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Allot 
matrix printer 

that wifi 
improve your 

image. 
Meet the Apple- Image - 

writer, the newest dot matrix 
printer for your Apple Personal 
Computer. 

And with all that it has 
going for it, just maybe the 
best dot matrix printer on 
the market. 

Take legibility, for 
instance. 

The Imagewriter crams 
140 x 160 dots into each 
square inch. So you get text 
that's highly readable and high 
resolution graphics, besides. 

And is it fast. 
The Imagewriter cruises 

at an unbelievable 
120 characters per 
second. And that's 
just in the text mode. 
Its even faster 
printing graphics. 180 I 

characters per second, 
to be exact. 

What's more, the 
graphics dump is up to 
60% faster than other 
comparably priced dot matrix ̀ . 
printers. And that makes the 
Imagewriter fast enough to 
handle the Lise 

Yet it's just as at home with an 
Apple III or Apple Ile. Thanks to Apple 
software experts who designed the 
control electronics to give the Image - 
writer perfect compatibility. Not to 
mention some special capabilities 

le 
lbl. /..Vo. - 

like superscript and subscript, to 
name just two. 

Now, with all this high -speed 
performance, you'd expect the 

Imagewriter to make the Devil's 
Own Noise. It doesn't. In fact, 
the Imagewriter is specially 

constructed - with overlaid 
seams and special sound - 
deadening materials - to achieve 
a remarkable 53 dB. How loud is a 

remarkable 53 dB? You'd make 
more noise if you read this aloud. 

The Imagewriter even has quiet 
good looks, since we designed it to good 

like the rest of the Apple Family 
Yet even with all 

its improvements, 
the Imagewriter is a 
better deal than any 
other dot matrix print- 
er with comparable 

performance. And you can print that. 
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Charge! 
Go out there and get the Apple 

Ftrsonal Computer System you 
really want. Now.Without laying out 
your extra cash. Without tying up 
your other lines of credit. With the 
Apple Card. The only consumer credit 
card reserved exclusively for the 
purchase of Apple Computers, peri- 
pherals and software. 

Like all our products, it works 
simply: 

Fill out an application (short to 
the point and annotated in English) 
at an authorized Apple dealer 
honoring the Card. Your salesperson 
will call in the application and in 
most cases get an approval for you 
right on the spot. 

You can then take your Apple 
system home.You don't even have to 
wait for the Card; we'll mail it out 
to you. And by the time you get it, 
you'll probably be well into doing 
whatever you bought your Apple 
system to do. 

There is no annual fee for the 
Card, although a couple of restric- 
tions do apply. The first purchase 
must include an Apple Personal 
Computer and you have to put 10% 

down. And subsequent purchases 
need to be at least $100 if made with 
the Card. Oh, yes - you'll also have 
a credit limit. 

When you use the Apple Card to 
make additional purchases, all ou 
have to do is show the Card and sign 
the invoice. As long as it's within 
your credit limit, of course. Our 
dealers get a little nervous when 
someone signs for half their inven- 
tory.You understand. 

You'll also receive monthly 
statements that include the latest 
purchases, credit available, and the 
minimum payment due.You'll also 
be happy to know Apple Card credit 
terms are affordable and the pay- 
ments can be spread out. It's all 

spelled out for you 
at the time your Card 
is approved. 

So stop by a participating 
authorized Apple dealer and get 
an Apple Card. Just think of it as 
credit where credit is due. 

Give your floppy disks the boot. 
We call it the "floppy disk 

shuffle :' It happens when you have 
two or more software programs on 
floppies and you need to work with 
both. What do you do? You put one 
disk in, boot it, do your work, take it 
out, put the other disk in, boot it, 
do your work - you get the idea. 

Well, you can stop shuffling any 
time now. 

Thanks to a unique new soft- 
ware program called Catalysts" from 
Quark, Inc. Specially designed for 
your Apple III and ProFile" hard disk. 

Catalyst allows you to take a 
wide variety of software programs 
and store them on your ProFile. Once 
they're on your ProFile, you just 
select the program you want from the 
Catalyst menu that appears on your 
monitor - then Catalyst does the 
rest. You'll never have to boot those 
programs again. 

What kinds of programs will 
work with ProFile and Catalyst? 

Almost anything written for the 
Apple III including copy -protected 
programs likeVisiCalc® Quick Filers" 

and Apple Writer III. Or languages like 
Pascal, BASIC, or COBOL. 

And once you've loaded these 
programs into your ProFile, the only 
diskette you may ever need is the 
Catalyst. 

So if you have an Apple III and a 
ProFile and more floppies than you 
care to flip through, get yourself a 
Catalyst. And boot those disks for good. 

QUARK 
CATALYST 

Apple Computer Inc.. 20525.r1mirmi Nr.. CulxrtBm, 0195014. Mr the ardfiodsrrlAlyk dirtier nearesl,rmr. tall (800)538-9696. In Canada. call (800) 268-7796 or (800) 268-7637. e 198340 (.'nn¡prNrr bu 

1 isiCalc is a trademark of Vsicorp, Inc. Catalyst is a trademark of Quark, h c. Apple. the Apple logo. Quick File and ProFile are trademarks of Apple Computer Inc 
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158 Benchmarks and Performance Evaluation by Bruce Roberts / This month's 
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Editorial 

The Compatibility Craze 
American history is dotted with inventors -from Thomas Edison to the 

Wright Brothers -who could not have succeeded without substantial innova- 
tion. Indeed, the Wrights had to discard most of the recorded experience 
of others who had gone before them in nonpowered flight; they truly had 
to pioneer in propulsion, aerodynamics, and aircraft piloting. 

Drs. Shockley, Brattain, and Bardeen revolutionized the world of electronics 
with their invention of the transistor 36 years ago -an invention that spawned 
an era of innovative solid -state design in a range of products from radios 
to computers. But the world of personal computers doesn't appear to be 
characterized by innovation today. Instead, the personal computer market 
seems to be shadowed under a cloud of compatibility: the drive to be com- 
patible with the IBM Personal Computer family has assumed near -fetish 
proportions. 

The compatibility craze was evident everywhere at the recent Comdex show 
in Las Vegas. Billboards outside the convention center and booth personnel 
inside proclaimed how closely the company's products imitated the IBM PC 
family. That kind of imitation is inevitable in the light of the phenomenal 
market acceptance of the IBM PC. 

We devoted the theme section of last November's issue to the IBM PC and 
its clones because a growing fraction of our readers own or use such 
machines. Unavoidably, we took some heat from some of our more vocal 
readers who regret IBM's strong emergence in the PC market. Some of those 
readers sounded a concern with which we heartily agree: that IBM's burgeon- 
ing influence in the PC community is stifling innovation because so many 
other companies are simply mimicking Big Blue. 

Innovation usually prospers in companies that respect the role of research 
and development and which fund R & D appropriately. Most large com- 
panies recognize that R & D eventually leads to innovative products that will 
enhance revenues and profits, but large companies also have a built -in iner- 
tia that militates against the risk -taking associated with unproven new 
products. 

Few companies are in a stronger position to foster innovation than is IBM, 
which has long recognized and generously sponsored R & D. We urge the 
company, therefore, to encourage the migration downward to its personal 
computer families of innovative developments that often find their first prac- 
tical application in larger computers. Such developments could soon include 
flat- screen displays, half- megabit RAMs, and office -by- example (OBE) 
software. 

We also urge venture -capital organizations to include innovativeness in their 
checklist of attributes when they are approached by those with ideas who 
need financial backing. Often the people with such ideas have run into the 
no -risk inertia of a large corporation, become frustrated with that environ- 
ment, and have founded successful new companies with the help of backers 
who are willing to take risks. 

We believe innovation has kept U. S. industry competitive in world markets 
until the recent emergence of keen foreign competition in such basic indus- 
tries as steel and autos. And we believe it will be innovation that keeps the 
U. S. knowledge -based industry competitive in the years to come. 

-Lawrence J. Curran, Editor in Chief 



How Cromemco plug 
you into the 

state of the art. 
Cromemco offers you the most 
complete line of S -100 boards and 
peripherals in the business. These 
boards use the new IEEE -696 state -of- 
the -art standard. One -stop shopping 
can satisfy your design needs the easy 
way. 

You can build one system, or a 

hundred, exactly the way you want, 
and upgrade existing systems with a 

simple board swap or addition. And 
since we design our own boards for 
our own systems, we always take 
advantage of the latest developments 
in IC technology. 
68000 microprocessor performance. 
Cromemco's Dual Processor Unit 
gives you the best of both worlds: the 

68000 and the Z -80A microproc- 
essors on the same board. It's the 
easiest way to move into 68000 per- 
formance and still use your existing 
8 -bit software. Or use Cromemco's 
Z -80A CPU board or our Z -80A -based 
single board computer. 

For selection, Cromemco can't be 
matched. From the well -known SDI 
High Resolution Color Graphics board 
to the new 512MSU, 512K byte RAM 
board. From our highly reliable Local 
Area Network interface (C -NET) to our 
wide variety of general purpose inter- 
face boards. And you can put them it 
one of our 8 -, 12 -, or 21 -slot card 
cages with our 12 amp PS -8 power 
supply to get your system into opera- 
tion fast. 

We have over 30 S -100 boards to 
fill your needs. And all are supported 
by a broad line of software. Our Board 
Products Catalog has the latest in- 
formation. Call today for your copy, or 
to get the name of our nearest dealer 
or distributor. Or, write Cromemco, 
Inc., 280 Bernardo Avenue, P.O. Box 
7400, Mountain View, CA 94039. 
Tel: (415) 964 -7400. In Europe: 
Cromemco A /S, Vesterbrogade 1C, 
1620 Copenhagen, Denmark. 

In the U.S., contact your local 
Hall -Mark or Kierulff distributor. 

Cromemco 
Circle 97 on inquiry card. 
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HOW TO 

GETAN 
IBM PC 

FOR JUST 
X1995. 

BUYA CHAMELEON. 

The Chameleon by Seequa does everything an IBM 
PC does. For about $2000 less than an IBM. 

The Chameleon lets you run popular IBM software 
like Lotus ®1 -2 -3' and Wordstar. ®It has a full 83 key 
keyboard just like an IBM. Disk drives like an IBM. And 
a bright 80 x 25 character screen just like an IBM. 

But it's not just the Chameleon's similarities to the 
IBM that should interest you. Its advantages should, too. 
The Chameleon also has an 8 bit microprocessor that 
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lets you run any of the 
thousands of CP /M -80® programs available. It comes 
complete with two of the best programs around, 
Perfect Writer'" and Perfect Cale.' It's portable. And 
you can plug it in and start computing the moment 
you unwrap it. 

So if you've been interested in an IBM personal 
computer, now you know where you can get one for 
$1995. Wherever they sell Chameleons. 

The Chameleon by 

SEEQUA 
COMPUTER 
CORPORATION 
8305lèlegraph Road 
Odenton, MD 21113 

For the loca ion of the Seequa dealer nearest you, 
call (800) 638 -6066 or (301) 672 -3600. 

Circle 329 on inquiry card. 
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COMMODORE PLANS UNIX -LIKE OPERATING SYSTEM FOR Z8000 -BASED COMPUTER 

Commodore announced that it will include the UNIX -like Coherent operating system in a new series of 

Z8000 -based computers. Scheduled to be formally announced in May, Commodore's new computer will 
be called the Next Generation and will include 256K bytes of RAM and one or two floppy -disk drives at 
a price the company says will be much lower than any comparable system. 

All of Commodore's previous computers have been based on variations of the 6502 microprocessor 
developed by Commodore's MOS Technology division. Commodore has a license to manufacture Zilog's 
Z8000 processor. 

BOOST IN IBM PRODUCTION COULD SPELL PROBLEMS FOR CLONE MAKERS 

In a December speech, IBM senior vice -president Allen Krowe told security analysts that production of 
the IBM PC will increase as much in 1984 as it did in 1983. Such a dramatic increase in production of 
the PC could create problems for smaller computer companies using the same parts. 

Intel Corp., maker of the 8088 central processor used in the IBM PC and most PC- compatibles, 
doesn't expect any major problems with that part, although both Intel and Advanced Micro Devices are 

pushing back their delivery schedules for companies ordering the 8088 and 8086. Intel was less 
positive about production of the 8088 -compatible 80186 processor, which runs faster than the 8088 
and eliminates the need for several peripheral chips. Many computer makers have chosen to use the 
80186 because of its speed and economy, but Intel expects to ship only about a million 80186 chips 
this year, although it predicts that demand will be between 3 and 4 million. 

Advanced Micro Devices, which has a technology exchange agreement with Intel, will also produce 
the 80186 later this year. The company would not predict how many it will ship, though it plans to 
double production of the 8088. 

DIGITAL RESEARCH, ZILOG, AMI AGREE TO PUT PERSONAL CP /M ROM ON 180 CHIP 
Digital Research's ROM -based Personal CP /M operating system will be included on some versions of 
Zilog's Z80 microprocessor, according to an agreement between those two companies and American 
Microsystems Inc., which will be the first to make and sell the chip. Although no pricing has been 
announced yet, bundling Personal CP /M on a Z80 chip will probably result in less expensive home 
computers. Digital Research plans to collect a smaller royalty for CP /M on each chip than it would 
otherwise charge, in consideration of the large number it expects will be sold. 

SEAGATE AND VERTEX UNVEIL 100 -MEGABYTE HARD DISKS 

Seagate Technology introduced its first 8 -inch Winchester disk drive, with 102.1 megabytes of 
storage. Previously, Seagate made only 51/4 -inch Winchester drives, dominating that product market. In 
large quantities, the company's 8 -inch drives will cost less than $1500 without a controller. 

Vertex Peripherals announced a 100 -megabyte 53/4-inch Winchester disk drive that will sell to 
manufacturers for about 51700 in large quantities. Vertex, which also makes 30 -, 50 -, and 
70- megabyte 51/4 -inch Winchesters, plans to announce higher capacity 51/4 -inch drives this year. 

INTEL INTRODUCES 64K -BYTE CMOS RAMS 

Intel is beginning full production of 64K -byte CMOS dynamic RAM chips this month. Because the chips 
require less power than conventional memory devices, they will probably be used first in battery - 
powered portable computers. Intel expects to produce the chips in very large quantities at prices only 
slightly higher than conventional NMOS dynamic RAMs. 

KEY TRONIC LICENSES NEW MOUSE TECHNOLOGY 

Key Tronic Corp. has licensed the solid -state mouse technology developed by Display Interface 
Technology. Key Tronic had previously been considering use of the Summagraphics optical mouse but 
now says the solid -state mouse is superior. The company will sell two versions of the mouse to both 
manufacturers and end users: an RS -232C version will retail for $226, and a version to add to some 
Key Ironic keyboards will sell for $184, beginning in April. 

rrbruan 1484 BYTE- l'ubficatmns Inc 7 



MICROBYTES 

THE MARKETPLACE IS FLOODED WITH NEW PORTABLE COMPUTERS , . . 

Several new portable and transportable computers have been introduced recently. Visual Technologies 
unveiled the Commuter, which includes a single 51/4-inch disk drive, 128K bytes of RAM, and MS -DOS 
2.1 for $1995. . . . ACT has brought its British -made Apricot computer to the U.S. The $3100 
computer includes 256K bytes of RAM, two 3'/2 -inch disk drives, a two -line LCD on the keyboard, and 
a 9 -inch monitor.... CompuSource Inc. introduced the Abacus, a $2045 portable computer that it 
says can run most IBM, Apple, and CP /M software.... Morrow announced a portable version of its 
Micro Decision computer. The Portable MD3 includes 64K, two 51/4-inch floppy -disk drives, and a built - 
in monitor for $1899. Morrow also introduced an 8088 coprocessor board for the Z80 -based Micro 
Decision computers.... Televideo Systems introduced three new computers that it says are 
compatible with the IBM PC. The TPC II, a portable, and the Tele -PC 1605, a desktop computer, 
Include 128K bytes of RAM, two 5'/4 -inch floppy -disk drives, and a monitor for $2995. The Tele -XT 
1605H replaces one floppy -disk drive with a 10- megabyte hard disk and comes with 256K or $4995. 

. AND WITH NEW DESKTOP MACHINES 
Televideo Systems also unveiled a Z80 -based four -user system that costs $6600. With a 10- megabyte 
hard disk and one terminal, the basic TS -804 sells for $4495.... Handwell Corp. introduced a 

computer that it says is operationally compatible with the IBM PC. With a color display, two serial ports, 
one parallel port, and one floppy -disk drive, the Handwell PC will sell for $1995.... Logical Business 
Machines introduced the L -XT, a $5985 computer that includes a 10- megabyte hard disk, 192K bytes of 
RAM, and Logical's Natural Language environment.... Computer Designed Systems Inc. unveiled the 
Adviser Micro Plus, which includes a built -in dot -matrix printer, one 51/4-inch floppy -disk drive, and a 

Z80 processor for $1995. The computer is also available with 68000 and 8086 processors for 
$4995.... Kaypro brought out the Robie, a desktop version of its Kaypro 4 portable computer that uses 
two Drivetec high- density 5'/, -inch disk drives. With 5.2 megabytes of floppy -disk storage, the Robie 
will sell for $2295. 

