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DQOS Creator Gives His View of Relationship Between CP/M, M5-DOS

The following letter comes from Tim Paterson, one of the two engineers who created MS-DOS for Microsoft back
in 1981, Mr. Patterson is responding to comments made by author John Wharton in his article on Gary Kitdall

‘(see MPR B/1/94, p. 10), Although this letter is longer than those that we usually print, we hope that you witl

find it of historicat interest.
Dear Editor:

John Wharton's tribute to Gary Kildall is full of well-deserved praise for Mr. Kildall's contribution to the
industry. Unfortunately, Mr. Wharton also got briefly side-tracked onto other issues that he demonstrated he
knows nothing about. Through his occasional pot-shots in the past, he has made clear his contempt for MS-DOS
and its author (me), and everyone is entitled to an opinion. But to present such distortions---even completely
made-up stories--about MS-DOS as facts is irrasponsible.

Let’s start with the characterization of MS-DOS as "an unauthorized 'quick and dirty' knockoff of CP/M from
Seattle Computer Products.” Back in 1980, what we now call MS-DOS was sold by Seattle Computer Products
(SCP) as 86-DOS with their 8086-based computer system, one of the first to use that microprocessor. At that
time, CP/# ran only on the 8080/Z80 microprocessors, although a version for the 8086 was known to be under
way. Before starting development of 86-DOS, SCP had been shipping its computers since 1979 and was in
desperate need of standard software. The uncertain outlook for CP/M-86 led to the intemnal development project
in April 1980.

SCP was a small company with no clout in the industry. To get major software developers to port their products
from the 8080/Z80 to the 8086, I decided we had to make it as easy as possible. T had already written a Z80-
to-8086 source code translator (hosted on the 8080 and CP/M). My plan was that running an 8080 CP/M
program through the translator would be the only work required by scftware developers to port the program to
the 8086. In other words, the interface used by applications to request operating system services would be
exactly the same as CP/M's after applying the translation rules.

So B6-DOS generally had ali the same application-visible elements as CP/M--the function codes, the entty point
address, part of the File Control Block layout, etc. I used the 1976 CP/M Interface Gulde for my description of
the requirements. I also provided some similar commands from the conscle such as DIR, RENAME, ERASE--
although any system would have such functions, regardless of name chosen.

But that's where the influence from CP/M ended. (Isn’t that enough, you say?) Consider that 86-DOS used a
completely different file-storage mechanism than CP/M (representing maybe B0% of the 86-D0OS code). Once
the functions for translation cormipatibility were done, I immediately added the “real” file Interface--allowing the
application to read or write any number of records of any size in a single request, rather than one 128-byte
record at a time. 1 also added rudimentary built-in editing (maybe 15% of the code).

The pointis, 86-DOS is completely different from CP/M inside. It is an entirely original work within the confines
of providing the translation-compatible interface. Because of the completely different file storage format, none
of the internal workings has any corresponding relation to anything within CP/M. I never used CP/M source or
disassembly at any time while T was developing 86-DOS. It wouldn't have made sense to; there was nothing I
could leamn from it, since my tasks were different. And finally, if there had been a CP/M for the BO86
microprocessor, 86-DOS would never have been developed.

Contrast this scenario with some other cases of software "cloning.” One example is the ROM BIOS that each

IBM-compatible PC must have. The ROM is required to be fully compatible, yet IBM was unwilling to license it to
others., Compaq and Phoenix Technologies were two of the first to clone the ROM with independently developed
code that performed exactly the same functions and even had the same internal addresses (since some
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software relied on this). Another example Is Digital Research's DR-DOS (now Novell DOS), a perfect functional
clone of M5-DOS with improvements added. Unlike 86-DOS, each of these clones performs exactly the same
function for the same microprocessor as the original program being cloned, 86-D0OS provided wholly new
functionality (a completely different, faster storage format) for a microprocessor which had no alternative.

Referring again to Mr. Wharton's article, he states that "these protocols [for memory allocation, file sharing,
etc.} were removed [from 86/MS-DOS], since Microsoft programmers didn’t understand why they were
needed.” This is utter nonsense. The fact Is, neither 86-DOS nor CP/M 2.2 (the 8080/Z80 version of that day)
had any facilities "for memory allocation, file sharing, process switching, and peripheral management.” As
single-task systems, they generally had no need for it. Both simply gave all available memory to the single
running task there was no other task to switch to or share files with.

For reasons unrelated to B6-DOS, 1 left SCP and went to work for Microsoft just in time to put the finishing
touches on the adaptation of 86-DOS to the IBM PC (May 1981). I joined Bob O'Rear, who had done all the hard
work of getting 86-DOS up and running on the IBM machine. Bob and I must be the programmers that Mr.
Wharton refers to, since we were the onfy ones working on it. I'm pretty sure I didn't hack anything out of my
program because I didn't understand it. -

Finally, there's the discussion of machine independence. The original CP/M was a bit weak on this point,
because it assumed a specific disk format: 77 tracks, 26 sectors, one head, 128 bytes per sector. CP/M 2.2
generalized this into a table-driven approach, although it still assumed 128-byte sectors. The basic problem
with CP/M was that. it had no internal buffering--the application program was required to read/write files in
physical 128-byte sectors. 86-DOS did have Internal buffering and separated the logical record of the
application from the physical sector on the disk, allowing either to be any size,

To quote from an 86-DOS manual from late 1980: "In order to provide the user with maximum flexibllity, the
disk and simple device I/O handlers of 86-DOS are a separate subsystem which may be configured for virtually
any real hardware.” This was put to the test, because the 86-DOS that ran on SCP's S-100 Bus BOB6 computer
using 8-inch floppy disks and a serlal terminal for I/O was exactly the same binary as used on IBM's 8088 with
5-inch disks and memory-mapped video. Other early users of MS-DOS included Zenith and Sirius (later Victor),
each of whose computers were unique.

BIOS (for Basic Input/Cutput System) was the name given to CP/M's hardware dependent layer so that the
BDOS (Basic Disk Operating System) and all applications could be hardware independent. But it is not true that
"Microsoft lifted the term 'BIOS® for MS-DOS but wrote the software to be machine-dependent anyway." IBM
used the term BIOS to refer to ROMs resident in thelr machine. I used the term /O System (never abbreviated)
to describe the hardware-dependent layer of 86-DOS, and Microsoft even keeps this layer in a separate file on
the disk (10.5YS) from the machine-independent cede {MSDOS.SYS).

Responsible journalists check their facts. T don't know if Mr. Wharton is just so gullible that he believes any
anti-Microsoft story he hears or if he just makes up the stories himself. To get some of the basics, he could
start by reading Gates by Manes and Andrews, or Hard Drive by Wallace and Erickson. Then, as authors of both
books did, just ask me if there are any questions.

--Tim Paterson, Microsoft
Mr. Wharton replies:

T couldn't agree more with Mr. Paterson’s observation that responsible journalists check their facts. In the 42
hours available from when I began writing the Kildall piece until I had to deliver a publishable draft to
production, I managed to run the column past several of Gary's closest friends and work associates dating back
to his consuiting days for Intel. They found several errors and omissions; ail were corrected before publication.
I stand by the piece as printed.

Mr. Paterson is dearly. disturbed by my characterization of 86-DOS as an “unauthorized 'quick and dirty’ knock-
off of CP/M." Yet Mr. Patersen readily admits to having "cloned" the software from a CP/M specification
document that was, incidentally, copyrighted and marked “proprietary to Digital Research." His conversion was
certainly quick; Mr. Paterson's stated goal was to finish his code before DRI could finlsh theirs, And it was dirty:
86-DOS supported just 27 of the 37 OS calls implemented by CP/M at the time. In fact, according to the books
Gates and Hard Drive, Mr, Paterson named the first version of his software QDOS, for Quick and Dirty OS.

And Paterson's work was most definitely not authorized. In 1980, the jury was still out concerning the
conditions under which it was permissible for one program to appropriate the calling conventicns, look, and feel
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of another. In the end, IBM spent more to head off a copyright-infringement lawsuit from DRI than it spent to
acquire the rights for MS-DOS in the first place. I doubt IBM would have dene so had it not felt legally exposed.
lust last year, Microsoft publicly denounced Sun for prometing a "clone” of the Windows ABI that could run on
SPARC workstations.

I can empathize somewhat with the bind in which SCP found itself: unable to sell its 8086 hardware for lack of
software and unable to buy the software Rt wanted. But for Mr. Paterson to cite the unavallabtlity of CP/M-86 as
justification for appropriating the "look and feet' of a competing 0S ahd its utilities seems to me to be
analogous to telling a judge, "I needed a car, Your Honor, and the plaintiff wouldn't sell me his, so I was forced
to ke it.”

And whereas Mr. Paterson argues that 86-DOS had to be functionally compatible with CP/M to allow CP/M-80
programs to be mechanically ported, in fact it was not. 8y my count, 86-D0OS failed to implement at least nine
of the required CP/M 2.2 function calls, aitered the functions performed by two others, and "enhanced” the
capabifities of several more, According to the book Undocumented DOS (the first edition of which was co-
authored by Mr. Paterson himself), "Even in the beginning there were crucia$ differences between the two
systems. MS-DOS did not, as widely claimed, mimic every last CP/M function call. For example, MS-DOS did not
implement CP/M functon 12 (OCH) to get the system version number. Somewhat unaccountably, MS-DOS
Instead used (and still uses) function OCH to read the keyboard.® This one change would likely have caused
most CP/M 2.2 programs to malfunction, if transiated according to the procedure Mr. Paterson describes,

Mr. Paterson is absolutely correct that both 86-DOS and (eight-bit) CP/M 2.2 were single-tasking systems, and
neither had facllities for memory allocation, file sharing, etc. But CP/M was the basis for a family of compatible
OS products that already supported multitasking (MP/M} and networking (CP/Net) functions. The protocols
needed to support these additional features had all been defined by DRI fong before 86-DOS was developed.
CP/M-86 itself supported memory aliocation, 8086 memory segmentation, and multitasking capabilities
sufficient for printer spooling. 86-D0OS and MS-DOS did not.

