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How to buy a computer �
by the numbers. �

Introducing the Cromemco 
C-10 Personal Computer. 
Only $1785, including soft
ware, and you get more pro
fessional features and per
-Fn ... m".ln,....n fn.,. +hn n .... i,...n +h":ln 

personal computer that of
fers you more. 

But hardware can't work 
alone. That's why every C-10 
includes software-word 

technology is available in a 
personal computer. 

One last number. Call 
800 538-8157 x929 for the 
name of your nearest 
f"..-nmnmro.n. �~�n�"�.�l�l�n�.�.�- nv +n Yr 

CP/ MR IS. �r �e�g�1�~ �t �e �r �e �d� trademar k of 011!• al Resea rch. Inc 
All Cromernco prod ve ts are se rvrced by TRI'/ 

Cromemco �
Tomorrow's computers today 
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1/0 INTERFACES � COLOR GRAPHICS 

11·MBYTE EXTENSIVE 
COLOR FLOPPY DISK HARD DISK JOYSTICK SOFTWARE 

TER MI NAL PRINTERS MONITORS DRIVES DRIVE CONSOLE SUPPORT 

What Cromemco computer card �
capability can do for you �

The above diagram shows in a func
tional way one of the most complete 
lines of computer cards in the industry. 

Look it over carefully. It could be well 
worth your while. 

These are all cards that plug into our 
S-100 bus microcomputers. 

You can also assemble them into a 
custom system in convenient Cromemco 
card cages. 

MULTI-PROCESSING AND �
INTELLIGENT 1/0 �

The range of capabilities and versatility 
you can draw upon is enormous. 

In processors, for example, you have a 
choice of CPU's including our extremely 
useful new 1/0 Processor. This can be 
used as a satellite processor to do off-line 
processing, multi-processing, and to form 
intelligent 1/0. It opens the door to a 
whole new group of applications and 
tasks. Ask us about it. 

' 
HIGH RESOLUTION 
COLOR GRAPHICS 

Again, you can have beautiful high
resolution color graphics with our color 
graphics interface. You can select from 
over 4000 colors and have a picture with 
a resolution at least equal to quality 
broadcast-TV pictures. 

You have an unprecedented selection 
of memory including our unusual 48K 
and 16K two-port RAMs which allow 
high-speed color graphics. 

LOTS OF STORAGE 
These days you often want lots of disk 

storage. So you can select from our disk 
controller card which will operate our 5" 
and 8" floppy disk drives (up to 1.2 
megabytes). Or select our WDI interface 
to operate our 11-megabyte hard disk 
drives. 

POWERFUL SOFTWARE AND 
PERIPHERAL SUPPORT 

There's much more yet you can do 
with our cards. And, of course, there's an 
easy way to put them to work in our 8-, 
12-, and 21-slot card cages. Our PS8 
power supply makes it simple to get the 
system into operation. 

Finally, Cromemco offers you the 
�S�{�f�O�~�g�'�E�!�S�t� software Support in the industry 

with languages like FORTRAN, C, 
COBOL, ASSEMBLER, LISP, BASIC and 
others. There is also a wide choice from 
independent vendors. 

To top it all off, you can draw from a 
substantial array of peripherals: ter
minals, printers, color monitors !tnd disk 
drives. 

There is even more capability than 
we're able to describe here. 

NOW AT HALL-MARK �
AND KIERULFF �

For your convenience Cromemco 
products are now available at Hall-Mark 
Electronics and Kierulff Electronics. Con
tact these national distributors for im
mediate product delivery. 

CROMEMCOCOMPUTERCARDS 
• �PROCESSORS - 4 MHz Z-80 A CPU, single card 

computer, 1/0 processor • MEMORY - up to 64K 
including special 48K and 16K two-port RAMS and 
our very well known BYTESAVERS" with PROM 
programming capability • HIGH RESOLUTION 
COLOR GRAPHICS - our SDI offers up to 754 x 
482 pixel resolution. • GENERAL PURJ'OSE IN
TERFACES-QUADART four-channel serial com
munications, TU-ART two-channel parallel and 
two-channel serial, 8PIO 8-port parallel, 4PIO 
4-port isolated parallel, D+ 7A 7-channel D/Aand 
AID converter, printer interface, floppy disk con· 
trailer with RS-232 interface and system 
diagnostics, wire-wrap and extendercards for your 
development work. 