NANOSYTES 

Apple Computer Inc. lost a copyright suit against an Australian computer dealer that sold the Taiwan - 
made Wombat computer, an Apple- compatible machine reportedly selling for about one -third of the 
Apple's price. Apple was told by an Australian federal court that computer ROM programs are not 
literary works and couldn't be protected by Australia's copyright laws.... Digital Equipment Corp. has 
unveiled its DECtalk voice synthesis module, a $4000 system that reads standard ASCII text. DECtalk 
attaches to an RS -232C port, generates high -quality speech, and includes heuristics that enable it to 
guess, for example, whether "St," stands for "Street" or "Saint ".... Canon U.S.A. has announced an 

eight -page -per- minute laser -beam printer. The printer, which will be sold only to other manufacturers, is 

expected to retail for about $3000.... Bank of America has announced HomeBanking, a service 
available to northern California customers using a terminal or home computer, for $8 per 
month.... American Micro Products has introduced a $99.95 MVP FORTH compiler for the TRS -80 
Model 100 portable computer.... Gold Hill Computers Inc. introduced GCLISP, a $375 LISP interpreter 
for the IBM Personal Computer.... Micro Software International's PractiCalc II, a $69 spreadsheet 
program with some database -management features, is available for the Apple II.... National Microware 
has introduced the Personal Planner, a home software package allowing users to write letters and keep 
track of appointments, names and addresses, and expense records. For MS -DOS or CP /M, the Personal 
Planner will sell for $149.... Atari and Activision announced a joint venture to distribute software 
electronically to home video -game and computer systems. Following a market test, the service is 

scheduled to begin later this year.... Nelma Data Corp. introduced Black Magic, a wireless local -area 
network that uses UHF FM "radio modems." Up to 256 computers with RS -232C ports can use the 
network for about $250 per node.... Structured Systems Group Inc. is selling WindowMaster, a $295 
multitasking windowing environment that enables CP /M -86 and MS -DOS applications to run 
concurrently. WindowPack, which bundles WindowMaster along with SSG's word processor, 
spreadsheet, and database manager, sells for $495.... Computer Associates International has 
introduced integrated windowing software linking IBM Personal Computers to mainframes. CA- Executive 
Includes database -management, word -processing, spreadsheet, graphics, and other software packages, 
some of which correspond to CAI mainframe packages. CA- Executive will sell for $1295. 

8 I.Driran VIM BITE Publication!. In 
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Net results are what you get with PerComNet''" ... the 
sophisticated, user -installable Local Area Network from 
PERCOM DATA CORPORATION. 
PerComNet IBM' interface cards are available now to 
provide true networking capabilities for IBM and most IBM 
compatible personal computers. This includes the sharing 
of peripheral devices such as printers, modems, floppy disk 
drives, and all PERCOM DATA High Performance PHD ' 
Hard Disk Drives. 
PerComNet provides these net results: 
Token passing reliability. 
Built -in 64K FIFO buffer, to speed data transmissions. 
Signal regeneration at each node to eliminate noise, 
regardless of network size. 
User installation simplicity. 
Optional NBS encription for data security. 
Support for simultaneous voice /data transmissions. 
Operating system compatibility for MS- DOS'', CP %M', 
UNIX' ", and uNETix'. uNETix for PerComNet is distri- 
buted by Percom Data. 

If you want net results ... PerComNet is the logical. eco- 
nomical and reliable choice. PERCOM DATA has a 
PerComNet OEM Evaluation Package' ready for your im- 
mediate use. The package includes all the hardware, and 
communications and file transfer utilities you need for con- 
figuring a network of three IBM PC computers. Package 
price is only $1695. 
To order your evaluation package or to get more information 
contact us today! 

PERCOM DATA CORPORATION 
11220 Pagemill Road Dallas, Texas 75243 

Name: Title: 

Company: 

Address: 

City: State: ZIP: 

I'd like you to send me more information. 
I'm very interested, please have your rep call me at 
I'd like to know more about your PHD Hard Disk. 

:PUMA' DATA, 
C O R P O R A T I O N 

Expanding Your Peripheral Vision 
DRIVES NETWORKS SOFTWARE 

11220 Pagemill Road, Dallas. Texas 75243 (214) 340 -5800 
1 -800- 527 -1222 

'Does not include operating system or application software. 
PerComNet and PHD are trademarks of Percom Dala Corporation. 113M is a registered trademark of International Business Machines. MS -DOS is a trademark of Microsoft. Inc. 

CP'Mrs a registered trademark of Digital Research. UNIX is a trademark of Bell Laboratories uNETix is a registered trademark of Lantech Systems Incorporated. 
COPYRIGHT Percom Data Corporation 1983 All prices. and descriptions subject lo change with notice. 



Introducing COMPAQ PLUS, 
the first high- performance portable 

personal computer. 

The makers of the COMPAQ' 
Portable Computer, the indus- 

try standard, announce another 
breakthrough -the COMPAQ PLUS"' 
Portable Personal Computer. No other 
personal computer can handle so much 
information in so many places. 

The new COMPAQ PLUS offers the 
power of an integrated ten -megabyte 
fixed disk drive in a portable. You get 
problem- solving power that no other 
personal computer can match. 

Plus a bigger payload 
How much is ten megabytes? 

Enough to tackle jobs that can't be 
conveniently handled on most personal 
computers. 

used programs and data can be perma- 
nently kept in the COMPAQ PLUS, 
ready to call up and run. 

With programs permanently stored, 
the COMPAQ PLUS becomes a well - 
informed traveling companion, a tool 
to help you apply your best thinking 
anytime, anywhere. 

You could store a complete library of 
accounting programs on the disk - 
payables, receivables, general ledger, 
and payroll -with the company's 
books. 

You could store an inventory control 
program with your inventory records 
and a list management program with 
your mailing list and a filing program 
with your personnel files. 

The COMPAQ PLUS is also 
equipped with a 360K byte diskette 
drive for entering new programs, copy- 
ing data files, and making backup 
copies. 

Information that would 
fill your company's ledgers can 

be stored on the fixed disk drive of the 
COMPAQ PLUS. 

A mailing list of 100,000 names, 
addresses, cities, states, and Zip codes. 

A full year of daily prices for every 
stock on the New York exchange. 

Inventory records on a quarter mil- 
lion items. 

The entire San Francisco phone 
book. And room left over for Peoria. 

The fixed disk drive keeps all the 
information seconds away, ready to 
be searched, sorted, retrieved, ana- 
lyzed or updated. 

Plus better use of your time 
The integrated fixed disk drive will 
store programs. That means your most 

Plus more programs 
More programs means more 
versatility. And the COMPAQ 
PLUS is impressively versatile 
because it runs all the popular 
programs written for the IBM' 
Personal Computer XT, avail- 
able in computer stores all over 

the country. And they run as is, with 
no modification whatsoever. 

And the high -capacity portable mul- 
tiplies the productivity of every pro- 
gram it runs. Your inventory and its 

control programs can go with you to 
the factory. Your books and your 
accounting programs can go with you 
to a board meeting. Your building specs 
and your project management pro- 
grams can go with you to the construc- 
tion site. 

You're buying a computer to solve 
problems. Why not have more 
problem- solving programs to choose 
from? 
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Specially 
designed shock 
isolation system protects the fixed 
disk from jolts. 

Plus a traveler's toughness 
Life can be tough on the road. A true 
portable has got to be tougher. The 
COMPAQ PLUS is. 

Its integrated fixed disk drive is unique, 
designed specifically to travel. Rough 
roads and hard landings don't bother it 
because of a specially designed shock 
isolation system that protects the disk 
from jolts and vibration. 

All the working components are 
surrounded by a uniquely cross - 

membered aluminum frame. This 
structure, common in race car 

II design technology, strengthens it 
side -to -side, front -to -back, and top - 

to- bottom. 
The outer case is made of LEXAN', 

the same high- impact polycarbonate 
plastic used to make bulletproof win- 
dows and faceplates for space suit 
helmets. 

Does a portable personal computer 
really have to be this tough? Take 
a good look at your briefcase and 
then decide. 

The COMPAQ 
PLUS runs all 
the popular pro- 
grams written for the 
IBM Personal Computer XT. 
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Plus ease of use 
The COMPAQ PLUS is big where it 
counts. 

The display screen is big. Nine inches 
diagonally. Big enough to show a full 
25- line- by -80- character page that's easy 
to read even if you're leaning back in 
your chair. 

The keyboard is full -sized and 
typewriter -style for easy control. 

With its built -in display, the 
COMPAQ PLUS makes a smooth, 
low profile on your desk, not an ob- 
stacle that you have to talk around. 

Plus an easy way to get started 
if you're buying your first personal 
computer and you're not sure how 
much capacity you need, your choice 
is easier now. 

Start with the COMPAQ Portable 
with single or double 320K byte disk- 
ette drives. If you need more capacity 
later, upgrade to the COMPAQ PLUS. 
A conversion kit is available that 
turns the COMPAQ Portable into a 
COMPAQ PLUS, complete in every 
detail and capability. 

The problem -solving power of a high - 
performance desktop personal computer can 
now go where you need it. 

Plus a lot more 
The COMPAQ PLUS also works with 
optional printers, plotters, and com- 
munications devices designed for IBM's 
personal computer family. 

It has two IBM -compatible slots for 
adding optional expansion boards. 
With companion programs, they'll let 
you share information with a network 
of personal computers in your office, 
communicate with your headquarters 
computer files while you're away, or 
add memory capacity if your needs 
grow. 

The COMPAQ Portable, the industry standard 
in portable personal computers. y 

It's got high -resolution graphics and 
text on the same screen. A detached 
keyboard. Programmable function 
keys. Expandable memory. Dozens of 
other features that simply make it do a 
better job of personal computing. 

And when you see all that the 
COMPAQ PLUS has to offer, you'll 
be pleasantly surprised by the price. 
The fact is, it costs hundreds less than 
comparably equipped desktop personal 
computers. 

See the first high -performance porta- 
ble personal computer. The COMPAQ 
PLUS -performance, programs, pro- 
ductivity. Plus problem -solving power. 

The new COMPAQ PLUS, the first high - 
performance portable personal computer. y 

COMPAQ PLUS 
Specifications 

Storage 
One integrated 10- megabyte fixed 
disk drive 
One 360K byte diskette drive. 

Software 
Runs all the popular programs 
written for the IBM XT. 

Memory 
128K bytes RAM, expandable to 
640K bytes 

Display 
9 -inch diagonal monochrome 
screen 
25 lines by 80 characters 
Upper- and lowercase high - 
resolution text characters 
High- resolution graphics 

Interfaces 
Parallel printer interface 
RGB color monitor interface 
Composite video monitor 
interface 
RF modulator interface 

Expansion board slots 
Two IBM -compatible slots 

Physical specifications 
Totally self -contained and 
portable 
20 "W X 81/2"H x 16 "D 

For the name of the 
Authorized Dealer nearest 
you, call 1-800-231-0900. 

01983 COMPAQ Computer Corporation 
COMPAQT " and COMPAQ PLUST"t are trademarks of 
COMPAQ Computer Corporation. 
IBM° is a registered trademark of International Business 
Machines Corporation. 
LEXAN° is a registered trademark of General Electric Company. 
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More on the Morrow 

After reading Torn Wadlow's review of 
the Morrow Micro Decision (October, 
page 306), I feel that a few points need 
additional comment. I own an early 
single -drive version MMD that I am not 
entirely satisfied with. 

Mr. Wadlow states that all versions use 
Tandon drives. This is not true. Although 
double -sided drives may be supplied by 
Tandon, the single -sided 2/3- height drives 
are Shugart SA 200s. 

Mr. Wadlow stated that the system uses 
a single- density format. This is also in- 
correct. The format uses 20 sectors with 
256 bytes per sector, giving the disk a total 
of 204.8K bytes. The usable space per disk 
is 186K bytes or 390K bytes for double - 
sided drives. 

The author also mentions the virtual 
drive and menu -driven CP /M features. 
These are nice additions to the system; 
however, they do not function properly. 
The virtual drive will respond with a 
prompt to exchange disks, but this 
prompt will remain on the screen after 
the exchange is complete. This is annoy- 
ing, especially when multiple disk ex- 
changes are required. With programs 
such as Logicalc and Pearl, it makes it 
hard to analyze the data that is on the 
screen. 

The menu -driven front end for CP /M 
is equally disappointing. Many of the op- 
tional file- manipulation commands such 
as PIP and ERA are supported by this 
driver. However, these selections will not 
work. This doesn't present a problem for 
knowledgeable users of CP /M, but for be- 
ginners it can present a problem. This ob- 
viously makes the entire program useless. 
The program could easily be fixed. How- 
ever, Morrow neglected to provide any 
documentation on its Pilot language. 

Mr. Wadlow also mentions that the 
system can be used with almost any 
popular terminal. Although I have tried 
only two terminals, I have found that the 
Logicalc program will not adapt to an 
ADM -3A. The terminal setup program 
provided with the system is also disap- 
pointing. To achieve all the features of my 
Televideo required setting up Wordstar 
and Logicalc with their individual setup 
routines. I think Morrow has realized this 
problem because it no longer advertises 
the system without a terminal. 

As for hardware design, the lack of 
schematics or cooperation from Morrow 
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prompted me to analyze the circuits and 
draw my own set (a tedious process). 
After analyzing the drawings I am total- 
ly amazed that the system even works. 
This isn't the worst design I have seen, 
but it is close. 

In conclusion, I can only say that I 

wouldn't recommend this machine to 
anybody. There are too many bugs in the 
system that should have been fixed long 
before the machine was marketed. The 
problems are obvious and I can't under- 
stand how Mr. Wadlow or Morrow could 
have missed them. I must also conclude 
that the author did a very poor job on this 
review. 

Don Hair 
6208 Adel Cove 
Austin, TX 78749 

Torn Wadlow responds: 
You are right about the Shugart drives. In- 

deed, all the Micro Decision drives are manu- 
factured by Shugart and not by Tandon, as I 
mistakenly claimed in the review. The drives 
used in the Morrow Decision I are manufac- 

tured by Tandon. As for the rest of your 
comments: 

I believe that if you read the second page 

of ny review, under the paragraph titled "Disk 
Storage," you will see that I did not say that 
all Micro Decisions use single- density drives. 

The virtual drive feature of the Micro Deci- 

sion is implemented in the operating system 

and cannot know very much about individual 
applications. It would be nice to have the pop - 

up display you describe, but let's look at what 
would be involved in doing so on the Micro 
Decision. To be able to restore the screen to 

its previous condition when the message goes 

away, you would have to save any text that 
might be overwritten. Perhaps your terminal 
might have a way to do this, probably not. 

So you would probably have to cause the ter- 

minal to send back the contents of the affected 

area over its serial line. This means that the 
Micro Decision disk driver would require an 

intimate knowledge of the terminal (since the 

text must be both saved and restored in the 
right place), which implies either yet another 
configuration program or a hard -wired depen- 

dence on only one specific terminal. Both of 
these alternatives are poor choices if you want 
to make the system reasonably flexible. I see 

virtual drives as an operating -system feature 
intended to make a bad situation (not enough 
disk drives) more tolerable. Most systems don't 
even go this far in trying to help. 

Your complaints about the menu system and 
lack of documentation in both hardware and 
software echo what I said in the review. Mor- 
row's major failing, with the Micro Decision 
as well as its more powerful Decision line, is 

its lack of adequate documentation. Unfor- 
tunately for us, Morrow is far from alone in 
this. And as I said in the review, you really 
need to be somewhat familiar with CP /M to 

use the Micro Decision. As for Pilot documen- 
tation, a call to Morrow Customer Service 
yields the news that a Pilot manual is now 
available. Write or call Morrow for informa- 
tion on how to get it. 

As for the problem of incompatible ter- 

minals, I said that the Micro Decision can be 

used with most popular terminals, and I 
suspect that statement still holds true. But if 
you intend to replace the terminal that Mor- 
row has designed the system around, you 
should not be surprised at installation dif- 
ficulties. Morrow does claim to have success- 

fully configured a Micro Decision to run with 
an ADM -3A. Incidentally, Morrow is now of- 

fering the Micro Decision with a Liberty ter- 

minal, which has a much nicer keyboard and 

display than the ADM -20 shown in the 

review. 

I have absolutely no complaints about the 
hardware of the Micro Decision, other than 
the design omissions (such as separate printer 
and modem ports). The disks were fast and 
quiet, the system unit was rugged and never 

seemed to have power -up problems. Regard- 

less of what the schematics (or at least your 
version of them) say, a system that performs 
as this one does is adequately designed. Mor- 
row designed this system for users who are 

unlikely to be concerned over the elegance of 
a particular part of the disk controller or the 

chip count of the RS -232C circuitry. I agree, 

however, that such things should be obtainable 

from the manufacturer, and, indeed, they are. 

The Morrow Micro Decision Service 
Manual ($225) provides complete schematics, 

test information, and diagnostic software. 
Once again, write or call Morrow at 600 
McCormick St., San Leandro, CA 94577, or 
(800) 521 -3493 for more information. 