As to machine independence -- aithough complete 86-DOS documentation is somewhat hard to come by these
days, it's my recollection that both 86-D0S and MS-DOS imposed implicit constraints cn memory layouts as
well as disk size and configuration, constraints not imposed by CP/M-85.

Mr. Paterson points out that for me to know Microsoft's thought processes, I would have had to talk to him or
Bob O'Rear at the time. Well, as it happens, I did. In August of 1981, soon after Microsaft had acquired full
rights te 86-DOS, Bill Gates visited Santa Clara in an effort to persuade Intel to abandon a joint development
project with DRI and endorse MS-DOS instead. It was I--the Inte! applications engineer then responsible for
iRMX-86 and other 16-bit operating systems--who was assigned the task of performing a technical evaluation of
the 86-DOS software. It was I who first informed Gates that the software he just bought was not, in fact, fully
compatible with CP/M 2.2, At the time I had the distinct impression that, until then, he'd thought the entire 0S
had been cloned. (This visit was recounted briefly in the book Gates, by the way, which also lists my name as a
source. ) -

First impressions die hard: at the time, the only documentation that existed for MS-DOS was an *86-DOS
Programmer's Reference," on the cover of which the word "Programer* was printed in bold one-inch type--with
Just one "m." In the weeks that followed, I spoke repeatedly by phone with Tim, Bob, and their cohorts, trying
to understand their work. I even made a pilgrimage to Bellevue and spent a day with them in their offices. It
was a Monday in September, I believe.

The strong impression I drew 13 years ago was that Microsoft programmers were untrained, undisciplined, and
tontent merely to replicate other people's ideas, and that they did not seem to appreciate the importance of
defining operating systems and user interfaces with an eye to the future. In the end it was this latter vision, 1
feel, that set Gary Kildall so far apart from his peers.

Document mcpr000020011029dga300077
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"An Inside Look at MS-DOS

The design decisions behind the popular operating system

The purpose of a personal com-
puter operating system is to provide
the user with basic control of the
machine. A less obviousfunction is to
Yurnish the user with a high-level,
machine-independent interface for
application programs, so that those
programs can run on two dissimilar
machines, despite the differences in

their peripheral hardware. Having .

designed an 8086 microprocessor card
for the S-100 bus and not finding an
appropriate disk opeérating system on
the market, Seattle Computer Prod-
ucts set about designing MS-DOS,
Today MS-DOS is the most widely
used disk operating system” for per-
sonal computers based on Intel’s 8086
and 8088 microprocessors.

MS-DOS Design Criteria

The primary design requirement of
MS-DOS was CP/M-80 translation
compatibility, meaning that, if an
8080 or. Z80 program for CP/M were

. translated for the 8086 according to

Intel’s published rules, that program
would execute properly under MS-
DOS. Making CP/M-80 translation
compatibility a requirement served to
promote rapid development of 8086
software, which, naturally, Seattle
Computer was interested in. There
was partial success: those software
developers who chose to translate
their CP/M-80 programs found that
they did indeed run under MS-DOS,

230 Junc 1965 © BYTE Pubbcations Inc

Tim Paterson
Seattle Computer Products
1114 Industry Dr.
Seattle, WA 98188

often on the first try. Unfortunately,
many of the software developers
Seattle Computer talked to in the
earlier days preferred to simply ig-
nore MS-DOS. Until the IBM Per-
sonal Computer was announced,
these developers felt that CP/M-86
would be the operating system of
8086/8088 computers.

Other concerns crucial to the
design of MS-DOS were speed and ef-
ficiency. Efficiency primarily means
making as much disk space as possi-
ble available for storing data by mini-
mizing waste and overhead. The

‘problem of speed was attacked three

ways: by minimizing the number of
disk transfers, making the needed
disk transfers happen as quickly as
possible, and reducing the DOS’s
“compute time,"” considered overhead
by an application program. The en-
tire file structure and disk interface
were developed for the greatest speed
and efficiency.

The last design requirement was

-that MS-DOS be written in assembly

language. While this characteristic
does help meet the need for speed and
efficiency, the reason for including it
is much more basic. The only 8086
software-development tools available
to Seattle Computer at that time were
an assembler that ran on the Z80
under CP/M and a monitor/de-
bugger that- fit inte a 2K-byte
EPROM (erasable programmable

read-only memeory). Both of these
tools had been developed in house.

MS-DOS Organization )

The core of MS-DQS is a device-
independent input/output (I/0) han-
dler, represented on'a system disk by
the- hidden " file MSDOS.SYS. It ac-
cepts requests from application pro-
grams to do high-level 1/O, such as
sequential or random access of named
disk files, or communication with
character devices such as the console.
The handler processes these requests
and converts them to a very low level
form that can be handled by the 1I/0
system. Betawse MSDOS.SYS is

hardware independent, it is nearly.

identical in all MS-DOS versions pro-
vided by manufacturers with their
equipment. Its relative location in
memory is shown in figure 1.

The I/O system is totally device
dependent and is represented on the
disk by the hidden file IO,.SYS. It is
normally written by hardware manu-
facturers (who know their equipment
best, anyway) with the notable excep-
tion of IBM, whose 1/O system was
wiitten to IBM's specifications by
Microsoft. The tasks required of the
I/0- system, such as ouiputtng a
single byte to a character device or
reading a contiguous group of
physical disk sectors into memory,
are as simple as possible,

The .command processor furnishes

Clrcia 122 on Inquiry card.w=p-
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the standard interface between the
aser and MS-DOS and is contained in
the visible file COMMAND.COM.:
The processor’s purpose is to accept
commands from the console, figure
out what they mean, and execute the
correct sequence of functions to get
the job done. It is really just an or-
dinary application program that does
its work using only the standard MS-
DOS function requests. In fact, it can
be replaced by any other program
that provides the needed user inter-
face.

There ‘are, however, two special
features of the COMMAND file.
First, it sets up all basic error trapping
for either hard-disk errors or the Cor-
trol-C abort command. MSDOS.SYS
provides no defanit error handling
but simply traps through a vector’
that must have been previously set.
Setting the trap vector and providing
a suitable error response is up to
COMMAND (or whatever program
might be used to replace it).

The second special feature is that
COMMAND splits itself into two
pieces, called the resident and tran-

-~T0P OF MEMORY

COMMAND| TRANSIENT

PROGRAM MEMORY

COMMAND RESIDENT

MS-DOS
170 SYSTEM
n Q0300
INTERARUPT VECTORS
aoaod

Figure 1: Map of memory areas a5 as-
signed by MS—DOS.

sient sections. The resident, which

sits* just above’ MS-DOS in low

_memory, is the essential codé and in-

cludes error trapping, batch-lee Pro.
cessing, and reloading of the tran.
sient. The transient interprets ygeo,
commands; it resides at the high ehd
of memory where it can be overaig

" with any applications program {some

of which need as much memory ;-
they can get). This feature js f
limited value in systems with large
main memory, and it need not be iy
itated by programs used as a replace.
ment for COMMAND.

COMMAND provides both a use-
ful set of built-in commands and the
ability to execute program fileg
located on the disk. Any file ending
with the extensions .COM, .EXE, of.
BAT can be executed by COM-
MAND simply by typing the first

*part of the file name (without exten- -
.sion).

You can normally enter
parameters for these programs on the -

command line, as with any of the

built-in commands. Overall, the ef-

fect is to give you a command set that

can be extended almost without limit

just by adding the command asapro- -

gram file on the disk,

The three different extemsions . .-
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PRODUCT DESCRIPTION _ LIST  VOUR CoST
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© Zenith 2400 . - 4000 CALL
TIMM_T Pin, & Wire, Telephrane Cabls (Modulae m,.\ Lt T,
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- ELA 9/5;RS23Z, 8 Pin Cable, S FT MMIEFNE . - 12
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allowed on program files represent

. different internal file formats.

. COM files are pure binary pro-
grams that will run in any 8086 mem-
ory segment; in order for this to be
possible, the program and data would.
ordinarily have to be entirely in one
64K-byte segment. '
o EXE files include a header with
relocation infarmation so that the
program may use any number of seg-
ments; all intersegment references are
adjusted at load time to account for
the actual load segment.

@ BAT (batch) files are text files with
commands to be executed in sequence

by COMMAND.

File Struciure

Disks are always divided up into
tracks and sectors, as shown in figure
2. To access any particular block of
data, the progeam first moves to the
comect track, then has you wait while
the spinning disk moves the correct
sector under the head. )

A somewhat more abstract view of
disks was taken in developing MS-
DOS. MS-DOS views the disk, not in
terms of tracks and sectors, but as a:
continuous array of n logical sectors,.

. numbered from O to n—1. Figure 2
shows the usual method of number--
. ing thelogical sectors. Logical sector

0 is the first sector of the outermost

* track; the rest of the track {(and the
" next, etc.) is numbered sequentially.

Lognml sector n—1 is the last sectot .

on the innermost track.

_The mapping of Jogical sectors to’
phys:cal track and séctor iz done by
the hardware-dependent 1/0 System-

and is completely transpatent to the .

Logical
Sector
Numbers Use
0 - Reserved for bootstrap
loader :
1—6 FAT 1] file atfocation” -
7—12 FAT 2 § tables (FATs)
13—29 Directory
30—2001 Dala \
Table 1I: Map of disk areas on an
8-inch single-sided, smg!e—dens:ty flop-
ychsk
]
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SECTOR 1
SEGTOR 8 —————
a 7 Lo TRACK 0
5ec° AL ge —
; o
G o 15 {0y, #\ TRACK 1
\-06 5&6‘0 ; AL J‘Ec’__- e
» o, :
& Logicy, - R ® TRACK 2
SECTOR 7 e N N
- © N (-% SECTOR 2
™
S/ - 2 \%
G/ % \
4o S (3]
Lo & T\ e
&y [
- k) (i"" (s
g/ 2\ -
-~ o
S w
= 2
[ @ o~
o\ 5 N ar
e\S 2=
o\ < =2
z Lap
“\% w /g
o\ & A
2\ 3 - &
A\ * &? F
AN /s
3 .
SECYOR §& - SECTOR ¥
[0 7 > '
G‘Ie d‘og B
‘og, £y, a5 ®
OR . 3 ‘_Q(;\C ‘09-
ECTOQ \_OG‘OFL
SECTOR 5 SECTOR 4

Figure 2: Placement of disk sectors in IBM Personal Computer (single-sided)} format.