Cromemeo ™ 
n corpo el ed 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
Tomorrow's computers today 
Circle 128 on Inquiry �~�a�r�d�.� 
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Features 
26 Build the ECM-103, an Originate/Answer 

Modem by Steve Ciarcia I The Texas Instruments 
TMS99532 forms the heart of a Bell- I 03-compatible 
modem. 

34 The Enhanced VIC-20, Part 2: Adding a 
3K-Byte Memory Board by Joel Swank I Supplement the 
VIC-20's standard SK bytes of RAM and eliminate those 
annoying " out-of-memory" messages. 

44 A User's View of COMDEX by Jerry Pournelle I 
An impressionistic report of one of the largest gatherings of 
computer dealers and manufacturers. 

56 The Promise of Perpendicular Magnetic 
Recording by Clark E. Johnson Jr. I As the Japanese 
seem to have realized already, PMR represents the next 
level of recording technology. 

68 New Developments In Floppy Disks by Tom 
Moran I New advances in floppy-disk-drive technology 
spurs intense competition. 

86 Optical-Memory Media by Edward Rothchild I 
Some background on how optical disks work. who makes 
them, and how much data they can hold. 

11 0 Wiii Removable Hard Disks Replace the 
Floppy7 by Larry Sarisky I Improved data-storage 
technologies may eventually eliminate floppy disks. 

1 2 2 The Winchester Odyssey, From Manufacturer 
to User by Jim Toreson I A look at drives, OEMs. and the 
cost of doing business. 

130 Bulldlng a Hard-Disk Interface for an S-100 
Bus System, Part 1: Introduction by Andrew C. Cruce 
and Scott A. Alexander I The first in a series of articles on 
interfacing a Winchester disk drive to an S- I 00 bus CP/M 
microcomputer. 

1 5 2 NAPLPS: A New Standard for Text and 
Graphics, Part 2: Basic Features by Jim Fleming I How 
to encode text and simple graphics elements in a standard 
and efficient manner. 

218 User's Column: Sage In Bloom, Zeke II, CBIOS 
Traps, Language Debate Continues by Jerry Pournelle I 
The· consummate computer user tackles his new writing 
machine. 

262 A Faster Binary Search by Dr. L. E. Larson I An 
important technique results in faster-running applications 
programs and shorter response times. 

295 Data Collectlon with a Microcomputer by Dr. 
Mahlon G. Kelly I Using a TRS-BO Model I for environ
mental research saves time and money. 

310 Build This Memory, Part 1: How to Construct 
a Low-Cost Memory with 4116 Memory Devices by 
Cameron Spitzer I Take advantage of the low price of the 
4 I I 6-type memory. 

3 31 A Peek Into the IBM PC by Tim Field I An 
assembly-language program enables an Epson printer to 
display all 256 characters used by the IBM PC. 

389 Keywords In a Fuzzy Context by Thomas A. 
Smith I CBASIC programs for bibliographic search tell you 
the degree to which various articles meet your 
requirements. 

418 ROTERP: An Interpretive Language for Robot 
Control by Gary Liming I High-level languages may help 
bridge the gap between artificial intelligence and the home 
experimenter's robot. 

436 Using SOUND Arguments for High-Precision 
RTTY by Scott Persson I How to generate radioteletype 
audio frequencies from an Atari BOO. 