I still stand by my recommendation. The 
Micro Decision is not a good system for the 

computer hobbyist /experimenter. Nor is it a 

good system for the novice user. But it is ser- 

viceable for the minimally experienced com- 
puter user who wants a small, quiet, fairly 
fast desktop system to run a few applications. 

As for your final comments: I guess you just 
can't please everybody. If my mail on this 
review is any guide, however, you are in the 
minority. 



Get A HeadStart 
OnThe Other Guys. 

HeadStart Features: 
Size: 15 -wide. 11 -deep, 1tl!a high. 

Weight: 25 lbs. 

Processors: Z80A 18 bit) and 8086116 bit). 

Memory: 128K to 1MB depending on model. All models 
are expandable. 

Disk Storage: 500K to 1MB (unformatted) on a 3W 
Micro-Disk 

Display: 12" (diagonal) P31 phosphor. non glare semen. 
25 lines a 80 or 132 columns. 

Keyboard: Detachable with 105 total keys. Also an 
optional portable version straps onto the front screen 
area for easy transportability 

Disk Operating Software: 'CP /M 80 for 8 bit. 
"MS DOS for 16 hit. LAN DOS for multi -user 8 or 16 

hit operation. 

Networking: Up to 255 HeadStart VPUs may be con- 
nected via coaxial interface into one of 2 optional data 
storage systems. 

Interfaces: One RS449/RS232 compatible serial port. 
One Centronics compatible parallel printer post. External 
data bus. Coaxial communications interface. External 
disk I/O interface. 

Optional Data Storage Systems: 2 models available. A 
10MB. 5,4-system is expandable to 20MB. A 50MB. 8' 
system 125MB fixed. 25MB removable) is expandable 
to 200MB. 

'CPrM is a repisleml trademark of Digital Re.warch. 
"MS DOS is a registered trademark of Microsoft 

Intertec's HeadStart is the 
smallest, smartest, fastest, most power- 
ful business computer money can buy. 

And the most expandable (it's 
networkable up to 255 user stations.) 

Great Ideas Come In 
Small Packages. 

Instead of three bulky compo- 
nents, HeadStart needs only two -the 
keyboard and CRT. There's no need 
for a cumbersome disk and processor 
cabinet With HeadStart, it's all in the 
CRT enclosure. 

HeadStart's small but powerful 
31/2" disk drive offers as much storage 
as larger 5' '44" disks. Its 8 and 16 bit 
processors make software availability 
no problem. 

And HeadStart's small size per- 
mits easy transportability with no 
sacrifice in performance. Each Video 
Processing Unit (VPU) comes with its 

own easy -carrying handle. A portable 
keyboard option is also available. 

How Fast Is Fast? 
HeadStart's RAM Disk, an elec- 

tronic emulation of the typical second 
internal drive, responds up to fifty 
times faster than conventional 
microcomputers. 

Depress a key and you get a 
response within a split second. Liter- 
ally before your finger leaves the key. 

And HeadStart is incredibly power- 
ful, too. Up to one megabyte of internal 
memory can tackle even the most 
sophisticated applications. 

Some Ideas 
Are Bigger Than Others. 

Because HeadStart is designed to 
be both a single and multi -user com- 
puter, you buy only as much computer 
as you need today. 

But as your business grows, it 
grows with you. 

Each HeadStart Video Processing 
Unit comes with its own memory, 
processors, disk and multi -user 
interfaces. 

Just add a 10 or 50 megabyte 
Data Storage System and up to 255 
users can share a common data base 
in an incredibly powerful, multi - 
user network 

HeadStart is available in three 
different models. All offer full perfor- 
mance, transportability, and are easily 
expandable. 

Unlike conventional, single -user- 
only computers, HeadStart is here 
today with the designed -in technology 
to be here tomorrow. 

So get a HeadStart on the other 
guys. For more information, call (803) 
798 -9100 or write: Intertec, 2300 
Broad River Road, Columbia,SC 29210. 

intertec. 
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FURTHER LOON NO 

we'll get you low 
prices and fast 
service, or else! 

ALPHA OMEGA 
COMPUTER PRODUCTS 

COMPUTERS HAYES Mach II Joystick .. .. 33 
CORONA Desktop, 128K, 2 -320K Drives, QUENTIN Applemate Drives 233 

Monitor $2695 LAZER '/2 Height Drives 229 
CORONA Portable (same as above) .. 2645 WIZARD BPO 16K Buffer Int 139 
ROMAR 64K Apple compatible Call PROMETHIUS Versacard 149 

IBM PC Systems Call EPS Keyboard 289 
KAYPRO Il Portable Call KENSINGTON Systemsaver 68 

DISKETTES KOALA Pad 
PFS Filing System 

93 
81 

SCOTCH 3M SSDD $23 PFS Report 81 
MAXELL MD2 DSDD 39 DBase II 389 

PRINTERS Wordstar 249 
C. ITOH 8510 P. 120 cps 335 Home Accountant 65 
EPSON FX80 160 cps 495 Multiplan 172 

EPSON FX100 160 cps 695 DB Master Version 4 249 
OKIDATA Microline 92 160 cps 469 DB Utility 1 or 2 95 
OKIDATA Microline 84 200 cps 1035 Magic Window II 109 
DELTA 10 160 cps Call Zaxxon 29 
GEMINI 10X 120 cps Call Choplifter 25 
NEC 3550 35 cps UQ Call Zork 1/11/III 28 
JUKI LJQ 18 cps 519 Wizardry 39 
DYNAX DX15 UQ 13 cps 475 Sublogic Pinball 27 
PRINTER Pal 24 IBM PERIPHERALS & SOFTWARE 

MODEMS TANDON TM55 -2 Thin Line $235 
HAYES Smartmodem 300 $199 TANDON TM100 -2 235 

HAYES Smartmodem 1200 482 SHUGART V2 Height 235 
HAYES Smartmodem 1200B 442 MICROSOFT Mouse 145 

HAYES Micromodem II 265 QUADRAM Quadboard w /64K 269 

ANCHOR A. Mark I 81 QUADRAM Quadlink Call 

MONITORS 
QUADRAM Quadcolor I 

64K RAM Kit 200 ns 
215 

55 
TAXAN 12" Amber $125 KRAFT & TG Joysticks 46 
GORILLA 12" Green 85 HAYES Mach II Joystick 35 
USI P1312 "Amber 145 CORONA Int. 5MB Hard Disk 1545 
AMDEK 300G 12" Green 135 Property Management 335 
AMDEK 300A 12" Amber 145 Home Accountant 4- 99 
AMDEK Color I 13" 269 Volkswriter 119 
AMDEK Color 1113" RGB 419 PFS Filing System 93 
BMC 13" Color 219 PFS Report 81 

APPLE PERIPHERALS & SOFTWARE Lotus 1,2,3 Call 
DBase II 389 VIDEX Videoterm 80C $219 

VIDEX Ultraterm 279 Friday 189 

MICROSOFT 16K RAMcard 69 Wordstar 279 

MICROSOFT 280 Softcard 245 Multiplan 169 

MICROSOFT Premium Pack 479 Flight Simulator 33 

MICROSOFT Premium Softcard IIE 345 Deadline 38 

KRAFT & TG Joystick 45 Zork I /II /III 28 

Hundreds of available items. Call for complete pricing information. 

We do not charge for VISA or MASTERCARD. 

(213) 345 -4422 
4847 La Montana Circle, Tarzana, CA 91356 

MasterCard 

All products are in factory sealed packages. We guarantee all items for 30 days. Within this period, detective merchandise returns must 

be accompanied by RMA number. All other returns will be subject to a 10% restocking fee. For prepaid orders there will be a 3% 
shipping charge; 5% for UPS Blue Label; 55.00 minimum; all orders outside U.S. at 15% shipping. There will be an additional $4.00 
surcharge on C.O.D. orders. Cash or Cashiers Check is required on D.O.D. orders. Calif. residents add 6.5% sales tax. Prices subject to 

change without notice. 
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Letters 

Ansl, uh, ANSI Standards 
I have just spent a frustrating afternoon 

trying to install a piece of software into 
my computer system. As usual, the prob- 
lem is that my terminal is not one of the 
ones on the list of choices. What makes 
it particularly frustrating is that my ter- 
minal conforms to the ANSI "mode" for 
terminal. 

I would like to plead with software 
companies to please include the "stan- 
dard" as one of the options. I would also 
like to plead with terminal companies to 
include the ANSI standard as at least one 
of the possible emulations that your new 
terminals can produce. 

I realize that it is an imperfect world, 
but surely one might expect the ANSI 
specification to have some merit! 

J. A. Koehler 
2 Sullivan St. 
Saskatoon, Saskatchewan 
Canada S7H 3G8 

Software Swap 
I read with great interest the letter "In 

Praise of Public- Domain Software" in the 
November BYTE (page 14). We have a 
large program- exchange system for 
Timex /Sinclair computers that is similar 
to public- domain software. The require- 
ments are simple: choose the program 
you want from the list of available soft- 
ware, then make a copy of a program that 
you or friends have written or supervised 
and send it in. Your program will be 
added to the list of available software. We 
will send you the programs you have re- 
quested. Everyone wins! For more infor- 
mation on this service please contact me. 

Billy Casebeer 
President, Timex /Sinclair Users Group 
POB 372 

Oologah, OK 74053 

An OS for the M68000 ECB 

I enjoyed reading "The M68000 Educa- 
tional Computer Board" by Robert Floyd 
(October, page 324). While I was a 
graduate student in computer science at 
the University of South Carolina, I was 
involved with a project that developed 
software for the Educational Computer 
Board (ECB). The professor of the oper- 
ating systems course assigned several 
groups to develop operating systems for 
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YOU'LL LOVE THE VIEW! 
With UltraTerm, the revolutionary new card 
from Videx, you'll enjoy sweeping panoramas 
of spreadsheets that you've never seen 
before: 128 columns by 32 lines, 132 columns 
by 24 lines and even 160 columns by 24 lines. 
You'll revel in the scenics of a whole year of 
records stretching out across your screen. 

You'll also delight in the new horizon of 80 
columns by 48 lines - double the lines 
you normally have. So your word processing 
will reveal a "depth of character" never 
possible before! 

Another breath -taking view of UltraTerm -it 
delivers absolutely flicker -free, state of the art 
display, with 8 x12 character matrix giving 
you preposterously clear, readable charac- 
ters. Not only will you see more characters 
on your screen (a whopping 4096 possible), 
but they'll also be larger and more readable 
than the characters you read every day in 
Circle 374 on inquiry card. 
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,.299 Equipment r 

.,599 2nd office 

Photo of actual -size 
characters on Apple 

Monitor Ill. 

your newspaper! And 
you can differentiate 
those characters in 
several modes: nor- 
mal (white on black), 
inverse (black on 
white), bright inten- 
sity and dim intensity. 

UltraTerm.Come on over and enjoy the view. 
Suggested retail price: $379 

llidex, 
897 NW Grant Ave. Corvallis. Oregon 97330 

(503) 758 -0521 

MC. TM 

UltraTerm features a built -in soft video switch and has complete 
firmware support for BASIC. Pascal and CP'M ". Use it with the Apple' II. 
Apple Ile. Apple III and Franklin. 
Apple and the Apple logo are registered trademarks of Apple 
Computer. Inc. 

CPiM is a registered trademark of Digital Research. Inc. 



MAIN venu action? 6EXIT 
IT -FORM 2FILES 3INPUT 4OUTPUT 5LABEL 

1 Create a 3 -D object. 

1T -FORM 2FILES 3INPUT 4OUTPUT 5LABEL 

3 Rotate it to examine it from any angle. 

5 Zoom in on part of it and add details. 

k' .r 

DISTANCE of X notion? 
0.5 2 1.0 3 2.8 4 

2 Modify it to get the best design. 

T -FORM action? 
1SCALE 2ROTATE 3MOUE 

4 Study it in 3 simultaneous orthogonal 
views. 

r- 

2.26 
TRANSMISSION 

MAIN nenn action? 3.19 - 6EXIT 
1T -FORM 2FILES 3INPUT 4OUTPUT 5LABEL 

6 Add dimensions and design notes before 
plotter output. 



SCREEN YOUR DESIGNS 
BEFORE THEY GET ON PAPER. 

Turn your microcomputer* into a 
3 -D CAD system. 

Find your best idea, 
faster. Now, there's a 
faster, easier way to find the 
best answer to your design 
problems. In minutes, you 
can create, evaluate and 
perfect your design 
ideas using your 
micro and the MCS 
3 -D CAD system. 

Anyone with even minimal computer 
experience can master our easy -to -use CAD 
system. It's a simple, menu -driven structure 
requiring no complicated commands or lengthy 
keyboarding. You're free to think design, not 
computers. 

Let your micro do the busy work. First, 
rough sketch your idea using our 3 -D Space 
TabletTM cursor, our high -res 2 -D digitizer, your 
micro's keyboard, or any combination of the 
three. 

Then, use Advanced Space Graphics1M soft- 
ware to make design changes that normally take 
hours to do on paper ... Scale, rotate or move 
your 3 -D wireframe model about any axis. Dupli- 
cate it. Create its mirror image. Section it along 
several planes. Join it with other components 

stored on file. Study it from 3 simultaneous 
orthogonal views, or from an isometric 

perspective. Add arcs and 

circles. Generate surfaces of revolution. You 
do the thinking, your computer does the work. 

Dimensions are computed 
and changed automatically, 

as your model changes. 
When you're ready for 
hard copy, Advanced 
Space Graphics lets 

you add text and 
output your finished 

design to a plotter 
or printer. 

The advantages of "true" 3 -D. Only our 
system offers "true" 3 -D hardware /software 
capabilities on a micro. You can use our Space 
Tablet cursor to actually draw in three dimen- 
sions and create, or trace, all kinds of 3 -D 
shapes, even irregular surfaces. True 3 -D lets 
you "reach" into your drawing to grab a point, or 
figure, and pull it to a new location. It's remark- 
ably easy to translate complex 3 -D shapes and 
ideas into a usable format. Our 3 -D CAD system 
is being used in engineering, architectural, medi- 
cal, chemical, field mapping, educational, art and 
many other applications. 

A complete 3 -D CAD system. The MCS 
3 -D CAD system includes Advanced Space 
Graphics software, the 3 -D Space Tablet cursor 
(patent pending), a high performance interface 
card and a complete user's manual. Our versa- 
tile, yet surprisingly affordable system gives you 
everything you need to do 3 -D on your micro. 
Except, of course, ideas. 

For more information, call: (203) 647 -0220. 
Micro Control Systems, Inc. , 27 Hartford 
Turnpike, Vernon, CT 06066. 

MICRO CONTROL 
SYSTEMS, INC. 

*IBM PC and a variety of work- alikes are supported. A more basic version is avail- 
able for the Apple 1I+ and Apple Ile. Support for a variety of plotters and Z-11 

graphics tablets available now. The most widely used high -resolution screen dis- 
plays will be supported by the beginning of 1984. 

18M PC to International Business Machines Corp. Apple II 1- and Apple Ile Apple Computer, Inc. 

Circle 237 on inquiry card. 



Letters 
the ECB. The major goal of each operating 
system was to implement concurrency. 

The group I was involved with under- 
took a major task: to create an operating 
system in a short six-week summer school 
course. We were successful and imple- 
mented an operating system that we 
named OX (for Overnite Executive). OX 
is approximately 8K bytes long. The oper- 
ating system consisted of a kernel, task 
manager, resource manager, and a mem- 
ory manager. A spooler and several ap- 
plications programs to prove concurrency 
were also developed. The code was de- 

veloped in 68000 assembly language, 
Concurrent Euclid, and C, which was 
cross -compiled on a Unix system. The 
kernel, task manager, and various initial- 
ization was written in assembly language 
and C, while the larger managers were 
developed in Concurrent Euclid. The ob- 
ject code was then downloaded to the 
ECB in Motorola "S" record through the 
ECB serial I/O port. 