MS-DOS file system. Any other
method tnay be ised, and Ms-DOS
wouldn't know th" dlfference. Hav-

first of th&se is ﬂ'xe reserved area,
whose purpose is l;o hold the boot-

As shown i .ble. 1, he MS DOS'
file system leldes the’ lmear array “of .
logical sectors into four groups. The’

strap loader. Because the loader is
usually very simiple, only one sector

is normally reserved.
. ‘The FAT (File allocation table) a
map of how space is. d;stnbuted

' amiong, all “files ‘on the dxsk comes

.mext. Because it is"so important, two
COplES are usually-kept side by side. If
,one copy. cannot be read because of a
failure in the medium, the second will
be used. -

The di'recto'ry follows the FAT.

. BYTE . .
- LOCATION "‘!’ o ‘ l I 3 I I ! 5 ' ’
-, “ NAME
it i : - ; y
3l exrension janies| 2ER0S
- 16 " “zeRDS TIME

e i . ) 1 = 1 1.

’ e " POINTER ‘s
24 DATE To Fat SIZE IN BYTES
- A [} 2 2

Figure 3: Arrangentent of byles i disk directory entry.
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Loglcal Allocation Unit
Sector Number
Numbers
30—33 2 (first aflocatlon
unit)
34—37 3
38—41 4
42—45 5
L] L]
L ] .
L ] -
1998—2001 494

Table 2; Allocationi unit numbering for
the 8-inch single-density format. To
compute the logical sector number of
the first sector in an allocation unit,

you use the following equation: sector
number = 4 X_allocation unit number
+ 22.

LOGICAL
SECTOR
NUMBER
34

33 - HLLOCATIOR
an UMIT 4

41
42

43 ALLOCATION
44 UNITS

PARTIALLY 26
UNUSED
SECTOR | 3

T 47 pLLOCATION

UNIT 6
COMPLETELY 48
UNUSED A
SECTORS |, 49

Figure 4: Assignment of logical sectors to
allocation units. Note that, in the file
shown, more than two sectors are wasted

" . hecause they are in.an unused part of the

252

Iast allocation unif.

_ Each file on the disk has one 32-byte

entry in the directory, which includes
the file name, size, date and time of

.last write, and special atiributes. Each

entry also has a pointer to a place in
the FAT that tells where to find.the

data in the file. Figure 3 shows the _

layout of a directory entry.
The rest of the disk is the data area.
t is divided into many small, equal-
sized areas called allocation units.
Each unit may have 1, 2, 4, 8, 16, 32,

236  June 1953 © BYTE Publications inc

64, or 128 logical sectors, but the
number is fixed for a given disk for-
mat. Allocation units are numbered
sequentially. The numbering starts
with 2; the first two numbers, 0 and
1, are reserved. Table 2 shows this
numbering system applied to the
8-inch single-density disk format.

The allocation unit is the smallest
unit of space MS-DOS can keep track
of. The amount of space used on the
disk for each file is some whole num-
ber of allocation units. Even if the file
is only 1 byte long, an entire unit will
be dedicated to it.

For example, the standard format
for 8-inch single-density disks uses
four. 128-byte sectors per allocation
unit. When a new file is first created,
no space is allocated, but an entry is
made in the directory. Then when the
first byte is written to the file, one.
allocation unit {four sectors) is as-
signed to-the file from the available
free space. As each succeeding byte is
written, the size of the file is kept up-
dated to the exact byte, but no more
space is allocated until those first four
sectors are completely full. Then to
write 1 byte more than those four sec-
tors worth, another four-sector allo-
cation unit is taken from free space
and assigned to the file.

When writing stops, the last alloca-
tion unit will be filled by some ran-
dom amount of data (figure 4). The
unused space in the last allocation
unit is. wasted and can never be used
as long as the file remains unchanged
on the disk. This wasted space is
called
because it is part of the space
allocated to the file but is an unusable
fragment. On the average, the last
allocation unit (regardless of size) will
be half filled and, _therefore, half
wasted. Because each file wastes an
average of one-half an allocation
unit, the total amount of space
wasted on a disk due to internal frag-
mentation is the number of files times

- one-half the allocation unit size.

The phenomenon called external
fragmentation occurs when a piece of
data space is unallocated yet remains
unused because it is too small. This
cannot happen in the MS-DOS file
system because MS-DOS does not re-
quire files to be allocated contiguous-

internal fragmentation,

ly. It is, however, present in more
.primitive systems, such as the UCSD
p-System.

It would certainly seem desirable to
minimize internal fragmentation by
making the allocation unit as small as
possible—always one sector, for ex-
ample. However, for any given disk
size, the smaller the unit, the more
there must be. Keeping track of all
those units- can get to be a problem.

Specifically, the amount of space re-
quired in the file allocation table

would be quite large if there were'too - -

many small allocation wunits. For
every unit, 1.5 bytes are required in
the FAT; there are normally two
FATSs on the disk, each of which is
rounded up to a whole number of sec-
tors.

Now take a standard 8-mch smg]e— -
density floppy disk that.has 2002 sec- -+

tors of 128 bytes. To minimize inter~

nal fragmentation, choose the small- -
est possible allocation-unit size of one :
sector. Two thousand allocation units -

will require 3000 bytes (24 sectors)
per FAT, or 48 sectors for two FATs.

If the average file size is 16K bytes -
(128 sectors), the. disk will be full -
when there are. 16 files on it. Waste"--
due to internal fragmentation would :

be

16 files X 64 bytes per file =
1024 bytes (8 sectors})

Far more space is occupied by the
EATs on the disk than is wasted by
internal fragmentationl

To provide maximum usable dat
space on the disk, both internal Erag
mentation and FAT size must be con:

sidered because both consume data.

\ area. The standard MS-DOS forinal
for 8-inch single-density disks strike
a balance by using four sectors pe:
allocation unit. Two sectors per uni
would have been just as godd (assum

ing a 16K-byte average file size), bu
there is another factor that alway
favors smaller FATs and larger allo
cation units: the entire FAT is kept in
main memory at all times.

The file allocation table contains, al
information regarding which alloca
tion units are part of which file. Thus
by keeping it in main memory, any
file can be accessed either sequentxa]ly

oy
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Powerful CB'M Software.

For Apple, Osborne, Xerox, Kaypro, North Star, SuperBrain, Heath/Zenith, and others.

.Now only $29. 95 each!

&

NEVADA

- COBOL

was $199.95 now only $29.95.
When we introduced Nevada COBOL in 1979, it was loaded with
innovations. Today's Edition 2 is even better! -
O Extremely Compacl. You can compile and execute up 10 2500
staternents in 32K RAM, 4000 statements in 4BIC, ete., )
011t's based upon the ANSI-74 standards with level 2 features such
as compound conditionals and full CALL CANCEL.
O You can distribute your objec! programs royalty FREE!
OYou get a diskeite, 153-page manuaj with lots of examples and 16
compiete COBOL source code programs.

A!so.available: ‘COBOL Application Packages, Book1  $9.95

" NEVADA

FORTRAN

was $199.95 now only $29.95.
0 Based on ANSI-66 Standards with sbme 1977 level features.
BIF. . THEN . . ELSE construcls. . .
D Avery nice TRACE style debugging.
01150 English language error miessages. .
O You get a diskette, 174 pages of Documentation and five sample

programs. Requires 48K RAM. .

1w ourse to even more micro users, we've slashed our prces.
What's more, we're offcring a money back guaraniee. i for any reason you're not
completely satisfied, just relurn the package—in good condilion with the sealed
diske tte unopened—within 30 days and we'll retund your money complotely.

This is a limited lime oller, 30 arder yours laday?

Shipping/handting fees. Add $4.00 for lirst package and $2.00 each sdditionat
package. OVERSERS Add $15.00 for first package and $5.00 each additionat pack-
R =290. Checksmustbein U.S. funds and drawn on 2 U.S. bank! .

| 4 Trademarks: GP/M, Digital Fesearch; TRS-80, Tandy Corp.: TeleVideo, TeleVideo
R Systems. Inc.; Appla il, Apple Corputer Inc.; Osborne 1, Osborne Computer Carp.:
Xerox 820, Xerox Comp.; Kaypro, Non-Uinear Sys.; HealhiZenith, Heath Co.; IAM,

MAIL TODAY! To: EMlis Computing
3917 Noriega St. .
San Francisco, CA 94122

(415) 7530186

ELLIS COMPUTING -

"8%" [ Apple CPIM O Osborne
. O North Star DD O North Star SD
DO TRS-80 Mod 1 (4200 hex) 0O TAS-80 Mad I/Mapper
£3 Heath; Hard Sector O Heath, Soft Secior
O Micropolis Mod Il O Superbrain DD DOS 3.X
. {512 byte sectars)

QO Xerox 820(Kaypro) ‘D TeleVideo

. Indicéte software packages: 0CcoBOL OPILOT

NEVADA

PILOT

was $149.95 now only $29.95.
O Perlect lor industrial training, office training, dril! and testing,
virtually &l programmed instruction, word puzzle games, and data
entry facilitated by prompts.

- O John Starkweather, Ph.0., the inventor of the PILOT language,
has added many new features to Nevada PILOT. There are com-
mands to drive optional equipment such as Video Tape Recorders.
There's a builtin full-screen text editor, and much more.

0O Meets all PILOT-73 standards for lull compatibility with older
versions.

O You gst a diskette, 114-page manual and ten useful sample
programs. :

01 See Review in Microcomputing, Januacy 1983, page 158.

NEVADA

EDIT

was $119.95 now only $29.95.
03 High quality text editing for micros! .
01 A character-orlented full-screen video display text editor designed
specifically to create COBOL, BASIC and FORTRAN programs.
0 Completely customizable 1ab stops, defaiilt file type, keyboard
control key layout and CRT by menu selection. :
0 The diskette comes with an easy to read manual. _

The CP/M-80 Operating Systems and 32K RAM are required.