453 Binary-Format Number Storage on the Apple II 
Disk by David Eyes I A machine-language routine to read 
and write binary data to a text file. 
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In This Issue �
Sophisticated new operating systems and multitasking software promise to 

alter significantly the way we use personal computers . Because of the large 
memory requirements of the new software, we're sure to see changes for the 
better in the nature of external storage devices. New technologies for mass 
storage will become even more critical as the software revolution continues to 
escalate . As Robert Tinney's cover suggests, personal computers will need a 
large quantity of high-speed mass storage to hold all the software and other 
data that we'll generate . Our theme articles address the latest developments 
in mass storage. Clark E. Johnson Jr . discusses "The Promise of Perpendicular 
Magnetic Recording," Tom Moran looks at "New Developments in Floppy 
Disks," Edward Rothchild writes about "Optical-Memory Media," Larry 
Sarisky explores the question "Will Removable Hard Disks Replace the Flop
py?" Jim Toreson concentrates on "The Winchester Odyssey," and in the first 
of a three-part series Andrew C Cruce and Scott A. Alexander discuss 
"Building a Hard-Disk Interface for an S-100 Bus System ." Plus we have part 2 
of "NAPLPS, A New Standard for Text and Graphics," the second installment 
in the VIC-20 series, "Adding a 3K-Byte Memory Board," a review of MPIM II 
from Digital Research, and BYTE's Game Grid . Steve Ciarcia tells you how to 
"Build the ECM-103, an OriginatefAnswer Modem," and more. 
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The system builder's best choice 
for color graphics is a CS5000 
color system from SCION. Its basic 
component is �M�i�c�r�o�A�n�g�e�l�o�~� the 
single board graphics display 
computer that has revolutionized 
monochrome display capability 
with low cost 512x480 pixel 
graphics resolution and 40 line 
by 85 character text capacity. 
When MiaoAngelo boards are combined, they create 
high resolution color graphics that have a unique ad
vantage. The displayed image is a combination of 
transparencies. So you can add, modify or delete 
images by transparency rather than as an entire image. 
SCION's Series CS5000 builds an image with up to 8 bit 
planes, each generated by a MicroAngelo board. You 
select the assignment of those bit planes to transpar
encies. Eachtransparencycan display 2n-1 colors where 
n is the number ofbit planes it uses ... 2 bit planes would 
make a three color transparency, 8 bit planes would 

Your computer talks to the SCION 
Color System in �S�C�R�E�E�N�W�A�R�P�~� 
SCION's high level display firm
ware language. SCREENWARE 
commands are used by the com
puter in each MicroAngelo bit 
plane to generate graphics and 
text primitives. User interface is 
made simple with prompted sys
tem set-up using SCION's ColorPak. 

MicroAngelo based color graphics systems are easy to 
use. Just plug the boards into your Multibus or 5-100 
host. Or use the freestanding work station configuration 
with its RS-232 interface. In each case, you get high reso
lution color graphics for such a low price you can't 
afford to design your own. 

Think SCION for your graphics display needs. 
Think MicroAngelo. call us at (703) 476-6100. 

System shown is a Model CS5050S. �
·A trademark of Intel Corp. �

make a 255 color transparency. Once each transparency 
has been defined, your host can work with it inde
pendently, generating and modifying its graphics and 
text without interacting with the others. The indepen
dent transparencies are combined by the Color Mixer 
board which also assigns one of 16.8 million possible 
colors to each color of each transparency. 

SCICJN �
if the image is important. 

12310 Pinecrest Rd./Reston, VA 22091 
(703) 476-6100 . TWX: 710-833-0684 

For S-100 circle 476 on inquiry card, For Multibus circle 477 on inquiry card. 
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MILESTONE® 

As a project manager, you know 
the value of meticulous plan
ning. Oversights and miscalcu
lations can cost you crucial 
time and money. 
Milestone is a project manage
ment and time scheduling pro
gram. It is a powerful "critical 
path" program for planning and 
analyzing virtually any project, 
from a cost estimate for a con
struction project to a schedule 
for installing a computer sys
tem. The applications are unlim
ited. 
Milestone uses PERT, Perfor
mance Evaluation and Review 
Technique, and CPM, Critical 
Path Method, to plan a project, 
yet Milestone is one of the easi
est software packages to use. 