As I have stated, the operating system 
was successful in demonstrating concur - 
rency. This was done by allowing resident 
tasks to be dispatched in round -robin 

See us at Comdex Booth -R8624 
PROMPRO 7" 
SERIAL RS -232 STAND -ALONE $489.00 
MCS -48' FAMILY PROGRAMMING WITH PROMPRO.7! 
PROMPRO -T- is an intelligent sell -contained urul ideally 
suited tor enginneenng development. or for held ser 
vice & production It can program and venly a wide 
variety of BK to 128K EPROMS This unit has a 32K (4K 
BYTES) Internal RAM Buller that could be accessed by 
the user through a computer or terminal This unit can 
also program the micro chips such as the 8478. 8749 8751. 
8741. 8742 8755 The price includes all modules up to 32K 
EPROMS & The 8748 & 8749H Micros Upload /download is 
done by either Motorola or Intel Hex format 

PROMPRO-8' 
SERIAL RS -232 STAND -ALONE $689.00 
This extremely versatile programmer has as much as 
128K (I6Kx8) of internal RAM dedicated lo the EE/ 
EPROMs This RAM butler can be accessed either 
through a computer terminai or by user target system 
(EPROM emulation) PROMPRO-8 8 digit alphanumeric 
display prompts user with the system messages A 
keypad option is available tor standalone editing An 
impressive range o1 devices are programmed (as star 
dard feature) 

GANGPRO -8" 
MULTIPROGRAMIvIER $995.00 
GANGPRO-8- allows user to program up to 6 EE/ 
EPROMS simultaneously using the latest slate of the an 
programming algorithms II can lest and duplicate a 
wide vanety of devices !tom 16K to 256K There are no 
personality modules to buy 8 digit alphanumeric 
display prompts user with messages This unit is ex- 
tremely easy to operate and is ideally suited for a pro- 
duction environment 

QW T8'" series UV EPROM ERASERS 
QUV -T8/ 2T ($97.50) is an industrial quality eraser 
designed in a steel enclosure with a 5" wide tray UV in- 
dicator lens. antistatic pad. 60 minute rugged limer and 
salety interlock switch are standard Capacity is 24 
EPROMS. 15-20 minutes erase lime for 15 EPROMS 
6111V-T8 / Z ($124.95) similar to QUVTVVLt wilt. 4t r- 
taster Erase Time 
QUV -T8 /2N ($68.95) Same as the QUV TB /2T version 
without the rimer and safety interlock switch 
QUV -T8 /1 ($49.95) Economy model in a molded two 
pan plastic case Erases 15 EPROMS in 15 minutes 
ACS -48 is a registered trademark of inlet Co 

2i9ht Eq,,aituotent Aak ?/ciin epWmd at MR, 2rylzt /4cee! 
AVAILABLE SOFTWARE DRIVERS 

I IBM PC 2 APPLE II 3 MDS -ISIS 4 CPM 
5 TEKTRONICS 8002 6 ATARI 7 TRS 80 COLOR 8 FLEX 

0000000 
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LOGICAL DEVICES INC 
1321E NW 65th PIACE. FORT IAl1DERDAIE. n.0 IDA 3330c 

TE4 (305) 974-0967 TWX. 510. 955.9596 
DISTRIBUTORS WELCOME FOR QUALIFICATIONS 

fashion at specific timer interrupts. A par- 
ticularly neat feature of the operating sys- 
tem was the memory manager in which 
the respective managers and application 
programs allocated memory. Many hooks 
exist in the implementation to provide for 
additional resident tasks such as terminal - 
message tasks, and perhaps a memory - 
resident disk. 

The project provided a hands -on in- 
sight into operating systems, and I must 
admit I had a great time hacking away. 
I have a complete set of documentation 
(57 pages) and the entire source -code 
listing. I would be happy to pass along 
this information to any hobbyist or educa- 
tional institution. Please mail a stamped, 
self- addressed envelope to me and I will 
mail the documentation and source code 
of OX to you. 

Mark Cates 
8625 Windjammer Dr. 
Raleigh, NC 27609 

V/68 OS for All 
I greatly enjoyed the October BYTE 

with its Unix theme. Although I am in- 
volved with the Unix operating system 
(porting Unix System V to the Motorola 
MC68000, under contract to Western Elec- 
tric), I had not heard of Usenet before. 

I submit the following comment as a 
reader, and not as a representative of 
Motorola Inc. 

Contrary to the statement in David 
Fiedler's article ( "The Unix Tutorial, Part 
3: Unix in the Microcomputer Market- 
place;' page 132) that "[Charles River Data 
System's] own Universe 68 computer uses 
UNOS, as does Motorola on that firm's 
Versabus -based system," Motorola offers 
the System V /68 operating system. Sys- 
tern V/68 is derived from Unix System V, 

MC68000 version, a jointly developed 
product of Motorola and Western Electric. 
System V/68 is available in configurations 
for the Exormacs and VME /10 computers, 
as well as in a generic form for any 
68000 -based system. 

Prior to fully committing to the "ge- 
nuine Bell" Unix (over a year ago), 
Motorola had been seriously considering 
several Unix look -alikes, including 
UNOS. Perhaps Mr. Fiedler's information 
was obtained in that time frame. 

Fred Christiansen 
POB 2953 
Phoenix, AZ 85062 

Circle 170 on inquiry card. --0 
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IBC HIGH PERFORMANCE MIDDI CADET'M 
Maximum Users 10 
Disk Storage 
Disk Access Speed 
Memory 
CPU Speed 
List Price 

40 MB 
40 MS 
512 KB 

8 MHz 
S10,995.00 

SORRY! NO COMPARISON 
Maximum Users 
Disk Storage 
Disk Access Speed 
Memory 
CPU Speed 
List Price 

Our competition is 
now a computor 
generation behind us. 

The IBC MIDDI Cadet is better, faster and less expensive than computers from ALTOS", ONYX'TM. 
DYNABYTEII ", and others. And now the new high -performance MIDDI CADET is so powerful that it 
is in a class by itself. 

Because the MIDDI is completely software compatible with competitive systems using 
CP /M" 2.2, MP/M" II or OASISIM, you can transport your applications software to the MIDDI 
without modification. So why not take the benchmark test yourself. 
If you are an OEM, system integrator, multiple end user, or dealer for any of our competitors, 
send a copy of your application program to IBC. We will run your software on the MIDDI without 
modification and give you the elapsed time in minutes. You be the judge. If it really is faster 
than your current hardware and it is, then you owe it to yourself and your customers to switch to 
IBC 

So remember! When you want a heavyweight performer at a low price, contact: 
, 411'dlI 1111 llf;A 

Megreted gutlneee Compule 

V/1I I IIf I 1111 i l',/ 

,XIBC/ DISTRIBUTION 
uillu ';trnl,l 11411 3/,th Sbaul, .';udu 717 

I In d,wuIRI. CA 91311 1 Iy. t«,n. Utah 84A03 
171:1) 882 900/ Itarlx No 71b349 (801) 671 2294 
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Lettern 

Supersoft Speaks Up 

I am compelled to respond to your 
reviews of the Supersoft C compilers for 
CP /M -86 and MS -DOS, which ran in the 
August BYTE ( "Comparing C Compilers 
for CP /M -86" by Jerry Houston, Jim 
Brodrick, and Les Kent, and "Nine C 
Compilers for the IBM Personal Com- 
puter" by Ralph Phraner). Both reviews 
were outdated, misleading, and con- 
tained serious inaccuracies and omis- 
sions. They did a disservice to your goal 
of giving BYTE readers timely information 
about available C compilers. 

In 1982, Supersoft released the first C 
compiler for CP /M -86 and MS -DOS. This 
release was preliminary and temporary; 
its purpose was to let customers of Super - 
soft's CP /M -80 C compiler be the first to 
transport their applications to CP /M -86 
and MS -DOS. At that time, we were 
using the compilers in house to transport 
our own applications to 16 -bit systems; 
we knew they would be useful to others 
for this purpose. We also knew they 
would undergo major enhancements, 
both in the documentation and the pro- 
grams themselves, before being released 

as general development compilers under 
CP /M -86 and MS -DOS. 

In March 1983, after the initial purpose 
had been served, our CP /M -86 and MS- 
DOS C compilers were withdrawn from 
the market for further development. In 
August 1983, just as we were about to 
release our new and substantially 
enhanced versions of these compilers, 
two reviews appeared in BYTE magazine 
on our preliminary releases. We were sur- 
prised to see these reviews in print 
because we had not been notified in ad- 
vance by BYTE and the products being 
reviewed had not been available for five 
months. 

Though the initial versions of our com- 
pilers did have some weaknesses that we 
acknowledge, at the time of their release 
they served a valuable purpose that easily 
outweighed their shortcomings: they 
sped C programmers into the rapidly 
emerging 16 -bit world. This, our main 
consideration in releasing the products, 
was completely overlooked in the BYTE 
reviews. In addition, our new C compiler, 
greatly enhanced and uniformly available 
under CP /M -86, CP /M -80, and MS -DOS, 
has several strong points that make it the 

New 
W R. 1Y 

DAISY WHEEL 

R 

PRINTER /TYPEWRITERS 

Full Olivetti 
typewriter 
warranty 
when 
purchased 
complete 

, 

Complete BYTEWRITER using: 
$495 Olivetti Praxis 30 portable 

Olivetti Praxis 35 portable $545 
Olivetti Praxis40office machine S645 
Interface only-wired and tested S165 

The parallel interface mounts entirely internally. Interconnecting 
cables availabl r most compu 

125 NORTHVIEW RD., ITHACA, N.Y. 14850 
(607) 272-1132 

20 February w984 C BYTE Publications Inc. Circle 42 on inquiry card. 

most attractive C available. We are pro- 
viding this new version to all purchasers 
of the preliminary CP /M -86 and MS-DOS 
C compilers at no charge. 

Through our internal experience with 
Supersoft C, we consider it to have many 
advantages over other C compilers: these 
advantages include the widest array of 
library functions (all delivered in source 
form as well as library form), high 
reliability due to extensive testing, 
uniform availability under several oper- 
ating systems, and close adherence to the 
Unix standard syntax. These advantages 
and others were largely overlooked by the 
BYTE reviewers. In addition, technical in- 
accuracies and omissions that appeared 
in the reviews actually gave our initial 
releases less credit than they were due. 

We were disappointed that these un- 
timely and misleading reviews should ap- 
pear in a typically fine publication like 
BYTE. We hope that this letter and other 
follow -up editorial coverage can help 
repair some of the damage that has been 
done to these excellent products. 

Stephen Hagler 
Marketing Director 
Supersoft Inc. 
POB 1628 

Champaign, IL 61820 

Jerry Houston replies: 
I am sorry that Supersoft considers my 

review of the CP /M -86 C compiler a disservice 
to BYTE readers, because considerable time 
and effort went into trying to produce the op- 
posite result. If I failed to supply something 
useful, I apologize to BYTE'S readers and to 

Supersoft. 
A few words in defense of my review. Super- 

soft says that the version of the compiler I 

reviewed was "preliminary and temporary" 
and that a greatly improved version was 
released in August 1983. 

The lead time for submitting articles to 

BYTE magazine is months, not weeks, in ad- 
vance, and the review in question was sub- 
mitted several months before August 1983. 
Lack of timeliness is the penalty for long lead 
times. The benefit is generally excellent 
editorial content. 

We purchased our copy of the Supersoft C 
compiler COD in 1982 in response to an ad 
in BYTE. Nowhere did the ad or the documen- 
tation indicate that the product was in any 
way temporary or preliminary. In fact, the ad 
said of the $500 C compiler: "The optimizer 
typically results in 40% code reduction. This 
means that compiled object code will run near- 
ly as fast as that which was written in 



Your desk -top computer system is only a 
beginning - plug a low -cost UDS modem 
into the RS -232 port and a whole new world 
of communications opens up! 

UDS modems add a new dimension to 
personal computers. For professional use, a 
modem permits two -way, hard -copy communi- 
cation between home office and branches or 
among the branches themselves. Electronic mail becomes 
a reality. Sales, cost and inventory updates can be sent 
over ordinary telephone lines at economical, after -hours 
rates. 

When you use your computer for personal applica- 
tions, the modem allows you to access up -to -date market 
information, receive news and weather summaries, check 
airline schedules or even electronically scan out -of -town 
newspapers. Long- distance game playing and computer - 
age personal correspondence become instant realities. 

The wide range of UDS modems includes one that fits 
your requirement perfectly. Top of the line is the micro- 
processor -based 212 AID which communicates at 0 -300 or 
1200 bps, stores and automatically dials up to five 30 -digit 
numbers and includes a complete prompting menu and full 

Created by Dayner /Hall. Inc.. Winter Park. Florida 

automatic test capabilities. Yet, with 
all these features, it costs only $645. 

At the other extreme is the $145 
103 LP, offering simultaneous two-way 

communications at 0 -300 bps without an 
AC power cord. This unit siphons operating 

energy directly from the telephone line! 
In between is a large variety of units -many of them 

in the LP no- power -supply design and all fully FCC certified 
for direct connection to the telephone system. 

Don't be a computer hermit -treat your system to a 
UDS modem; then you can reach out and byte someone! For 
details, contact your favorite computer dealer or Universal 
Data Systems, 5000 Bradford Drive, Huntsville, AL 35805. 
Telephone 205/837 -8100. 

Universal Data Systems 
MOTOROLA INC. 
Information Systems Group 
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The new 384K Quadboard 
by Quadram is the most 
comprehensive board you can 
buy for the IBM PC or XT. Now 
with added hardware features 
and advanced software. But 
our same low price. 

NEW EXPANDED QUADBOARD 
Quadboard now delivers 9 of 
the most needed PC functions/ 
features. To let you get the 
most out of your Personal 
Computer. And help 

you work better and EXQ 

THE WORLDS faster. 

BEST SELLING 
MULTIFUNCTION 
BOARD IS NOW 
EVEN BETTER. 

All of these features 
are standard on the 
new Quadboard: 

Parallel Port: With the 
new Quadboard. you 

get a Parallel Port. Perfect 
for operating most printers 

and other parallel devices. 
Serial Port: There's 

r 

s+ . .. -- ..-- . -- 
- -----.,..-- + 

_ 

-- Wig; 
- ,, .... 

- - .- 

a Serial Port. too. Fully program- 
mable. use it to connect to plotters. 
modems. and other serial devices. 

Chronograph: And Quadboard's 
Chronograph (Real -time clock/ 
calendar) keeps your system's 
clock up -to -date. 

Game Port: The new 
Quadboard has an IBM 

compatible Game Port. 
Plug in a joystick or 0 game paddles, and fire 

away. 
I/O Bracket: 

Quadboard now 
comes with a special 

I/0 bracket. Use it to 
organize your expansion 

port connectors. Snaps right 
onto the back 
of the PC. 

. 
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 Expandable to 384K: 
The new Quadboard is expandable 
in 64K increments for up to 384K 
additional RAM. With full parity 
checking standard. With the new 
Quadboard and a fully populated 
system board, you can take your 
PC's memory up to the 640K limit. 

QuadRAM Drive: Plus, with 
Quadboard you get advanced 
QuadMaster Software. Including 
the QuadRAM Drive program. 
Use it to set up multiple RAM 
Drives in Quadboard memory. 
Solid state drives that let 
you store and retrieve data 
quickly and easily. Or take 
advantage of QuadMaster disk 
caching. To access frequently 

used data whenever you need it. 
MasterSpool: Quad Master 

Software also includes 
MasterSpool. Use it to set up a 

software print buffer quickly and 
easily. This advanced spooler lets 
you pause at any time, back up or 
move forward in a file. Choose 
just the amount of buffer space 
you need and stop waiting on 
your printer. 

Qswap: Another feature of 
Quad Master Software is Qswap. 
With Qswap change line printers 

1 and 2 back and forth, with just 
a few keystrokes, as often as 
you like. 

QUADBOARD STANDS OUT FROM 
THE PACK 
Now more than ever Quadboard 
is the first and only board your 
IBM PC or XT may ever need. No 
other board even comes close. 
Because Quadboard is designed 

for performance. Engineered 
for dependability. 

And built in the continuing 
tradition of Quadram Quality. 

There are many 
imitators, but only 
one leader. So make 
sure you ask for 

Quadboard by 
Quadram, the 

leader in micro- 
DFiAM QJAUTY computer 

enhancement 
products. 

Compare. See why more Quadboards are 
bought than any other multifunction board... 

reatures/ 
Functions 

Memory 
Available 

Parallel & 
Serial Port 

Clock/ 
Calendar 

I/O Bracket 

Game Port 

Diagnostic 
Testing 

Advanced 
Spooler 

Simple Menu 
Setup 

Disk Cache 

LIST PRICE 

WITH 384K` 

Quadboard 

0 -384K 

Yes 

Yes 

Standard 

Standard 

Yes 

Yes 

Yes 

Yes 

$795 

SixPakPlus 

0 -384K 

Yes 

Yes 

optional 

Optional 

Yes 

No 

No 

No 

$970 

'Manufacturer suggested list price for board with all 
available features /functions as shown (options included), 
SixPakPlus is a trademark of AST Research Inc. 

QUADRM 
CORPO 
An Inlelnpent Systems Company 

4355 International Blvd. /Norcross, Ga. 30093 
(404) 923 -6666 /TWX 810- 766 -4915 (OUADRAM NCRS) 

1NTERQUADRAM In Europe 
Interquadram, Ltd. 
442 Bath Road /Slough, England 

Interquadram GmbH. 
FASANENWEG 7 /6092 Kelsterbach /West Germany 

Interquadram S.A.R.L. 
41 Rue Ybry. /92522 Neuilly /France 

Circle 307 on inquiry card. 

_ S = 11MW TM - r 1 rn -.. 

lEN IN III MN IN MR i= w w / MI / AIM IIII M M1 II/ I/ i/ I / I 1111 // Mr L Allh..ii 
Copyright 1983 Quadram Corporation IBM is a registered trademark of International Business Machines. 

All rights reserved 



Letten 

assembler." The documentation listed the ver- 
sion we received as "Version 1.1." 