Indicate diskette format: '
8"  [1SSSD (Standard 1BM 3740 format)

O FORTAAN O EDIT

Send my order for packages @$29.95eachTotal ____ _
OOBO_L‘Appﬁcations Package @$9.95eachTptal ____

) Check enclosed In CA add sales tax
Shipping/irandling

CIMasterCard QVISA TOTAL —_—

#. Exp. Date

Signature i

Ship to:

Name

Street

City/StiZip

Country ) -l

------n-------n-——-!_-—-—

AVYC oo sans

B e R T
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FILE
. (52) ALLOCATION
TABLE
DIRECTORY RESERYED [ © -1
‘NTRY ENTRIES | 1 Q1
-
’ 2 ?
3 9
4 -1
s =
. 7 ‘_:BI
7 5
8 ~1
] 10 =
10 -1
n 22
N
"(3b)
‘EF FF¥ FF 07 S0 00 fF GF
g 03 80 00 FF AF 00 FF «
6F Ol

LT

254

Figure 5: Finding daia via the directory
and the file allocation table. Figure Sa
shows how pointers are used to direct the
operating system to the sequential parts of
a file. The data stored in the sample file-

allocation table is displayed in hexadeci-

mal in figure 5b.

or randomly without going fo disk
except for the data access itself.
Schemes used in other operating sys-
tems (including CP/M and Unix) may
require one or more disk reads simply
to find out where the data is, par-
ticularly with a random access. In an
application such as a database in-
quiry, where frequent random access
is the rule, this can easily makea 2 to
1 difference in performance.

How the FAT Works

The directory entry for each file
has one-allocation unit number in it:
the number of the first unit in the file.
If, as in the previous example, an
allocation unit consists of four sectors
of 128 bytes each, then just by look-
ing at the directory you know where
to find the first 512 bytes of the file_ If
the file is larger than this, you go to
the FAT.

The FAT is a one-dimensional ar-
ray of allocation unit numbers. As
with any array, a given element is
found with a numeric index. The
numbers used as indexes into the FAT

are also allocation unit numbers.
Think of the FAT as a map, or trans-
lation table, that takes an allocation
unit number as input and returns a
different allocation unit number as
output. The input can be any unit
that is part of a file; the number
returned is the next sequential unit of
that file.

Let's look at the example in figure
Sa. Suppose that the directory entry
for a file’ specifies allocation wunit
number 5 as the first of the file. This
Tocates the first four logical sectors
(512 bytes). To find the next alloca-
tion unit of the file, look at entry 5in
the file allocation table. The 6 there
tells you two things: first, the mext
four logical sectors of the file are in
allocation unit number 6; and second,
to find the unit after that look at -
FAT entry number 6. -

This process is repeated as you
locate each allocation unit in the file.
After number 6 comesnumber 3, then
number 9, then number 10. In each
case, the allocation unit number
returned by the FAT tells you both

.3 ‘ - ---'. - ... .

SAVE MONEY!
Increase your
computer’s productivity

-

INTER&

The INTERSTELLAR DRIVE is a high performance
data storage subsystem with independent power
supply, battery backup, and exror detection. It has
256XB to 1 Megabyte of solid state memory integrated
to perform with your operating system.

/

TELLAR:-DRIVE"] )

A SOLID STATE DISK EMULATOR

Save valuable time!

perfoﬁnance than floppy disks
and Winchester drives

PION’S INTERSTELLAR DRIVE is designed for use with a
family of interfaces and software packages. Currently avail-
able are interfaces for IBM, $100, TRS80, Apple, SS50, and
most Z80 uP, and software for most popular operating systems.
Additional interfaces are continually being developed for the
most popular cornputers.

Basic Price for 256IKB unit [incudes Interface and soﬁware]
$ 1 095, pius tax (where applicable) and shipping

Visa and Master Card a.ccepml

PION ,inc.

101R Walnut St.,\Watertown, MA 02172
TRS80 trademark of Taidy Corp.  Apple trademark of Applc Computers
Interstellar Drive trademark of PION, Inc.

5 to 50 times faster

w.rn:e-u

Tel.[617)923-8009
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The Chaplia chacacter licensad by Bubbles, Inc., S.A.
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The envelope, please,

There’s an acceprance letter inside. Anda
check that could have your name on it. (If we
select your program, thar is.)

But remember.
We pick our winners carefully.

Because the software we publish for
the IBM Personal Compurer has to be
good enough to complement
IBM Personal Computer hardware,
(See the box at right.)

Like our hacdware, this software
should be simple to use, Friendly.
Fast. And written ro help sarisfy the
needs of the individual. :

- Our Personal Editor is a perfect
example. A versatile text file ed; tor, -
it not only helps the user save time,
but lets him easily self-tailor a task
with definable funcrion keys. And
it sets a standard of excellence,
25 Of course, évery person will wse the

IBM Personal Compiurer differendy.

. That’s why we plan 6n publishing.
many differént programs.”

Entertainment programs.
And educational programs. And

p
business programs. And

o0

+ personal productiviry New Yock 10504. . E
' SE=5E k

‘ , ff.‘

) I

2]

i

i

= i

LG fr

R R _;’; N -:.

The IBM -P'ersoﬁal Computer

- Congratulations. We published Yourprogram.

programs. And graphics.
And more,
We'll also consider software written by

programmers /or programmers. For example,

the BASIC Program Development Spstem, .

And games_

Professional Editor and Diskerte Librarian
IBM PERSONAL COMPQTE!L SPECIFICATIONS '
Cser M, Dispi: P Mi
SKCADR by ‘Ci;::ro; o (FOM) 4K byees*
Microprocessor scicludan Calor/Graphics |
" 80 charaizecs x 25 lines
”'b"'mumﬂry Upper andlower case l?(lnl’ m""’" -
2opiionaf l;n'mﬂsn s..g?u';gsﬁ‘m 256 d\x:l:lus and
H s S34n PSmem, bl in PO
lsumneog or CPASB6T % mout'le
) ges 4colot resolution;
perdiskene BASIC, Pxscal, 320hx 200v
Keyboard MACRO Assemblc, Black & whire reselutton:
& keys, 51t cord COBCL X 200v
amachesto Printer Snuunnmgnplms&
ppmvalt All-poinsad:hm;bk ten
unction ks v c scavo
Bheynimesicpad g, frPESC v S-BZ-cinlaﬁ;:s
Poveranselftcting 18 chaiurer seyhs Snchronous proweols
Pariyy chedidng 9x9 :hanc\scqmm l!pal?mwspezumnd

. ——
are high-quality, full-function togls that ;
were submitted by auchors like yonand 3

subsequenely published by us. - '
Now you mighr have thé chagce 0 win.
Who knows? You conld open' the mailbox
-and find one of the envelopes shown here. -
For informarion on how to submit your
progiam, if compléted-and running, write:
IBM Pérsonal Computer External Subm issions,

gy

- Dept. 765.PC, Armonk,

A,
O
e

Circle 180 o

Atool for modern times .

n iﬁquiry.carcL
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Circle 56 on inquiry card.

CARTRIDGE RIBEONS FOR CARTRIDGE RIBBONS FOR
APPLE PRINTERS

* NEC 8023A EPSON
CIITOH RAp— M X -80 M X-10C " e

5.9, 115 A
59 95 5107 46 ooz,

92,93
586.%%.
LABEL

s1 29-“002 84
i “MAXELL
SPECIAL

DISKETTES

5te =~ SINGLE SIDE
DUAL DENSITY
MDA

$29.%.

CQMPLETE UINE OF OTHER RIBBONS AVAILABLE. PLEASE CALL
ALL ABOVE PRICES INCLUDE SHIPPING

Check-Mate

51 DIAUTO DR. P 0. BOX 103
RANDOLPH, MA 02368
TOLL FREE 800-343-7706 IN MASS 617-963-7694

WE ACCEPT MASTER CARD & VISA
MASS. RESIDENTS ADD 5% SALES TAX
PHONES OPEN 9AM-7PM EASTERN TIWME

§5%”

1 ACROSS 3+ s 1516 CONTINUOUS LABELS

DUAL $POOL RIBBONS FOR

OKIDATA
PRINTERS

ooz

$2.77 529,92

55.’:'4»9 554-59
INNOVATIVE
CONCEPTS

FLIP'NFILE

DISC STOAAGE BOX
HOLBS UP TO B0 DlSKE]’TEﬁ

324 95 529 95
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Circle 43 on Inquiry card.

| number by 1342, truncating it to an in*

| woid at that location in the FAT. I -
-the original entry number was odd S

" plication programs treat filés as _lf

where the data is (i.e., in which unit) :
and where to look in the FAT for the ;
next allocation unit number. ;

¥f you followed the example all the
way through, you should have no-
ticed that entry 10 in the FAT con-
tains a —1. This, as you might have
guessed, is the end-of-file mark. Allo-
cation untt number 10 is last in the
file, so its entry contains this special
flag. (Another special value in the
FAT is 0, which marks a free alloca-
tion unit.)

Now you know that this file oc-
cupies five allocation units, nizmbers
5, 6, 3, 9, and 10 in order. The file
could be extended by finding any free
unit, say 27, putting its number in én-
try 10 (where the —1 is now), and
marking it with the —1 for end of file,
That is, entry 10 in the FAT will con-
tain 27, and entry 27 will contain —1.
This demonstrdates how you can ex-
tend any file at will and that you can
use any free space on the disk when
reeded, without regard to its physical -
location. )

IF you ever want to look at a'real |
FAT, there’s one more thing you‘]l .
need to know. Each FAT entry'is 12
bits (1.5 bytes) long. These entriés are
packed together, so two of them fitin -
3 bytes. From a programining.view-
point, you would look up an eritry in
the FAT this way: Multiply the entry

teger if necessary. Fetch the 16-bit.~

{so that truncation was neces3ary’ in_.
the first step), shift the word right 4.
bits; thie lowest 12 bits of the word s
the contents of the FAT entry. Read---’
ing a FAT from a hexadecimal dump
isn't nearly as simplel Figure- sk
shows the hexadecimal version of the
sample FAT I've been using.

