middle of the
night to tell them that a program had
worked. “What a rush!” he'd shout. Author
Robert Cringely’s metaphor is apt: He
wrote code as Mozart wrote concertos.

In the early '70s, he was utterly brilliant
at programming—but that is an under-
statement of his crucial role in the personal
computer revolution. He was the first per-
son to realize that Intel's microprocessors
could be used to build not just desk calcu-
lators, microwave ovens, traffic systems
and digital watches but small personal com-
puters with an unimaginable mulciplicity
of uses. Then, entirely out of his own head,
without the backing of a research lab or
anyone, he wrote the first language for
a microcompurer operating system and
the first floppy disk operating system
before chere was even a microcomputer,
mouths before there was an Apple, years
before IBM launched a personal computer.
Kildall did it, moreover, in such a man-
ner that programmers were no longer
restricted by compatibility with the com-
puter’s hardware. In Kildall's system, any-
body’s application could run on anybody
clse's computer. It was the genesis of the

{ 1942-1994 }

SWEETHEARTS:
Photo booth seif-portraits of Gary Kifdall
and ¢lassmate Dorothy McEwen

whole third-party software industry. This
alone would have been an astounding
achievement.

Kildall stayed ten years ahcad of his time
and never stopped pushing the boundaries
of technology up to his untimely death just
as the Internet was beginning to take hold.
He pushed for preemptive multitasking,
window capabilities and menu-driven user
interfaces. He laid down the basis for PC
networking. He created the first computer
interface for videodiscs to allow nonlinear
playback and search capability, presaging
today's interactive multimedia. He buile
the first consumer CD-ROM fifing system
and data structures for a PC. With all this
inventiveness, the “Edison of computers”
was also a dedicated teacher; as his son,
Scott, noted, it was his devotion to creat-
ing tools to help the world, racher than

moneymaking, that led him to devote a
great deal of time to a product called “Dr,
Loga,” an intuitive, nonabstract computer
language program geared toward teaching
kids to program, to use computers as learn-
ing tools, not merely game-playing
machines. By the end of his life, he was
working on wireless hardware connections.
Inall he did, he epitomized the openness of
the carly days of Silican Valley, the zest for
the next frontier, the conviction that the
best technology would succeed in the mar-
ketplace on its own merits. He had the faith
of the academic scientist that mankind
advances less by the protection of knowl-
edge than by its diffusion. Jacqui Morby,
a venture capitalist, has an affectionate
remembrance of his idealism from their
first meeting. “He said to look for a red-
bearded man in cowboey boots at San Joe
airport, then he rolled up in a light plane
andyelled from the cockpit for me to jump
in for lunch at the Nut Tree. On a Nut Tree
napkin he drew a visionary plan of an open
industry in which the owner of the opes-
ating system would forswear going in for
applications like word processing. He said
that would create a dangerous monopoly
and stifle innovation.” Kidall was hardly a
humorless missionary; he was unassuming,
droll and generous. The bicterness that dark-
ened the last decade of his life was similar to
that inflicted on radio’s Edwin Armstrong,
Both men discovered that the sublime could
come off a bad second to the mediocre,
that misrepresentation and manipulation
could prevail over truth and justice.

CODE KING: “It"s fun to sit at a terminal
and let the code flow. Once I'm started |
don't have to think about it,”” writes Kildall,
the endlessly innovative president of DRI,
in 1982. Then he would put his feet up.
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“The day Gary went flying” has entered
legend as the explanation of how IBM
came to market an inferior operating sys-
tem from Microsoft’s Bill Gates that
became the foundation of Gates's fortunes:
Kildall, soitis said, preferred ajoyride toa
meeting with IBM and was too prickly to
sign IBM's standard confidentiality agcee-
ment. The story is propagated by Bill Gates
and others, and swallowed whole by com-
puter historians. It is false, IBM tricked
Kildall. And in the end it was not Kildall
who missed an opportunity but the rest of
us. Had IBM backed Kildall's system, the
majority of computer users would have had
multitasking and windows a decade earlier.
By adopting MS-DOS, which was based on
QDOS, a slapdash clone of Kildali’s sys-
tem, JBM and Microsoft forced users to
endure more than a decade of crashes with
incalculable cconomic cost in lost data and
lost opportunities.

At the end of his life, Kildall wrote an
autobiography, “Computer Connections,”
which has never been published. It is inci-
sive, unaffected, moving and funny, suffused
by Kildall’s romance with technology. [t
informs part of the narrative that follows
and is the source of the Kildall quotations,
but nothing may ever be enough to drive a
stake through the heart of the appealing
myth of how Kildall missed becoming the
tichest man in the world. In his manuscript,
Kildall writes, “I think I'll make a cassette
tape of the ‘IBM Flying Story’ Il carry 2
few copies in my jacket to give out on occa-
sion. There's only one problem. I tell this
story, and after 'm done, the same person
says, ‘yeah, but did you go flying and blow
IBM of*”

GARY KILDALL's precise scafaring father,
Joseph, long dreamt of building a simple
machine to take the tedium out of finding
just where a ship was on the face of the
carth. Having taken a sexanc reading and
checked a chronometer, a navigator still
had tedious calculations to do based on
tables from the Nautical Almanac to corre-
late the exact time and date. Joe, who
taught navigation at the family nautical col-
lege, envisaged just punching the datainto
his machine of cams and gears and tutning
acrank for the answer. “It wasn'r until the
microcomputer was invented,” writes Kil-

dall, “cthat the ‘crank’ was truly feasible,”
but his father’s idea stayed in his mind.

Gary was a poor performer ac Seattle’s
Queert Anne High School. He applied his
technological gifts to rebuilding old cars
and boats and carrying out pranks. He man-
aged to rewire neighborhood phene lines
s0 as to eavesdrop on his sister’s conversa-
tions with her boyfriend. He invented and
patented a type of Morse code device. But
his English grades at Queen Anne were so
bad he had to stay back a year. It turned
out to be a stroke of luck: When he
squeezed his lanky frame into the desk for
his repeat year he found himse(f sitting next
to a beguiling and witty young woman,
Daorothy McEwen. His focus on irregular
verbs suffered—they talked so much they
had to be moved to different corners of the
classroom—but she became his bride a
few years later. Dorothy remembers, “He
was inventive. He was like a little kid in 2
candy shop.” ’

After high school, Gary followed his
father, who had followed bis father, Harold,
in becoring a teacher at the Kildall Nau-
tical School. Teenage Gary taught naviga-
tion and trigonometry for several years
alongside his father and Harold, who did
not stop teaching until the week before he
died at 92. The-family tradition was strong,
50 Gary's father did his best to sabotage
Gary’s plans when, at the age of 21, he
announced he was abandoning ship to go
vo college. His ambirion ran afoul of not
only his father’s protests but the fact that
his grades at high school hada't been good
enough to qualify for che University of
‘Washington. He petitioned the University
regents to take into account his reaching
at the Kildall Nautical School, and “by
entirely too close 2 margin,” he was admit-
ted in 1963, the year of his marriage to
Dorathy. She supported him while he stud-
ied—and study hard he now did. “The Kil-
dall Nautical School,” he writes, “taught
me processes that high school hadn't. Such
as che abilicy to do mathematics of a sort
and, most impostant, the mental tools to
dissect and solve complicated problems,
and to work from the beginning to the end
in an organized fashion.” He got nothing
but top grades.

Kildall found himself in a pivotal
moment in the history of compucers. The

1960s were a time of transition between
mechanical and digital computing. He stud-
ied both; of the mechanicals, he dryly
remarked that after a lot of complicated
button pushing, “sometimes the resulting
numberwas correct.”

Kildall's deepest passion was for an
important piece of the computer software
called a compiler. Compilers are transta-
tors, They take computer languages under-
standable by people and turn them into the
famous binary digits—ones and zeros—
called “bits” for short, that the computer
understands:

0000IIIOIOLOIIOCOOIIIIIIOOIOI0O
00110I000000I00T, eLC.

“They are sort of like natural language
translators,” writes Kildall, “who sitin a
business conference and make English into
Japanese. Compilers, when perfected, can
be elegant to the point where you want to
paste a printout on your wall, like artwork.
QOK, you have to be into writing compilers
to get my meaning, but when your com-
piler works, you are very proud and want
to show it off.”

In 1966, the University of Washington
bought a new Burroughs Bs500, 2 computer
powerful enough to run ALGOL, or Algo-
cithmic Language—a series of procedures
done by numbers. The computer follows
algorithms to do mathematics much faster
than people ever could. ALGOL was a pre-
cursor for taday’s PASCAL programming
language. Kildall got himself a part-time
job maintaining the Burroughs. He writes,
“That old Bjsoo became my leacrning
machine. [ saw 2 ton of suarises over that
Computer Center.” He became so gleeful
having the computer to himself that at mid-
night he would put up a sign saying 85500
DOWN FOR MAINTENANCE. At 6 a.m. he
would take down the sign after having
played with the machine all night. 1
learned from the architecture of the Bss00
computer. In particular, I learned about
data structures for organizing disk drive
information.”

His nocturnal exercises paid off. In 1967
he was accepted as one of 20 students in
UW’s first master’s degree program in com-
puter science. What the left hand of Prov-
idence bestowed, the right threatened
to take away: He received a draft aotice
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consigning him to the army and the

Vietnam War. “Damn, all of a sudden
visions of rice paddies flew through my
head. 1 know you're not supposed to use
conaections, but quite frankly, I didn't want
to ger shot at, Dad connected me with one
of his [navy) buddies, and I gota repricve to
finish my master's degree while 1 worked
toward my commission as an officer.” He
spent twO summers at the navy's Officer
Candidate School in Newport, Rhode
Island, in 1967 and 1968, became an ensign
and, while waiting for assignment, taught
data processing to sailors in Scattle. “Itwas
a bummer. I was destined to become an
officer on a destroyer tossing shells into
the forests of Vietnam.” Unbeknownst to
Kildall, the president of the University of
Washington, Dr. Charles Odegaard, had
beenimpressed by Kildall's computer work
in 1969 and arranged for him to have a deci-
sive interview shortly before he was due to
be posted (and he had graduated with hon-
ors). The navy captain he met with stared
Kildall in the eye. “Mr. Kildall,” he said,
“you have a choice to make,” He could
become cither an officer on a destroyer or
an instructor in mathematics and computer
science at the Naval Postgraduate School
in Monterey, California. Kildall recalls:
“Yhis particular question made me under-
stand the length of a microsecond. “Well,
sir; 1 said, '] would like dearly to serve my
country in battle, buc X think 1 shall take
the second option, if you please.”” The cap-
tain warned him that if he taught st the
Naval Postgraduate School, he would prob-
ably not reach the level of admiral. 1 took
a pensive stance for a moment and then
told him that I would accept that risk.”

" He and Dorothy settled down to fam-
ily life in the pleasantly sleepy town of
Pacific Grove on the west edge of the Mon-
terey peninsula” When his three-year tour of
naval duty was up in 1972, Kildall kept a
link with the school as an associate pro-
fessor but rerurned to the University of
“Washington to pursue his Ph.D. His the-
sis topic was to optimize the translation of
language into computer-readable form so
as to reduce the amount of memory
required. He called the project Global Flow
Optimization. After several months, Kil-
dall made a program that worked mathe-
matically but he could not prove his process

was more efficient. He slept fitle, strug-
gling vainly for an answer. “I just sat and
sat and sat in my UW grad student office,
resting my head in both hands untl my eyes
shut by themselves late fone] evening.
Nothing. Then, in an instant, the proof
came to me. T wasn't even paying attention
to it. 1 awoke in an instant and wrote the
entire proof of my central theorem, not fin-
ishing until sunrise. I guess that’s why they
putlightbulbs over cartoon characters. The
discovery of this proof was one of the

KILDALL'S CHOICE: In a micros cond he
fost the chance to be an admiral,

grandest experiences of my life, except, of
course, for the time I visited Niagara Falls.”

In 1972 a colleague showed him an ad
in Electrontic Engineering Times saying, “Intel
Corporation offers a computer for $25."
Acrually, it was offering the four-bit com-
puter chip, measuring approximately 0.3
to 0.3 inches, designed by Intel's young
Ted Hoff for a Japanese deskuop calculator
but released for peneral sale at Hoff's uzg-
ing. The cost was $25 only if you bought
10,000 of them; the price jumped to
berween $45 and $60 if you bought just
one. But customers vsing the 4004 chip
would first need to design a custom board-
level or box-level system with memory,
power suppliers, keyboard, display and
cables. To help customers get started, Intel
began selling various board-level “develop-
ment systems” with enough memory to
demonstrate chip operarion and to run,
test and design new programs. Still frus-
trated by the $3 million IBM mainframe,
Kildall was intrigued. He had never heard
of this “little chip company,” but he sent
for specifications for the first development
system for the 4004. 1c was a little foot-
square blue box called the SIMg4-o01, with

2,300 transistors on the chip and read-only
memory (ROM), but the price was §1,000
plus $700 for 2 Teletype. He did not have
enough money for both on his $20,000-
a-year salary

He got around this by faking the oper-
ation of the lirtle 4004 on the big IBM 370.
Ashe programmed the simulator, the lim-
itations of the chip drove him crazy, but
he saw the potential of escaping from
the room-size [BM mainframes (and the
refrigerator-size minicomputers from Ken
Olsen’s Digital Equipment Corporation).
“This {4004]) was avery primitive computer
by anyonc's standard, but it foretold the
passibility of one’s own personal computer
that need not be shared by anyone else. It
may be hard to believe, but this little
processor started the whole damn indus-
try. ... There, in 1972, my dad's navigation
‘crank’ had arrived in the Intel 4004, but
there appeared to be some major pro-
gramming work to get the crank to actu-
allywork.”

The 4004 had no trigonometric func-
tions, so Kildall spent months program-

ming the chip to find sines and cosines.-

After debugging the program on his simu-
lator, Kildall knew he had something that
might interest Iatel. He called a friend
there and offered to swap the 4004 simu-
Jator for a real chip, a $1000 SIM4-01.The
Intel engincer was less interested in
the simulator than in the trigonometric
functions Kildall had written. They made
the trade, and Kildall had his own 4004-
There was a long and tedious year's
journcy to make anything of a machine that
could be fed data only four bits at a time
and had no monitor. Kildall describes the
process: shining a UV light through 2
quartz window for 30 minutes to erase 256
bytes of space on the EPROM (erasable
programmable read-only memory) so there
was room for his own little program; feed-
ing paper tape into a Teletype and thenline
by line typing a program written in hexa-
decimal code, known as machine langoage;
fixing the typing errors by going back ta
the beginning; running the corrected code
to load each EPROM. “We pioneers had
to do all this stuff two decades ago so you
can enjoy your sweet litte laptop while
cruising placidly over Colorado at 37,000
feet. . . . For reference, an average JFK to

GARY KILDALL
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SFO flight takes about six hours.
That's the time it takes to pro-
gram twelve EPROMs of 256
bytes each, or a total of 3,072 bytes
of memory”
A laptop today does the same
ina fraction of a second.
Nonetheless, Kildall built a
briefcase computer—*“it may have
been the first personal com-
puter”—and took it around for
demos, lugging with him the 6o-
pound Teletype. He inspired hun-
dreds, onc of them a young
engineering graduate at the Uni-
versity of Washington, Tom
Rolander, who later became
imporeant in his Jife. Intel, too,
was impressed by Kildall's bub-
bling imagination and engaged
him as a part-time consultant, initially 1o
build a simulator for the new micro-
processor the company was working on,
which was to be more sophisticated than
the 4004 and ten times faster. Software
applications were a low priority then at
Intel; the software “group” Kildall joined
part-time was only two people, tucked away
in a space the size of a small kitchen. Kildall
devised a Star Wars kind of video game for
his briefcase computerbased on a 1972 idea
by Intel engineer Stan Mazor, a codevel-
oper of the microprocessor, and the pair of
them showed it off to one of the founders
of Intel, Bob Noyce, a gentle, smiling pres-
ence who occasionally walked encourag-
ingly through the little software corner in
his white lab caat. Kildall writes, “Noyce
pecred at the LEDs blinking away on my
4004. He looked at Stan and me and said,
bluntly, that the future is in digital watches,
not in computer games.” Intel had just
bought Microma, one of the first digital
watch companies, which was not long after-
ward beaten into the ground by a flood of
Japanese digital watches. Intel thus passed
up an opportunity to lead the video game
industry. Kildall, in a judgment that would
reverberate for him, too, writes of Noyce:
“He, like all of us, made some decisions that
are right, and some that could have made
the future unfold in a diffcrent manner.”
What mattered to Kildall was that in build-
ing an industry in microprocessors, “Bob
treated his people with dignity”

‘. RS

IN THE COCKPIT: Kildall writes: "Tom Rofander {right) was co-
pilot in flying and in life. Many evenings we'd fly across the
United States, watching the stars In pitch-black background.
We’'d talk about the beauty of nature, the inner feelings of rela-
tionships between us and our wives.”