The Milestone user can change 
a variable and instantly Mile
stone will display the effect on 
the entire project. For instance, 
the estimated completion date 
of a particular time-crucial task 
may be changed. All schedul
ing, manpower costs and asso
ciated reports will be re-tabu
lated. 

TI ME IS MONEY. SAVE BOTH 
WITH MILESTONE. 

The price is $295. CP/M® and CP/M-86'" ver
sions require 64K and 128K RAM respec
tively. Manual alone is $30. 

For more information see your local compu
ter dealer or contact Digital Marketing 
directly. 

SOFTVlARE 
SOFTVlARE 
DIGITALMARKETING 
DIGITAL ML1RKETING'M 

DIGITAL MARKETING CORPORATION 
26 70 CHEi:lRY lANE • WALNUT CREEK • C ALIFORNIA • 94590 

( 415) 938·21HIO . Teltu 17-1852 ( OtGMICTG WNC K) 

0.019f 1nau111to1 lnvUecl O.Oleri outltc:Mo Colltomlo call 
( 501 ) �.�&�A�2 �- �~ 1n11C1e Ca"'om10 coll (4"1 �Q�J�& �·� �~�l�l�!�I�J� 

Milestone is a registered trademark of Organic �
Software. �
CP/M is a registered trademark of Digital Research. �
Inc . �
CP/M-86 is a trademark of Digital Research. Inc. �

Editorial �

The Software �
Revolution �

Where Will We Store �
All Those Programs? �

Phil Lemmons, West Coast Editor 

Two advances in hardware-the 16-bit microprocessor with its great 
memory-addressing range and the 64K-bit dynamic RAM (random-access, 
read/write memory)-have paved the way for a software revolution. The Lisa 
software from Apple, and soon the Visi On operating environment from 
Visicorp and a new generation of software from Microsoft, will transform the 
way we use computers and the way we think about our jobs. But just as hard
ware advances made possible a revolution in software, the exciting new soft
ware demands an improvement in hardware, specifically, in mass storage. The 
memory-intensive operating systems and integrated applications programs 
that are emerging today will make unprecedented demands on the mass 
storage of personal computers. Not only will personal computers need a lot of 
mass storage to run the new software effectively, they will also need high
speed mass storage that is faster than today's floppy disks. 

You might think that the current low prices of RAM would reduce the need 
for speed in mass storage. The computer could read the operating system and 
applications program from floppy disk into RAM once, at the beginning of a 
session, and thereafter execution would proceed at the lightning speed of RAM 
itself. But consider how big the new operating systems and applications pro
grams will be. Even if new personal computers have 256K bytes of RAM, they 
will not be able to accommodate at one time both a desktop-manager 
operating system and more than one sophisticated applications program. The 
resident portion of Lisa's operating system approaches a quarter of a 
megabyte, and its sophisticated applications programs are almost as large. 
Even though Lisa has a half megabyte of RAM as standard equipment, the 
operating system has to use virtual memory. Virtual memory means treating 
part of mass storage as if it is part of RAM. Since a major limiting factor in the 
speed of software that uses virtual memory is the speed of input/output of 
mass-storage devices, systems like Lisa will require high-speed mass storage 
for effective operation. Otherwise we will see computer users tapping their feet 
while waiting for their expensive personal computers to read in the next chunk 
of beautiful software. 

March 1983 © BYTE Publications Inc Circle 342 on Inquiry card.__. 6 





Edltorlal------------------------------------------------------------
Hard Disks for the Masses? 

The point of this argument is not to debunk the new 
software. On the contrary: the revolution in software can 
extend the power of computing to millions of people as 
well as making life more enjoyable for current microcom
puter users. If the software revolution is to make 
microcomputing a true mass phenomenon, however, 
there must first be a reduction in the price of high-speed 
mass-storage hardware. Lower prices for Winchester 
hard disks would be an ideal solution. Making hard disks 
standard equipment on 16-bit computers would help 
bring down the cost of the disk drive somewhat. And 
because hard disks operate up to 20 times faster than 
floppy disks, the delays required to read in software 
would cease to be a problem. In the office, hard disks will 
no doubt be the standard answer to the new software's 
need for high-speed mass storage. 