File System in Action
To put all this in perspective, you
need to look at how MS-DOS handles
a file-transfer request from an appl
cation program. With MS-DOS,

they were divided into logical re

ords. The size of the logical record is
entirely dependent on the applicatiof
and may range from 1 byte to 65, 53
bytes. Itisnota permanent feature,
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SuperSoift FORTRAN is the answer to
> the growing need for a high quality FORTRAN
" compiler running under CP/M-86 and IBM
PC DOS. It has major advantages over other

259
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(62)
byte position 1200 _ .
= 9, remainder 48
28 bytes
sector
Therefore, first byte to transfer is sector 8, byte 48
128 — 48 = 80 bytes to transfer in first sector
1200 — BO = 1120 bytes left after first sector -
1120 byles .
L= 77 =~ 8, remainder 96
108 2les :
sector
- Therefore, transfer 8 whole sectors, then 86 bytes of tast sector
(6b)

9 sectlors
a sectors
allocation unit

= 2, remainder 1

Therefore, first sector to transfer is alfocation unit 2, sector 1.

Figure 6: Calculating physical, byte-level operations from logical definitiors. The pro-

cess outlined in figure 6a shows how the aritount of data is calculated in physical terms. -

The actual position of data on the disk is computed i figure 6b.

a file but in fact may vary from one
file-transfer request to the next. The
logical record size cwrrently being
used is passed to MS-DOS For each
transfer made. 1t is, of course, com-
pletely independent of the physical
sector size the disk uses.

To read a file, an application pro-

gram passes to MS-DOS the size ofa_

logical record, the first logical record
to read, and the number of sequential

logical records to read. Let’s follow:

an example of how MS-DOS uses this
information. Assume the application
program is using 80-byte records and
is set up to read a file 15 records at a
time. Let’s pick things up on its sec-
ond read, that is, after it has already
taken the first 15 records and is about
to read the second 15. The request
will be for an 80-byte record; the first
record is number 15, and you want to
read 15 records. Now pretend you're
MS-DOS and analyze this request.

You immediately convert the re-
quest into byte-level operations. First
"multiply the logical record size by the
record number, to get the byte posi-

. Hion to- start reading (80 X 15 =

1200). Then multiply the record size
by l;he number of records, to get th_e

244  June198 © BYTE Publications [nc

number of bytes to transfer falso
1200).

Next, these numbers must be put in -

terms of physical disk sectors. This
requires some divisions and subtrac-

tions involving the physical séctor

size and results in the breakdown of
the-transfer into three distinct pieces:
{2) the position in’the file of the first
physical sector and the first byte
within that sector to be transferred,
(2) the number of. whole. sectors to

“transfer after the first (partial) sector,

and (3) the number of bytes of the last
(partial) sector to be transferred. The
calculations and their Tesults are
shown in figure 6a. It is quite ¢om-
mon for one or two of these pieces to
be of length 0, in which case some of
the foltowing steps are not per-
formed. oo

At this point, there is stillno hintas
to where the data will.actually be
found on the disk. You know that
you want the tenth sector of the file
(sector 9 because you start counting

with 0), but you're not yet ready to .

check with the FAT to see where it is.
The sector position in the file inust be

"broken into two new numbers: the

allocation unit pesition in the file and

the sector within the allocation unit.
For this example with. single-density
8-inch disks (four sectors per alloca-
tion unit), this would be the third unit
from the start of the file and the sec-
ond sector within the unit (figure 6b).

What you need to do now is skip
through the FAT to the third alloca-
tion unit in the file. If your file is the
same one shown in figure 5, then
from the directory entry you learn
that the first unit is number 5. Look-
ing at entry 5 of the FAT, you see the
second unit is number 6. And finally,
from entry 6 of the FAT, you find the
third unit of the file; number 3. Table
2 reminds you that allocation wunit
nurmber 3 is made up of physical sec-
tors 34, 35, 36, and 37; therefore,
physical sector 35 is what you are
looking for. )

Now the disk reads begin. Physical
sector 35, only part of which is need-
ed, is read into the single buffer kept
in MS-DOS solely for this pwpose. ~
Then that part of the sector that is
needed is moved as a block into the
place requested by the application
program. . '

Next, the whole .sectors are read.
MS-DOS looks ahead in the FAT to
see if the allocation units to be trans-
ferred are consecutive. If so, they are
combined into a single multiple-
sector 1/O system transfer request,
which allows the [/O system to op-
timize the transfer. This is the pri-
mary, reason why MS-DQS disks do
not ordinarily use any form of sector
interleaving: a well-written 1/0O sys-
tem will be able to transfer con-
secutive disk sectors if told to do itin
a single request. The overhead of
making the request, however, would

" often be too great to transfer con-

secutive sectors if it were dofie on a

sector-by-sector basis.
Back to the example. MS-DOS will

* request that the I/O system read sec-

tors 36 and 37 directly into the mem-
ory location called for by the applica- .
tion. Then, noting that allocation -

“units 9 and 10 are consecutive, the.

corresponding sectors 58, 59, 60, and. "
61 from unit 9 and sectors 62 and 63_
from unit 10 will be read by the I/O."
system in a single request. This com?
pletes the transfer of the eight whole’
sectors. . e
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Ever since the Smith-Corona TP was intro-
duced, tts been a great success with critics and
usess. And its been a good deal at its low price.

Now, its a better deal than ever. Because
now.you can get this high-quality, low-cost printer
for even less.

_ Buy a Smith-Corona TP letter-quality
printer any tirme between June 1 and July 31, and
Smith-Corona will send you a $50 refund. :

. Of course, what you'll be getting is more
than a good deal. Because the Smith-Corona TP
is a printer with the same excellent print quality
as found on the finest office typewriters.

The TP handles letter and legal sized pa-
per. And with the new tractor feed option, the
TP-I can handle both fanfold and single sheet
paper—without ever having to remove the trac-
tor feed!

The TP-lis very simple to operate. Its com-
patible wifhi'most personal and home computers

lel data interface. And, unlike many printers, the

and available with either standard serial or paral-

Smith.-Corona makes a good deal better

With a $50 eate

~ The Smith-Corona'I PI daisy wheel printer with optional tractor feed.

TP-Iis made in America.

Theres a choice of state-of-the-art daisy
wheels to give you a wide variety of fonts. (At
$7.95 each, you can easily afford several.)

So if you're in the market for a high-quality,
low-cost daisy wheel printer; get the Smith-
Corona TP-L Get it now and make a good deal a
good deal better—with a $50 rebate.

] TP-I daisy wheel printer.

65 Locust Avenue
’ New Canaan, Connecticut 06840

Name Title |

Company Name ' I

Business Address I
City. State Zip

| Type of Business |

Mail coupon t0 :

l Jerry Diener— V. Sales, Smith-Corona l

|

l.

| Smith-Corona =
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To finish the job, sector number 64

‘is read into the internal MS-DOS sec-

tor buffer. Its first 96 bytes are moved
to the application program’s area.

The Sector Buffer

This example shows the internal
MS-DOS sector buffer being used ina-
very simple way. In reality, MS-DOS:
would normally perform the disk-
read in the example more efficiently.
than described here due to its opti-
mized buffer handling. By keeping
track of the contents of the buffer,
disk accesses are minimized. The.
resulting speed improvement can be
dramatic particularly when the re-
quested transfer size is small (a frac-
tion of a sector).

In the example, I assumed the ap-
plication program was sequentially
reading 15-record chunks {at 80 bytes
per record) and had already com-

245  June 1983 © BYTE Publications Inc

pleted the first such read. This would
mean that sector 35 {the first one read
in this example) would already be in
the sector buffer because its first 48
bytes were needed for the previous

[

The presence of only
one sector buffer in MS-
DOS is a design
inadequacy that is
difficult to defend.

A

read. MS-DOS would not reread this
sector but instead would simply copy
the ‘remaining 80 bytes into the area
designated by the application.
Likewise, when the application s
ready to read the third chunk of the
file, MS-DOS will find sector 64
already in the sector buffer. The last

32 bytes of the sector will be moved
into place without a disk read.

For its own internal simplicity, MS-
DOS has only one sector buffer. Be-
tween the 15-record reads, should the
application request some other trans-
fer that requires use of the buffer,
then the buffer contents will be’

changed, and these optimizations are .

not possible_ In this particular case, in
which most of the disk transfer does
not need the buffer, there will be very
little difference in speed either way.
Let’s look at a different case where
this optimization is practically essen-
tial. -

Suppose the application wishes to
write a file sequentially, one 16-byte

record at a time. When the first

record is written, MS-DOS simply -
copies the 16 bytes into the first part -
of the sector buffer. As each of the

next seven records is written, 1t £00 .

Circle 405 on Inquiry card.~¥ .
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*In The Beginning” By Richard Katz, \)ecnix ‘lntcgmted Cireuit Desi lgn' Counes of ﬁoyd J. “Weather Satemte lmage Copyﬂght wsl
Corporation James, University of Horth Carolma at Chapet Hilf Corporation

VX384 -VERY HIGH RESOLUTION 672 by 480 plxels ~ SERIAL OR PARALLEL INTERFACE to almost any host computer
*512 COWORS PER PIXEL, 384K of graphu:s RAM VXIZB =8 COLORS PER PIXEL, 128K of graphlcs RAM “

+COLOR LOOK UP TABLE with 16 milllon color « INCLUDES ALL FEATURES OF VX384 without

palette look-up table for $2,495
«ON-BOARD 16 BIT MICROCOMPUTER « VXM HIGH RESOLUTION RGB COLOR

* 3D GRAPHICS SOFTWARE PACRAGE, includ- MOMITOR $1295
ing rotatlon, scaling, Yranslation, perspective, - COLOR GRAPHIC PRINTER with interface
dipping, viewport, polygon and filled polygon cable $1695

* HARDWARE LINE AHD ARC GENERATION
+ O-BOARD AND USER DEFINABLE CHAR-
ACTER SCT

- FOR ADDITIONAL INFORMATION calt Tolt Free
or write VECTRIX Corporation, 1416 Boston
Road, Greensboro, NC 27407

IF YOU STILL DON’T BELIEVE IT, CALL TOLL FREE:
1-800-334-8181

’M&-iu&alﬂ.'—un Ltme s bttt 6 Pt st 80 s el 8, e b
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Showm are IBM.-PC‘ compatible programs. The Columbia VP portable runs MS-DOS® plus fiveother operating systems.