Intel was abuzz in 1973 with the triumph
of the 8008 chip, which doubled the power
of its first microprocessor, and Kildall was
drawn to spend more and more time there.
After his “eyeballs gave way,” he would
spend the night sleeping in his Volkswagen

van in the parking lot. He became a trader

in an electronic bazaar, swapping his soft-
ware skills for Intel’s development hard-
ware, One morning, he knocked on the
door of Hank Smith, the manager of the
lietle software group, and told him he could
make a compiler for the Intel 8008 micro-
pracessor 5o that his customers would not
need to go chrough the drag of low-level
assembly language. Smith did not know
what Xildall meant. Kildall showed how a
compiler would enable an 8008 user to
write the simple equation x = y + z instcad
of several lines of low-level assembly lan-
guage. The manager called a customer he
was courting, put the phone down and with
abig smile uttered three words of grear sig-
nificance for the development of the per-
sonal computer: “Go for it!”

The new program, which Kildall called
PL/M, or Programming Language for
Microcomputers, wrote microprocessar
applications such as operating systems and
utility programs, and Intel wsed it for
decades afterward. Kildall's reward was
Intel's small new computer system, the
Intellec-8. It must have been the first com-
mercial personal computer, Kildall notes,
though no one thought of it as that. He

Filed 03/15/07 Page 6 of 45

borrowed $1,700 to buya printer
and a video display. What jrri-
tated him was that he could not
operate the Intellec independ-
ently of the expensive DEC PDP-
10 minicomputer now installed
in the navy’s classroom at Mon-
terey—unless he could contrive a
way for the Intellec to store a
great deal of data. As technology
writer Al Fasoldt writes, without
adisk operating system the com-
puter is just too dumb to do any-
thing useful.

B Experiments with cassette
tape did not work; then Memo-
rex, just down the street from
Intel, came up with an eight-inch
floppy disk for mainframes. It
held 250,000 characters, moved
data at 10,000 characters a second (com-
pared with ten characters a second with
the Teletype paper reader) andin theory
gave nearly instant access to any portion
of the stored data without rewind or fast-
forward. Wonderful~but the communi-
cation between Kildall's small computer
and the disk drive needed a controller
board to handle the complex electronics,
and there was no such thing, “I sat and
stared at that damned diskette drive for
hours on end and played by turniag the
wheels by hand, trying to figure a way
make it fly The absence of a controller for
that floppy drive was the only thing
between me and a self hosted computer. It
drove me nuts.” The equipment sat in his

office for a year, the software genius

defeated by hardware. “I'd just look at it

every once in a while. That didn't seem to

work any better.”

He went rcluctantly back to his DEC
minicomputer and built an operating sys-
tem he called CP/M, or Control Program
for Microcomputers, mimicking the name
PL/M. (CP/M originally stood for control
program/monitor.) He knew the program
was sound, but he still could not get it to
communicate with the disk. Desperate, he
called his friend from the University of
‘Washington, John Torode, who had a Ph.D.
in electrical engineering. Torode worked on
it for 2 few months and came up with a neat
little microcontroller, Kildall held his breath:
“We loaded my CP/M program from paper
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tape to the diskette, and ‘baated’ CP/M from
the diskette, and up came the prompt:

*

“This may have been one of the most
exciting days of my life, except, of course,
when I visited Niagara Falls one day.”

Kildalt opened a file, stored it on the
floppy and it appeared in the directory—
commonplace stuff now but a dramatic
achievement then, the world's first disk
operating system for a microcomputer.
“Walking back to Kildall’s home for a cele-
bratory bottle of red wine, the program-
mer and the engineer told each other, “This
is going to be a big thing."” But where was
the market? Ben Cooper, an entrepreneur
from San Francisco, paid Kildall to writca
program for an arcade astrology machine
he was making: Put in a quarter, dial your
birth date and out comes your future, Kil-

dall built the software system in a small
converted toolshed at the back of his home.
When Ben mistakenly entered the com-
mand “del **" instead of “dir *.*" 10 get his
files, he deleted all of the files on the
disketre. And that is the origin of the

prompt “Are you sure? (Y/N).”

Cooper finally got his machine installed
on Fisherman's Wharf in San Francisco, and
the entrepreneur and programmer sat on
a bench one summer evening to see what
would happen. A hand-in-hand couple put
in a quarter, did not bother with the dial
and walked off happily enough with some-
one else’s horoscope. “Because of it,” writes
Kildall, “they are probably married with
seven children to this day.” But nobody
wanted to buy the 200 machines Cooper
had built.

KildalP's own happy marriage (with “two
great kids, Scott and Kristin™) hita reefin
1974, butit was retrieved by Dorothy’s will-
ingness to help make a business out of the
CP/M program. She had not had a formal
college education, but she had workedina
phone company’s customer service depart-
ment and, as Kildall writes, often out-
smarted the grads who came o him. Gary
continued to teach at Monterey while
Dorothy handled the early business, send-
ing diskettes to customers responding toa
$25 advertisement she and Gary had
bought in the famous insider magazine Dr.
Dobbs' Journal of Computer Calisthenics and

Orthodontia at the suggestion of its found-
ing editor, Jim Warren. Demand for the
diskettes was slow at first; the market was
made up of early computer enthusiasts.
“WWe started in a corner of the bedroom,”
Dorothy told vs. “There was nolong-term
plan. We put no money into the operation.
We didn’t have much savings. We lived off
Visa and MasterCard.”

The first big break was a sale of a word-
processing program in 1975 to Omron,
which made cathode ray tubes (CRTS) for
newspaper editing. It was the first com-
pany to build hardware using CP/M. Kil-
dall and Torode split the $25,000.

Earlier in the year, in Albuquerque, New
Mexico, Ed Roberts had come out with a
mail-order kit for hobbyists for the first
commercially successful personal computer,
the Altair, which sold for $500. It had an
Intel 8008 microprocessor inside with tog-
gle switches on the front panel. It was noto-
riously difficult to use, with only 256 bytes
of memory and no screen or keyboard.

A new company with wider ambitions
to sell to the general public was formed in
San Rafael, across the Golden Gate Bridge
from Silicon Valley, calling itself IMSAL Ik
had promised delivery of a diskette oper-
ating system and had not even begun to fig-
ure it out when Glenn Ewing, a former
naval student of Kildall's, engaged as a con-
sultant, told IMSAI about CP/M. “Glenn
came to my toolshed computer room in
1975,” writes Kildall, “so we could ‘adapt’
CPIM to the IMSAI hardware. What this
means is that 1 would rewrite the parts of
CP/M that manage things like diskette con-
trollers and CRT§ (screens). Well, come on,
I'd already done this so many times that
the tips of my fingers were wearing thin,
so I designed a general interface, which I
called the BIOS (basic input/output sys-
tem) that a good programmer could change
on the spot for their hardware, This little
BIOS arrangement was the secret to the
success of CP/M.”

Kildall had in essence created a digital
pancake. The underside could be adapted
to fit different hardware configurations.
But the top part was truly revolutionary;
it did not have to be rewritten. Kildall
developed an instruction originally dubbed
“Call 5" and later called “Inc 21™; any appli-
cation program could interface with his

operating systenm. This was a phenomenal
advance. It liberared software from hard-
ware. Any application could thereafter run
on any computer.

According to Kildall, he and Ewing buile
the system on a lovely afternoon, sitting in
the toolshed across from the house with
its hummingbird feeders, a pastoral scene
for a computer revolution, for that is what
it portended. Kildall's friend and future
partner, Tom Rolander, explains it well:
“Think how horsible it was for the software
vendors before that time. They would have
to have different copies of their program
configured to different pieces of hard-
ware” —and there were scores of special~
ized picces of hardware. Imagine a world
where each model of car required a differ-
entkind of gasoline— that's what it was like

_for computer operators before Kildall's

innovations. Xildall created the bedrock
and subsoil out of which the PC software
industry would grow. He licensed his sys-
tem to IMSAT for $25,000 and felt rich.

Clearly, there was a business here, but
Kildall found the transition from inventor
to innovator wrenching.

He had fun with his classes at Monterey;
where the graduates revved up on his
enthusiasm and readiness to give everyone
a chance. He led them through the steps
to design a wristwatch computer that mon-
itored a navy diver’s nitrogen pressures at
varying depths to avoid the “bends.” His
classroom, in the words of Michael Swaine,
editor at large for Dr. Dobbs' Journal, was
probably the world's first academic micro-
computer lab. But it was time to move on.

“He just loved teaching,” said Dorothy.
“It was a hard decision for him to quit
school full-time.” But Dorothy encouraged
the decision they made in 1976 to start a
full-time mail-order business they called
Incergalactic Digital Reseacch—“inter-
galactic” only because someone else held
claim to “Digital Research” for a couple of
years. It happened —coincidentally says
Kildall— that at this moment new man-
agement at Intel ended his consultancy.
There is a story that he offered the whole
system he was designing for $20,000 and
that they missed a golden opportunity; the
fact was, says Kildall, that Intel simply
wanted to build their own operating sys-
tem, and ultimately, that was a “godsend”

GARY KILDALL -
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for him. But it is clear from his memoir he
wasalso disenchanted with Intel. Recount-
ing how marketing manager Jim Lally
racked up the price of the Intel §080 micro-
processor with paper tape and floppy disk
drive to $12,000, he writes: “T was dumb-
founded. This was a direct attempt to block
advancement in our society's technology

- for the profic of Intel, It was a good lesson

for me. I protested. I wasn't even listened
to or even consideréd. But Jim Lally is now
a very successful venture capitalist.”

Nevertheless, Kildall's ethics proved
shrewd marketing. He initially proposed
selling his system for $29.95 a disk, i.e., giv-
ing it away. At Dorothy’s insistence, he
asked $70 —which was still absurdly cheap.
She remembers going down to the post
office in 1976 hoping to find checks that
would keep the company alive alittle while
longer, but by 1978 it was a roaring success,
leaving other proprietary systems in its
wake. CP/M made the Intel operating sys-
tem look like a scam; in addition to its being
cheap, Kildall's system was small, it was
fast, and it would run on all Intel comput-
ers and competing Zilog Z8os. “No other
software product had been priced our way
before,” Kildall writes. “OK, CP/M’s price
came up to $100 per copy with version 1.4,
bur no one seemed to care.” That denom-
ination was in itself another Kildall inven-
tion: The first digit was 2 “major” revision
and the decimal point indicated a minor
revision for update. “You charge the man-
ufacturers and customers a “minor” fee ro
get the minor revision and then issue a
“major” revision, like CP/M 2.0 and charge
a major fee, That became the way micro-
computer software was labeled and for that
purpose only”

In 1978, when sales were $100,000 a
month with a 57 percent profit margin,
Gary and Dorothy moved into a spacious
converted Victorian house in Pacific Grove
overfooking the waves of Monterey Bay,
where Gary worked under the cupola and
Dorothy ran the business office on the
ground floor, Dorothy abandoning the
name Kildall for her maiden name,
McEwen, to avoid the aroma of a mom-
and-pop operation. “It was avery exciting
time, and we were just very naive about
everything, about starting a business, about
the industry,” Dorothy recalls. “We were

young. The grown-ups hadn’t come yet.”
They gradually recruited ayoung staff, stu-
dents, professors and friends and installed
the programmers out of sight on the sec-
ond level of the house. The atmosphere was
zany, as Kildall put it, a lot of marriages, a
bunch of babies. People came towork bare-
foot, in shorts, and in hippie dresses; any-
one in a suit was a visitor. One candidate
for interview with the boss found herself
talking technology with a red-bearded
Roman emperor in a toga. Tom Rolander,
visiting Kildall after three years working as
an engineer at Intel, remarked that as a
pilot he recognized the model airplane on
Kildall's desk. Within minutes, Kildall bun-
dled him into a sports car for a fast drive
tothe airport and a flight in the real plane,
a Cherokee 180. Two days later Rolander

- 'was at work in Pacific Grove writing the

multitasking version of CP/M.,

Rolander was with Kildall through all
the emerging triumphs and crises. Kildall
writes: “Tom and I had a knack about how
we worked together. I would create new
stuff, write programs, and he would clean
things and make them products, Sometimes
the products were good, and sometimes
they weren't. But that’s how this world
works. You don't get a home run every
time.” Rolander, the son of a preacher, was
described by one associate as Tom the Can-
non. “What he meant is that you aim Tom
ina particular direction and light the fuse.
Tom really doesn't care what direction it is;
he onlywants to work 80 hours a week on
an interesting software problem.” He is
today still 2 lean, focused man exuding fit-
ness. Visitors to his office inclined to pick
up his bicycle in a corridor find it impossi-
ble to move. Rolander loads it with heavy
bricks to make sure he gets a proper work-
out. He might equally be called T-for-
Thoroughness Tom. “Tom learned and
practiced calligraphy,” writes Kildall. “Dur-
ing our friendship, he wrote [out] The
Prophet in calligraphy for me. I know it took
him many, many hours to do this.” The two
men flew together, jogged the Asilomar
Beach and confided in each other. Writes
Kildall: ‘At the time he was my copilot in
flying and in life.” On one scary night flight,
Rolander saved both of them, Kildall, dis-
trusting his instruments, mistook a string of
lights crossing Lake Ponchartrain outside

New Orleans for the horizon. They were
half a second from crashing when Rolan.
der, looking our of the right window, yelled
the alarm. “With the airplane now in a
bank,” writes Kildall, “I went back on the
gauges. Righting that Aerostar to ‘instru-
ment level’ may have been the hardest thing
T've ever done in my lifetime.”

Kildall was not a daredevil pilot. He was
fully instrumnent rated. But on the ground,
he relished risky fon. For his 39th birthday
inx981, he was given a pair of roller skates,
“the kind that look like tennis shoes
mounted on a Formula One car.” When the
party ran out of champagne, he sped down-
hill on them to get some more, stumbling
over small acorns to everyone’s merriment.
He liked the skates so much he rolled
around on them in the corridors of the
office, Alan Cooper, who made an account-
ing system using CP/M on an IMSAI com-
putes, says Kildall got frustrated onlywhen
the company didn't function like a college.
“Employees would come to him expecting

- him to solve business problems, marketing

problems, personnel problems. He didn’t
know the answers; didn’t really want to
think about the problems. What he wanted
to do was write code.”

There was nothing wild and woolly
about that, Flying more than 1,000 hours
on business trips with Kildall, Rolander
came to appreciate Kildalf's very methodi-
cal approach to flying, whether for a brief
bit of acrobatics in his Pitts biplane or fora
journcy across the country ina twin-engined
Aerostar. “While my own personality would
have prompted more spontaneous depar-
tures, Gary's would always be done after
detailed weather briefings, fuel loading, and
weight and balance calculations.