But hard disks are likely to remain too expensive to 
become standard equipment outside the office. Prices 
have plunged in the last three years, but hard-disk 
systems still cost at least $1500. More often the prices are 
closer to $2500. (See 'The Winchester Odyssey," page 
122, about why hard disks that cost $600 in quantity at 
the factory cost much more by the time they're integrated 
into hard-disk systems.) The mechanics required to rotate 
the disk at very high speed while the magnetic head floats 
microns above the disk are not simple and the manufac
turing process cannot get much less expensive. 

The only remaining area for significant cost savings in 
hard disks is the controller. Several companies are reduc
ing Winchester controllers to single chips or small chip 
sets. Western Digital Corporation has a series of Win
chester controller boards based on its own LSI (large
scale-integration) chips. The Western Digital WD1001 
board cost $245 last year. The WD1002 cost $195 at the 
end of 1982. The company plans to introduce the 
WD1003 at $175 this summer, and the WD1004 at $150 in 
the fall. In other words, Western Digital's advances can 
squeeze about $100 out of the cost of hard-disk systems 
by the end of the year. 

National Semiconductor will introduce a four-chip 
Winchester-disk controller this summer. The. DP8464 
disk pulse detector, the DP8460 MFM data separator, the 
DP8462 MFM data encoder, and the DP8466 disk data 
controller together make up a sophisticated, high
performance controller capable of handling multiuser 
and multitasking operations. Single-user systems will not 
require the entire chip set; in fact," the National Semicon
ductor chips needed for a hard-disk controller in a typical 
personal computer will cost less than $100. 

Adaptec, a start-up firm (1625 McCarthy Blvd., 
Milpitas, CA 95035), also is offering its own Winchester 
controller chip set and boards based on the chips. 
Adaptec's products are based on five chips in the 
ACS-500 series. The complete chip set required for high
performance, multiuser and multitasking systems costs 
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$190 in quantity. The Adaptec product of most interest to 
personal computer users is the single-chip controller 
called the Winchester Controller Chip. This chip costs 
only $75 in large quantities. NEC, too, has announced a 
single-chip Winchester controller at less than $100. 

As with the Western Digital boards, these other LSI 
controllers will reduce Winchester prices for single-user 
systems by about $100. That is a significant saving, but 
even a saving of $200 would probably not induce manu
facturers of personal computers to make Winchester 
disks standard equipment. Replacing one floppy disk 
with a Winchester disk would add at least $1000 to a 
computer's list price, and probably more. Manufacturers 
seem reluctant to raise list prices that much. And yet, 
keeping the hard disk optional prevents the kind of 
volume savings that would come with making the hard 
disk standard equipment. Thus, hard disks remain more 
expensive than they really have to be and add $1500 to 
$2500 to system costs. 

If hard disks will remain too expensive to host the soft
ware revolution in personal computers, where will we 
put the friendly new operating systems and applications 
programs? 

Solving a Read-Only Problem 
Businesses and individuals who need to write and read 

large amounts of data at high speed will have no choice 
but to use hard disks. But we don't need to write and 
rewrite the new operating systems and applications pro
grams; we only need to read them into RAM time and 
again every day and to update them on disk every few 
months. Most people's requirements for writing data are 
not so great as to require hard disks. Few of us generate 
enough data each day to overflow an ordinary floppy, 
much less the new high-capacity floppies (see "New 
Developments in Floppy Disks," page 68). 

Is an inexpensive form of ROM (read-only memory) on 
the horizon? NEC's new 1-megabit semiconductor ROMs 
are remarkable bargains at something more than $40 per 
megabit, but the real requirements of the new operating 
systems and a set of applications programs may approach 
a megabyte. That would require more than $320 worth of 
ROMs. Moreover, software updates and bug-fixes would 
pose major problems. Software houses, computer manu
facturers, and computer dealers could not be expected to 
swallow the cost of replacing the ROMs. Erasable and re
programmable ROMs and the equipment needed to pro
gram them would be prohibitively expensive. 