None of this suggested to us that the com- 
piler was preliminary. In January 1983 we 
asked a representative of Supersoft whether a 
newer, more functional version of its compiler 
was coming out, and we were told that 
nothing was planned for about six months. 
Since our review was due in one month, we 

reviewed what existed, not what was planned. 
Supersoft also states that, 'We are providing 

this new version to all purchasers of the 
preliminary CP /M -86 and MS -DOS C com- 
pilers at no charge." On September 7, 1983, 

we phoned Supersoft, gave them our serial 
number, and asked what was involved in up- 
grading to the latest version of the compiler. 
We were informed that we should send our 
original disk plus $50. This is a more than 
reasonable charge, but $50 is not free. 

Supersoft's claim to offer "close adherence 
to the Unix standard syntax" is not justified 
in the version reviewed. It fails to support 
longs, statics, or initializers. This is com- 
parable to a version of BASIC that has no FOR 
statement. 

Supersoft has some excellent products. The 
product I reviewed is not one of them. If my 

review conveyed that idea, then it was not 

"misleading." If my article tended to lead 
potential unhappy customers away from the 
product under review, then I believe it was a 

service both to Supersoft and to BYTE'S 

readership. 

Watch the Fine Print 
Recently I decided to abandon my 

Apple -based system and buy an IBM PC 
XT. It's not that I'm unhappy with my Ap- 
ple. On the contrary, it has been a reliable 
tool that has paid for itself many times 
over during the last four years. However, 
the mining industry (for which I write 
software) has developed a case of IBM 
myopia that requires that I develop pro- 
grams for the PC. 

My first step in making the IBM transi- 
tion involved obtaining information con- 
cerning the UCSD p- System (for which 
I have developed a large library of soft- 
ware). Although the sales representative 
was unfamiliar with the concept of an 
operating system, he was kind enough to 
send me IBM's "Software Fact Sheet" and 
a price list. This fact sheet contains some 
fine print concerning the p- System that 

I would like to bring to the attention of 
your readers: "Neither the program nor 
its data files can be stored on a fixed disk" 
Incredible! Here's a big and powerful cor- 
poration with a sense of humor. Imagine 
if GM had the guts to include some jokes 
of this caliber in its sales literature like 
"The optional MZD Turbo engine only 
works in the neutral gear." Three cheers 
for IBM! Now, I've got to remember 
where I stored that literature on the Sage 
IV. 

James P. Reed 
Rockware Inc. 
7195 West 30th Ave. 
Denver, CO 80215 

In Defense of the Model 16 

Regarding the letter from Marvin Stone 
and Sam Harp (October, page 20) con- 
cerning the relative speeds of the 
MC68000 and Z80 in the Radio Shack 
Model 16 computer: Mr. Hurrell's 
response is quite correct about the par- 
ticular benchmarks used. The Xenix 
MBASIC is very slow for floating -point 
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CPUs nimble and swift -a card sharp's delight. 
When CompuPro introduced the first CPU board 
with both 8- and 16 -bit capabilities, it was like 
handing a royal flush to systems integrators. How 
could we top that? 

You gave us the answer. "Make a CPU that will 
access 16 megabytes at a swipe," you urged. So we 
designed CPU 68K. "Make one for people who need 
top speed and 16 -bit power," you pleaded. 

CPU 8085/88 
is CompuPro's 
pioneering dual 
processor, running the 
vast library of both 8 -bit 
and 16 -bit programs at 
clock speeds up to 
8 MHz. Maximum 
software access. $495, 
$595 CSC. 

CPU 86187 
uses Inlet "s widely 
favored 8086 chip, so 
you get the broadest 
range of time -tested 
16 -bit software. Includes 
sockets for the 8087 
math co- processor and 
80130 firmware chip. 
5800 10 MHz, 5850 CSC 
10 MHz. With 8087 chip, 
51050 5 MHz, 51150 CSC 
5 MHz. 

CPU 68K 
lets you rummage 
around In 16 Mbytes of 
memory at a time - not 
lust the usual 64 Kbytes. 
Access huge databases, 
invert mammoth 
matrices, or turn titanic 
tables topsy -turvy. 
Includes socket for 
memory management 
unit. 56958 MHz, 5775 
10 MHz, 5850 CSC 
10 MHz. 

CompuPro responded with CPU 286, the board with 
two brains: one to bundle bytes and the other to 
scan the conveyor belt ahead and fetch the 
necessary tools. 
So, by giving you flexibility without sacrificing 
performance, quality or reliability, CompuPro has 
dealt all players a winning hand: Seven Aces. 
They're worth betting on. 

CPU Z 
brings the Z80 
chip's sophisticated 
instruction set to bear 
on the whole range of 
8 -bit software at clock 
speeds of 6 MHz. 
Ideal for multi -user 
installations, with 24 -bit 
addressing that handles 
up to 16 Mbytes of 
memory. $325, 
5425 CSC. 

For your business, industrial and scientific computing 
solutions, call (415) 786.0909, ext. 206 today for the location of 
the Full Service CompuPro System Center nearest you. 

OM 

CPU 286 
s CompuPro's most far- 

sighted processor. It 
handles all 808618088 
software, but many 
times faster with the 
help of a unique look - 
ahead capability. A 
memory mangement 
unit is built -in. $1595 8 
MHz, $1750 CSC 10 MHz 

CPU 16032 
features true 32 -bit 
internal architecture that 
makes your micro byte 
off bigger words, like a 
mini. Ideal for Unix and 
other large operating 
systems. Includes 
sockets for floating 
point unit and memory 
management unit. 
Handles clock speeds 
up to 10 MHz. 5695, 5845 
CSC. MMU available. 

SPUZ 
lets multiple users share 
expensive resources 
such as disk drives, 
printers and modems - 
not to mention data. Let 
our slave processor give 
individual attention 
where it's needed, 
freeing the more 
expensive CPU for bus 
management. $695. 
5795 CSC. 

CompuPro products are backed by a one -year limited warranty - two years for boards qualified under the Certified System 
Component high -reliability program. 

uPro. 
Prices and specifications subject A GODBOUT COMPANY 
to change without notice. 

1983 CompuPro 3506 Breakwater Court, Hayward, CA 94545 
Circle 66 on inquiry card. 
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HEI has a light 
pen with specs to 
suit your need, 
whether you're do- 
ing text editing, 

menu selection, or 
more complex graph- 
ics system work. Each 

pen is built with in- 
tegral hybrid circuitry. 
Each can be made with 
custom sensitivity and 

field -of -view tolerances. 

El light pens feature: 
wo TTL outputs 
OOFL ambient light 
ejection 

Spot sensitivity of 7FL 
Power input of only 
5VDC @ 125 ma. 

Adjustable light sensitivity 
and coiled cord are standard 
on all models. Pens are avail- 
able with cable connectors. 

HEI light pens are rugged 
and dependable. Proven in a 

number of sophisticated 
applications for over ten 
years, with more than 24,000 
units in the field. Go for the 
best in industrial quality CRT 
light pens. 

II HEI 
inc. 

The Optoelectronic 
Specialists 
Victoria, MN 55386 
612 -443 -2500 
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Letters 
computation. The increased accuracy is 
a blessing or a curse, depending on your 
needs. 

The screen -updating benchmark timing 
cited is an unfortunate side effect of the 
hardware. The only way in which the 
68000 can get to the screen RAM is via 
the Z80, and this added overhead can 
only slow down accesses, no matter how 
fast the 68000 may be. 

As far as the SIN benchmark, perhaps 
Mr. Harp or Mr. Stone may want to con- 
sider switching to FORTRAN. I ran the 
published SIN benchmark (TRSDOS: 43 
seconds; Xenix: 132 seconds) on a Model 
16 under Trisoft CP /M -68K and ANSI 
FORTRAN 77. The time was 5.2 seconds! 

James M. Knox 
Trisoft 
4102 Avenue G 
Austin, TX 78751 

The interesting thing to me about the 
Harp & Stone Benchmark study of the 
TRS -Xenix MBASIC was how slow all the 
listed processors were. I ran Benchmark 
I on the Z8000 -based Olivetti M20, using 
Microsoft BASIC, in 8.9 seconds. Going 
to double precision by inserting "defdbl 
A -B, Z" at the beginning lengthened the 
time to 9.5 seconds. I believe the running 
time is this low because Olivetti MBASIC 
performs only trigonometry and ex- 
ponential functions in single precision. 

Examining Z after running the program 
shows a value of 0.998048. 

S. Richard Mateosian 
Consultant, Computer Systems 
2919 Forest Ave. 
Berkeley, CA 94705 

After reading "TRS -80 Model 16 Prob- 
lems" (Letters, October, page 20) and the 
response from Radio Shack, it is evident 
that a simple fact needs to be straightened 
out. 

Suppose one used a Z80 to handle the 
I/O for a CRAY. Would it output char- 
acters any faster than a 68000 making 
similar requests? 

This elementary consideration shows 
the absurdity of the Harp /Stone "bench- 
mark." Their negative remarks about the 
capabilities of the Model 16 and Xenix are 
therefore worthless and should be re- 
tracted. 

Joel Rice 
486 Route 9W 
Nyack, NY 10960 



And it's happening again with our IBM- 
compatible Rana 2000. This 320K double density 
drive offers a large centering cone for problem - 
free diskettes and our exclusive silencing mecha- 
nism to make it the quietest disk drive you 
can buy. 

At Rana we know the key to our success is 

providing the highest technology, on the best 
possible products, while filling the most possible 
user needs. That is why we spend so much time on 
research and development. Our world- renowned 
engineers were the first to offer increased capac- 
ity. The first to design a write protect feature. The 
first to use a metal band positioner and get 100% 

data integrity, and a 3 to 4 times improvement in 
access speed. And, the first to bring you all this 
performance, quality and dramatic styling. 

This is why our Elite One got the #1 rating 
from Softalk Magazine. And our Atari compatible 
Rana 1000 Slimline has turned a game computer 
into a sophisticated business tool. And soon we'll 
have a new Winchester drive and a new series of 
very high density minifloppies, for both IBM 
and Apple: 

So call or write for the nearest Rana retailer 
or computer store. We're Rana Systems. And we 
know that to keep a step ahead, we have to put 
you first. 

RanaSystems 

21300 Superior Street. Chatsworth. CA 91311 213709 -5484 
Call toll free. 1.800.421.2207 In California only call: 1800- 262 -1221 

Source Number: TCT-654 
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VBJAL 1050 Personal Computer System... 

IUBI SHIPMENTS Cti.h . 1Oft CAS! 

Complete Solution 
The VISUAL 1050 is an advanced personal com- 
puter system designed especially for managers 
and professionals. It comes complete with top - 
rated software and high -performance hardware 
... all fully configured for easy set -up and simple 

operation. The VISUAL 1050 costs much less 
than other full- feature personal computers and 
comes with everything you need to tackle impor- 
tant professional jobs, right out of the box. 

Words, Numbers and Graphics 
The VISUAL 1050 solves more professional 
problems than any other computer in its class. 
Whether you work with words, numbers, or 
graphics, the VISUAL 1050 speaks your language. 
You get WordStar,'" MailMerge' Multiplan'and 
Digital Research's DR Graph' ".. leading software 
packages for word processing, spreadsheet and 
graphics. And all have been specially adapted 
to share data and perform as an integrated 
software family. 



Base System Pricer 

Sena) Port (RS232) 

Parallel Port 

Bit -Mapped Graphics 

Word Processing Software ... 
Spreadsheet Software 

Business Graphics Software .. 

Communications Software ... 

VISUAL 
1060 

$2,695 

STANDARD 

2 STANDARD 

STANDARD 

STANDARD 

STANDARD 

STANDARD 

STANDARD 

COMPLETE SOLUTION PRICE . . 

Dual Drive Capacity 

Graphics Resolution 

Keys on Keyboard 

Expandable Memory 

Optional Winchester 

Tilt and Swivel Display 

IBM PC 

$2,750 

$119 

$119 

$240 

$200 -$500 

$200 -$300 

$200 -$400 

$100 -$200 

Apple' Ile 

$2,390 

$195 

$180 

STANDARD 

$200 -$500 

$200 -$300 

$200 -$400 

$100 -$200 

TRS-80" 
Model 12 

$3,999 

2 STANDARD 

2 STANDARD 

$499 

$399 

$299 

$200 

$100 

DEC 

Rainbow" 

$3,495 

2 STANDARD 

STANDARD 

$845 

$200 -$500 

$200 -$300 

$200 -$400 

STANDARD 

$2,695 $3,928-$4,628 $3,465-$4,165 $5,496 $4,940-$5,540 

800 KB 

640 x 300 

93 

YES 

YES 

YES 

1- Includes CPU, 64K User Memory, Keyboard, Display, Two Disc 

Based on manufacturers' information available August. 1983. V 

640 KB 

640 x 200 

83 

YES 

YES 

NO 

280 KB 

280 x 192 

63 

YES 

YES 

NO 

Drives, and Operating System. 
ISUAL 1050 includes 128K User Memory stand ard. 

2.5 MB 

640 x 240 

82 

YES 

YES 

NO 

800 KB 

800 x 240 

105 

YES 

YES 

NO 

the complete professional solution 
at an unbeatable price. 

Communications, BASIC and More... 
You get Terminal Emulation software which 
turns your VISUAL 1050 into a powerful ASCII 
terminal for dial -up access to remote computer 
resources. And you get CBASIC' for custom 
programming applications. CP /M Plus, a new 
and improved release of CP /M, allows your 
VISUAL 1050 to support.hundreds of popular 
third -party packages. 

Unbeatable Value 
$2,695 is the total retail price for the VISUAL 
1050. You get the best and most popular soft- 
ware packages, ready to run on hardware 
which offers the features and quality you 
should demand. Two high capacity disc drives. 
128K memory standard, expandable to 256K. 
Fast, bit -mapped graphics. Full size green 
screen. Standard printer and communication 
ports. Rugged 93 -key keyboard with special 
WordStar engravings. You can't buy a more 
complete hardware and software solution at 
anywhere near the price. 

See for yourself 

Visual Technology Incorporated 
540 Main Street, Tewksbury, MA 01876 
Telephone (617) 851 -5000. Telex 951 -539 

Circle 375 on inquiry card. 



The Apple 
Macintosh Computer 
Mouse -window- desktop technology arrives for under $2500 
by Gregg Williams 

Apple established itself as one of 
the leading innovators in personal 
computing technology a year ago by 
introducing the Lisa, a synthesis and 
extension of human -interface tech- 
nology that has since been widely 
imitated. Now the company has 

30 February 1984 © BYTE Publications Inc. 

strengthened that reputation with a 

new machine, the Macintosh (above). 
In terms of technological sophistica- 
tion and probable effect on the mar- 
ketplace, the Macintosh will outdis- 
tance the Lisa as much as the Lisa 
has outdistanced its predecessors. 

The Macintosh arrives, finally, after 
a history of colorful rumors. It will 
cost from $1995 to $2495, weighs 22.7 
pounds, and improves on the mouse - 
window- desktop technology started 
by the impressive but expensive Lisa 
computer. A system with printer and 



second disk drive costs about $900 
more, but even at that price, the 
Macintosh is worth waiting for. 

The Macintosh at Work 
Before we look at the Macintosh (or 

Mac) in more detail, let's look at how 
it works. When you turn the Mac on, 
its screen tells you to insert a 31/2 -inch 
Sony floppy disk. When you do that, 
the Macintosh puts a disk icon on the 
screen along with the disk's name. As 
with the Lisa computer, you first 
select an object, then choose a menu 
item that works on the object. Say, for 
example, we choose the disk by mov- 
ing the cursor to the disk icon and 
clicking the mouse button once 
(figure la). The disk "opens up," 
showing a window containing icons, 
each one of which corresponds to an 
item on the disk. To start using the 
Mac Paint program, we select the 
Mac Paint icon and choose the menu 
item "open," as shown in figure lb. 
(We also could have opened Mac 
Paint by double -clicking on the icon.) 

What follows is a brief example of 
how the Mac Paint program works. 
When we open the program, we get 
the screen of figure 1c. The large 
blank area is a window onto the 
drawing area, the boxes on the left 
are tools, the boxes on the bottom 
row are patterns, and the lines in the 

corner are selections for the current 
line width. By selecting the "open 
oval" tool and the thickest line width, 
we can draw empty ovals with thick 
borders (figure 1d). By selecting the 
"paint bucket" tool and the "diagonal 
bricks" pattern, we can fill the oval 
with that texture (figure le). The 
"eraser" tool lets us erase part of the 
image (figure 1f); for finer control, we 
can give the FAT BITS command 
(figure 1g), which allows us to erase 
or paint on a pixel -by -pixel basis. 
When we are finished with our im- 
age and select the QUIT command, 
the program displays an alert box that 
asks if we want to save our changes 
(figure 1h). 

Foundations of Macintosh Design 
The Macintosh computer is built on 

three cornerstone ideas: second -gen- 
eration Lisa technology, reliability 
and low cost through simplicity, and 
maximum synergy between hard- 
ware and software. Each of these 
ideas contributes significantly to the 
uniqueness of the Mac's design. 

Second -Generation 
Lisa Technology 

Without question, the strongest in- 
fluence on the Mac is that of the 
Apple Lisa computer, which proved 
the viability of certain concepts in a 

commercial product: the graphics/ 
mouse orientation, the desktop meta- 
phor, the data -as- concrete -object 
metaphor, and the shared user inter- 
face between programs. The Mac has 
inherited these concepts; for further 
details on them, see my article, "The 
Lisa Computer System" (February 
1983 BYTE, page 33). 