"Gary's programming was just as
methodical. It always began with complete
and detailed sketches of data structures on
large sheets of paper. The coding never
started until he had visualized and com-
prehended the overall design. From the pre-
flight to landing, Gary was a consummate
professional in his flying, paying attention
to every detail and never getting flustered.
He was always calm, confident and equally
demanding of detail from his copilot. He
would have me rehearse my ATC trans-
missions over and over so that I would
sound like a professional, After all, we were
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H in a Victorian house in Pacific Grove and
had parties every Friday. The president (top feft) traveled the corridars on his
rofier skates and turned out with the softball team (with Rofander, far right). In
the staged balcony photograph, fie is programming the Apple Lisa for Steve
Jobs. {"Jobs was the promoter; Wozniak was the guru) | ’
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flying up at 25,000 feet, clase to the big
commercial jet traffic. Gary paid just 2s
much attention to detail in his program-
ming. Unlike other designers, who are often
content to paint the broad picture and then
let the more junior programmers fill in the
details, Gary designed, implemented and
debugged his products.”

By 1980 Kildall had sold hundreds of
thousands of capies of CP/M and had
tedesigned his system for the new hard
drives. His was the standard operating sys-
tem for most PCs. For the young couple,
it was a heady time. Gerry Davis, who was
then the Kildall attorney, remembers the
bank calling to ask if DRs profits were
real. Davis said they were. “But they're
making 85 percent profits. That’s not pos-
sible.” Davis assured the banker it was true.
The Kildalls had a virtual monopoly. The
natural question, then, is how Bill Gates
got into the act.

Bill Gates was a 13-year-old hacker when
Gary Kildall had already written his com-

. piler and was pursuing his doctorate. Gates

and Paul Allen famously simulated one of
Ed Roberts's computers on the Harvard
mainframe and installed on it a simple pro-
gram invented at Dartmouth College by
John Kemeny and Thomas Kurtz called
“BASIC,” meaning “Beginners' All-Purpose
Symbolic Instruction Code.” It was prim-
itive, but it enabled hobbyists to writc their
own simple programs. Gates and Allen
formed 2 company in 1975, originally called
Microsoft, to sell this BASIC interpreter
out of Albuquerque, not far from Roberts's
factory, but two years into Microsoft, Gates
wondered if Albuquerque was the right
location far his little business.

Grates came to consule with Kildall, who
drove him along the Central California
coastline, and while commiserating about
the speeding tickets they both routincly
collected, they talked of merging cheir two
companies. “We invited him to stay that
night at our home. Dorothy fixed a nice
roast chicken dinnes,” writes Kildall. But
he adds, “For some reason I have always
felt uneasy around Bill. I always kept my
hand on my wallet, and the other on my
program listings. I found his manner too
abrasive and deterministic, although he
mostly carried a smile through a discussion
of any sort. Gates is more an opporctunist

than a technical type. . . .” David Kaplan,
the author of the engaging The Silicon Boys,
says there seemed to be a gentleman's
agreement that neither would get involved
in the other’s business. “DRI would stay
away from languages, and Microsoft would
leave opcrating systems alone.”

Around this time, Kildall was sought
out by Data General Corporation, located
outside Boston, to write a whole new com-
piler for IBM's PL/I, “a dinosauc every bit
as well done as Disney could have pro-
duced.” He thought the project would take
him nine months, but it ended up taking
two years. It was by far the best compiler
buile for the Intel chip sct, enabling a host
of new applications, but it held him up
making CP/M-86, a 16-bit version to sun
on Intel’s 8086 chip—a detay thar gave Bill
Gates the opportunity of a lifetime,

Gates sertled his enterprise near Seattle,
Washington, of course, His breakthraugh,
in 1978, was Allen’s desiga of a “Microsofe
Softcard.” This was an add-inboard to the
WozniakJobs Apple Ile so that it would
run CP/M and Microsoft Basic. The addi-
tion of CP/M gave Apple IT users access to
alarge software base from the CP/M appli-
cation suppliers. “I wanted a royalty,” writes
Kildalt, “but Bill wanted a buyout and was
stuck on that point. I sold him 10,000
copies for $2.50 each.” Kildall adds with
emphasis: “He signed agreements to pro-
tect the CP/M design under this license.”

It was a wise precaution. Many peaple
were pirating Kildall's design in the late
*70s: Hundreds of “clones™ had been made.
Gerry Davis would issue warning leteers,
but Kildall found the most effective way
to stop the rip-offs, instead of suing, was
to drop in on the infringer and try a litde
shame. Roger Mellon bought an aperating
system from the Palo Alto Computer Store
and was assured it was original. He was
astounded when Kildall used the machine’s
built-in debugger to view Mellon’s mem-
ory storage and embedded there was
the message: “Copyright 1978, Digital
Research.” Mellon promptly signed up for
a license. Kildall writes, “T put the copy-
right message in the object code for exactly
that purpose, andyou had to be a very
sophisticated programmer to remove that
message. Not only that, if it was removed,
CP/M would not run because the aperating

system checked to sec if the message was
there before starting, using an encryption
scheme that worked quite well.” (Kildall
had learned the encryption techniques at
the Naval Postgraduate School)) In the fall
ofx979 Roger Billings was doing very well
selling a computer system out of his com-
pany in Provo, Utah. Kildall and Rolander
flew seven hours in single-engine Piper
Archer, only to have Billings make them
cool their heels in the waiting room. With
nothing to do, Kildall played with 2 sampte
Billings computer in the waiting room.
Using his debugger progeam, he quickly
entered the innards of the computer oper-
ating system. There, again, was his copy-
right message. Kildall writes, “Roger became
quite friendly all of a sudden.”

Another participant in these little
morality plays was Rod Brock, a neighbor
of Bill Gates's in Redmond. Brock, who
owned a small company called Seattle Com-
puter Products (SCP), was impatient for
the CP/M-86 Kildall was developing for
the more powerful 8086 Intel chip. Brocks
revenues were running down, so he hired
Tim Paterson to fill the gap. Paterson did it
by taking a ride on Kildall's system with a
program he officially called “Seattle DOS,”
bur which he also called QDOS, for Quick
'n’ Dirty Operating System. Kildall writes;
“Paterson’s Seattle DOS was yet another
one of the rip-offs of the CP/M design. The
CP/M machine code was taken apart, using
CP/M’s own DDTlits debugger], to deter~
mine the internal workings of CP/M in
order to make 2 clone of CP/M's opera~
tion.” Paterson has denied using CP/IM
source code but admits making the two sys-
tems similar to help translate programs into
QDOS. “Because of the completely differ-
ent file-storage format, none of the inter-
na workings has any corresponding relation
to anything withia CP/M," Paterson says,

John Whartan, the former Intel engineer
and computer specialist who became a friend
of Kildall’s, neatly sums up the ethics of that:
“I can empathize somewhac with the bind
in which SCP found itself: unable to sell its
8086 hardware for lack of software and
unable to buy the software it wanted. But
for M. Paterson to cite the unavailability of
CP/M-86 as justification for appropriat-
ing the ‘look and feel’ of a competing oper-
ating system and its utilities seems to me
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analogous to telling a judge, ‘I needed the
car, Your Honor, and the plaintiff wouldn’t
sell me his, 50 1 was forced to take it.”

This would have all been a bagatelie,
soon disposed of by lawsuit or shame, but
for the curious behavior of IBM. Every-
body in the computer world knew that Kil-
dall had created CP/M—cverybody, it
seems, except the biggest beast in the main-
frame jungle, in which personal computers
had hitherto been almost invisible. In July
1980, IBM's top managersin Armonk, New
York, set up a task force in Boca Raton,
Florida, to report on the feasibility of mass-
producing and mass-marketing a desktop
computer. Philip “Don” Estridge was given
just one year to get the secret project, code-
named Project Chess, into the marketplace
by buying components and an operating
system with open architecture to facilicate
add-ons—exactly as Kildall had desigaed.
IBM chose an Intel pracessor. For the oper-
ating system chey called noton Kildall and
DRI in California, but Bill Gates in Seattle
on the lazy assumption that he owned
CP/M: Microsoft was then 2 tiny 40-
person company selling 2 programming lan-
guage that ran on CP/M. A whole IBM
team of five headed by Jack Sams and Pat
Harrington flew cross-country into Seattle
on 2 Wednesday in August. Having ensured
that Gates and his partner, Steve Ballmer,
signed a tight confidentiality agreement,
and a consulting agreement, they opened
negotiations to buy a license for CP/IM
from Microsoft. Hello? Gates had to say it
was not his system to license. According to
Rolander, Gates phoned Kildall only to say
that a “big client” was going to cantact DRI
and that Kildall should “treat them well.”
Then [BM phoned to schedule 2 meeting
with DRI two days later.

This is where the myth begins. In his
memoir, Kildall is quite specific (and Rolan-
derconficms) that he arranged to meet the
Project Chess team on a Friday afternoon.
Knowing and explaining that he had a
previously scheduled business trip on Friday
morning (visiting an important CP/M dis-
tributor, Bill Godbout, at his factery in
Ozkland), he arranged an inicial meeting
between the visitors and Dorothy, who
negotiated contracts; that very Friday
morning, she signed an agreement with
Hewlett-Packard.

The IBM team showed up as scheduled
at 10 2.m. and the lawyer, well-known for
his aggressive style, preseated Dorothy
with a ludicrously far-reaching nondisclo-
sure agreement. According to Kildall, it
stated, “All Ideas, Inventions, or other
Information become the property of IBM.”
Anything IBM said would be confidential,
whereas anything DRI s2id was not.
Dorothy balked and gave the [BM team
DRI’ standard licensing agreement, which
more than 1,000 manufacturers had already
signed. There was a stalemate for a few
hours. Dorothy would not sign IBM's broad
agreement without knowing what I8M
wanted. IBM would not reveal what it
wanted until DRI signed. Dorothy sought
the advice of Gerry Davis, who joined the
meeting. He agreed with her that the
undertaking asked for was too broad but
thought it might be modified. He says, “Bit
(Gates) signed that agreement because he
had nothing to lose, because he didn'c have
4n operating system.”

Dorothy decided not to negotiate fur-
ther until Kildall came back for the after-
noon session. In the mecantime, it appears,
the IBM team fumed. There is an expo-
nential arc 1o the revisionism that was to
so amaze and dismay Kildall. In an inter-
view with the Times of London in 1982,
Gatessaid, “Gary was out flying when IBM
came to meet, and that’s why they didn't
get the contract.” Accidental Empires, 31992
book by Robert Cringely and one of the
seminal works on Silicon Valley, states that
Kildall never bothered to showup at ail and
that IBM lefc DRI in annoyance without
ever revealing what it wanted. Wrong,
wrong, wrong, and this is a standard book
on the origin of the PC. The Long Island
newspaper Newsdzy wrote, “In a story often
told, the starched-shirt IBM guys, after
CP/M long-hairs canceled an appointment,
turned to an unknown company called
Microsoft, headed by an unknown com-
puter geek named Bill Gates.” {On a smaller
point of accuracy, Tom Rolander was quite
bald by that time.) Maybe a source for the
absent Kitdall story is Jack Sams, who in
1992 told James Wallace and Jim Erikson
that he was sure Kildall did not turn up for
the meeting, “unless he was there pre-
tending to be someone else.” Alfred Chan-
dler Jr., who does not doubt Kildall’s

presence, writes in his 2001 book Jirventing
the Electronic Century: “Kildall was unwill-
ing to sign the standard nondisclosure
agreements on which IBM insisted. . .., If
Kildall had been willing to accept the
nondisclosure clause, and if Motorola's chip
had been the first choice over Intel's com-
mercially unpopular one, the underlying
history of the personal computer during
the critical decade of the r980s might have
remained much the same. But the indus-
try's two most powecful players in the
1990s might not have been Intel and
Microsoft.” David Kaplan explains the
credulity: “That's the Microsoft, and pop-
ular; version—and since winoers tend to
write history, it's the prevailing one.”

In fact, when Kildall and Rolander
arrived at Pacific Grove—on schedule—
they met the [BM men in the early aftér-
noon along with Dorothy and Davis. Once
the noadisclosure agreement had becn
argued and agreed, with Kildall signing,
IBM revealed its plans. Rolander demon-
strated DRI’s new MP/M-86, the britliant
new multitasking operating system that
worked for Intel's 16-bit computers. (Gates
long believed he persuaded IBM to adopt
216-bit chip, but IBM had already decided
on the 16-bit model according to Gates’s
biographers Stephen Manes and Paul
Andrews.) In multicasking, Kildall was
years shead of anyone else. Rolander also
discussed CP/M-86, the newest version of
CP/M, which would be used to transition
custamers buying the new Intel chips. Ulti-
mately; though, Kildall and Rolander
wanted MP/M-86 to become the new stan-
dard. Kildall weites, “The new MP/M-86
was the operating system for the future,
because it had built-in multitasking that
supported the existing software base, It
had built-in networking. Only today [1994]
are we even considering these prospects.
Cleadly, the PC industry would be much
more advanced if DRI had been allowed
to introduce these products a decade ago.”

Negotiations began over how much
IBM would pay. According to Rolander,
Kildall felt uncomfortable around the stiff,
averdressed (by California standards) [BM
men. They probably saw him as a hippie.
DRI's earnings then were $5 milliona year,
mostly from CP/M. Kildall writes, “IBM
offered to buy out CP/M-86 for its new PC

GARY KiLDALL
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for $250,000. You might be saying, ‘Hey,
Gary, sell the whole damn thing to IBM,
then just weap MP/M on top of chat, say,
hey?" That strategy may have worked, but
our entire customer base wanted a smooth
transition into 16-bit machines and we'd
have lost them in a heartbeat. So I coun-
tered with an ongoing $10 per copy rayalty
for CP/M as was paid by all other manu-
facturers.” Davis points out that DR had

" contracts with “most favored nation”

clauses, meaning that to sell CP/M to IBM
for a flat fee might have caused DRI to be
sucd by its other customers. Kildalt had to
try to negotiate a contract similar to the
ones signed by ather customers.

IBM jibbed at this—it even insisted on
renaming the Kildall syseem PC-DOS—
buc Kildall still believed they could strike 2
deal. As far as he knew; no one else had an
operating system IBM could use. Kildall
writes, “We broke from discussions, but
nevertheless handshaking in general agree-
ment on making a deal.” Kildall and his
family left that evening to vacation in the
Cacibbean. On the flight to Florida, they
ran into the IBM team returning to Boca
Raton. Kildall spent much of the flighe dis-
cussing how he would adapt CP/M to
IBM's aceds, Dorothy describes the team
as “friendly.” “One of them kissed me on
the cheek,” she says. (Sams, the author of
the “invisible Kildall” story, says she must
have kissed one of his team going back to
Boca Raton, but not him, because he wene
to Seattle, presumably to meet Gates
again.)

The Kildalls were back in Monterey a
week later. Kildall straightaway putina call
to the Boca Raton team —and another, and
another. IBM had gone off the air; they'd
gone back to Microsoft. Davis said DRI
caught wind later that IBM was talking to
Gates, but Kildall told him, “Bill's a friend
of mine. He wouldn't cut my throat.” But
that is precisely what Bill did.

When [BM revisited Gates with news
of the eacounter with Kildall, Gates
jemped in with the observation that Kil-
dall had not yet finished designing CPIM
for a 16-bit machine and that Microsoft
could itself meet IBM’s requirements. As
soon as the IBM visitors went back ro Boca
Raron, Gates called Rod Brock and bought
Tim Paterson's system for $75,000 —an

initial $25,000 plus another §50,000 on
closing the deal—without telling Brock
why he wanted it so much (he fater cited
the nondisclosure agreemenc with IBM).
Gates was taking two gambles. The first
was that Paterson's adaptation of Kildall's
system risked a damaging legal suit: Gates
never told IBM how close QDOS was to
CP/M. The second was that IBM might
pull out. They had done that before; back
in 1974, IBM had made a $10,000 PC, the
IBM 1500, which ran on Intel chips and
failed to sell. “They seriously talked about
canceling the project up uatil the last
minute,” says Gates, “and we had put so
many of the company resources into this
thing.” But Gates was willing to bet every-
thing. At the end of Seprember, he and
Ballmer flew to Boca Raton to present a
proposal, much of it written by Kay Nishi,
a Japanese employee, for using Paterson’s
version of Kildall's program—now renamed
Microsofc DOS —and asking almost roth-
ing in royalties. On the drive from the air-
port to the meeting, Gates panicked when

he realized he had forgotten a tie. (They .

stopped at a depactment store on the way
in.) Gates understood how to behave
arouad IBM. His culture meshed with
theirs far more than Kildall's did. Estridge,
who died in a plane crash in 1985, told Gates
over lunch that when IBM's new chief
executive, John Opel, heard Microsoft
might be involved with the PC, he
enthused, “Oh, is that Mary Gates's boy’s
company?” Opel and Gates’s mother served
together on the board of the United Way.
Gates signed an agreement with [BM in
November 1980. He believes his mother’s
connection helped land him the contract
for the new PC, which was code-named
Acorn.