.

~ INTRODUCING THE
COLUMBIA VP PORTABLE.
IBM-PC COMPATIBILITY

-

- )
®
=
8:? { -e.€a BB OF M Ra~a o

World Headquarters:  West Coast: Europe: Call our distributos searest you. R
9150 Rumsey Road 3501 MacArthur Bivd. Limitenstr. 94 Access Systems Advanced Management  Peripherals Plus, Inc.
Columbia, MD 21045  Suite 211 4050 Moenchengladbach2 Wellesley, MA Systems Montreal, Quebec, Canada
(301)992-3400 Newport Beach, CA 92660 West Germany (617)237-7743 Aurora. CO (514) 849-7533
TWX710-862-1891  (714)752-5245 02166-47097 (303)752-2972 N.LD.1. (National Instru- :
‘Telex 277778 Telex 852452 ment Distibution Inc.} : CR:?
Dayton,OH _ o Con
(513) 435-4503 C(q13
Distributors in Australia, Austria, Belgium, Colombia, Denmark, Hong Kong, Israel. ltaly, Malaysia. Netherlands-Antities. Norway, Portugal, Spain, Sweden. i ggg‘
Switzerland, United Kingdom, Venczuela. B md‘:'
-
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Ahead in industry compatibility.

Today, the Columbia VP por-
table takes on hundreds of IBM-PC
compatible software programs and
IBM-PC add-ons or peripherals.

What's more, six other Columbia-
Supported operating systems are
available— CP/M-80* CP/ M-86?
(Concurrent CP/M-86° OASIS-16% and

ENIX* available soon)— stretching

the Columbia VP’s software com-
patibility beyond any other personal
Computer you can buy.

Get started with thousands of
dollars worth of software FREE.

Every Columbia VP portable is
shipped with fully supported soft-

- Ware that will save you thousands

of dollars on your initial purchase.
T'hat means your Columbiais up

and running right out of the box.
Included is:

Perfect Writer™ Perfect Spelfer™
Perfect Filer Perfect Cale
MS-DOS? with BASICA®

RAM disk Asynthroncus Com-
Macro/86 Assembler munications Support
MS-BASIC' Columbia Tutar
Diagnostics » HomeAccountant
Space Commznders™ ~ Plys®
Fast Graphs® CP/M86°

Full featfure performance at an
affordable price.

The Columbia VP portable
features an 8088 16-bit CPU, 128K
RAM, (additional 128K, optional).

640K 1n dual disk drives, one IBM-PC
compatible expansion slot, one
serial and one parailel 1/0, IBM-PC-
compatible keyhoard, and 3 9"
built-in manitor with graphics.

The best news of all is the price:
$2,995—including software. And

the Columbia is built with lasting

value in mind. Rugged single board
design plus the flexibility to expand
and personalize your Columbia VP,

Made in U.S5.A.— supported
worldwide,

All Columbia hardware and sofi-
ware are backed by ourdealers ang
distributors worldwide with national
service provided by Bell & Howell.
Call for the name of the dealer in
your area. Let us show you a whole
new world of performance and value,

DATA PRODUCTS, INC.

Circle 65 on inquiry carg.

Commercial Computer Sales
Adanty, GA
(404) 256-9290

Renaissanca Technology
Carp.

Concord, CA Lynchburg, VA
415)676-5757 (804)237-6285
Perfect Software, Pedect Writes, Perfect Spefler, Pedect Fi

SoRwars Compaay. Fast Graphs is a trademark of Innovati
tzademarks of Digital Rescerch, Inc. OASIS 352 mademark

Compatible Data S

ochester, NY
(315)437-3909
Southeasteen Data
Products

ystems, Inc. MP Systems Mid Tech Associates Mid Tech Associates  Micro Distributing, tnc.
* Dallas, TX Desoto, KS Florissant, MO Coquitlam, B.C. Canada
(214) 385-8885 {913) 441-6565 {314} 837-5200 (604) 841-0622
Cornmercial Computer Tele-Terminals Waybern Corporation Tele-Tenminals
Sales . Brooklyn Parl, MN  Garden Grove, CA Milwaukee, W1
Miami, FL {612) 536-6045 (714) 5544520 {414)785.9223
(305)266-9569

ler, and Periect Calc are trademarke of Perfex Software, Inc. Home Accountant Plus is 2 trademark of Continental

ve Software, lnc_ 1BM and IBM_PC

are trademarks of Intemartional
of Phase One. MS-DOS, M5.BASIC and XEMIX are trademarisa of

Business Machines. CP/M and MP/M ice registared
MICROSQFT,
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SOLID, OAK
SOFTWARE.

‘is just copied into the appropriate
position in the sector buffer. Again
with a 128-byte sector of an 8-inch
single-density format, the sector buf-
"fer would be full at this point. Upon
attempting to write the ninth recérd, )
MS-DOS would. find it needs to put
_the record in 2 different sector from . .,
the one currently in the buffer, The ~
current . buffer contents are marked .-
“dirty,” meaning they ‘miuist be writ-" "~
ten to disk rather than discarded. MS-  -*
DOS does this and then tnovés the -°
ninth 16-byte record into the buffer.- - .-}
Note that MS-DOS 'did not write -~
the sector buffer automatically after 7.
128 bytes had been written 10 it. T}us
} is becatise the DOS has no notionofa
’ _sequentzal file: every disk transfer has .
an explicitly specified record position . ,.
ONDITIONA AHA 1 | and record size. Thus,, it does™ not
. think of the buffer as "full"-—for all’ 1t )
e pro of yo pute e knows, the apphcatxon program
ou o € an organized wa S ootati Bend &80 ohe 200 mlghtbackupandwntetheﬁrstlé
g e pping ard hand 00 will be cred bytes over again. So thedatalssmlp—
and beauty of hang-rubbed Ua ed to purchase. . . ]ykeptmthebufferunﬂlthefﬂels
/ ° =: - ‘closed or until the buffer i is needed for
} -somethmg else. ;
N ) — . M| . Another optimization wasta_ng.
e e - s — B p!ace here that may. have_goneuri-
S "+ . | noticed. MS-DOS is always awa;é' F .
Introducmg SPL 1t you have a camputer the exact size of its files, “and ‘th.

the first multi-mode spooler Get A Second assumption in the previous example’”
for CP/M computers . C omput er

was that this file was bezng newly:-
If you believed that your computer written: Had it already ex:sted MS-
couldi't do better than a single task s DOS would have been f orced to pre-
system think again. You can convert FOR 1 39 read each sector into the sector buff-'er :
your machine into a dual-task computer e meoae
with SPL, the amazing Spooler program = before cog;g_x}g any records mto ]t
developed by Biat R«D: SPL enables you This is essential in case the program "
gpt;&e hidden capacity a:;ailable an your does landom writes, mtendmg to )
. computer to print documeits and
run your ordinary programs, all al once. change only seIected p orhons Of the )
While printing, your regular file. When the file is being" -exteride
programs won't stop (as in this case), the preread s not
processing, waiting for the erform S )
printer 1o finish. SPL wil store P The- peislble outcome of th!s

i
¢
B
-
0
w-—
-
1 3d LX)

64

* Pa

res
* Pin

® Regletered Trademark o Oiglial Rmireh :

the information to be printed in .
internal or external {disk proach to buffer handlmg is "that X gaddn
drives) memory until the printer is when the a lu:ahon rof ram | *. Salte:
ready to receive the data. Result: ’ Pp di lg g .® Funct
your programs will run at full speed. quests.a wnte and is’ to ’t was su.
. AsSPLcanuseuplothefull & cessfully completed, the dats may, .
capacity of your disks for temporary : fact, not yet bé writtén to the dis :
storage. it's much more pawerful You could get an equivalent increase
than hardware spoolers, which are in computing power by spending $1000 The alternatlve .ap proach xs caﬂed -
limited to 64k memory or less. to $3000, but SPL is onty $ 139, including buffer wnte-through in Wthh the .. DON’1
SPL is-an advanced product with disk and manual. . data in the sector’ buffer would be
se\feral moc!es of operation. In addjtion To order_yqur SPL program call us ) wiritten to disk each time the appllca-
{0 intercepting the output to the printer, today specilying what disk format you d This uld
SPL can print your existing text files, or  require. You can charge it 1o your VISA . tion requested a write. wo i B
those that your programs will create from  or Master Card if you prefer. mean, in the example, eight rewn S %
>w on.. SPL will even take care of tab Blat Research+Development Corp. of the same sector before mgvm on -k
ipansion. As an added bonus, SPL 8016 188th SW, Edmonds WA 98020 th N 3 Y 1
needs no installation on most CP/M2.x  Call tolf-free 1-800-LOBO-BAY to the next, requiring a mlmmu_zr_i_ LB
computers. In WA cafl {206) 771-1408 : 1.2 seconds to write just 128 bytesl. : E
250  func 1943 © BYTE Publications Inc Circle 44 on Inquiry card.
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STATE OF THE ART

E:

S | MEMORY SYSTEMS

Ty S T P IR et R s S gz g ok ot b fn or fo

512KB SINGLE BOARD IBM MEMRY W/R5232~ POkT

¢ Addressable as a contiguous block in 64KB incremeats thru 1 megabyte.
* On board parity with interrupt on parity errof. .

SINGLE QTY. PRICE: $795.00

MEMDISK 1 Allows memory to emulate disks. Increases system performanceli
FREE with purchase 6f memory,

NEW - :

Theitiiile

' == i [t : g ¢
64KB SINGLE BOARD EXORCISER 512MB TO-2MB SINGLE BOARD

I, I, AND ROCKWEFLL ‘ MULTIBUS MEMORY
SYSTEMS 65 MEMORY * Pin to Pin MULTIBUS compatibiity for both 8 bit and 16 bit
* Padty checker on boaid. systems. o ) )
* Addressable as a contiguous block in 4K increments with * On board parity with selectable interrupt on parity ERROR.
respect to VXA or VUA. : * Addressable up to 16 megabytes. .
® Pin to Pin compatibility. SINGLE QTY. PRICE: 512KB * '§ 895.00

SINGLE QTY. PRICE: $250.00 IMB  $4495.00

Nﬁw . 2MB §_8700.00

ST At (es : g =
-64KB SINGLE BOARD ' 256KB TO 1 MB SINGLE BOARD
. $100 MEMORY LSI 11 MEMORY

. Addressable as a contiguous block in 4K word increments.