Four differences between the Lisa 
and the Mac make the latter a 

second -generation computer. First, 
the Mac runs at a higher clock speed, 
7.83 MHz (compared to the Lisa's 5 

MHz). Second, the Mac, which has 
a smaller amount of memory to work 
with than the Lisa, uses its memory 
more efficiently because its programs 
and subroutines are coded in 68000 
assembly language (as opposed to 
the Lisa, which uses less efficient 
68000 machine -language programs 
that are compiled from high -level 
Pascal source code). Third, the 
Macintosh eliminates add -on periph- 
eral cards and uses instead a high- 
speed serial bus that implements 
what Apple calls "virtual slots." (I will 
talk about this in greater detail 
below.) 

The final difference is actually an 
important limitation of the Macin- 
tosh: it allows only one major ap- 
plication program to be active at a 
time (the Mac BASIC and "desk ac- 

At a Glance 
Memory 
128K bytes of RAM. 64K bytes of ROM 
Standard Configuration 

Hardware Options 
Second disk drive, keypad, Imagewriter 
printer. security kit (for chaining corn- 

Name Main unit with I28K bytes of RAM. 64K puter to table) 
Macintosh bytes of ROM. integral Sony 31/2-inch Software Options 

disk drive, 9 -inch video monitor, two Mac Paint (drawing program), Mac Write 
Manufacturer serial ports: external mechanical mouse; (a simple word processor), Mac BASIC. 

Apple Computer external keyboard Mac Pascal, others (see text) 
20525 Mariani Ave. Mass Storage Prices 
Cupertino, CA 95014 One Sony 31/2-inch disk drive; 31/2-inch Standard system. $1995- 52495; Mac Paint 
(408) 996 -1010 disk holds 400K bytes and is encased in and Mac Write (together). bundled at no 

a rigid plastic housing charge for the first 100 days, S195 (for the 
Dimensions Video Display two) thereafter; Macintosh Pascal, BASIC. 
9.75 by 9.75 by 13.5 inches 9 -inch monitor, noninterlaced 60.15 -Hz Logo. Terminal. and Assembler /Debugger, 
Weight image. 512- by 342 -pixel resolution S99 each; Mac Draw and Mac Project, 
Main unit. keyboard and mouse -22.7 Pointing Device SI25 each; keypad, S99: second disk 
lbs. Mechanical mouse drive, S395; Imagewriter printer, S495 
Power Requirements Keyboard 
105 -130 V AC, 60 Hz (U.S. model); Detached keyboard; 58 keys (59 in inter - 
85 -135 V AC. 50/60 Hz (international national version); autorepeat: two -key 
model) rollover 
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Macintosh System Architecture 
Inside the Macintosh, hardware and 

software work together to provide a system 
capable of supporting high -performance 
graphics, built -in peripherals, and commu- 
nication channels to the outside world. 
From the beginning of the Macintosh pro- 
ject, the product -design goals of small size, 

light weight, and moderate end -user cost 
encouraged us to create a low -power, low 
component -count design. The large num- 
ber of I/O devices that are built into each 
unit, combined with our desire for high 
performance, caused us to explore many 
alternatives for each aspect of the hardware 
implementation. A cooperative spirit 
among the people working on the in- 
dustrial design, analog electronics, digital 
electronics, and low -level software resulted 
in the synthesis of detailed implementa- 
tions that combined strengths from each 
group, providing an integrated design solu- 
tion for all aspects of the product. 

The heart of the Macintosh digital elec- 
tronics is the MC68000 processor and its 
memory (both RAM and ROM). In the 
Macintosh, the data -output lines from the 
system RAM drive a data bus separate 
from that used by the rest of the machine 
(see figure 2). The RAM is triple -ported; 
this means that the 68000, screen- display- 
ing hardware, and sound -output hardware 
have periodic access to the address and data 
buses, so that the video, the sound, and 
the current 68000 task appear to execute 
concurrently. 

ROM memory connects directly to the 
system data bus and is used by only the 
68000. Much of the system's time -critical 
code, such as the low -level graphics primi- 
tives, operating -system routines, and user - 
interface routines, reside in ROM. Macin- 
tosh software calls this code through 68000 
"line 1010 unimplemented" instructions, 
which get one of approximately 480 ad- 
dresses from an address table stored in low 
memory; this effectively allows the ROM 
subroutines to function as extensions of the 
68000 instruction set. Since the ROM data 
and address buses are used exclusively by 

the 68000, ROM is always accessed at the 
full processor speed of 783 MHz; conse- 
quently, the ROM can perform as a read - 
only cache memory. 

The 512 - by 342 -pixel video display ap- 

by Burrell C. Smith 
pears in memory as a linear array of 10,944 

16 -bit words of data, with the most signifi- 
cant bit representing the pixel farthest left. 

Each 512 -pixel horizontal line consists of 
32 words of data, with bits shifted out at 
15.67 MHz (322.68 µs per 512 -pixel line) 
followed by 12 words of horizontal blank- 
ing (taking 12.25 µs). The last mernony bus 

cycle of each horizontal line is reserved for 
sound DMA, where a byte of sound data 
is fetched from the sound buffer and sent 
to the sound PWM (pulse -width modula- 
tor) for conversion into an analog level. The 
update rate of the sound channel is then 
equal to the video horizontal rate, or 
22,254.55 Hz. In the vertical direction, 
342 active scan lines are followed by a ver- 
tical retrace and enough inactive horizontal 

The product- design 
goals of small size, 
light weight, and 

moderate end -user cost 
encouraged us to 

create a low- power, 
low component -count 

design. 

lines to take up the same time as 28 hori- 
zontal lines, providing a vertical retrace 
time of 1.258 ms. Although screen - 
memory accesses may occur at any time, 
a vertical retrace interrupt is generated at 
the falling edge of the vertical sync pulse 
to allow screen animation to occur com- 
pletely synchronous to the video beam 
movement. 

Access to RAM is divided into syn- 
chronous time slots, with the 68000 and 
video circuits sharing alternate word ac- 
cesses during the live portion of the hori- 
zontal video -display line and the sound cir- 
cuits using the video time slot during the 
last memory bus cycle of the horizontal 
line. Although the access to RAM is 
divided three ways, the 68000's share is 

maximized by giving it access to unused 
cycles during horizontal and vertical blank- 
ing. This way, 68000 access to RAM 
averages to a speed of about 6 MHz. 

For high- performance sound generation, 

a tightly coded routine generates 370 
samples of sound data and places them into 
the sound buffer just after a vertical retrace 
interrupt. The 68000's 32 -bit registers are 
used to control pitch with 24 bits of preci- 
sion, providing each of four possible voices 
with 16,777,216 possible frequencies. For 
simpler sounds, a timer in the system's 
VIA provides a square wave of program- 
mable pitch. All sounds pass through a 

software- controlled volume adjustment 
that creates approximately 20 decibels of 
total amplitude variation in eight discrete 
steps. 

The Macintosh disk controller is a single 
LSI (large -scale integration) component 
referred to as the IWM ( "integrated Woz 

machine ") chip. The device, a one -chip in- 
tegration of the disk controller originally 
designed by Steve Wozniak for the Apple 
II, handles data at 500 kilobits per second. 
To control the disk drive's motor speed, a 

pulse -width modulator located on the 
digital board allows the disk to move at one 
of 400 possible disk motor speeds; the 
PWM is driven from a table in memory in 
a fashion similar to that of the sound sys- 
tem. By varying the motor speed, we 

created a more reliable disk drive that puts 
significantly more data on the same disk. 

The Macintosh communications chip, 
the Zilog 8530 SCC (serial communica- 
tions controller), provides synchronous and 
asynchronous data transmission at up to 

230.4K bits per second using a self- 

clocking data format and up to 1 megabit 
per second using an external clock. The 
Macintosh's two serial ports are identical; 
each provides single -ended or differential 
signaling and multidrop (party -line) 
capability. 

The 6522 VIA (versatile interface 
adapter) rounds out the I/O requirements 
of the machine by providing system timers, 
support for the mouse and keyboard, and 
general -purpose I/O lines for selecting 
various system functions such as alternate 
screen and sound buffers and for com- 
municating with the system's real -time 
clock and parameter memory. 

Burrell C. Smith is a member of the Apple 
Macintosh design team. 
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cessory" programs are two exceptions 
that I'll cover later). This limitation is 
largely due to the Mac's small mem- 
ory space and the overall design of 
the software, which assumes that the 
current program has access to all the 
machine's memory. This is not as bad 
as it sounds; a single application can 
use multiple windows, and material 
can be cut and pasted from one docu- 
ment to another by storing the 
material to be pasted on a "clipboard" 
before loading in the second docu- 
ment (which replaces the first). Still, 
the absence of hardware slots and the 
inability to run two applications 
simultaneously are two important 
ways in which the Macintosh is fun- 
damentally different from the Lisa 
computer. 

Reliability and Low Cost 
through Simplicity 

Although the Macintosh costs ap- 
proximately one -third the price of a 
Lisa, the Mac has much more than 
one -third of the Lisa's power. The 
idea of reliability through simplicity 
not only makes the Macintosh pos- 
sible at a relatively low price but also 
produces a machine that has a reli- 
ability normally associated with 
much simpler computers. 

One component of the Mac's sim- 
plicity is its low chip count -it con- 
tains about 50 ICs (integrated cir- 
cuits), which decreases its physical 
size and price and increases its relia- 
bility. Mac reduces its chip count by 
combining the functions of many 
standard chips into eight program- 
mable -logic arrays (PALs). 

The Macintosh has only two circuit 
boards, one that holds all its analog 
circuitry and one that holds all its 
digital circuitry (see photos 2a and 
2b). By partitioning its functions and 
reducing the number of connectors 
(by decreasing the number of boards 
to be connected), the designers have 
made the Mac both more reliable and 
less expensive. They carried this 
philosophy farther by eliminating 
hardware slots; you add peripherals 
to a Mac through its two high -speed 
serial ports. 

The Macintosh was designed to 
reduce (or, in the case of the digital 
board, eliminate) the number of 
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(2a) 

64 
Photo 2: The Macintosh circuit boards. Photo 2a shows the analog board, while photo 2b 

shows the digital board. These two boards plus the video display, 31h -inch disk drive, and 
housing make up the main unit; only the keyboard and mouse are needed to make a complete 
Macintosh system. 

places in which hardware must be 
fine -tuned during assembly. In some 
cases, the designers eliminated the 
need for adjustment through clever 
circuit design, which also means 
there's one less thing to go wrong 
with the computer once it is in the 
owner's hands. In other cases, Apple 
eliminated fine -tuning by requiring a 
vendor of externally manufactured 
subassemblies to tune the part before 
delivery; for example, the video -dis- 
play tube and yoke are delivered pre - 
adjusted, and the Sony 31/2-inch disk 
drive is delivered tested and with 
several Apple- specified modifica- 
tions. 

Maximum Synergy between 
Hardware and Software 

The Macintosh's hardware and 
software were optimized for maxi- 
mum performance. This means that 
the hardware and software evolved 
over a period of time in a process of 

mutual give and take. For example, 
the pixels displayed on the Mac's 
video display are square (not rec- 
tangular, as in other computers); this 
greatly simplifies the software that 
draws squares and circles, scales text 
and graphics, and prints screen 
images. 

Going for the 
World Market 

Having learned from past experience, 
Apple designed the Macintosh so that it 
could easily be modified for all markets out- 
side the United States. The following ex- 

amples show how pervasive nation- or lan- 
guage-specific aspects of a computer design 
are and how Apple has minimized the 
changes needed. 

*Except for the word 'Apple" on the rear 
panel, the Macintosh has no English text 



(2b) 
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Hardware 
The main unit of the Macintosh 

consists of eight parts: two circuit 
boards, a cable to connect them, a 
metal chassis, a 31/2 -inch disk drive, 
a video -display tube with yoke, and 
a plastic front bezel and rear housing 
(see photos 3a and 3b). An external 

mouse and keyboard make for a total 
of 10 parts. The main unit takes up 
an amazingly small 10 -inch by 10- 

inch area (it is 131/2 inches high). 
True, the keyboard and mouse take 
up more area than that, but the foot- 
print of the main unit is considerably 
smaller than that of comparable com- 

puters. The Mac is also pleasantly 
compact and light; an entire Mac sys- 
tem in an optional padded satchel 
weighs 25.6 pounds (less than many 
transportable computers) and can be 
carried onto an airplane. 

Figure 2 shows a block diagram of 
the Macintosh hardware; for more 
details, see the "Macintosh System 
Architecture" text box. For now, let's 
look at the machine's major subas- 
semblies: 

Processor: The Macintosh uses a 
Motorola 68000 processor running at 
7.83 MHz. 

Video display: The Mac has a 
9 -inch monitor that displays a non - 
interlaced image at 60.15 Hz. The res- 
olution of the video image is 80 pixels 
per inch, so the overall screen is 512 
by 342 pixels. 

ROM: The Mac uses two 256K -bit 
ROMs configured as 64K bytes of 
memory. The ROM (read -only 
memory) contains most of the Mac's 
operating system and a "toolbox" of 
optimized 68000 user interface related 
routines (see the text box "The User 
Interface Toolbox" for more detail). 
The ROM is always accessed at full 
speed, 7.83 MHz. 

RAM: The Mac has 128K bytes of 
memory; at some point (Apple says 
by the end of 1984), this will be ex- 
pandable to 512K bytes (by substi- 
tuting 256K -bit dynamic RAM 
(random- access read /write memory) 
chips for the 64K -bit chips currently 
being used). The screen display uses 
21,888 bytes and is drawn using this 
memory and DMA (direct memory 
access) circuitry. Apple has an un- 

Text continued on page 39 

anywhere on the product or in the ROM. 
Each plug is labeled with a picture that 
identifies its function. 
The video- display rate of 60.15 Hz is gen- 
erated internally instead of being derived 
from the line current. This allows the Mac 
to be used without modification in coun- 
tries that have 50 -Hz line current. 
'Macintosh software has been designed so 
that all text messages, message layouts, 
and icons can be stored in a resource file, 
separate from the program itself. A de- 
signer can use a resource- editor program 
to change text (for example, to another lan- 
guage), icons, message layout, and the for- 

mats of time, dates, numbers, and curren- 
cy. With this method, the program itself 
does not have to be changed and recompiled 
to make these changes. 
The keys on the keyboard are defined by 
the software, thus allowing Apple to 

change the keyboard easily to accommodate 
the special characters needed by some lan- 
guages. In addition, Apple has designed 
the Mac so that two keyboards (differing 
in only one key) can be used for all ver- 
sions of the product; Apple customizes a 
keyboard for a given language by printing 
the necessary legends into the plastic keys. 

In addition, any Mac keyboard can produce 

the full Macintosh character set; the only 
advantage to having the keyboard for a cer- 
tain language is that the keyboard layout 
will be more appropriate for that language. 

With these innovations, the most time - 
consuming part of modifying the Macin- 
tosh for another country is translating and 
printing the documentation. Apple reports 
that it will be shipping the Macintosh to 

several foreign countries "within several 
months of the Mac's introduction." (Com- 
panies never seem to meet such deadlines, 
so expect foreign versions to be shipped be- 

fore the end of 1984.) 
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Figure 2: A block diagram of the Macintosh hardware. For more details, see the "Macintosh System Architecture" text box. 
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The User -Interface Toolbox 

The toolbox (which occupies two- thirds 
of the high -speed 64K byte ROM inside the 
Macintosh) includes optimized 68000 
machine- language routines that handle all 
aspects of the Macintosh user interface - 
things like windows, text, the mouse, pull - 
down menus, desk accessories, dialogue 
boxes, and fonts. The figure below shows 
the relative relationships among the dif- 
ferent units (or packages of routines). Here 
is a brief description of each unit, starting 
with the lowest -level unit and working up: 

Resource Manager: These routines 
coordinate the use of resources, which are 
data structures such as text strings, 
menus, and icon and font definitions. 
These resources are kept separate from the 
actual code of an application, which means 
that the resources of an application can be 

modified without forcing a recompilation 
(or modification) of the application pro- 
gram. The Resource Manager is usually 
called by higher units like the menu and 
font managers. 
Font Manager: This unit supports the 
use of various text fonts. It calls the 
resource manager when it needs to use a 

font not already in memory, and it is usual- 
ly called by the Quickdraw unit. 
Quickdraw: Quickdraw is a graphics 
package that is at the heart of both the Lisa 
and Macintosh computers. Bill Atkinson, 
its creator, worked for 31/2 years on the 
code, rewriting it many times and reduc- 
ing it from a 160K-byte compiled Pascal 
program to a 24K-byte package of highly 
optimized 68000 code. Atkinson, who was 
involved in the early design of the Lisa's 
user interface, designed and optimized 
Quickdraw for the Lisa computer; he later 
joined the Macintosh design team. Quick- 
draw is very fast for example, it can print 
to the screen more than 7000 characters per 
second. Two of its most interesting 
capabilities are its ability to fill in any ar- 
bitrary shape with a pattern and its abil- 
ity to "clip" an image to correspond to the 
boundaries of an arbitrary masking shape. 