Kildall was relaxed about IBMs silence.
He shared Silicon Valley’s view of [BM as a
dinosaur. A lot of us in the microcomputer
world in the early days,” says Rolandes, “saw
IBM as all fluff and marketing, big, lum-
bering, slow, uninteresting, not clean, excit-
ing, fast." In 1981 Kildall's CP/M ranon g0
percent of the roughly 500,000 or so Intel-
chip-based personal computers in exis-
tence. (Apple was the exception, using
chips made by MOS Technology and later
Motorola) Where else could IBM go? But
about half ayearlater, Andy Johnson-Laird,

a friend of his who was a savvy consultan,
showed Kildall a list of the PC-DOS APY
(application program interface) function
calls for an IBM computer— the specifica-
tions for the software, These specifications
had to be published so that progeammers
would know how to write new software for
the upcoming IBM personal computer. Kil-
dall was astonished to find how much of
CP/Ms proprietary list had been copied.
He writes: “The first twenty-six function
calls of the API in Gates’s PC-DOS are
identical to and taken directly from the
CP/M proprietary documents {CP/M man-
uals).” He was irate, and with good cause.
‘What Paterson essentially had done was
rewrite the bottom part of the software—
improving the way files were stared and
adapting the program to a16-bit machine—
while copying most of the top part of
Kildall's operating system (the Int 21 com-
mands that allowed the operating system
to interact with the application program).
Even if QDOS and CP/M were 80 percent
different, as Paterson has said, he took
almost unaltered Kildall’s Int-21 mecha-
nism-—the heart of his innovation. An inde-
pendent examination of the two systems
shows some blatant copies, some slight
alterations. For instance, CP/M began each
new fine with:

A:
The DOS prompt was:
A>

Paterson copied Kildall's ficst 36 Int-21
functions into QDOS. He did rename Kil-
dall’s "Read Sequential” function “Sequen-
tial Read”; “write sequential” became
“sequential write”; “Read Random” was
called "Random Read.” And so on.

In addition, CP/M’s ED program was
almost the same as PC-DOS's EDLIN edi-
tor program. Rolander says that “what Tim
did was very clever. Ironically; an invention
of Gary's was used against him.” Gary's
design was so good that he actually made
it fairly simple for Paterson to “rip off”
CP/M. Paterson in effect validated the sig-
nificance of Gary's design. Applications
were not tied to an implementation of an
operating system (CP/M versus QDOS) or
physical computer hardware (BIOS), but
rather to a logical interface. Patersan's file
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L

system, Rolander acknowledges, was bet-
ter for the lacger disk, but he adds that mis-
takes were made in cloning Kildall's work.
“QDOS didn't operate the way CP/M did
just because of misunderstandings.” John
Wharton was an engineer at Intel when
Gates visited Santa Clara to persuade Intel
to abandon 2 joint development project
with Kildall. “It was I who firsc informed
Gates that the software he just bought was
not, in fact, fully compatible with CP/M
2.2. At the time [ had the distincc impres-
sion that, until then, he'd thought the entire
operating system had been cloned.” Whar-
ton says that “the strong impression” he
got of Microsoft programmers at the time
was that they were “untrained, undisei-
plined, and content merely to replicate
other people’s ideas and that they did not
secm to appreciate the importance of defin-
ing operaring systems and user interfaces
with an eye to the future. In the end, it was
the latter vision, I feel, that se¢ Gary Kildalt
50 far apart from his peers.” Whae Kildall
saw; and what Paterson, Gates and IBM did
not, is that CP/M-86 itself would soon be
antiquated. The real problem was not that
QDOS was similar to CP/M, but that it did
not have the stable multitasking capabili-
ties that Kildall was planning.

Kildall lost his traditional cool. This
time he furiously got through to IBM. They
immediately dispatched a managerand an
attorney to Pacific Grove, “I showed the
IBM attorney definitive evidence that PC-
DOS was 2 clone of CP/M and immedi-
ately threatened a lawsuit for copyright
infringement. The IBM attorney compared
the APL intecface, and I can say cleady thar
he fairly blanched at the comparison and
stated that he was not aware of the simi-
larity. I told him that he should take note
and become aware at the carliest opportu-
nity, or else he should face 2 major lawsuit.”

IBM knew it had to appease Kildall in
some way since a lawsuit for “injunctive
relief” could delay its entice secret venture,
which was due to be launched in four
months, in August 1981, They invited Kil-
dall to fly to Boca Raton with Gerey Davis
and there and then offered to market
CP/M-86 alongside Microsoft's PC-DOS
in similar packaging on the condition that
Kildall would not sue IBM for infringe-
ment of CP/M copyrights. He accepted

that but did not agree to an undertaking
to refrain from suing Microsoft. “We dis-
cussed pricing issues,” writes Kildall, “but
setting a price level, according to IBM, ‘was
aviolation of antitrust.” Pricing could not
be set. Kildall thought he was getting
exactly what he wanted. CP/M would not
be changed to PC-DQOS, and IBM accepted
that it would pay DRI a standard royalty
rate. Both PC-DOS, Microsoft’s operating
system, and CP/M would be released. Both
operating systems would be sold in differ-
ent boxes next to the new IBM. The mar-
ketplace would decide the victor. Gates was
fucious his old friend had been allowed back
in the game, insisting that IBM had been
“blackmailed into it.”

[BM at least seemed to take DRI's
involvement seriously. Kildall had never
seen such strict security precautions. The
prototype IBM loaned to DRI had to be
chained to a desk in 2 locked room. No
phone was allowed nearby. Any document
printed out had to be shredded and burned.
Several times, [BM technicians appeared
on nearby roofs armed with special meters
to detect if anyone was able to eavesdrop
on the electromagnetic signals emitted by
the new computer’s keyboard.

In August 1981, IBM's PC finally came
out. Rolander remembers driving with Kil-
dall to the nearest store in the Bay Area,
both of them brimming with excitement.
They knew a knife had been plunged in
their backs the momerit they saw the labels
on the software boxes: Microsoft's price
advantage was a multiple of six. [BM asked
$240 for CP/M-86 and only $40 for
Microsoft’s PC-DOS. Rolander says seeing
the price difference was probably the biggest
shock of his life. "It was just as if [ were to
reach across the table right now and give
you a slap across the face, something com-
pletely off the wall. Looking ar the price and
knowing you had been completely screwed,
that there was no intention whatsoever on
their part to sell CP/M-86. No intention
at all. There was such a trusting nature,
especially in the academic world that was
callegial. This was so big-business, aggres-
sive, killer." He and Kildall felc so naive.
They called IBM to demand the company
reduce the price of CP/M, but no one called
back. Davis says, “IBM clearly betrayed the
impression they gave Gary and me.”

Kildall writes: “The pricing difference
set by IBM killed CP/M-86. I believe, to
this day, the entire scenario was contrived
by IBM to garner the existing standard at
almost no cost. Fandamental to this con-
spiracy was the plan to obtain the waiver
for their own PC-DOS produced by
Microsoft.” As psychiatrists like to say, even
paranoids are persecuted. Kildall clearly
was.
Gates continued the revisionism begun
in the London Times in 1982, In an inter-
view with PC Magazine in 5997, he said,
“The IBM guys flew down there and they
couldn't get the nondisclosure signed.
Because IBM nondisclosuces are pretty
unreasonable. It's very one-sided, And we
just went ahead and signed the thing. But
they didn't. Subsequently, Digical Research
woke up to the fact thac this was a pretty
important project and convinced IBM to
also offer their product. But they priced it
very high." There are, of course, two prob-
lerns with these two sentences. The impli-
cation that DRI itself priced the recail
product is untrue; and Kildall did sign
agreements with [BM ia both Pacific
Grove and Boca Raton.

The obvious question is why Kildall did
not sue Microsoft as he was free to do. Kil~
dall flew to Seattle in August with his mar-
keting vice president, John Katsaros, to
confront Gates and Allen. He writes: ‘Allen
was warried about a lawsuir and asked if
DRI had ever sued anyone over copying
CP/M. I said I hadn't. I was telling the
teuth, Paul is a gentle person, but he saw
my chink and said that we were now
engaged in OS-Wars.”

The decision not to sue was a disastcous
error. In the same year of 1981 venture cap-
italists invested in DRI—the attractive
Jacqui Morby of TA Associates in Boston
and the veature capital companies Ham-
brecht and Quist and Venrock Associates —
and they helped DRI move into the big
time with a bright new president, John
Rowley, relieving Kildall of management.
But the new board also dithered abourt
suing as time ran out under the statute of
limitations. At the time, no one had ever
filed a lawsuit over the infringemenc of
computer software copyright. The copy-~
right law of 1976 was not amended uatil
1981, specifically to cover the look and feel
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of sofeware, Gerry Davis himself won one
of the first cases, putting a Bay Area
infringer of CP/M out of husiness, but he
had to advise the board and Kildall of the
tisks— the ignorance of judges at the time,
the deep pockets of XBM. Was it 2 mistake

" to hold back? “Yeah,” says Davis now; “what

we should have done in retrospect was gone
in and sued Microsoft very eacly on, even
with the uncertainty of the law; because it
would have stopped the development of a
competitor. And if we had stopped them
to begin with, they would never have got-
ten the foothold they have.” Jacqui Morby
agrees. “We could have won the first look
and feel case and held up IBM." She recalls
that the new board was not aware that dur-
ing this period, while IBM and Gates kept

very quiet, Micrasoft’s Steve Balmer was.

nonetheless continually on the telephone to
DRI’s project manager, Kathy Strutynski,
asking for guidance on the internal engi-
neering of the CPM operating system.
“Yhat was pure thievery.” But aggression
ran contrary to Kildall’s character. Davis
remembers him saying, “It’s not nice to sue
people, and we're going to succeed anyway.”
Everybody in the company was in denial
for a couple of years, says Davis. “There
was a lot of naiveté on the part of 2 lot of us,
the board, me, and then the venture capi-
tal people.”

The complacency at DRI is under-
standable. DRI d unstoppable, In
1981, CP/M was used worldwide in close to
200,000 installations with over 3,000 dif-
ferent hardware configurations. There were
nearly 500 software products in the shops.
The company doubled its space, moving
from the Victorian house to offices on Cen-
tral Avenue, and bought Gordon Eubanks's
Compiler Systems, which produced
CBASIC, a more commercial version
of BASIC directly competitive with
Microsoft. By the end of 1982, DRI
employed more than 500 people and had
operations in Europe and Asia. Revenues
skyrocketed from $6 million in 1981 o
$44-6 million in 1983. Everyone was confi-
dent because they knew that DRI’ tech-
nology was superior, so it must sucely
prevail in the marketplace. Kildall and
Rolander had moved beyond CP/M and
MS-DQOS, which was based on it, and they
had a poorview of the IBM machine itself.

“That machine was a piece of crap,” says
Rolander, “compared to other machines. I
would defyyou to find anyone else who was
around the industry 20 years ago who
would have thought the IBM would be suc-
cessful.” When the IBM machine came
out, Kildall and Rolander were wocking on
an operating system that offered multi-
tasking, multiprogramming and multi-
access. These are things computer users
take for granted now, such as the ability to
print a file while editing a spreadshect, or
cut and paste berween spreadsheet and
text. The IBM-Microsoft operating sys-
tem, being single-tasking, yielded noching
like this. Only two months after the launch
of the IBM machine, DRI began to ship
MP/M-86, the multitasking 16-bit version
of CP/M, and MP/M1I, the B-bicversion.
The key featuse of MP/M-86 was thac the

application program interface (API) was
compatible with programs written for the
eight-bit architecture, thus allowing pro-
grammers to easily adapt their applications.

But Kildall cemained frustrated. The
tensions reflected themselves in his per-
sonal life. He and Dorothy sepacated and
then divorced after 18 good years together;
she opened a lovely guest ranch in Carmel
Valley. How utterly maddening it must have
been. With Microsoft and [BM control-
ling che market, he could not push MP/M~
86 with its multitasking capabilities. “I was
competing with an operating system clone,
MS-DOS, of my original design, and both
operating systems were by this time com-
plecely our of date.” Multitasking was thus
delayed in America for a decade by the
IBM-Microsoft hegemony. In Europe at
least Kildall could push multitasking, which
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me in as president, recruited by venture cap-

itatists backing DRI, including Jacqui Morby, Venrock Assoclates, Hambrecht and Quist
and Intel's Bob Noyce. I call John a Boy Scout,” writes Kildalf (head of table). “He could
talk so fast about praducts that your ears would flap."

is now of course the standard cverywhere in
the world. Digital Research had four Euro-
pean offices, two in England, noc far from
London, one in Pasis and one in Munich.
Foreign operations did better in many
respects than DRI's American operations
since [BM and Microsoft had much less
market clout abroad. DRI’s European oper-
ations kept the company afloat during the
mid-80s. Paul Bailey, DRI's head of UK
opecations, beac out Microsoft for big
accounts like Siemens and Nixdorf. DRT
software was used to automare industry in
[urope; Microsoft stifl could do only single-
tasking. DRI's software allowed manufac-
turers to track multiple picces of data.

Whilc the salesmen fought the battle
over operating systerms, Kildall just could
not stop inventing and innovating. Video-
discs were still new—they were the begin-
ning of "multimedia” —and he and Rolander
pushed the boundarics to fashion interac-
tive videodisc hardware and software for
the Commodore 64 computer. They
labeled the system VidLink. Kildall aston-
ished Grolier Publishing by storing
Grolier's eatire nine-million-word ency-
clopedia on a single videodisc. Grotier gave
the go-ahead for Kildall to develop a com-
mercial version of theic Academic American
Encyclopedia on videodisc. Ironically, the
new management of DR didn't take the

job, so Kildall and Rolander independencly
made the ficst encyclopedia videodisc in
Kildall's garage. In 1984, Kildall set up
a new company with Rolander called
Acriventure; the name later changed to
KnowledgeSet. It was small, just like the
early Digital Research, with Kildall and
Rolander doing the engineering, and Kil-
dall’s new wife, Karen, doing the book-
keeping.

Kildall, ever prescient, set out in 1985
to build a CD-ROM version of the ency-
clopedia, called the Grofier Electranic Ency-
clopedia. Rofander remarks, “This was in

June of *85. Here we are seventeen years

later. Ar that point in time, we said, absolutely;
every new computer will have s CD-ROM
drive. You will not be able to buy a new
computer without 2 CD-ROM drive. And
it took at least ten years to get to the point
where they were commonplace and twelve
or chirteen before they were a standard
device.” Rolander’s daughter, Kari, so
astounded the teachers with her knowl-
edge of Costa Rica from the CD-ROM
searches she got an A+ on her paper.