The Laser Card from Drexler 
Fortunately, a new form of read-only mass storage, the 

Drexon Laser Card (from Drexler Technology Corp., 
2557 Charleston Rd., Mountain View, CA 94043) is just 
coming to market (see photo 1). The size of a credit card, 
the Laser Card has a storage capacity of 2 megabytes. 
With 1 megabit or 125K bytes prerecorded, Laser Cards 
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DISCOVER TllE DYSAN DIFFERENCE 

pysan · . 
SoftwareDuplication: 

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 you 
the widest variety ofsupport services 
available-from software protection li 
serialization and packaging. 

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. 

Circle 159 on Inquiry card. 

r--------------------
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. 

Name: - --- --- - -----------

Company: ---- -------------

Address:------------------
City: _______ State: ____ Zip: ____ 

Phone: .._(___-'----------------



Edltorlal-------------------------------

Photo 1: The Drexon Laser Card. This card can store 2 million 
bytes of data. The small object resting on the card's recording 
stripe is the semiconductor diode laser required to write data on 
the stripe. Either a diode laser or a photodetector array can read 
the data. 

will cost about $1.50 each; with the full 2 megabytes en
coded, the cost will remain less than $6. At that price, the 
Laser Card will be less expensive to distribute than 
today's floppy disks. It will not present a barrier to fre
quent software updates. Indeed, software houses will be 
able to distribute updates in the same mass mailings that 
banks use to distribute new credit cards. 

The name Laser Card is somewhat frightening because 
lasers are expensive. But lasers are required only to write 
data on these cards; an array of inexpensive photode
tectors can read the data. In fact, the equipment required 
to read data from a Laser Card at a rate of 125K bytes per 
second will cost less than $100. The read rate has no in
trinsic limit. To increase the rate to that of hard disks, 
manufacturers can just add more of the inexpensive 
photodetectors to the array. The cost of laser writing 
equipment, estimated at about $500, will not deter com
puter manufacturers or software houses. For very high
volume high-speed writing operations, such as printing 
100,000 Laser Card copies of a piece of software, photo
lithographic processes will be more economical than 
lasers. 

New peripheral technology usually requires expensive 
redesign of existing equipment, but the Laser Card seems 
to escape that problem. The reading equipment is com
pact and will not require significant changes in the hous
ings of today's personal computers. The most conspicu
ous sign of the Laser Card's presence, in fact, will be a 
slot in the side or the front of the computer. The size of 
the slot is like that found on automatic teller machines. 

The Laser Card has another feature that will appeal to 
software houses and program authors: every vendor can 
encode optical data at a different level of reflectivity. For 
this and other reasons, software piracy will be more dif
ficult with Laser Cards than it is with magnetic storage. 

One of the features that will appeal most to manufac
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turers and computer users is that Laser Cards do not wear 
out as floppy disks do; in fact, Laser Cards show no signs 
of wear at all. Futhermore, Drexon coatings-the record
ing material used on the Laser Cards-are resistant to 
damage from bending and are invulnerable to magnetic 
hazards. (For more information about the Laser Card and 
the nature of its recording medium, see "Optical Memory 
Media," page 86.) The reading equipment itself is ex
pected to require much less maintenance than a floppy
disk drive does. 

To encourage use of the Laser Card, Drexler is licens
ing the technology needed to read and write the cards. 
For a one-time fee, companies can purchase information 
on read/write equipment design, gain the use of patents 
for read/write equipment without paying royalties, and 
acquire the right to distribute Laser Cards to end users. 
Toshiba is the first announced licensee. Others may be 
announced by the cover date of this issue. Drexler intends 
to be the principal supplier of the cards but will license a 
second manufacturer. Drexler is now capable of making 
100,000 cards per day. 