The latter ability is needed to correctly 
display window contents when one win- 
dow overlaps others. The source code for 
Quickdraw is identical in both the Lisa and 
the Macintosh. 
Event Manager: All system events (e.g., 

keypresses and mouse button presses) are 
received and interpreted through this unit, 
which mediates between the application 
program and the outside world. 
Toolbox Utilities: These routines han- 
dle miscellaneous tasks that include string 
operations, fixed -point arithmetic, and bit - 
wise logical operations. 
Window Manager: Since all action on 

the Macintosh display occurs within win- 
dows, this is a very important unit that 
is used a lot. The Window Manager allows 
the application program to interact with 
windows on a high level while it takes care 
of the low -level details automatically. It 
allows you to create different kinds of boxes 

(document, dialogue, and alert boxes, for 
example), delete them, move them, change 
their size, and make an inactive window 
active and vice versa. The Window 
Manager ensures that the computer auto- 
matically redraws the necessary screen 
areas when some aspect of a window is 

changed. 
Control Manager: This unit controls 
the use of software buttons, check boxes, 

and dials, all of which can be called on to 

show and alter the status of certain 
variables. 
Menu Manager: Given a two- dimen- 
sional matrix of menu items (each column 
is a menu title followed by its selections), 
this unit controls the display and behavior 
of that matrix of pull -down menus. 
Text Edit: These routines control ele- 

mentary text entry and editing. Text Edit 
is designed with lots of software "hooks" 
so that you can modify its behavior but still 
use it. An external unit called Core Edit, 
which must be loaded into RAM, contains 
more sophisticated entry and editing 
routines; Core Edit can handle different 
fonts, sizes, and text styles. 

DESK MANAGER 

DIALOG MANAGER 

TEXT EDIT 

CONTROL MANAGER MENU MANAGER 

WINDOW MANAGER 

TOOLBOX UTILITIES 

OUICKDRAW EVENT MANAGER 

FONT MANAGER 

RESOURCE MANAGER 

Dialog Manager: Dialogue boxes are 
text boxes with several check boxes; usually, 
clicking the mouse button near a box selects 
it (and the action or condition associated 
with it) and unselects the previously 
checked box. An alert box (as in figure 1h) 

alerts you to a potentially dangerous situa- 
tion and forces you to click on one of two 
buttons, "Cancel" or "OK." The Dialog 
Manager handles the display of and user 
response to a dialogue or alert box. 

Desk Manager: This unit allows the 
application program to use the desk ac- 
cessories, which are resources that are 
called in from disk if they are not current- 
ly in memory. 

Applications can be written in Mac 
BASIC, Mac Pascal, or 68000 assembly 
language (usually one of the latter two). 
Both Mac Pascal and Mac BASIC are 
designed so that their keywords directly call 

most of the toolbox routines. Most applica- 
tions that use the routines are essentially 
an endlessly repeating loop that waits for 
an event, determines what kind of event 
it is, and then processes the event. 
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Macintosh System 
by Andy Hertzfeld 

The Macintosh is more than a power- 
ful, inexpensive 68000 -based desktop com- 

puter. It comes with a built -in personality 
provided by 64K bytes of handcrafted sys- 
tem software contained in two ROM chips 
on its digital board. Besides performing 
traditional operating -system functions such 
as memory and file management, the Mac- 
intosh ROM includes the revolutionary 
Quickdraw package and a User -Interface 
Toolbox to help programmers develop ap- 
plications that share a consistent, advanced 
user interface. 

The Macintosh ROM can be thought of 
as an extension to the 68000 instruction 
set, augmenting its 56 basic instructions 
with more than 480 new instructions 
designed for implementing fast mouse - 
based applications. It is implemented en- 
tirely in 68000 assembly- language code 
that has been handcrafted and optimized 
over a period of almost three years. We 

chose assembly language over a higher - 
level language because it was very impor- 
tant for the system to be small and fast. 
The Macintosh is intended to be a very 
high -volume product, and we could afford 
to lavish time and attention on every rou- 

Software Overview 

tine, making each one as efficient as pos- 
sible, knowing that our efforts would be 

multiplied by the millions of units that we 
will eventually ship. 

It is somewhat risky to put 64K bytes 
of intricate system software in ROM on a 
disk -based system, but we did it because 
we wanted the machine to have a built -in 
standard user interface. By using our 
ROM -based toolbox, a programmer saves 
development time and precious memory 
space; this provides a positive incentive for 
doing it our way. Also, the price per bit 
of ROM is significantly less than that of 
RAM, and not having the operating 
system load in from disk saves space on 
every disk you have. Application programs 
never reference the ROM directly; instead, 
they use compact "trap" instructions that 
are interpreted by the system dispatcher. 
This allows us to intercept any routine to 
fix the program bugs that will inevitably 
arise. 

The Mac's system software design phi- 
losophy emphasizes simplicity, flexibility, 
and high performance. We chose the single - 
application -at -a -time philosophy to help 
keep things relatively simple. The user- 

interface software is designed to be flexible 
because we are still learning how to make 

systems easier and more fun to use. 

Another reason for designing the software 
this way is that trying to live for years 
with what we thought was best at any 
given time would doom us to eventual 
failure. High performance is extremely im- 
portant in an interactive system; people 
won't enjoy using a system unless it is very 
responsive. 

About one -third of the ROM is devoted 
to what we call the Macintosh Operating 
System, which contains many components 
found in more traditional systems. It in- 
cludes the low -level device drivers and in- 
terrupt handlers, an asynchronous 1/O 
system, a memory manager, a simple, fast 
file system, a segment loader, and various 
utility routines. The I/O system supports 
swappable, RAM -based device drivers as 
well as its built -in serial, disk, and sound 
drivers. Most I/O and file -system calls can 
be made asynchronously, which allows an 
application to overlap I/O tasks with other 
tasks. The memory manager minimizes the 
fragmentation of available memory into 
small pieces by supporting relocatable ob- 
jects that are always accessed indirectly; 
the memory manager also provides an 
automatic caching scheme by optionally 

(3a) (3b) 

Photo 3: Inside the Macintosh computer. From the front (photo 3a), you can see the video display and the 31/2-inch disk drive. From the 
rear (photo 3b), you can see the two main circuit boards (right and bottom), the rear of the video- display tube, the 31/2-inch disk drive, and 
a row of connectors at the bottom of the unit. The connections go, from left to right, to the mouse, a second disk drive, two peripherals (these 
are two serial ports), and an external amplifier (for sound output). 
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purging objects as memory grows fuller. 
The file system ensures against loss of data 
by maintaining tags on every block; these 
allow the contents of a disk to be pieced back 
together even if the directory is destroyed. 

Another third of the ROM is occupied 
by Bill Atkinson's Quickdraw graphics 
package. Quickdraw, which is the corner- 
stone of Apple's "Lisa technology," is 
responsible for the Mac's extremely fast 
user interaction. It draws practically every- 
thing you see on the screen, including text 
(in a variety of typefaces and styles) and 
both filled and unfilled rectangles, lines, 
and ovals. It also is capable of representing 
arbitrary areas of the screen called regions 
in a very compact data structure. All 
Quickdraw calls are clipped to the intersec- 
tion of up to three regions, providing the 
fundamental capability necessary for over- 
lapping windows. Quickdraw also is cap- 
able of recording any sequence of procedure 
calls and saving them as a picture. Pic- 
tures provide an easy, powerful method for 
transferring graphics between applications. 

The final third of the Macintosh ROM 
is occupied by the User -Interface Toolbox, 

a collection of various managers and serv- 
ices intended to help a programmer develop 
applications that conform to the Macintosh 
standard user interface. Its principal coin- 

ponents are resources, windows, menus, 
controls, dialogues, and a text -editing 
package. The window, menu, and control 
managers contain little information on how 
individual windows, menus, or controls 
look or behave. Instead, this information 
is encapsulated in definition functions, 
which are kept as resources and swapped 
into memory as necessary to implement 
messages sent by the various managers. 
This provides a very flexible structure 
capable of evolving as we learn how to im- 
prove the user interface. 

Another important goal of the Macin- 
tosh system software is to facilitate the 
passing of data between applications. A 

scrap manager is provided to help ap- 
plications share data. It defines two data 
types that every application is requested to 

support (simple ASCII text and Quickdraw 
pictures) and lets applications define their 
own custom types. It provides routines for 
transferring data in and out of the scrap. 

As stated above, Macintosh supports 
only one application running at any given 
time. This restriction is mainly due to 
limited available memory. By making a few 
simple calls to the desk manager, an ap- 
plication may allow many useful mini - 
applications to run concurrently with 
itself. These small programs are called 

desk accessories and are capable of cut- 
ting and pasting data with each other as 
well as with the major application. We cur- 
rently provide five desk accessories (calcu- 
lator, clock, notepad, control panel for 
default system parameters, and scrapbook). 

By the spring of 1983, it became apparent 
that we would not be able to fit all the 
routines that we had hoped to into our 
64K -byte ROM space. We designed a facil- 
ity to allow some system code (in the 
system resource file) to be swapped in from 
disk to RAM when needed. We now use 
five such RAM -based packages, including 
a fully IEEE -standard floating -point 
numeric package, a standard file dialogue 
package, and an international string 
package that deals with various formats for 
date and time display. 

In summary, the 64K bytes of ROM - 
based firmware provide Macintosh with a 
unique personality and user interface, 
forming the foundation for the development 
of communicating applications that share 
a common user interface. The Macintosh 
firmware is very fast and flexible, and it 
will be exciting to see all the applications 
that develop from it in the years to come. 

Andy Hertzfeld is a member of the Apple 
Macintosh design team. 

Text continued from page 35: 

disclosed proprietary technique for 
phase- locking the 68000 to less ex- 
pensive memory, which lowers the 
product cost without sacrificing the 
speed of memory access. 

When the Mac is drawing a hori- 
zontal line of the video display, the 
68000 and the video DMA circuitry 
alternate (interleave) their accesses to 
the RAM address and data lines. 
Since these two can never access RAM 
simultaneously, the 68000 can never 
produce hashing or other glitches in 
the video display by accessing RAM 
at the wrong time. Because of this 
interleaving, the 68000 accesses RAM 
at 3.92 MHz, half of the full 7.83 MHz 
rate, during the display of a hori- 
zontal line of the screen. This is done 
in the following way: the DMA cir- 
cuitry puts a word from RAM into 
the video shift register; while the 
register is sending out those 16 bits 
serially to the screen, the 68000 uses 
RAM for its own purposes; then the 
cycle begins again with the DMA 
circuitry. 

When the video display is doing a 
horizontal or vertical retrace, how- 
ever, the 68000 gets exclusive use of 
the RAM at its full speed, 7.83 MHz. 
This has a significant effect on the 
average speed of RAM access. Out of 
the 45 µs (microseconds) for each 
horizontal display line, over 12 As 

(about 27 percent of the time) are oc- 
cupied by horizontal retrace. Of these 
12 µs, about 0.5 µs is used to send 
data to the sound and disk -speed cir- 
cuitry, while the rest is available to 
the 68000. Furthermore, out of the 
16.626 ms (milliseconds) used to draw 
each complete screen, 1.258 ms 
(about 7.6 percent of the time) are 
devoted to vertical retrace. Of this, 
about 14 As are used for sound and 
disk -speed control (representing the 
control work done at the end of the 
equivalent of 28 unused horizontal 
lines of video), leaving more than 
1.244 ms for the 68000 to access RAM 
at full speed. 

To summarize, the ROM is always 
accessed at 7.83 MHz, regardless of 

screen display. The RAM is accessed 
at 3.92 MHz during screen display 
and at 7.83 MHz otherwise. The 
average speed of the system is 
around 6 MHz. 

One memory area of interest is the 
sound buffer. Along with associated 
hardware, this buffer enables you to 
create four channels of arbitrary 
sound while using no more than 50 
percent of the 68000's computing 
power. The 68000 performs look -up 
operations every 44 As on up to four 
256 -byte waveform tables; the result 
of these lookups is placed in a 

370 -byte sound buffer, from which 
the sound hardware fetches 1 byte 
every 44 µs to deliver to an 8 -bit 
digital -to- analog circuit (DAC). An in- 
ternal VIA (versatile interface 
adapter) can also be used to generate 
a single square -wave tone while 
using an insignificant part of the 
68000's computing power. 

Mass storage: The Macintosh uses 
a custom version of the Sony 31/2-inch 
disk and drive (see photo 4). The 
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The Macintosh Memory Map 
The Macintosh memory map contains 

RAM, ROM, and I/O devices that com- 

municate with the 68000 through specified 

memory locations. When the Macintosh is 

turned on (i.e., at boot -up), the 64K-byte 

ROM maps into the first page of memory 

and is used to get the system started. After 
boot -up, the positions of RAM and ROM 
are changed so that the 128K byte block of 

RAM occupies the first two pages of 
memory (see figure below). 

The Phase Read area of memory is used 
to determine whether the computer's 
timing signals are correctly in phase with 
each other; this is usually done by ROM 
routines at boot -up. 

The VIA (versatile interface adapter) 
locations are used by the Macintosh's 6522 

VIA. This chip gives the Macintosh 
parallel input, output, and interrupt lines, 

shift registers, mouse information, and 
clocks. 

The IWM locations are used by the 
Macintosh's IWM (integrated Woz ma- 

chine), which controls all access to the in- 
ternal 31/2-inch disk drive and the optional 
external one. 

The SCC Read and SCC Write locations 
are used for several purposes. They allow 
the SCC (serial communications controller) 
chip to handle two serial ports at rates be- 

tween 30 and 230,400 bits per second. In 

ADDRESS (IN 
HEXADECIMAL) 

FF FFFF 

F8 0000 

FO 0000 
PHASE READ 

VIA 

I WM 

SCC WRITE 

SCC READ 

128 K RAM 

DUPLICATE ROM IMAGE 

64 K ROM 

DURING BOOT -UP 

E8 0000 
EO 0000 

DO 0000 

CO 0000 

BO 0000 

AO 0000 

90 0000 

62 0000 

60 0000 

41 0000 

40 0000 

02 0000 

01 0000 

00 0000 

PHASE READ 

VIA 

I WM 

SCC WRITE 

SCC READ 

64 K ROM 

128 K RAM 

addition, they allow the SCC to detect 

mouse motion (in conjunction with the 
VIA) and adjust the phase of the Macin- 
tosh timing signals. 

Most programmers will not need in- 
timate knowledge of the Macintosh 
memory map. The 64K -byte ROM contains 
sophisticated routines that take care of low - 

level processes like I /O, memory manage- 
ment, video display, and similar tasks. Ap- 

ple encourages the use of these routines; 
they mean less development time, con - 

fonnity to the standard Macintosh user in- 

terface, faster programs (ROM always runs 
at full speed), and more memory space for 
programs and disks. 

ADDRESS (IN 
HEXADECIMAL) 

DISK SPEED AND 
SOUND, PAGE 1 

(BOTTOM) 

VIDEO SCREEN. PAGE 1 

(TOP) 

USER SYSTEM 
MEMORY (80 K) 

HARDWARE EXCEPTION 
VECTORS 

AFTER BOOT -UP 

01 FFFF 
01 FFE3 

01 FD00 

01 FC7F 

01 A700 

00 0100 

00 0000 
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QUARK INTRODUCES 

CATALYSTTM I le. 

The Only Hard Disk 
Program Selector 
for the Apple IIe and 
Apple II Plus. 

*4.9 

A hard disk makes your Apple IIe or 64K sple 
II Plus even more powerful. And makes you even 
more productive. But you still have to load a new 
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grams. And the more programs you have, the more 
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management system, and so forth. Just boot Catalyst IIe 
when you turn on your machine, and you may not 
need to touch another floppy all day. 

44k 
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The convenient menu lists the programs you've 
stored on your hard disk, organized in any way you 
wish. You can automatically install virtually any 
programs which use Apple's new ProDOS operating 
system* Including software from Quark, Apple 
Computer and other leading manufacturers. 

Catalyst IIe is an affordable $149. So see your 
favorite dealer today for a complete demonstration. 
And while you're there, look into Quark's other of- 
fice automation tools for the Apple IIe and Apple III. 
Powerful programs that are easy to learn. And use. 
At prices that are as intelligent as the software. 

*Not compatible with programs written for DOS 3.3, Pascal, C P/M 
or any other Apple operating system. 

Quark, Catalyst and Word Juggler are trademarks of Quark 
Incorporated. Apple, ProDOS and ProFile are registered tract ks 
of Apple Computer, Inc. 