* _ Battery back-up capability. * Addressable as contiguous block in 256KB incrempents
. ® Functions with on-board refresh. through 4 megabytes.

SINGLE QTY. PRICE: $250.00 ® Battery back-up mode. .

_ _ . SINGLE QTY. PRICE: 256KB $ 595.00
512KB $2650.00
IMB  $3995.00

DONT ASK WHY WE CHARGE SO LITTLE, ASK WHY THEY CHARGE SO MUCH.

‘Chrislin Industries, Inc.

31852 Via Colinas » Westlake Village, CA 91362 » 213-991-2254 ]
: TWX 910-494-1253 (CHRISLIN WKVG) -

® On board parity generator checker.

i
i
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Circle 440 on Inguiry card.

P&T CP/M°2 is
GROWING |

p

tor @

pﬁ"“s.‘s\

Stant witk a Model 1] lloppy system and
grow inlo a hard disk Since all PET
CP/M 2 systeras are fully compatible,
you will have ne conversion wories.
Spocial note: PAT hard disk systems
allow you the user 1o configure logical.
- drive assignmentsioyour specifications.
Wirite for more details.
Prepaid VISA, M/C, 0-COD orders accepled.
AN pricesFOB Golela and subjecttochange.
CP/M i3 a registered trademark of Digital
Research TRS-801s atrademark of Tandy Comp.

PICK‘LES‘
& TROUT -
P.O. BOX 1206
‘G?%E%’}s?‘éi{” TRnUT
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the logical record size gets smaller,
the time required to write becomes
greater.

The presence of only one buffer
does bring about the definite possibil-
ity of buffer “thrashing.” Take the ex-
ample of an application such as a
compiler that will alternately read a
small amount from one file and write
a little bit to another. If both the
reads and writes consist of a single
16-byte record, then the following se-
quence will be performed for each
pair of records:

eread input file, get record from buf-
fer )

sread output file, put record into
buffer

swrite output file

"For each record pair, three disk trans-

fers are required. The result would be
unbearably slow. The présence of
only one sector buffer in MS-DOS is
a design inadequacy that is difficult to
defend (butit does help keep the DOS
small). . The practical solution is for
applications that must access more
than one file at a time to provide their
own internal buffering. By requesting
transfers that are at least half asbig as
the sector size, thrashing can be sub-
stantially reduced.

MS-DOS 2.0
Microsoft has now made available

" MS-DOS version 2.0 to all OEM {odi-

ginal equipment manufacturer) cus-
tomers of previous versions. The 10
months put into version 2.0 by the
MS-DOS team probably exceeds the
total effort behind the previous 1.25
release, induding the original devel-
opment at Seattle Computer Prad-
ucts. While the changes have been
substantial, the basit structure is still
recognizable. I have been discussing
the DOS at such a low level that most
of what I've talked about applies
directly to version 2.0 as well. Here
are the three main differences, along
with my personal comment as
original author of the DOS. [ was not
involved in the MS-DOS. 2.0 project.

MS-DOS 2.0 allows multiple-sec-
tor buffers. The number is deter-
mined by a configuration file when
the DOS is loaded. It can be easily ad-

justed to the user’s needs: for exam-
ple, to accommodate more buffers to
prevent thrashing (this is the ideal
solution ta the buffer thrashing prob-
lem previously discussed) and fewer
buffers to make more system memory
available.

The new M5-DOS does not keep
the file allocation tables in memory at

all times. Instead, the tables share the

use of the sector bisffers along with
partial-sector data transfexrs. This
means that at any one time, all, part,

or none of 2a FAT may be in memory.

The buffer-handling algorithms will
presumably keep often-used sectors
in memory, and this applies to in-
dividual sectors of the FAT  as well.

This- change in the DOS goes com- -~
p]etely against my original design

pnm:xples- Memory is getting cheaper
all the time, so dedicating a few thou-
sand bytes to the FATs should be
completely painless. Now we're back

to doing disk reads just to find out !

where the data is: In the case of a ran-
dom aceess to a large fragmented file
(for example, when accessing a data-

base that fills half of a small Winches- ~
ter disk), it is possible that several - .
sectors of the FAT would need io be. -
visited, in random order, to find the .- §

needed allocation unit.
While MS-DOS retains the original

fixed-size main directory, it now can .
have files as subdirectories. This..” §
hierarchical (tree-structured) ‘direc- ;< ¥:
tory system may-be extended to any, [

depth. This approach is nearly essen

tial for users to keep track of all the:

files that might be on a hard disk.
MS-DOS vession 2.0 is, on th

whole, a substantial upgrade of the’

previous reléases. The three preced
ing paragraphs are intended only .t
point out the way the 2.0 file struc
ture differs from the file structure 1'V€

discussed, not to give you a complete -

product description. &

About the Author

Tim Paterson worked for Seattle Compittér. :'

Producis on the design of its 8086 com}w”f
system and the operating system now CRH@

MS-DOS. He then worked for Mzcroscvﬂ for :, 3

about a year. Since returning to SeaH‘e C
puter Products as director of engineet]
has been prinarily involved with new,
ware development..

3

‘he. B

-

" ——————— s 2t ot

[T

Tartirgry .

fas as

n——l><<¢-—4a'




Case 2:05-cv-01719-TSZ Document 14-7 Filed 03/15/07 Page 30 of 35

EXHIBITL

269



Case 2:05-cv-01719-TSZ Document 14-7 Filed 03/15/07 Page 31 of 35

- " o -

PEQ@@N&M‘F‘?
Tﬂﬁﬁ PATER@@%

Sx

T‘EXE@ L&F@?@EE

4
i




Case 2:05-cv-01719-TSZ Document 14-7

Filed 03/15/07 Page 32 of 35

o by David Hunter

"“Life begins with a disk drive.”
" ~Tim Paterson

One does not write an operating system and Fai] to pick up a lit-
tle wisdom in the process, particularly when that operating system

- becomes the property of Microsoft Corporation.

Tim Paterson, who has changed jobs and companies fairly of-
ten in the past few years, is satisfied with his position at present.

" He's at Seattle Compater, a company that made its name in the 5-

271

200 market and has since developed its own mictocomputer—the
Gazelle. It’s been almost a year since he guit Microsoft. His experi-
ences  constructing an operating system that eventually would be
central to IBM’s Persarial Computer and many other computers is
guite a story.

Seent and Not Seen. Paterson looks good. He wears faded jeans.
He has a dark beard and moustache, and he often breaks into a mis-
chievous grin. A terrific programmer and hardware engineer, at
twenty-six Paterson is typically innocent-looking.

He and his kind are the backbone of computer companies. There
is no shortage of business peaple and production people in the com-
puter industry, There are only a few temific programmers. Every-
one else is replaceable. Yet, in 2 big company, programmers. are
sometimes the least known, least appreciated employees.

*“With all the code being written out there, who gets the credit?
People like Bill Gates get it all and he hasn’t written anything in
years,” says Paterson.

Paterson has been a pawn, a very valuable pawn, in a gigantic
game of corporate chess. He has been moved around the board and
asked to perform numerous tasks, some’ of which he'd ke to for-
get. Like any good pawn, he’s been relatively straightforward and
deperdable. But deep down, he's always wanted to be his OWR mas-
ter, to call his own moves. :

"My dad was an electrical engineer and when I went to schoal it
was the first thing I tried,” Paterson says.

. In high school, Paterson took a semester of Fortran. He worked
with a 7400, one of the TTL series of small logic chips. He didn’t
learn good textbook design from classes. “I learned it by reading
and playing with it. I got a lot of éxposure to electronics stuff at

~me.” ]

It was as a student at Seattle’s University of Washington that
+aterson first encountered personal computers. In eacly 1976, his
roommate bought an IMSAT 8080. “He provided the cash. ] select-
ed and maintained it,” recalls Patersor. ~It had 2 4K memory board

with the 8080 chip and no I/O devices. You could play a few stupid
games like “chase the bit,” which was entertaining for fifteen min-
utes at a time.”

Days of Wire and Solder. Later that year, Paterson gotajobasa. 12
technician at a Seatile-area retail computer store. There he was an =~ 7
eyewitness to those early days when the only way to own a micro-
computer was to-buy components and assemble it yourself. He's not
kidding when he says, “Life begins with a disk drive.” )

" With his university courses and practical experience in the re-
tail store, Paterson learned quickly. He started toying around with
designing his own peripheral boards.

“1 got to know Rod Brack of Seattle Computer when he came
into the store periodically. We were selling his boards. Eventually he
asked me to consult for Seattle Computer.

" “They were having problems with a 16K static memory board
for the 5-100,” Paterson continmes. “Rod Brock hired me in June
1978, at fifty dollars a day, to make the board work. I'Ieft the retail *
computer store at that time.” After a Few weeks of consulting, he
was made a salaried employee of Seattle Computer.

In his computer science classes, Paterson had become interested
in operating systems, as well as hardware and compilers. After re-
ceiving his bachelor of science degree in June *78, he attenided grad-
uate courses off and on for about'another year. But he gradually lost %
interest. “7 thought they were too oriented towards -theory and not .
what T needed.” ) )

At Seatile Computer he at first worked on several projects—re- -
designing an 5-100 memory board, which led 1o two new memory :
board designs. Things changed when he attended 2 local seminar on ;
the Intel 8085 chip in late July 1978. ;

"'T gained the respect of Rod Brock and made suggestions. I ¢
thoughtdoing something with the 8086 wonld be neat and Brock .
gave it the go-ahead.

“The first design of the 8086 CPU card wes finished by the end 3
of January. We had 2 prototype by May 1979. We built three %
boards, but didn’t wire them all up. There were both layout and de-
sign errors, but'we got two prototypes working.” :

Rainy Day Computer. Seattle Computer was toying with the
idea of eventually building its own computer, thus the CPU card
project. They wanted to diversify, but had no firm business plan.