Bill Gates, not realizing who Knowl-
edgeSet really was, wrote the company 2
fetter saying Microsoft might be interested
in acquiring a CD-ROM firm. When he
discovered that Kildall was the manbehind
it, he wrote him what Kildall describesas“a
fine fetter.” It is not clear whether Kildall is
paraphrasing, but he says it weat like this:
“Dear Gary, it has been a long time since
we have been together. Next time you are
in Seattle, maybe we can get together and
go water-skiing, and talk about CD-
ROMs.” In the spring of 1985 Kildall vis-
ited Seattle to see his family and met Gates
in a suite at the Olympic Four Seasons
Hotel. The ever-generous Kildall writes
that the meeting was pleasurable “and for
some reason I opened up to Bill. [ cold him
abaut the CD-ROM work that I'was doing.
We tatked of standacds. We talked for
hours.” Kildall mentioned his intention to
hold 2 CD-ROM scminar at the Asifomar
Conference Center, in Moaterey, for pub-
lishers and was somewhat taken aback
shortly afrerward when Gates invited him
to be the (unpaid) keynote speaker at a
$1,000-a-head Microsoft CD-ROM caon-
ference. Only when he had given his speech
did he hear from a Microsoft friend in the
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audience that Gates had come straight back
to his office from the Four Seasons meeting
to order a conference to preempr Kildall's.
Kildall writes: “It was clever. It was divi-
sive. It was manipulative. It is Bill Gates's
nature. [ must give him credic for being a
very opportunistic person.” Among other
projects, KnowledgeSet worked closely
with Sony to develop a Knowledge Retrieval
System affording instantaneous searches
of large databases. They made CD-ROMs
containing the entire maintenance man-
ual, complete with vector drawings for the
Boeing 767

By 1984 DRI was enabling PC users to
link their computers through its Concur-
rent DOS program and Star Link software.
‘You could buy one single IBM-compatible
PC 1o serve as a hub to ather PCs. Cables
would connect all of the computers. Kil-
dall writes, “The difference between mul-
tiple PCs and Concurrent with Star Link
is that all workstations can share a com-
mon database. And that’s what made it
work. Take a typical VAR [value-added
reseller} application such as a docror’s
office. Patient records ace stored at the hub
and are made available to each authorized
secretary for billing at a station or two. A
nurse at the same time enters patient trans-
actions, like drug dosage or the time spent
with a doctor in the clinic. None of these
tasks are difficult for even the most ancient
IBM PC to perform, The issue was not
speed, but simply sharing of common data
in the office. If every workstation had a dif-
fecent PC, then the data for each patient
could not be shared. And that, quite sim-
ply; just didn'c work, But this need for com-
mon databases fostered PC networking”

Again, Kildall was a decade ahead with
his Concurrent DOS.

By the middle of the decade, for all these
innovations, for all the superior systems,
for all the killer marketing effores of John
Rowley, DRI was losing its principal busi-
ness against the muscle of IBM ia alliance
with Microsoft. The board fired Rowley
and authocized Kildall to sell the company:
Recognizing his responsibility to share-
holders, he gritted his teeth and called
Gates. Kildall flew his aicplane to the San
Francisco airport and met Gates in the
United Red Carpet Room. “This is a very
sticky situation,” he writes, “Bill, alchough

once a good friend, had taken advantage of
me at least twice. Bill appeared neardy on
time ar 2:00 in the afternoon. I learned
what ‘eating crow’ means.” No doubt fear-
ing he might be taken advantage of again,
Kildall gave Gates only public information
and suggested $26 million would be a fair
price. Gates replied that DRI was probably

worth only $10 million. “We parted friends

for some reason ¥ don't understand today.
However, this rejection by Bill was one of
his hig business mistakes.”

Kildall made one deal with Atari’s Jack
"Tkarniel for its graphic display technology
and another with Kay Nishi, the Japanese
programmer and eatreprencur who had
fallen out with Gates. Maay people, like
Nishi, wanted DRI to create an MS-DOS
direct competitor. DRI was the only com-
pany that could legally parallel DOS, Kil-
dall believed, because DRI had not forced
suit; DOS was simply “a derived work
of CP/M." Microsoft seemed vulnerable
because it had not improved its operating
system, had done nothing to support the
new larger disk drives until Compaq moved
in to do that and had failed to improve
memory management for the larger appli-
cations programs (such as desktop pub-
lishing).

When DRI’ first version of DR-DOS
was released, Kildall must have loved the
irony that the company he founded was
now selling a clone of MS-DOS. The new
single-tasking operating system was MS-
DOS compatible and gave Microsoft a run
for its money, On August 6, 1989, Bill Gates
wrote in an e-mail to Steve Ballmer: “DOS
being cloned has had a dramatic impact on
our pricing for DOS. I wonder if we would
have it around 30-40% higher if it wasn't
cloned. I bet we would!” This was a loss of
millions of dollars. Users started calling
DRI's new operating system “Dactor Dos,”
not “Dee Are Dos," since it cured so many
of the bugs found in MS-DOS. The August
1990 Byte magazine commented, “The
latest incarnation of DR-DOS, Digital
Research’s MS-DOS clone, is an innova-
tive and intriguing operating system that’s
thoughtfully designed. Version 5.0 is also
packed with the extra features that
Microsoft’s own aperating system should
have (and might eventually have if the long-
rumored MS-DOS 5.0 becomes a reality).”

e

Microsoft responded by announcing in
May 1990 that within 2 few months it
would issue a new release of MS-DOS, to
be called MS-DOS 5.0, that would catch
up on the DRI system. Industry experi-
ence indicates that it would have been near
impossible for Microsoft to so soon
develop and refease 2 commercial version,
Nonetheless, Microsoft repeated this
vaporware announcement throughout the
summer and into the fall of 1990. In fact,
MS-DOS 5.0 was not released until June
1991, and when finally released, it did noe
offer the features Microsoft had promised.

On July 17, 1991, Ray Noorda, the
founder of Novell, announced that his
company was acquiting DRI—not for the
$26 million Kildall had asked or the $ro
million Gates had offered, but for $120 mil-
lion. Using DR-DOS and its necworking
software, Novell became one of Micrasoft’s
biggest rivals. Now Gates was up againsta
tougher oppoacat than Kildall. Noorda
devoted himself to fighting Microsoft by
acquiring a small start-up called Caldera,
which employed the Linux system, and he
used Caldera as a battering ram to sue
Microsoft for monopolistic practices. He
did not attempt to challenge the original
cloning of CP/M, but focused exclusively
on the “predatory” way Microsoft had cut
DR-DOS sales by 91 percent, “This action,”
said Caldera’s claim, “challenges illegal con-
duct by Microsoft calculated and intended
to prevent and destroy competition in the
computer software industry” Caldera
alleged Microsoft would falsely announce
new software that didn't exist, engage in
exclusionary licensing, create false warn-
ing messages, criticize DR-DOS, use prod-
uct tying, and threaten customers who used
DR-DOS with recaliation. According to
Judge Dee Benson, who oversaw the law-
suit, “On September 23, t991, IBM offi-
cially endorsed DR-DOS 6.0, which was
scheduled to be released to the publicin
September or October of the same year.
Plaintiff alleges that in response to IBM's
endorsement and in anticipation of an
IBM/Novell alliance, Bill Gates publicly
threatened retaliation againse IBM should
itchoose DR-DOS, Caldera claims that as
a result of the threatened recaliation and
intense FUD [Fear, Uncerrainty, Doubc
campaign] concerning DR-DOS incom-
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patibility with Windaws, IBM withdrew
its consideration of DR-DOS.”

The lawsuit stretched on three and a
half years. On January 10, 2000, just weeks
before the case was to go to a jury, Caldera
and Microsoft settled. The deal was secret,
but Microsoft announced a one-time
charge against earnings of three cents per
share. Observers of the case quickly noted
that since there were over five billion shares
of Microsoft stock, that came to over $150
million. Many think the amount paid to
Caldera was higher; the Wa!! Street Journal
estimated it at $275 million, but some esti-
mates go up to halfa billion.

Kildall and his second wife, Kazen, had
moved to Austin, Texas, in 1991 after the
sale to Novell. Again, Kildall was ahead of
his time, provoked by technical conun-
drums encountered even by an undaunted
computer wizard. His son, Scott, created
2 desktop publishing system using the
Apple Macintosh, impressing Kildall
enough to want to give it a try himself. He
found sctting up his own Macintosh “one of
the worst (experiences) of my life, except
for the day [ visited Philadelphia.” Then
he wrestled with a Murata F-50 fax
machine and found it “a switch-o-manic’s
nightmare,” with 17 switches and such con-
fusing instructions he ended up finding that
his fax machine rang his personal phone
day and night.

“OK," he writes, “so [ am complaining
about switches. How about proposing a
solution to this stuff. I mean, plugging ina
stereo these days seems to require adegree
in electrical engincering, But there seems
be somerthing on the hocizon that may help.
Tt’s called digital wireless.” Kildall setup a
company called Prometheus Light and
Sound, wortking closely with Japanese com-
pany DDI, to exploit the fact that the
$ 1 chips for cordless phones communicat-
ing at 32KB in a frequency range around
1.9 GHz, could also be used for stereos,
VCRs, security systems, heating “and you-
name it, because for the local area you need
nowices. . . . Buya stereo at Macy’s, Pluga
unitinto the wall and turn it on. No speaker

connections, No CD player connections.
No tuner connections. It just works. . . . It
just works.”

He predicted: “Switches, cables, witing
We can't live with it in the future because
of the complexity of the interconnections.
‘Wiireless will solve part of this. Some ‘switch
standards’ will solve the rest.” He might
have made another fortune. But making
money was never what drave him. He fhada
beautiful lakeside ranch in the West Lake
Hills suburb of Austin, 2 mansion with a
splendid sea view in Pebble Beach, Califor-
nia, and all his Fast toys, buc his second mar-
riage was heading toward divorce. He got
some satisfaction from charitable work for
pediatric AIDS, but the continual anoint-
rment of Bill Gates as the founder of the PC
revolution finally got to him. Rolander said,
“The maore the fortune and influence of Bill
Gates grew; the more he became obsessed.
Day and night, the film of thac day played in
his head. [t wasn't a question of money.
What ceally hurt him was the myth. Gary
felt no one accorded any importance to
what he had accomplished.” Everywhere he
went people would ask why he had “gone
flying” the day 1BM came. Cruelly, the Uni-
versity of Washington triggered an emo-
tional decline. Tt invited Kildall —surely its
mast lustrous gradvate—to arend the 25th
anniversary celebration of UW's computer
science progeam; he was mortified to hear
that they had asked Bill Gates—“a gener-
ous donor”—to be the speaker that evening,
When Kildall rang to question thag, the
chairman of the computer science depart-
ment hung up on him. Kildall writes,
“The UW Computer Science Department
educated me so that I could produce com-
pilers, like PL/M. Then, [ made CP/M 2
success through millions of copies sold
throughout the world, again using my
knowledge gained through education ar the
UW, Gates takes my work and makes it his
own through divisive measures, at best. He
made his ‘cash cow MS-DOS, from CP/M.
So, Gates, representing wealth and being
proud of the fact that he is a Harvard
dropout, without requirement for an edu-

cation, delivers a lecture at the twenty-fifth
reunion of the computer science class. Well,
it seems to me that he did have an educa-
tion to get there. It happened to be mine,
not his."-

So Kildall ends his manuscript.

His health deteriorated. When he was
afflicted with arrhythmia of the heart, his
doctor banned him from flying. Kildall gave
Rolander 'his pilot’s helmet. It was a
bittersweer moment, He had so loved fly-
ing. Now one of his last refuges was taken
away from him.

During the sumumer of 1994, he returned
to Montercy for 2 visit. Shortly before mid-
night on Friday July 8, 1994, he stumbled
and hit his head inside the Franklin Street
Bar and Gl in downtown Monterey. The
place was packed, and he was found an the
floos next to a video game. He went to the
hospital twice over the weekend but was
released. Doctors saw nothing wrong.
Three days later, on July 11, hedied of a
cercbral hemorrhage. A blood clot had
formed between his brain and skull,

He was 52, Three hundred people came
to his memorial service at the Naval Post-
graduate School. Bilt Gates was not among
them. Microsoft issued a statement that
Kildall's passing was “a loss to the indus-
try” Kildall's ashes were returned to Seat-
tle to be buried not fax from the lakefront
where Gates was building his $60 million
home.

Etched on Kildall’s tombstone is a
simple image: a floppy disk.

GARY KILDALL
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' Gary Kildall; 52, Crucial Player
e CompiaterDevelopmept, Dies

ByJOHN MARMOFF |
Gary Kildatl, a plopeering comput-"

* . er scientist who created the first pop-

operating-system -for personal

-compuiters, died- on Monday at the.-

Community Hospiti#{ of the Monterey
;'zeutntula'in Montérey, Calif, He.was

An dulopsy performed yesterdgy—

- flled 10 delermyine: the cause of

déath, satd John DiCarla, MpnlJerey

e puter

ke Weaching: computer sclence
e‘United States Nava) Pastgrad- -
School- in-Monterey-in-1973; Mis

Kildall wrte & personal computes-
operating sysiem, & findumental pro-
gram that controlled the way the cens
tral processing unlt stored and re-
trieved (nformation from a floppy
disk drive. He: pamed the program

« Control Program/Monitor,or CP{M.

Belare hie program wag avatlahle,
inexpenvlve hobbylst microcomput-
©rs were generally programmed with
a puncheéd paper tape ‘reader or by
Jaboerioualy éntéring information by
setling combinations of an-off switch-
‘es 10 encode each byte, .

* *"" Founding Digitsi Research
.. Wit hls wife, Dorothy McEwes,
Mr. Kitdall founded a corapany tosell
the CP/M operating’ syetem from

. thelrhonye fn 1674, At first they called

JAhe company Intergalactic Diglial
Rescarch, but the name was quickly
shprtened to Digital Research. e

~In 1977 Digital Recearch lcensed
CP/M. 10 IMSAl, gne of the early
makers of personat computers. In the |
years afterward the .program be-
.came the standard operating system
-for the (irst generatlon of 8-bit micro-
computers. . : .

- Even befare the Invention of the
elecironic spresdsheel,. these ma-

chines quickty became useful for .

buginess applichtions ke word pro-
cedsing and vetatlonal databases, and
hy'the early 1050’ Digital Research's
yearly revenues were, §3 mitilon.
Desp buginess success, -Mr.
Kildell stayed on for sevéral years a3
a professor al the Naval Podtgrady-

* document from the computer maker

ate Schol becauae he enjoyed teach- _ oyer marIncluded 5 toyulfy, biit'that

“versian of the Microsalt ni)eml.nf
ol Resarch opecatog sy 370
al Resa system
¥ PC-DOS qulckly became the atand-
ard.operating &y
PC, and when Co the

em for the LB.M.. |-

- . By WOLFGANG SAXON
: Di. Max Frank Baér, who was as-.

first I.B.M.-campatibi personal com-
puter, MS-DOS became the industry
.standard. - Microsolt eventualty ' be-

~came the teading supplizrolall kinds 4" e, 0 fieart attack, the j.

of persomal computer softwacé; and
eventually bruke with-/BM, in a dis-
putsaver MS-DOS's successor-oper-.
aling system, 052, . .

ARtiy_peppla in_the compiter n. |

R e T
Infr 3 atents, but,
Mr. Kildall'déclded not ufsue. t.

“Nr those diys everyone was imt-
tating everypne ‘else,’” he sald In q
magazine  interview. several years
agg;l"'rha;' why | didn't do anything,
about CP/H1; It never occurved 6
mer . 1

MF. Kilda)l was widely viewed as a
creative Innavator th soltware design
who dizlikad the cut-throat aspects of
husiness and gvalded many -of the

d.with B'nal B'rith for 63'yenss
~ 43 of them In staft'and leadership

-pasitions " died on ‘Monday at.his

home in Washington, He was 81._-

organization reporied,

* Dr. Baer wes irained_as an edum-a-

Bnai-Biri :

Eanization.-whiciy i hed -run siice—

* Aliér retiyament, Ne remained &
consultant to-B'nal B'rith, the world's
‘oldest and lapgest Jewish service or-

. genizationHe alio continued to act as

u.coneuliant fo the United States De.
partmeit of Lobor and the Soclal
Securily Adminfstvation.
Earned Advanced Degrees |
Bum ln Frankfuti, Germany, he.
was brought o this country while in

tor"and vacational specilist; HET6 "~
Sited-In-1977 w3 the-intemational dl- " <

MaxF.-Baer, 81,
Longtime Leqder
AtB’ﬁ?u\B’nth "._'.—
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"Max Frank Bacr . 3

lic Unlyersity, George Washin
“University, Bucknell Universtty.
Marquette University. .