For the name of the Quark dealer nearest -T111. you, call 1 (800) 543 
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C011PORATIID 
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Photo 4: The Sony 31/2cinch disk is encased in a rigid plastic housing, and the oval window 
through which the magnetic medium is accessed is protected by a metal shutter that slides 
out of the way when the disk is inserted in the drive. These factors help protect the disk from 
casual use. 

drive can store 400K bytes on a 

single -sided 31/2 -inch disk; the Mac is 
designed to be able to use double - 
sided drives to get 800K bytes per 
disk, an option that Apple may pur- 
sue at a later date. The standard Sony 
31/2 -inch disk (used to date by Hew- 
lett- Packard and other vendors) puts 

70 tracks of data at 135 tpi (tracks per 
inch) onto each disk. At Apple's urg- 
ing, Sony now makes the drive in 
another model that has 80 tracks of 
data at 135 tpi. As a comparison, the 
Hewlett- Packard HP 150 uses the 
70 -track version and conventional 
sectoring to get 270K bytes per single - 
sided disk. 

Sharing Data among Programs 
Macintosh programs, if they are de- 

signed in accordance with Apple guide- 
lines, will be able to trade data among 
themselves without one program having 
to know anything about the nature of the 
others. This is done through use of a 

shared memory area called the clipboard 
and the standardization of the data that can 
be stored in it. 

The clipboard is a relocatable piece of 
memory that is not erased when a new pro- 
gram replaces an older one. It is used as 
follows: the first program copies data into 
the clipboard, the second program replaces 
the first with its own code and data, and 
the data in the clipboard is added to the 
data now in memory. The clipboard can 
contain a variable number of data items, 
though every item must be of a different 
type. Each data item consists of a four - 
character data -type identifier, a 32 -bit 
length (in bytes), and a stream of bytes that 

makes up the actual contents of the data 
item. 

Programs are free to implement their 
own data types. Apple has defined two - 
text and Quickdraw pictures -and en- 
courages every program to be able to read 
both and write at least one of these data 
types. Text is a simple ASCII string of 
characters without any information on the 
size, font, or position of the text. Quick - 
draw pictures are defined as a sequence of 
commands that can be understood by the 
Quickdraw routines. A Quickdraw picture 
can contain displayable text (which does 
include information on text size, font, and 
position on the screen), a sequence of 
elementary graphics commands that will 
recreate the image, or the image described 
as a stream of bits. These two data types 
provide a guaranteed means of communica- 
tion among Macintosh programs. 
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In addition to the change to 80 tpi, 
Apple contracted Sony to modify the 
drive in several other ways. Two 
changes allow the Sony drive to 
mimic the behavior of the Lisa 
"twiggy" drives (which were original- 
ly chosen for use in the Mac): disk 
ejection under software control and 
variable disk -rotation speed. The first 
change allows the Mac to ensure that 
a disk is correctly updated before it 
is surrendered to the user (that is, 
you can't take a disk out of the drive 
until the Mac software permits it). 
The second change enables the Mac 
to record onto the disk at a constant 
linear density (which means you can 
put more data on the outermost 
tracks), as opposed to the constant 
radial density approach most com- 
puters use (which puts the same 
amount of data on each track regard- 
less of position). 

The Macintosh's drive rotates 
under software control between 390 
and 600 rpm (revolutions per minute) 
and transfers data at the rate of 
489.6K bits per second (bits as re- 
corded on the disk, not decoded data 
bits). Most computers use a disk - 
controller chip instead of the pro- 
cessor to control the drive. The Mac 
(like the Apple II) uses its processor 
to directly control the drive. Because 
the Macintosh can control more disk - 
related parameters than the Apple II 

(the variable motor speed, for exam- 
ple), Macintosh owners will be 
treated to an even greater wealth of 
copy -protection schemes than Apple 
II owners enjoy. Also, the Macintosh 
drive uses modified group code record- 
ing to encode data onto the disk. This 
technique, invented by Steve Woz- 
niak for use with the Apple II, en- 
codes 6 bits of data into an eight - 
transition group that is recorded onto 
the disk surface. 

Keyboard: The keyboard has 58 
keys; the left Shift key is split on the 
international version of the Macin- 
tosh, giving it a total of 59 keys. The 
keyboard includes Return, Caps 
Lock, and Shift keys in their usual 
places, two Option keys, and a 
cloverleaf command key (see photo 
5). Combinations of the Shift, Caps 
Lock, and Option keys give each key 
up to six meanings; the command key 



acts as a modifier and is often used 
with a letter key as the keyboard sub- 
stitute for a mouse -selected menu 
item. The keyboard contains an 8021 
microprocessor and is connected to 
the main box by a four -wire bidirec- 
tional serial connection. The connec- 
tions on both ends use the same kind 
of square modular plug found in 
most telephones. 

Mouse: The Mac's one -button 
mechanical mouse, about the size of 
a pack of cigarettes, is essentially the 
same as the Lisa's; it differs only in 
the shape of the plastic housing. The 
mouse is used to position the cursor 
on the screen; when you slide the 
mouse over a horizontal surface, the 
cursor moves in the same direction 
on the screen. 

Serial bus: The Macintosh's serial 
bus is very important because it is the 
way that most future peripherals (ex- 
cept the second 31/2-inch disk drive 
and the keypad) will connect to the 
computer. The bus can run in two 
modes: with an external clock, it can 
transfer data at up to 1 megabit per 
second; with internal clocking (which 
embeds clock bits in the data stream 
itself), it can transfer data at up to 
230.4K bits per second. The latter 

scheme will be used to connect most 
peripherals, which need only a low 
to medium data -transfer rate, to the 
Macintosh in a passive daisy- chained 
line. This scheme implements what 
the Mac's designers call "virtual 
slots." 

Virtual slots have several advan- 
tages over conventional hardware 
peripheral slots. They reduce the 
potential problems inherent in any 
added mechanical connection (a 
serial interface connector has fewer 
pins than a typical interface board). 
They reduce RFI (radio -frequency in- 
terference) by keeping the main box 
leakproof and allowing easy, inex- 
pensive shielding of the serial line. 
By deciding that peripherals will 
supply their own power, the Macin- 
tosh designers were able to stream- 
line the power supply of the main 
box without worrying about the 
power needs of unspecified future 
peripherals. Finally, virtual slots 
eliminate the need of peripheral 
cards to insert themselves some- 
where in the computer's memory 
map; the unchanging memory map 
creates a known, unchanging system 
architecture that all software design- 
ers can be assured of, regardless of 

the peripherals connected. 
The virtual -slot scheme is both 

practical and elegant; it offers a 
simple, standard way to connect un- 
specified future peripherals. The 
230.4K bit -per- second data -transfer 
rate is high enough to meet the needs 
of most peripherals -printers, 
modems, plotters, music synthe- 
sizers, and so on. However, one class 
of add -on card will not work using 
this scheme: processor cards like the 
Microsoft Softcard, which allow a 
computer to run another processor's 
software. Such cards require full ac- 
cess to the data and address lines and 
will not work via a serial "virtual 
slot." As a result, despite some 
rumors to the contrary, the Macin- 
tosh will never use IBM PC- or MS- 
DOS -based software. 

Power supply: Apple designed two 
power supplies for the Macintosh. 
The first one uses a 60 -watt switch- 
ing power supply similar to one used 
in the Apple II family; it can operate 
on 85 to 135 V AC at either 50 or 60 
Hz. For technical reasons, use of this 
power supply would have delayed 
the introduction of the machine, so 
Apple designed and produced a 
simpler nonswitching power supply 
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Photo 5: The Macintosh keyboard. 
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(105 to 130 V AC, 60 Hz) for initial use 
in the first U.S. models of the Macin- 
tosh. The first switching power sup- 
ply will be used later in the year for 
the international model and possibly 
for the U.S. model. 

The supply was designed to drive 
two twiggy disks; when the design 
was changed to include two 31/z -inch 
disks instead, the supply had a 
sizable margin of unused power. 

System Software 
As stated before, the Macintosh 

contains 64K bytes of ROM accessed 

at 7.83 MHz. The ROM contains most 
of the Mac operating system and a set 
of optimized 68000 routines called 
the Macintosh User -Interface Tool- 
box. The operating- system software 
interacts at the lowest level with the 
hardware; it includes such things as 
device drivers and memory- and file - 
management routines. The toolbox 
contains various routines that let you 
manipulate windows, text, the 
mouse, pull -down menus, desk ac- 
cessories, dialogue boxes, fonts, and 
other aspects of the Mac user inter- 
face. These are high -level routines 

SEATTLE GIVES YOU 
AN EDGE IN 5 -100 
SYSTEM DESIGNS 
You can unlock new system capabilities with high -per- 
formance S -I00 boards from Seattle Computer. All are 
IEEE -696 compatible. But, for innovative systems that 
demand performance beyond the limits of conventional 
S -100 boards. you'll want to know more about these 
Seattle Computer products. For example, with our 
8 MHz 8086 CPU, you'll be able to build systems 
that run faster and consume less power than before. 
Take a closer look: 
8086 CPU Set: 8 MHz 8086 CPU CPU Support 
board includes a console serial port. a second serial 
port. Centronics parallel port. vectored interrupt 
controller, four I6 -bit timers and EPROM monitor 
for 8086 MS -DOS 2.0 plus development utilities 

8087 numeric coprocessor is optional 
Single Qty: $595.00 

64k Static RAM Fully static design makes inter- 
facing easy Compatible with a variety of CPU 
and DMA devices High -speed (85 ns) RAMs 
operate to 10 MHz with no wait states 16k , 

32k. and 48k OEM versions are available 
Single Qty: $495.00 (64k) 

Disk Mastery Controls as many as four 8" 
and four 5.25" floppy disk drives simulta- 
neously. in any combination Uses 1793 
disk controller chip Can be used with 
10 MHz CPUs Single Qty: $325.00 
Multi -Port Serial Card 2- and 4 -port ver- 
sions are available These RS -232 ports 
operate as either "data sets" or 
"data terminals" 36" cables included 

Single Qty: $280.00 (4 -port) 
$210.00 (2 -port) 

For the whole story on high- pertormance 
Seattle Computer S -100 hoards. call: 

1- 800 -426 -8936 
Dealer and OEM inquires are invited. 
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that perform the details of such com- 
plicated operations with minimum 
programming on the application de- 
signer's part. For example, the 
window -management routines take 
care of correctly redrawing the dis- 
play when a window is moved or 
changed. For more details, see the 
text box 'The User -Interface Toolbox:' 

The designers intend for you to ac- 
cess all ROM routines indirectly via 
the 68000 "line 1010 unimplemented" 
instructions, which receive their ad- 
dresses from a table in RAM; this 
table can be changed to point to other 
routines, thereby allowing future ver- 
sions of Mac software to patch the in- 
evitable bugs that will be found in the 
Mac ROM. Because the application 
drives the ROM routines (instead of 
the other way around), the Macin- 
tosh is an "open" system whose 
behavior is completely determined by 
the contents of the disk inserted into 
it -that is, software designers can use 
the ROM routines to create a "stan- 
dard" Macintosh application, or they 
can write their own code to create an 
application that behaves the way they 
want it to. 

Although the designers of the 
Macintosh have a general philosophy 
of allowing only one application pro- 
gram to be open at a time, they have 
included in the main menu a collec- 
tion of short, useful programs that 
can run without forcing you to end 
your current program. Apple calls 
these programs desk accessories. Many 
of the accessories are simply con- 
veniences -the clock accessory, for 
example, shows you the current date 
and time -but a very powerful ac- 
cessory is called the scrapbook. Or- 
dinarily, you can cut and paste data 
from one document to another by 
cutting the data into the clipboard, 
loading in the new document, and 
pasting in the data; this process 
would be tedious if you had several 
items of the same type to cut and 
paste. The scrapbook is a sequence 
of data items -text or graphics -that 
can be stored or recalled together, 
thus minimizing the number of 
document changes and allowing you 
to recall often -used data items easily. 
The scrapbook is actually imple- 
mented as a disk file; as a result, it 
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tends to be rather large. 
System software reacts to all pe- 

ripherals on an asynchronous basis - 
peripherals compete for the attention 
of the 68000 by sending it interrupts, 
which the 68000 services according to 
the level of the interrupt. This keeps 
the 68000 from being tied exclusively 
to a peripheral -for example, to the 
31/2-inch disk drive waiting to get up 
to its full speed -when it could be 
doing something more useful. The 
Mac's designers have managed to do 
this even with high -speed periph- 
erals that usually require the full at- 
tention of a processor. For example, 
disk and serial -port routines have 
been dovetailed to permit the use of 
both peripherals at the same time. 

Disk Reliability 
Reliability was one of the main 

reasons that Apple decided to use 
the 31/2cinch Sony disk drive instead 
of the 5% -inch twiggy drive. (A pro- 
jected shortage of twiggy drives was 
another reason.) Apple is expecting 
the Macintosh to be the first real 
consumer -oriented computer, and it 

sees the magnetic medium as being 
more likely to fail than the elec- 
tronics. The Sony 31/2-inch disk is bet- 
ter suited to the consumer environ- 
ment. The drive can hold an accept- 
able amount of storage per disk, and 
the small disk, with its rigid shell and 
normally closed access window, is 
less likely to suffer from bad handling 
than a conventional 51/4-inch floppy 
disk. In addition, the magnetic 
medium is connected to a steel hub 
that the drive mates with and rotates. 
This is an improvement over 51/4-inch 
floppy -disk drives, which clamp the 
Mylar edge of the center hole. The 
3'/2 -inch disk hub is needed to get ac- 
curate enough disk -head placement 
to make a data density of 135 tracks 
per inch possible. 

The data on the disk is encoded in 
a way that enables the Macintosh to 
recover from some disk medium or 
disk file errors. The file directory is 
duplicated in a normal disk file 
(which can be used if, for some 
reason, the directory is damaged). 
Also, each block of data on the disk 
includes a 12 -byte identifier that gives 

the file number, sequence -within -file 
number, and date /time stamp for the 
data in the rest of that block; this can 
be used in many situations to recover 
most or all of the data on the disk. 

Applications and Languages 
Neither application software nor a 

language is included in the basic 
Macintosh package. However, a two - 
program set will be available for $195; 

both programs require the recently 
introduced Imagewriter printer to 
print things out. The first program is 
Mac Paint, the drawing program we 
looked at earlier. Created in house at 
Apple, Mac Paint is limited to draw- 
ings that will fit on one 81- by 
11 -inch page. Mac Paint is unlike the 
Lisa drawing program (Lisa Draw) in 
that it manipulates the drawing on a 
bit -by -bit level (a Lisa Draw drawing 
is stored as a collection of elementary 
objects -circles, text, boxes, etc.). This 
representation makes some things, 
such as arbitrary erasures, easier on 
the Mac and other things, such as de- 
leting a single object within the draw- 
ing, harder. 

GET THE SAME VIDEO TRAINING 
THE PEOPLE AT SONY GET 

Now you can be trained by Sony even if you 
aren't employed by Sony. 

Because we're making our vast library of train- 
ing videotapes available to you. The very tapes that 
teach our own engineering, service and sales personnel. 

The tapes cover the products and concepts of 
video and its related technologies. You can learn the 
basics of video recording. Color systems. 
Digital video and electronics. Television 
production. And more. 

Plus you can learn how to service 
cameras,VTR's, and other video products. 
As professionally as Sony does. 

The tapes are pro- 
duced entirely by 
Sony and contain 
up -to- the -minute 
information. They 
communicate clear- 
ly and simply. And 
some of them are 
even programmed for 
interactive learning. 

And learning through video can be done at 
your own pace, in the convenience of your home, 
shop or school. Reviewing is quick and easy. And 
the tapes are always available for reference. 

Send for your catalog, which lists more than 
250 titles. In your choice of 3/4" or 1/2" formats. 

Write Sony Video Products Com- 
pany, Tape Production Services. 
700 W Artesia Boulevard, 
Compton, California 90220. 

Or call (213) 537 -4300. 
Of course, there's no 

obligation. Except the 
obligation you have to 

yourself: to find out 
about the best train- 
ing available in 
one of the country's 
fastest -growing, 
most lucrative fields. 
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DISCOVER THE DYSAN DIFFERENCE 

Dysan 
Software Duplication: 

It's your name on the package label. 
And your company's reputation on 
the line. Whether your program retails 
for $40.00 or $400.00, or is for com- 
pany internal distribution, the cost of 
duplicating it on diskettes is just a frac- 
tion of the value of your product. 
Doesn't it make sense to protect the 
time, money and talent invested in 
your software with the finest and most 
complete software duplication ser- 
vices available? 

Quality Software Deserves 
the Quality Media. 

Dysan's software duplication ser- 
vices are unsurpassed for fidelity of re- 
production. Not only is your program 
copied unerringly onto the finest me- 
dia made -the Dysan diskette -but 
it's also copied on proprietary equip- 
ment manufactured by Dysan, exclu- 
sively for Dysan. Plus Dysan offers yo 
the widest variety of support servic 
available -from software protectio 
serialization and packaging. 

r 

Isn't it time you discovered the 
Dysan difference? For more informa- 
tion on Dysan software duplication, fill 
out and return this coupon today, or 
call (800) 551 -9000. 

Dysan / CORPORATION Circle 403 on inquiry card. 

Dysan Software Duplication Division 
5201 Patrick Henry Drive 
Santa Clara, CA 95050 
(800) 551 -9000 
(408) 988 -3472 

Please send me more details on 
Dysan's Software Duplication Services. 
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Name: - 

Company. 

Address. 

City: State: Zip. 

Phone. ( ) 