Once a prototype of the 8086 CPU was up and running, Seattle
was approached by Digital Research to see if it conld get CP/M to.
Tun on it. Microsoft, which had moved to the Seattle area in Jan-;
uary 1979, wanted 1o see if some of its programs would work, too.:
At the end of May 1979, Paterson went to Microsoft to work with
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Bob Orear there. In a week of‘so, Paterson cranked ou'c all 32K of
Microsoft’s Basic onto the 8085.

“That's pretty remarkable,” says Paterson. "chrosoft already
had developed several good utilities, like a cross-assembler for use
with the PDP-10. There were a few bugs, but basically the CPU
worked and the development tools worked.”

At the 1979 National Computer Conference in New York Seat-
tle Computer was the guest of Microsoft and Lifeboat. They showed
off standalone Basic-86, then the only software for the 8086, Seat-

“tle Compnter started shipping the product with its CPU card in No-

vember, primarily to software developers.

In April 1980, Paterson began work on an operatmg system.

*We needed an operaking systern at Seattle Computer for our
own computers and ] wanted to do one. So we decided to go forit.

Y was waiting for Digital to come out with CP/M-86. I thought
they would have it real soon: If they had beat me I wouldn’t have
taken the trouble.

"1 had always wanted to write my own operating system. I've al-
ways hated CP/M and thought I could do it a lot better.”

Fast and Grimy. In the spring of 1980, Paterson started work-
ing on what would become MS-DOS. By July, he had finished
roughly 50 pexcent of the operating system and called it QDS 0,10
{for quick and dirty). He quickly found a bug and it became QDOS
0.11.

*Step one was to write down what CP/M-80 did. Step two was
to design a file systen that was fast and efficient.”

One of the significant differences between MS-DOS and
CP/M-86, when it finally appeared, was the file management sys-
tem. CP/M usually provides a window lo no more than 16K or 32K.
With MS-DOS, the entiré file is available. Paterson created
QDOS’s file management module using the same method found in
standalone Basic-86.

m into bottom-up programming. You know 2hal you're going
to need certain functions later in the program. I build tools on which
to make the next layer.

“When you're programming top-down, it’s stepwise refining—
going from general actions to smaller actions. With my method
there isn’t a lot of diagramming. Bottom-up programming is defi-
nitely legitimate, it just doesn’t get a lot of press.”

By the end of August 1980, QDOS 0.11 worked well and was
being shipped. It didn’t stay QDOS very leng, and not many copies
were distributed. For the much improved update, Paterson worked
hard to include all the necessary featutes of a complete operating
sSystem. -

““"There was an assembler, resident in l.he operating systern, and
debugging, but no editor. I wrote the quickest line editor I'could
imagine—quick in how fast I wrote it, two weeks.

T was aghast,” says Paterson, ‘‘whenl heard that JBM was us-
ing it and not throwing it out the window.”

Eighty-six on Cue. In December 1980, Paterson and company
came out with 86-DOS, 0.33, which had significant improvements

over QDOS. “86-DOS reflected pretty much everything we had .

learned so Far. Just about the only thing itdidn’t have was variable

. sector record sizes. The assembler, originally written on the Z-80,

was made faster. We also made some changes in the system ca.]ls It
was a prelty polished package when it was released.”

. .. 5tarting at the end of 1980, Seattle Computer sold 86-DOS to
‘OEMs (original equipment manufacturers) and other comparies
Tike Microsoft.

“They [Microsoft} paid us a flat fee, It was not a per-copy royal-
ty, but per OEM. Part of the contract said we couldn’t ask them who
they were selling it to or planning to sell it to.%

in early 1981 the IBM Personal Computer had not yet been an-
“We all

had our suspicdians that it was IBM that Microsoft was dealing with, -
but we didn’t know for sure.”

Around April 1981, while he was doing some internal changes
on 86-DOS—modifying system calls and including error handling
for hard disks—Paterson decided to quit Seattle Computer. In May,
he went to Micosoft to work full-time on the PC-DOS5 version of
86-DOS. :

*The'fizst day on the job I walk through thedoorand 'Heyllr's .
IBM,” *” says Paterson, grinning impishly. “’1 worked at Miczosoft a k
neat eleven months. In May, June, and July I worked on things 1 _
hadn’t guite finished, refining PC-DOS.” =

International Business Machinations. This was the beginning of ;
an eleven-month hurricane. Almost daily, Paterson shipped stuff to
Boca Raton for IBM's appraval, and IBM would instantly return
comments, modifications, and more problems.

- “They were real thorough. I would send them a disk the same
day via Delta Dash. IBM would be on the phone to me as soon as
the disk arrived.” Paterson pauses and winds vp. He’s remember-
ing one request that clashed violently with his view of the project.

“*IBM wanted CF/M prompts. [t mademe throw up.” But when
IBM asks, you comply if you're a lowly programmer, and that is
what Paterson did.

He finished PC-DOS in July, one month before the pc was offi- _
cially announced to the world. By this time, 86-D0OS had become ,
MS5-DOS.

“Miczosoft wanted to own it—pay all monies now and take it off
Seattle Computer’s hands. Both companies realized a good deal *
when they saw it Seattle Computer really didin”t have the market-
ing clout of Miaosoft.

“So on July 27, 1981, the operating system became .M:crosofts
property. According to the deal, Seattle Computer can still see the
source code, but is otherwise just another licensee. I think both com- -
panies were real happy. The deal was closed just a few weeks be- =
fore the pc was announced. Microsoft was quite conf:dent." Pa*tu—
son pauses.

“Selling it was the right move. Seattle Computer is doing good
without it. The timing was appropriate. I was invited to sitin on the
meeting between Rod Brock and Paul Allen. I was flattered.”

Is There Life after DOS? After the initial version of PC-DOS, ,
Paterson went on 1o other programming.tasks at Microsoft. He'
worked on an 8086 version of Microsoft’s Basic compiler.

Patersori is like many programmers in the industry. Sure, h
likes elegance. Sure, he Likes simplicity. Sure, he likes to maki
things easy for the user. But what he likes more than anything else.;
in a program or system is speed

mathematical outines. If there’s a loop that you want to repealfw
times, I'll just rewrite the line that many times. Bam, bam, bam,;
woosh! The 8086 does normal loops real slow.” i_?-!:'f
Paterson, still with Microsoft, did some consulting for Seatile SE255E
Computer that fall, working on 2 RAM card for the IBM pc. Soon 5i:
after he finished, he heard t}\at Microsoft was working on a similar’
pro;ed
"It was a real thrill to design a card for my employer’s competi:
tors. Microsoft was not too upset. They didn’t chop my fingers off
By March 1982, Seattle’s board had become quite popular. Tt came
out months before anyone else came out with a multifunction
board.”
Late in 1981, Faterson and Microsoft got the word that IBM was
looking for a 1.1 update. In November, he was made technical prg
uct manager of M5-D0S. He and his group delivered the initial v
sion of 1.1 at the end of the year, a few days early. Then the Boca
Raton deluge came.
““The whole process drove me crazy. A Jot of bugs—PTRs [p
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gram irouble reportsl—kept dribbling in and IBM would make a
phone call a day. It really drove me nuts. 1 felt like a puppet on an
IBM string.”

. In March 1982, after two months of going back and forth with
Paterson, IBM accepted 1.1 Paterson sperit the last weeks of that
month planning 2.0. Then, or April 1, he suddenly quit Microsoft.
(Mark Zbikowski became the group manager and has brought M5-
DOS to the brink of releasing the 2.0 version, which Paterson had
Iittle to do with)

Not a man to bun his bridges, Paterson left Microseft on good
terms and returned to Seatile Computer to work, at fixst, on Seat-

tle’s floppy disk controller.
Wrong-Way Paterson. Seattle Computer was doing qmte well

Paterson had owned 10 percent of the company since 1979, and had
been an offieer and member of the board. Ach:evmg such a pos:-

" tHon at ]Mzcrosoﬂ was unhkely
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“It was not what was wrong with Microsoft, but what Seattle

Computer had to offer. At Seattle, 'm director of engineering. H eyl'

That's really motivating. It was the basis for my moving back. | was -
a little u'ntated with Microsoft, mainly having to work with IBM.

Microsoft secognizes. talent. If somebody comphms they try to
move them around.”

Paterson moved himself, though, out t'he fronl: door.

At present, he and Seattle Computer are catdung np.” 'I'hey'

have new S-100 producls in the works and wxll have “néw IBM
stpf " soon.

“"We’re working on our expansipn cards, making them with four
JFunctions instead of just two. We want to catch up with those four-
function guys. We're also working ori a new endclosure for the
Gazelle. .

1 have the urge to do another operating systemi—io see if, nn-
der the .crcumstances, 1 couldn’l do it better. I don’t think I will,
though, not at Seattle Computer. | don’t have the time.

**Currently, my job does not include designing software, though
I consider myself a software designer. T can picture all kinds of
neat things—combined packages. Memory's cheap these days and it
should be possible to have a spreadsheet, word processor, database,
and more at fingertip_control in one package.

“*5till, the 8086/8088 laoks like it for a while. It‘ll go througha
software jump; it hasn’t caught up with.the Z-80 yets

Speed Racer. When far from the world of programming and cor-
-porate politics, Paterson is something of a race-car nut. He codnves
2 Mazda RX-2 in prp rallies.

*"The cax has a roll cage and we wear helmets and all that. I have
-an RX-7 and, yeah, I'm kinda into cars.”

Paterson js-still looking for that elusive something. lndepgn—
dently minded, he seeks complete freedom. He doesn’t want to work
for someone else all his life. More progerly put, he doesn’ t want al-
ways to be doing someone else’s work.

Some ‘year Paterson would Iike to start kis own company. When

_his Seattle Compute. stock is worth enough he just may sell it and
" go off on his, own.

“"Don{ worry, the boss knows. Rod Broik said to me, "Tim, ina
Few years you'll go.” There is the potential that I'l go all the way
with Seattle,’but I just don't know. Small compams that make it
either become blg or become part of a big company.”
" For the moment, Paterson is just' another brilliant Programmer.
He’s happy, but a little sad sometimes.

“Who cares whp wrote the operahng system?”

We'll remember, Tim.
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