Dr. Bagr's Suivlvors inchide

“'wile of 27 ygars; Gerlrude Sy

Baer, und (wo stepchildren, Ric
Rosent of Orlando. Fle

more aggresslve tactics employed by | hix youth and was reared in indians,. . _Randye Low. of, Mhnhnu:;n..—‘?"-'—

his campétltors in
dustry. P°(

the computer n-
Thomas Rolender, who wag direc-

where he became a-member-of the-
B'nal -B'rith_Youth Orgenlistion in
1929, He gradualed from the Univers-

tor of engldeering for ;Diglial :Re- |- sity of Arlzona and earmed a-doclor of

s¢arch when the company was ap-

Success with CP/M, .

‘but losing a crucial -
-contract with LB.M.

proached by 1.B.M., sa1d he had flown
with Mr;"Kildall on the day of the
* LB.M, meeting. He sald he and Mr.
Kildal aztived late at the meciing
and reftusad 10-sign & nondisclosyre

after the LB.M. exccutlvos refuved to
“Hign & sligllar document préséritéd by
Digltal Fesoarch.”

Mti..Rolander . sald thal séveral
modths tater LB.M, refuimed with an

g, N
. WMeeting With L.B.M.

n one of the mos! conlroveraial
evems in the hlnmr‘v of persaial com-

, Mr. Kildalt was approached
.M. in 1080 to develop a. 16-bit
verslon ol CP /M (or {15 new peracnal .
computer. .

There is a legend In the computer -
fodusiry that Mr. Kildall igriored the
1.B.M, representatives who had ar-
rived for & mecting and weat tiylng fn
his aifplane inetead. But Me. Kildsll
has sald that i fact he attended the
meeting and left belleving that he had |
struck g deal with 1.B:M.

. In any case, 1.B.M. executives later
met with a smell seftware company,
the Microsoft Corporation, then locat-
ed in Bellevue, Wash,, Iounded by’
Wihitam Gates to sall hig version of
the BASIC computer language. Upon
leaming that 1.8.M. waa designing &
persotial computer, Mr, Gates, who al
tfie time- did not sell an operating
syStem, rushed to buy one {rom &
small Seattle compan{. oo

Eventuslly 1.8.M. ofiered both Dig-

" - -ital Research's CP/NM16 and Micro-

spit's MSDQS operating systema
with the LB.M. PC. But it priced Its

laws degree at Creigliton University
15 Omaha, a master's. degree in edu-

doctarste’ in educaticn at George’
Washington University, - s

. He joined the B'nal B'rith stef!"In
1334 In Omaha as the gaslstant execu-
Uve secrefary of {3 boys' division,
Four yeurs later he'moved te Wash-
Inglon fo.slart the, B'ral B rith Voca-

| tonal . Service, Bureay and’ then.

served as its national directbr for six
yeacs, L. - -
Ag head. of the interntional youth
organlzation,  he. was -credjted with
bringliig in profeasional soclal work.
ers g {icld directore and buliding the
groug into the world’s largeat Jewish
.yguth .wsmg_&.ﬂ;y_%uw-_lgad-_a
crahlp programs, Including -a Sum-
wer Ingtitule, as the organization ex-
panded to larael and other nations.
. Jn the late 19305, he heiped thou-
sands of ‘refugees (rom ‘Absirla‘and

cation at Cofumbla: Yalversity and a_|°

Jean F. Igrao
-Laber Official, 63 =~
Jean Fredetic Ingrao, one-of

-lirst woricn elected tohigh offic
the A.F.1,-C.1.Q,, died on Thursds

-her home In Falls Church, Va.

was €3,
~ She died of cancer, said Mic

. Byrne; a_spikesman fbr.!he T

fedeiation,. . .
Mrs, Ingrao: (proriounced -
GRAY-0h) was elected, in ‘31971

1 exetutive.secretary-treasyrer ol

-AFL-CLO Marllme Trades
pariment, whicif repfesents wor
in 42 unlons fa.the; shipbuilding
scafaring trades end Ja other £
She retired In 1983, K] A

—‘mr’ln'grép, Who w.as, bari
{1

- i

/ lon and e S
there, began her cireer.in 1850 &
alde tg George Meany, then pres!

. of the’American.Féderation oLt

She _later. scrved as_administfi

o SR price
the twa-competing programs diifer-
en[ly_ S LR

- Mr. Kitdalt yremaired fnvolved as
«chalrman of Digital Research unttl
the mm}»ny wan 50ld o Novel]_(n
1391. He founded & second company In

- 1885 called Knawledge-Sat 10 develap
oneof Uie {Irst consumer applicatlons
for CD-ROM, 8 disc-based version of
the Grallar Encyclopedia. )
Mare recently, he moved to Austin,
Tex,; to.found Prometheus Light and
Sound, which s developing a “home
PBX systdm."” . .
Several yoars ago, he.moved back

, to the Monterey nrea, where he began | ‘Forsgn

working an a book litled Computer
Cohnectigns, a history of the compit-
er industry. Mr, Ritdall sel-published
the book earlier this'year: . .
. Mr. Kildall was bor In:Seattle and
recelved his Ph.D. (n chmputer sct-
ence from the University of Washing-
ton. He and Ma. McEwsn were miar-
ried in 1962 arid divorced in 1083, He is
also survived by two cldldren; Scott,
of San Franclsco , and Kristin, of

Seatile, and by his mother, Emma, |

and slster, Pitricis Guberict, both of

sated x natlorial survey 10 €xpase and
-end the quota systems that barred
reluming Jewisiv G.L"s from calleges
and universiiles of thelr choice,

He wrote the first code of personnel
polictes for B'ria{ B'rith, ax well as
books on vocational guldance. He also
served as & vislting lecturer at Catho-

2Lt ) el o g
country, After \Yo’r'-ld ‘War 11, he inish-

istant to, the. Tede
tive secrelary-Lreasurer.,

", She 3 survived by her hust
Leonard; twé sdns,-Michael, of- t
Church, and MarK, 6f Alexan
-Va.; two sigters, Barbara Leona:
McLean, Va., and.Mary Schmel¢
- Galthersburg, Md, and two gt
chlidren. - )

-
.

:_:Ecullln

%-
i
]
b
g

N, on July

2
f
2
g

Seuttle, - .
e -

- Beatha.
FRIEND —Howorg L The-flonis of
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10, VAL Batoved hea

- Henths_ -
KA TZ—Bemomin. On Jut
oirs § Beloved longlime New. Y
‘princiodl. Dirvoted fwiba
:late Hatvr Tother ¢
Attwr Rosengorte
luhed grondtaine: of O
decoey conr | Sharon Ay Esa.ond RO

A Reed, Seorviory




Case 2:05-cv-01719-TSZ Document 14-3 Filed 03/15/07 Page 21 of 45

EXHIBIT D

101



Case 2:05-cv-01719-TSZ Document 14-3 Filed 03/15/07 Page 22 of 45

102



Case 2:05-cv-01719-TSZ Document 14-3 Filed 03/15/07 Page 23 of 45

—b b

PUBLISHED BY

Microsoft Press
A Division of Micreseit Corporation
16011 N.E. 36th Way, Box 97017, Redmond, Washington 98073-9717

Copyright © 1986 by Ray Duncan

All rights reserved. No part of the contents of this book may

f be reproduced or transmitted in any form or by any means without
the written permission of the publisher.

2
j
]
b
!

Library of Congress Cataloging in Publication Data

Puncan, Ray, 1952~

Advanced MS-DOS programming.

Includes index. .

I. MS-DOS {Computer operating system) 2. Assembler language (Computer
program langudge) 3. C(Computerprogram language) L Title.
QA76.76.063D857 1988 005446  88-1251

[SBN 0-914845-77-2

Printed and bound in the United States of America.

101112 FGFG &%098

Distributed 10 the book trade in the
United States by Harper & Row.

Distributed to the book trade in
Canada by General Publishing Company, Lid.

b e

O Distributed 0 the book trade outside the
— United States und Canada by Penguin Books Lid.

Penguin Baoks Ltd., Harmondsworth, Middlesex, England
Penguin Books Australia L1d., Ringwood, Victoria, Austratia
; Penguin Books N.Z. Lid.. 182-190 Wairau Road. Auckland 10, New Zealand

British Cataloging in Publication Data available

UNIX™ 5 4 eadheniak of ATRT Bell Labaratores
Cotmpag® as x regneered teadenuark of COMPAQ Cumpurer Corporanon,
Perseape™ i @ vademark of Data Hase Deenons
POR-LEY 1 o eepssteted sradentark of Yignal Lguapoicans Corporaton
Concsrrenr DOSY, CEIM-RER, CP M-S amd ol Research® are regisiered vadeimarks
of Igiea} Research, Invorposated
1P™ 13 a trndemack of | ewdeag-Packard
Ineel® 15 o regestered teademark amd IRMX-BA™ o teademuack of Tntet Corporngn,
BM® o egistered iemdemark, and PCAT L PC-DON BCXT™ and TopView ™ ane
tradesrarks of butersanonal Busmess Machaes Corpesateon

POAORTH w g rademark s Balotaan Miasystems Bovarporaed
Volkswoires® i a aegasceed madennard of Licanee Soliware, Incorposaed.

Latus™ 1y 3 regastered orademark of Lo Devclopien Corpuaraium

Worelbtar * o 0 regestered trademark o Macolte havioataal Corposstion
Micrasalt™, MS-120%", and XENIXA an registered vadvanarky of Mieosat Gor
Advaneed Traee-86", 1ok Toolkan '™, aund b e-86"™ we tademarks al Margan Compaiug
Coupany, Incorporased

Matarola™ G845 15 3 repsterad vadesiark of Mowrola, corporated

Nurton Utifwees™ ava tradeiaadd ab FPeter Noreon, fraogarited

FeleWideo® Y3 g epstered pademark of “Fele Video Sestens, ncorparaied

PO S

I PN A - DUSE LY N Pt

103



Case 2:05-cv-01719-TSZ Document 14-3 Filed 03/15/07 Page 24 of 45

MS$-DOS is an operating system that is rapidly evolving. A new major or
minor version has been released at least once a year for the last three years
(Figure 1-1), and more versions are known to be on the way. Due largely to
irs adoption by IBM, and to the cnormous wave of third-party software
i that followed the success of the 1BM PC, MS-DOS has become the domi-

! nant operating system fur personal computers that use the Incel §086 family
’ of microprocessors. With several million licensed copies in use, the number
- of users of MS-DOS dwarfs the total nurber of users of all of its com-
petitors {CP/M-86, Concurrent DOS, P-system, iRMX-86, XENIX,
" and UNIX).

From the programmer’s point of vicw, the current versions of MS-DOS

- {versions 2und 3) are robust, rich, and powertul development environ-
ments. A broad sclection of high-quality programming tools is available
froru both Microsoft and other software houses. Porting existing applica-
. tions into the MS-DOS environment is relatively simple, siuce the pro-
grammer caa choose to view MS-DOS as cither a superset of CP/M or a
subsct of UNIX.

The progenitor of MS-DOS was an operating system called 86-DOS, which
_ . was written by Tim Paterson for Scattle Computer Products in mid-1980.
At that time, Digital Research’s CP/M-80) was the operating system most
commonly used on microcomputers, and a decent though not extensive
range of application software (word processors, darabase managers, and so
. foreh) was available for usc with it. In order to case the process of porting

8-bit CP/M-80 applications into the new (6-bit environment, 86-DOS was
= originally designed to mimic CP/M-80in both functions available and style
of operation. Consequently, the structures of 86-DOS's file control blocks,
program segment prefixes, and exceutable files were nearly identical to
deen those of CP/M-80. Existing CP/M programs could be converted mechan-
ically (by processing their source-codr files through a special translator
program) and, after conversion, would run under 86-DOS either imme-
e diately or with very hitde hand editing,

_ Because 86-DOS was markered as a proprietary operating system for
Seattle Computer Products’ line of S-100 bus, 8086-based microcomputers,
it made very lietle impact on the microcomputer world i general. Other
A vendors of 8086-based microcomputers were understandably reluctant to
B adopt a competitor's operating systeui. and contmued to wait unpatiently
] for the release of Digital Rescarch's CP/M-86.

;s

In Ocrober 1980, {BM approached the major microcomputer-software

) houscs in scarch of an operating systemn for the new line of personal com-
L puters it was designing. Microsoft had no operating system of its own to
otfer (other than a stand-alone version of Microsoft BASIC), but paid a [ce
R . t Seattle Compurer Products for the right to selt Paterson's 86-DOS.

: 4 Advanced MS-DOS Programniting
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(At that rime, Seattle Computer Products received a license Lo use and
sell Microsoft's languages and all 8086 versions of Microsoft’s operating
system.) in July 1981, Microsoft purchased all rights to 86-DOS, made
substantial aleerations 1o it, and renamed it MS-DOS. When the first 1BM
PC was released in the fall of 1981, 1M offered MS-DOS (referred to as
PC-DOS 1.U) as its primary optrating system.

iBM also selected Digital Rescarch’s CP/M-86 and Softech’s P-system as
alternative operating systems for the PC. However, they were both very
slow to appear at IBM PC dealers, and suffered the additional disudvantages
of higher prices and lack of available programming languages. 1BM threw
its considerable weight behind PC-DOS by releasing all the 1BM-logo PC
application softwarc and development toals to run under it. Consequentdy,
most third-party software developers targeted their products for PC-DOS
from the start, and CP/M-86 and F-system never became siguificant factors
in the 1BM PC-compatible market.

In spite of some superficial stmilaricies to its ancestor CP/M-80, MS-DOS
version 1.0 contained a number of improvements over CP/M, including;

& Animproved disk-directory structure that included information about
a file's ateributes (such as whether it was a system or hidden file), its
exact size in bytes, and the date that the file was created or last modified

& A superior disk-space allocation and management method, allowing
extremely fast scquential or random record access and program loading

& An expanded set of operating-system services, including hardware-
independent function calls to set or read the date and time, 2 filename
parser, multiple-block record 10, and variable record sizes

2 An AUTOEXEC batch file to perform a user-defined series of com-
mands when the systemn was powered up or reset

IBM was the only major computer manufacturer (sometimes referred

as OEM, for original equipment manfactirer) to ship MS-DOS version L0

(as PC-DOS 1.0) with its products. MS-DOS version 1.25 {equivalent to IBM
PC-DOS 1.1) was released in June 1982 to fix 2 number of bugs, and also to
support double-sided disks and improved hardware independence in the
DOS kernel. This version was shipped by scveral vendors besides 1BM,
including Texas Instruments. Compag, and Columbia, who all eatered

the personal-computer market carly. Today, due mainly to the increasing
prevalence of hard-disk-based systems, MS-POS version 1is no longer

N conunon usc.

Advanced MS-DOQS Prograniming
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MS-DOS version 2.0 (equivalent ta PC-DOS 2.4) was first released in March
1983. It was, in retrospect, a totally new operating system (though great
care was taken to maintain compatibility with MS-DOS version 1). It con~
tained many significant innovations and enhanced features, including:

o Support for both larger-capacity fiexible disks and hard disks

o Many UNIX-like features, including a hierarchical file structure, file
handles, 1/O redirection, pipes, and filters

® Background printing (print spooling)
o Volume Iabels, plus additional file artributes
8 Installable device drivers

@ A user-customizable system-configuration file that controlled the load-
ing of additional device drivers, the number of system disk buffers, and
so forth

& Maintenance of program environment blocks that could be used to pass
information between programs

@ An optional ANSI display driver that allowed programs to position the
cursor and control display characteristics in a hardware-independent
manner

¢ @ Support for the dynamic allocation, modification, and release of
memory blacks by application programs

e Support for customized uscr command interpreters (shells)

B @ System tables to assist application software in modifying its currency,
time, and date formats (known as international support)

MS-DOS version 2.11 was subsequently released to improve international
support (table-driven curreacy symbels, date formats, deciinal-point sym-
bals, currency separators, and so forth), to add support for 16-bit Kanji
characters throughout, and fo fix a few minor hugs.

As this book is being.written, MS-1208 version 2.11 is the base version
being shipped for 8086/8088-based personal computers by nearly all major
OEMs, inclading Hewlett-Packard, Wang, DEC, Texas Instruments,
Compaq, and Tandy. It is thereforc the version that applications should be
designed to run with.

In MS-DOS version 2.25, released in October 1985, the international sup-
port was extended even further for Japancse and Korcan character sets,
additional bugs were repaired, and many of the system wtilities were
made compatible with MS-DOS version 3.0,

Genealogy of MS-DOS
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Media deseriptor byte, 168, 231, 308
Media, removable, 156, 231, 239
Medium model, 20
Memory allocation, 176, 335
contro] bluck, 179
example memory map, 181
example program, 178, 180
Expanded Memory Manager, 444
maodify, 357
release, 356
shrinking program block, 177, 189
strategy, 368
Memory allocation error, 179
Memory arena. See Memory allocarion
Memory control block, 179
Mcmory interlace. 81
Mewory map
1BM PC, 76
MS-NOS. 1R
Memory madel, 47
Microsoft Networks, 349, 377-83
error codes, 127
Microsoft Windows. 129, 183
MIN_ALLOC, 31, 177
MODE command, 86
Modew status, 428
Modify memory block, 357
Maonochrome Adapter, 75
Motorola 6845 Videa Controller, 75
Move file pointer, 345
MSC.EXE. Ser C compiler
MS-DOS
bouting, 14
family tree, 5
Programmer’s Reference Mamial, 59
reference books, 58
structure, 10 <
system functions (see Int 211H)
version mumber, 327
MSDQS.SYS, 11, 15

NAME direcuive, 25

Name field, 40

Networks. Sce Etherner; Microsoft Networks
NML. Ser Non-Maskable Intereupt
Non-Destructive Read (driver), 235
Non-Maskable lnterrupr, 210

Norton Utilicies, 57
NUL device driver flag, 226
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Qlyect module, 47, See also Library Manager
libraries, 53
QEM. See Original Equipment Manufacturer
OPEN/CLOSE/RM bit, 226, 238-39, 253
Open device (driver), 238
Qpen file, 112, 116
FCB funcrion, 296
Handle funcrion, 339
limit on open files, 121
Operand ficld, 41
Operating system area, 176
Qperatian ficld, 90
Qptimization, 47
Qnginal Equipment Manafacturer (QEM), 6
denufication ficld, 164
Ouuput Stacus (driver), 237
Qutput until busy, 226, 240
Overflow interrupt, 210
Overlays, 50, 128
Oversean. See Border color

P

Page. See Active page
PAGE dircctive, 25
Page frame {EMS), 182, 442
Palewe, 411, 416
Larallel port. 83
Paramcter block (EXEC function), 189, 359
Parent
dircctory, 150
covironment, 190
program, 188, 359
Pancy, 427
Parse filename, 110, 321
Paterson, Tim, 10
Path. current, 354
PATH enviranmental variable, 13, 45, 194
PC machine identification, 130
PIC. See Intel 8259 Programmable Interrupt
Cantroller
Pipes, 260
Pixel
addressing, 82
read, 413
write, 412
Prefix. celephone, 334
Print queue, 393
Print screcn mrerrupe, 212
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S

Save Expanded Memuory mupping
cantext, 448
Scan codes. 69
Sereen control, 6Y
Screen output, Se¢ Display output
Seroll window, 4067
Search for tirst, 132, 157
FCB funetion, 298
Handle faniction, 361
Search for nexe, 153
FCB function, 299
Handle funccion, 363
Search order, 13, 18Y
Seattle Compucer Products, 4
Seek (move file pointer), 345
SEGMENT dircctive, 27
Seleet directory; 151
Sclect dhsplay page, 405
Semaphores, 375
Separator characters, 321, 333
Sequential read, 116, 302
Sequenual write, 116, 303
Scrial part. 86
detaule sctrings, 283
Handle tunctions, 86
injtialization, 427
mput (MS-10S), 86-47, 2835
inpur (ROM BIOS). 429
interrupts, 212
ourput (MS-1OS), H6-87, 286
autput (ROM BIOS), 428
statan (ROM BIOS), 430
trachitional fuictons, 87
Sessions, example, See Example sessions
SETBLOCK, 357
Set color paletee, 411
Set Crrl-Break flag, 329
Scr conntry code, 332
Ser cursent directory, 337
Sct cursor position, H12
Set cursor type, 401
Set defaule disk drive, 295
Sct 1isk Transfor Address, 307
Set Expanded Memory page map, 433
Set fide aneributes, 347
Set tile date and thime, doh

Set memory allocation strategy. 368

Set palete registers, 416
Set pruwer setup string, 378

466
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Sct random record number, 315
Ser system date, 323
Sct system time, 325
Sct verity flag, 326
Set video mode, 40
Sharing modcs, file, 339
Sharing retry count, 349
Shell, 188, See afso Comimand processor
SHELL.ASM, 199
SHELL.C, 195
Shrinking memory allocation, 177, 189
example program skeleton, 178
Single step interrupt, 21)
Small modcl, 20
Snow {video contraller), 79
Software interrupts, 211
Source file
assembly language, 39
C language, 44
Source operand, 41
Spuoler. Sec Print spooler
Stack
overflow, 257
segment, 29, 31, 34
Standard auxiliary device, 18, 65, 87,
224, 261
via traditional funcrions, 285, 246
Standard error device, 65. 71, 261
Standard input device, 18, 63, 224,
353, 261)-61
bulfered, 292
device driver flag, 226
via traditional fuactions, 283, 287, 289-90)
Standard hist device, 18, 65, 84, 224, 261
via traditional funcetions, 287
Standard output device, 15, 65, 70, 224, 253,
260-01
device driver flag, 226
via traditional functions, 284, 287, 29|
Status
Expanded Memory Manager, 441
extended error code, 369
FCB functions, 112
Hoppy disk controller, 422
Handic functions, 121, 126
tapur funcdon (driver), 235
via [OCTL, W9
keyboard, 67, 203, 433
modem, 428
output (driver), 237
printer, 85, 436
request header, 227
serial port, 427, 430

Stop birs, 427
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HOW TO “READ" FM TUNER SPECIFICATIONS

Popular Electronics

PROJECT BREAKTHROUGH!
World's First Minicomputer Kit

to Rival Commercial Models...
"ALTAIR 8800™ save over $1000

ALTAIR BAGC

ALSO IN THIS ISSUE:

® An Under-$90 Sclentific Calculator Project
@ CCDs—TY Camera Tube Successor?
& Thysistar-Contralled Photofleshers

TEST REPORTS:

Technics 200 Speaker System

Pioneer RT-1011 Open-ReelRecorder
Tram Di d-40CB AN Ti ji
Edmund Sclentific “Kirlian® Photo Kit
Hewlett-Packard 5381 Frequeney Counter

The faveary (975 cacerof Popular
Electronics magaziue, featuring the
machine that eaugh? the imaginarions
of thursands of like-mnded electron-
ics unlhusiasts — eonyag them, Panl
Allen and Bill Gutes.

Althougl it wvas too limited w serve as the central processor for a general-purpose compu-
ter, the 8008 was undeniably the ancestor of the 8080 as far as its architecture and instruc-
tion set were concerned. Thus Tral-O-Data's work with the 8008 gave Gales and Allen 2
head start when they later developed their version of BASIC for the Altair.

Paut Allen learned of the Alair from the cover swry in the January 1975 issue of Popredar
Electronics magazine. Allen. then an emplovee of Honey well in Boston, convineed Gates,
a student at Harvard University, to develop a BASIC kor the new computer. The two wrote
their version of BASIC for the 8080 in six wecks, and Alen flew to New Mexico w demon-
strate the language for METS. The developers gave themselves the company name of
Microsoft and licensed their BASIC to MITS as Microsoft's first product.

Though not a direct forerunner of MS-DOS, Alwir BASIC. like the machine for which it was
developed, was a landmark product in the history of personal computing. On anotlier
level, Altair BASIC was also the first link in o chuin that led, somewhat circuitously, 1o Tim
Paterson and the disk operating system he developed for Seattle Computer Products for

the 8086 chip.

The MS-D0OS Ercyclopedin

Eromn
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The 1G-bil Intel 8086 chip, iniroduced in 1978,
Much faster and far more powerful than its 8-bir
predecessor the 8080, the BOSG had the ability 1o
adldress one megabyte of memory.

The 8086

When Intel released the 8-bit 8080 chip in 1974, the Altair evas still a year in the future.
The 8080 was designed not to make computing a part of everyday life bul 10 make house-
hold appliances and industrial machines more intelligent. By 1978, when Inte] introduced
the 16-bit 8086, the miccocomputer s a reality and the new chip represented a major
step ahead in performance and memory capacity. The 8086's full 16-bit buses made it fast-
er than the 8080, and its ability to address one megabyte of random-access memory was a
giant step beyond the 8080°s 64 KB limit. Although the 8086 was not compatible with the
8080, it was architecturally similar to its predecessor and 8080 source code could be me-
chanicully transfated 1o run on it. This translation capability, in fact, was a major influence
on the design of Tim Paterson’s operarting system for the 8086 and, through Paterson's
work, on the first released version of MS-DOS.

eyl A———. s,

When the B08G arrived on the scene, Microsof, like other developers, was confronted with
two choices: continue working in the familiar 8-bit world or turn to the broader horizons
offered by the new 16-bit technology. For a time. Microsoft did both. Acting on Paul Allen's
suggestion, the company developed the SoftCard for the popular Apple 11, svhich was
based on the 8-bit 6302 microprocessor. The SoftCard included a Z80 microprocessor and
a copy of CF/M-80 licensed from Dighial Research. With the SoftCard, Apple 11 users could
rua any pragram or language designed to run on s CI/M machine.

e et taens

; It was 16-bit technology, however, that held the most interest for Gates and Allen, who

believed that this would soon become the standard for microcomputers. Their optimism

! was not universal —more than one voice in the trade press warned thar industry invest- )
ment in 8-bit equipment and saltwvare was oo great  successfully introduce a new stan- o
dard. Microsoft. however, disregarded these forecasts and entered the 16-bit arena as it
had with the Aluir: by developing a stand-alone version of BASIC for the 8086,

Section I The Developmens of MS-DOS 1
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1979-198¢

At the same time and, coincidentally, a few miles south inTukwiia, Washington, a major
contribution to MS-DOS was taking place. Tim Paterson, working at Seatile Computer

Producis, a company that built memory boards, was developing an 8086 CPU card for use
in an §-100 bus machine.

8G-DOS

Patersan was introduced o the 8086 chip ata seminac held by Intel in June 1978. He had

atiended the seminar at the suggestion of his employer, Rod Brock of Seattle Computer

Products. The new chip sparked his interest because, as he recalls, “all its instructions

worked an both 8 and 16 bite, and yau didnt huve to do everything chrough the accumu-
" lator. It was afso real fast—it could do a 16-bit ADD in three clocks.”

Alfter the seminar, Paterson — again with Brock's SUpport — hegan work with the 8086.
He finished the design of his first 8086 CPU hoard in January 1979 and by late spring had
developed a working CPU. as well as an assembler and an 8086 monitor, In June, Paterson
took his system 0 Microsoft © try it with Stand-alone BASIC, and soon after, Microsoft
BASIC was running on Seatte Computer's new board.

During this periad, Paterson also received 1 call from Digital Research asking whether
they could borrow the new hoard for developing CP/M-86. Though Seautle Computer did
not have a board to loan, Paterson asked when CP/M-86 would be ready. Digital's represen-
tative said December 1979, which meant. accordi ag to Paterson's diary, “we’ll have to tive
with Stand-alone BASIC for a few months after we start shipping the CPU, bur then we'l] be
able o switch 10 a real operati ng system.” :

BRI, §

Early in June, Microsoft and Tim Paterson attencled the National Computer Conference
in New York. Microsoft hud been invited to share Lifehoat Associates’ ten-by-ten foot
booth, and Paterson had been invited by Pad Atlen to show BASIC running on an $-100
8086 system. At that meeting. Paterson was introduced o Microsoft’s M-DOS. which he
found interesting because it used a systenn for keeping track of disk files — the FAT devel-
oped for Stund-alone BASIC— that was different lrom anything he had encountered.

TR W

After this meeting, Paterson continued working on the 8086 board, and by the end of the
year, Seattle Computer Products began shipping the CPU with a BASIC option.

When CP/M-86 had still not become mvailable by April 1980, Seaule Computer Products
decided o develop a 16-bit operating system of its own. Originally. thiree operating sys-
lemis were planned: a single-user system, 2 multiuser version, and a smazll interim product
soon informally christened QDOS (for Quick and Dirty Operating System) by Paterson.

Both Paterson (working on QDOS) and Rod Brock knew that a standard operating system
for the 8086 was mandatory if users were 10 be assured of a wide range of dpplication soft-
ware and languages. CF/M had become the standasd for 8-bit machines, sq the abitity 1o
mechanically translate existing CP/M applications © Yn on a 16-bit systeni becamie one of
Paterson's major gouls for the new operat ing system. {To achieve this compatibility, the sys-
tem he developed mimicked CP/M-80's functions andjcommand structure, § ncluding its.
use of file control blocks (FCBs) and its approuch to ghecutable files.

|

¢
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Atthe same time, however, Paterson was dissatisfied with certain elements of CRM. one
of them being its file-atlocation system, which he considered inefTicient in the use of disk
space and oo slow in operation. So for fast, efficient file handling, he vsed a file allocation
table. as Microsolt had done with Stand-alone Disk BASIC and M-DOS. He also wrote a
translator to translate 8080 code to 8086 code, and he then wrote an assembler in Z80

assembly language and used the translator.to transhate it

Four months after beginning work, Paterson had a functioning 6 KB operaling system,
officially remamed 86-DOS. and in Seprember 1980 he conracted Microsoft agatin, this time
o ask the company to wrife 0 version of BASICto run on his system,

Section I+ The Derelupment of MS-£308 13 . .
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Paul Allen and
Bill Gates (1982).

This work. handled by ORear. fell into  series of steps. First, he moved a section of code
from the 8-inch disk and compiled it. Then, he converted the code to Intel hexadecimal
formrat. Next, he uploaded it to a DEC-2020 and from there downloaded it to a large Intel
fixed-disk development system with an In-Circuit Emulator. The DEC-2020 used for this
task was also used in developing the BIOS, su there was additional work in downloading
the BIOS 1o the Iniel machine, converting it to hexadecimal format, moving it to an IBM
development system, and then crossloading it 1o the [BM protorype.

Defining and implenenting the MS-DOS disk farmat —different from Paterson’s 8-inch

: format — was an added challenge. Patesson's ultimate goalfor 86-DOS was logical device
. independence, but during this first stage of development, the operati ng system simply had
v 1o be converted o hundle logical records tha were independent of the physical record size.

.
Paterson, stil] with Seatt ke Computer Products, continued to work on 86-DOS and by the

" end of 1980 had improved its logical device independence by udding functions that
streamtined reading and writing muliple sectors and records, as well as records of variable
.- . size. In addition w making such refinements of his own, Paterson also worked on dozens
of changes requested by Microsoft, from modifications 1o the OperIting systen'’s startup
messuges to changes in EDLIN, the line editor he had written for his own use. Throughout
this process, IBM's security restrictions meant that Paterson was never told the naine of the
OEM and never-shown the prototype machines until he left Seartle Computer Products and
joined Micrusolt in Muy 1981.

And of course, throughout the process the developers encountered the myriad loose ends,
momenrary puzzles, bugs, and unforescen details without which no project is complete.
There were, for example, the serial Gud interrupts that occurred when they should not
and, frustratingly, a hardware consteaint that the BIOS could not accammodate at first and
i that resulted in sporadic crashes during early MS-DOS operations,

The MS-DOS Encyelopedic
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were needed for file-header information, the M$-DOS programmers decided to use some
of the remaining 16 bytes to record the date and rime of creation or update (and the size of
the file) as well.

Baich processing was originally added to MS-DOS to help 1BM. 1BM wanted 1o run

scripts —sequences of commands or other operations — one after the other 1o tést various
functions of the system. Ta do this, the testers needed an automated method of calling
routines sequentially. The result was the baich processor, which luter also provided users
with the convenience of saving and running MS-DOS commands as batch files.

Finally, MS-DOS increased the options available © a program when i terminated. For ex-
ample, in less sophisticated operaling sysiems: applications and other programs remained
in memory only as long as they were uctive; when terminared, they were removed from
memory. MS-DOS, however, added a terminate-and-stay-resident Function that enabled a
program (o be fucked into memory ancl, in effect, become part of the Operating-system
environment until the computer system itself was shut down or restarted.

The Marketplace

When [BM announced the Personal Compurer, it said that the new.machine would run
three operating systems: M5-DOS, CI/M-86. und Sof Tech Microsystem’s p-System. Of the
three. only MS-DOS was available when the 1BM PC shipped. Nevertheless, when MS-DOS
was released, nine out of ten programs un the InfoWorld bestseller list for 1981 ran under
CP/M-80; and C/M-86, which became available about six months later, wvas the operating
system of choice to most writers and reviewers in the trade press.

Understandubly, MS-1DOS was compared with CP/M-80 and, later, CP/M-86. The main con-
cern was compatibility: To what extent was MicrosofU's new operaling system compatible
with the existing standard? Np-one could have loreseen that M$-DOS would not only caich
up with-bur supersede CEM. Even Bill Gates now recalls that “our most optimistic view of
the number pf machines using MS-DOS wouldnt have matched what veally ended up
happening. P?

To begin with, the success of the IBM PC itself su rprised many industry watchers. Witlina
vear, IBM was selling 30,000 PCs per month, thanks ia lurge part wa business community
that was already comfortable with IBM's name and reputation and, 4t least in relrospect,
was ready for the leap to personal computing. MS-DOS, of course, benelited enormously
from the success of the IBM PC — in large part because IBM supplied all its languages and
applications in MS-DOS format.

But, at first, writers in the tracle press still beligved in CP’M and questioned the viability of
a new operaling system in a world dominated by CP/M-80. Many assumed, incorrectly, that
a CP/M-86 machine could run CF/M-80 applications. Even before CIYM-86 was available,
Future Computing referred 10 the IBM PC as the “CP’M Record Player” — presumably in
anticipation of a vast inventory of CP/M upplications for the new computer— and led its
reaclers o assume that the PC was actually @ CP/M machine.

26 The MS-DOS Encyclopediu
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Microsoft, meanwhile, held to the belief that the success of 1BM'’s machine or any other
16-bit microcompurer depended ultimately on the emergence of an industry standard for a
16-bit operating system. Software developers could nat afford to develop software for even
wo or three different operating systems. and users could (or would) aot pay the prices the
developers would have to charge if they did. Furthermore, users aould almost certinly
rebel against the inconvenience of sharing daia stored under different operating-system
formats, There had to be one operating system, and Microsoft wanted MS-DOS to be

the one.

The company had uiready taken the {irst step 1oward a standard by choosing hardware
independent designs wherever possible. Machine independence meant portability, and
portability meant that Micrasoft could sell ane version of MS-DOS to different hardware
manufacturers who. in turn, could adapt it o their own equipment. Portability alone,
however, was no guaraniee of industry-wide acceptance. To make MS-DQOS the standard,
Microsoft needed 10 convince software developers to write programs for MS-DOS. And in
1981, these developers were 2 little confused about IBM's new operating system.

An operating system by any other name...

A tangle of names gave rise to one point of canfusion about MS-DOS. Tim Paterson’'s
"Quick and Dirty Operating System” for the 508G was originally shipped by Seatile o
Computer Products as 86-DOS. After Microsoft purchased 86-DOS. the name remained R
for a while, but by the time the PC was ready for release, the new system wasknownas 7 T
MS-DOS. Then, after the IBM PC reached the market. IBM began to refer to the operating } S
system as the IBM Personal Computer DOS, which the trade press soon shortened 10 .
) PC-DOS. IBM’s version contained some utilities, such as DISKCOPY and DISKCOMP, that :
were not included in MS-DOS, the generic version available for license by other manufac-
turess. By culling attention o these differences, publications added to the confusion about
the distinction between the Microsoft and IBM releases of MS-DOS.

1 Further complications arose when Lifeboat Associates agreed! to help promote MS-DOS but
] decided to call the operating system Softevare Bus 86. MS-DOS thus became one ofaline

of tracdemarked Software Bus products, another of which was a product called SB-80, ’ ,
Lifeboar's version of CP/M-80. e

Finally, some of the first hardware companies to license MS-DOS also wanted to use their
own names for the operating system. Qut of this situation came such additional names as : o
COMPAQ-DOS and Zenith's Z-DOS. PR pit

Given this confusing host of names for a product it believed could become the industry
standard, Microsoft finally took the lead and, as developer. insisted that the operating sys-
tem was © be called MS-DOS, Eventually, everyone but 1BM complicd.

Developers and MS-DOS

Early in its career, M5-DOS represented just a small fraction of Microsoft's business —
amich larger revenues wese generated hy BASIC and arher languages. In addition, in the
first two years after the introduction of the 1BM PC, the growth of C/M-86 and other

it
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Pascal Compiler, Microsot, tilities with Y74, 977,
980, 987, 1157
Pawerson, Tim 6, 12-13, 16
PATH commmand 739, 897 ~93
AUTOEXEC.BAT and 63, 755
COMMAND.COM and 63, 783
SET and 930, 931
PATH variable 930
PAUSE cotunand (BATCH)Y 07, 753, 766-67
PC-DOS xix, 27, $5-67, 723
basic character devices 1564
vommands from, included in MS-DOS version
3.31435-36
commands only in 725, 783, 25, yiy
loading 52
MUY requirements 38
versions 35-37
PC Probe harchware debugging aid 641
PC ROM BIOS tunction cafls 1513 30. Sev alst
Toterrupt 10H thruugh 1AL
Perlorm Cunditional Execution (F) 704-05
Perform Hexadeamnyal Arithmctic
DEBUG H 10335
SYMDEB H 11Uy
Perlorm Suick Trace (SYMDUER K1 113 - 12
Peripheral devices supported by MS-DOS 59
Peripheral support, with MS-DOS kernel 54
Periscupe hardware debugging aid 643
Peters, Chris 33- 34, 39
PIFEDIT (Windows} $07
Pipes 53
1/Q) redirection through 67
POST tpower-on self tesn), apd Inading MS-DOS
68-72 :
Print Charictes. See Interrupt 211 Function 051
PRINT command 33, 8092903
ASSIGN and 741
Printer. See also PRM
configuring 888
input/foutput 163—G«
redlireeting vutput 894-95
Priower Services. See merrupt 176
Print Screen. See tatervupt GSH
Primt Spoolec tPRINT Y B9 - y03
developmientin MS-0OQS 43
PRN (printer output) 22, 59, 62, 151, 10304, Se also
LPTL LPT 2, LPT3
CTTY and 810
filters and 429
opening 70

The MS-DOS Encyclopediu

Pruceed Through Loop or Subroutine
DEBUG P 1043
SYMDEDR P 1119-20
Process control, with M5-DOS kernel 53
Process management system calls 1183
Programis). See also .COM program fites; EXE
program files
assembling machine instructions for 1024
crash protection for 640
debupger 1020-23
disaxsembling 105}
£o execuee 1033, 1107
loading (see EXEC function)
overlays (see Overhys. program)
timing of %)
trace execution of 1050, 1130-31
Feopram Debugger (DEBUG) 1020-23. See aiso
Debupging in MS-DOS; DEBUG wtility
Proge:nm Information File (PIF) 500
Progiummable Interrupt Controlier. See Inied 82394
Programmable Intestupt Controller
UMCY, Muskable inerrupts
Program scgineni(s)
controlling EXE programs with MASM GROUP
131-32
contmlling .EXE programs with MASM
SEGMENT 125-30
size reduction of 130
Pragram segiment prefix (PSP 1020
-EXE programs 108-11
file control block functions and 26768
geL'sat address funcuons in TSR programs 352
mserting lihenames/switches into
simulated 1040
structure 1477
warm bootAe sminate vector 117-18
PROMPT command 904 ~6
AUTOEXEC BAT and 65, 755
COMMAND.COM and 65, 783
RGP SEQUENCLS IR 732
SET and 934
Protecied mogke
canmpatibility issucs 489
s real mode 38, 36
PROTOC. ASM chatracter filter program 431-33
PROTOC.C character lilier progeam 433
PROTOL.ASM line lilter program 434-35
PROTOL.C line filter program 436
p-System operating system 26
PUBDLF Public: Names Delinition object record 651,
669-71
PUBLIC paramieter 127
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QDOS operating system 12, 27

QuickBASIC programs 550-55. 567-69, 56972,
1503-5

Quit DEBUG (DEBUG Q) 1044

Quir EDLIN (EDLIN Q) 845

Quit SYMDEB (SYMDEB Q11121

R

RAMdisk 86
RAMDRIVE.SYS 907 -9
Random Block Read. See Interrupt 21H Funciion 27H
Random Block Write. Sec lnterrupt 21H Function 28H
Random Read. See Interrupt 21H Function 218
Random Write, See Intersrupt 21H Function 225
Range, defined 1058
Raster operation codes (\Windows) 533, $35-36
Raw versus cooked modde 153-54
RD commanel. See RMDIR/RD commzind
Read Character and Autribute 21 Cursor. See Inlerrupt
10H Functlion 08H
Read Current Clock Count. See Interrupt 1IAH
Function 00H
Read Cursor Position, Size, and Shape. See Interrupt
10H Function 03H
Read Data from Cassctie. See Interrupt 15H
Function 02H
Read Date froms Real-Time Clock. See Inierrupt IAH
Function 04H
Read Disk Sectors. See Interrupt 13H Function 024
Read Fike or Device. See Interrupt 21t Furiation 3171
Read Light-Pea Position. Sec Wntesrupt 10H-
Function 04H -
Read Long. See Interrupt 13H Function DAL
Read Next Character. See Interrupt 16H Function (0H
Read Pixel Dou. See Intersupt 10H Function 0D
Read Real-Time Clock. See Interrupt 1AH
Function 02H
Read Track 6n Logical Drive. See Interrupt 21H
Function 444 Sublunction DI
Read/write multiple sectors 24
Realmode 58. 316
Reboot Computer (Wirm Start). See lnterrupt 19H
Reculibrate Drive. See Interrupt13H Function 11H
Reeeive Control Data from Block Device. See
Interrupt 21H Function $49H
Subfunction 044
Receive Contsol Data from Character Device. See
Interrupt 21H Funciion 4411
Subfunction 02H

Receive One Character. See Interrupt 14H
Function 02H
RECOVER conumand 910- 1
Recover Files (RECOVER) 910-11
Redirectable I/0, and filter operation 429-30
Redlirect Printing (MODE} §94-95
Redirect SYMDEB Input (SYMDEB <) 1143~ 44
Redirect SYMDER Input and Output
(SYMDEB =) 1146
Redirect SYMDEB Cutput (SYMDEB >) 1145
Redirect Target Program Input (SYMDEB | 1147
Redireet Target Prograum Input and Ouipa
(SYMDFB -3 1149
Redlirect Targer Progrum Output tSymdcb 1) 1148
Repisters
AX-extended error code, MS-DOS version 3.3
1461 ~62
BH-error cluss, MS-DOS version 3.3 1462
BL-suggested action, MS-120S version 3.3 1463
child program exceution 328 '
CH-locus, MS-DOS version 3.3 1463
eritival error handling 39498
DERUG initialization 582
chisplaying or moclifying 1045, 1122
-EXE program settings 113-15
expunded memory 31012
extended error mformation 4012, 404—5
extended memory 316-19 ’
INS3250 UART chip 171-80
miintsined by DEBUG 1022
maintained by SYMDEB 1060-6)
overlay exceution 337
PC 1045
Keloration puinter tile, in EXE file headers 123
REM command (BATCH)YH7, 753, 768 )
Remove Directory. See Interrupt 214 Function 3AH
Remaove Directory (RMDIR ar RID) 923~ 24
Rename: File (RENAME ur REN). See Interrupt 214
Function 17H, Interrupt 21H
Function 56H
RENAME/REN command 912-13
REPLACE command 914-17
Replice Text (EDLIN R) 846-47
Report If Character Ready. See Interrupt 16H
Function 0H
Request header, device driver 452-53(fig.)
device open/clase 464¢Fig)
flush inputfoutput status 463(fig )
generic IOCTL 4()6—67('53.)
ger/set logical device 467-68fig.)
initialization 156t fig.)
InpuL/ottput status 463(fig.)
IOCTI Read, Write, Write with Verify aGMfig.)
media check $58(0ig.)

Indexes 1557
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Request header (continued )
nondcstructive read 462
removable media 464(fig.), 464-66
status word 454(table)
Reset Alarm (Turn Alarm Off ). See Intereupt 1AH
Functlion 07H
Reset Disk System. See laterrupt 131 Function 00H
Resize Memory Block. See Interrupt 21H
Function 4AH
Restart System. See tnterrupt 191
Restore Backup Files (RESTORE] 91822
RESTORE command 918-22
ASSIGN and 741
BACKUP and 745, 918
JOIN and B77
RET instruction, terminating .EXE programs
with 1819
Return Address of InDQOS Flag, See interrupt 2IH
Functlion 34R

Reynolds, Aaron, in development of MS-DQS 30, 34,

35,39.43
RMDIR/RD command 923-24
ROM BASIC. See Interrupt 18H
ROM BIOS 20, 59-60

loading MS-DOS and 68-72

location in memory 69{fig.)

role in display 1/O 159

role in keyhoard 170 156

system calls 1313 - 30 (see also [nterrupts 1014

through 1AH)

tables 69, 70tfig.)

TSR interrupt processing 349
ROM monitor operating system 5t
ROOT.ASM program 33842
Roat direciory 1083
RS232C signals 170, 17iCtable)

Run Jength limnited (RLL) encoding 87
Run menu (CadeView) 1160

S

SAMPLE.C program {(Windows) 512- 17
display 512(fig.)
EXE file construction 518- 20
header 516(fig.)
make file 517(fig.)

MESsage processing 527 ~29
mexctule-definition file 516-17(fig.)
program initialization 520- 21
resource seript 516
source cade $13-1%

Sarns, Jack 14
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Screen. See also Display output
ANSLSYS escape sequences to control 731-38
clearing 781
conwralling 156-59
graphics mode (see Graphics)
screen output debugging with CodeView
62940
swap 1055, 1150
Scroll Window Down. See Interrupt 10H
Function 07H
Scroll Window Up. See Interrupt 10H Function 068
Search for Text (EDLIN S) 848-- 49
Search Memory
DEBUG S 184840
SYMDEB S 1125-26
Search menu (CodeView) 1160
Search pach
defining command 897
setting with APPEND 739
Seattle Computer Products, and 86-D0512-13, 15
Sector, disk 88~89
loading 1037, 1113
writing 1052, 1136
Seeks, compatibility issues 495
Seek to Head. See Interrupt 13H Function 0CH
SEGDEF Segment Definition object record 651,
676-79 .-
Segment. See Memory segments; Program
segment(s): Program segment prefix
{PSPY, SEGMENT directive
SEGMENT directive (MASM), 1o structuce EXE
programs 125-30
align type parameter 125-27
class type parameter §28-30
combine type parameter 127-28
ordering segments o shrink .EXE files 130
sample .EXE program using 132-37
Segment Not Present exception. See Interrupt 0BH
Select Active Page. See trterrupt 10H Function 05H
Select Code Page function 1454-55

Stlect Color Palette. See lnterrupt 10H Function OBH

SELECT command 925-29
M5-DOS version 3.3 1435-36
Select Disk. See Interrupt 2tH Function 0EH
Send Byte to Printer. See [ntersupt 17H Function 00H
Send Control Data to Block Device. See Interrupt 21H
Fusction 44H Subfunction 05H
Send Control Data to Charactee Device. See (aterrupt
21H Function 44H Subfunciion 03H
Send One Character. See Interrupt 14H Function 01H
Sequentiat Read. See Interrupt 21H Function 1481
Sequential Write. See Interrupt 21H Function 15SH
Serial communications monitoring 556-37
debugging program 587-600
demonstration program 557-72
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