The Laser Card has many possible applications besides 
the one that now looks most important: serving as the 
read-only medium for large operating systems and appli
cations programs that comprise the software revolution. 
Dictionaries and other large reference books could be en
coded compactly, especially when the Laser Card's ca
pacity goes up to 10 megabytes, as Drexler expects. The 
compactness and reliability of the card and the reading 
equipment also seem to suit the Laser Card ideally for use 
in portable computers. When computer users leave their 
home or office, they will not have to leave behind the 
software to which they're sure to become addicted. With 
all the software in a Laser Card, the need for read/ 
write/rewrite data storage in the portable computer may 
be reduced to a single microfloppy disk or bubble-mem
ory cartridge. While Laser Cards will find many uses in 
the office, they are likely to coexist there with hard disks 
and floppy disks. The read/write capabilities of magnetic 
storage will remain indispensable for most business ap
plications. 

The coming availability of inexpensive 10-megabyte 
read-only mass storage, in the form of the Laser Card, 
will no doubt broaden the application of the microcom
puter in ways unforeseen. One of the delights of watching 
the microcomputer industry is that each round of pro
gress feeds on the next in a combination of synergism and 
serendipity. Just as 16-bit microprocessors and 64K-bit (8 
of these chips make up 64K bytes) RAMs made possible 
today's software revolution, and the software revolution · 
demands new mass-storage technology and finds the 
Laser Card ready, so this new mass-storage technology 
will feed the software revolution. What software will this 
new technology make possible? What new hardware will 
that new software demand? Something is bound to turn 
up.• 

Circle 224 on Inquiry card . .._. 





Microstuff -S 
CROSSTALK 

$119 

ASHTON TATE 
dBASE II. ......... . . .. .... . .. . $529.00 
BOTTOM LINE STRATEGIST .. . ... 279.00 

C.ITOH 
PROWRITER PARALLEL ..... .. . $489.00 
PROWRITER SERIAL.. . .. .... .... 639.00 
F-10 55 .. . ..... . . ... ... . ... .. . 1799.00 
F-10 PARALLEL .... . . .. ...... . 1399.00 
F-10 SERIAL .......... .. ...... 1449.00 
GRAPPLER INTERFACE .. .. ...... 140.50 
PROWRITER II ...... . .. ... ...... 789.00 
TRACTOR FOR F10 . . .. . ........ . 229.00 

CALIFORNIA COMPUTER SYSTEMS 
ASYNCHRONOUS INTERFACE . . $129.00 
SYNCHRONOUS INTERFACE .. .. . 149.00 
CALENDAR CLOCK . ... . ...... . .. 105.00 
RS232 INTERFACE . .. . .......... 124.00 
PROGRAMMABLE TIMER IFOR APPLE! 99.00 

COMSHARE TARGET MARKETING 
PLANNER CALC.. . .. . .... . ... .. . $79.00 
TARGET FINANCIAL MODELING .. 249.00 

CONTINENTAL SOFTWARE 
HOME ACCOUNTANT FOR APPLE $69.00 
HOME ACCOUNTANT FOR IBM .. . 129.00 

DICTRONICS, INC. 
RANDOM HS. ELE. THESAURUS. $129.00 
PROOF READER.... ... .. . . ....•. . 50.00 

EAGLE 
MONEY DECISIONS . . . . . . ... ... $119.00 

FORCE II 
MATH* .... .. . . . . ....... . . ... . . $99.00 

FOX & GELLER 
dUTIL . . .. ..... ... ... . ... .. .. . .. $68.00 
OUICKSCREEN FOR dBASE II . . ... 129.00 
OUICKCODE FOR dBASE II .... ... 249.00 

INTEGRAL DATA SYSTEMS 
IDS MICROPRISM 480 PRINTER . $599.00 
IDS PRISM 132 PRINTER . . . .. .. 1199.00 
IDS PRISM 80 PRINTER.... . .... . 879.00 

INTERACTIVE STRUCTURES 
PKASSO . .. . .... . .. . .. .. .. . .... 145.00 

INNOVATIVE SOFTWARE, INC. 
TIM Ill .... . .. .. . . . .. .. . . . . . ... $369.00 
GRAPHMAGIC . .. .. . .... ....... .. 69.00 
MATHEMAGIC . .. . . .. ... . . ... .... 79.00 

INFORMATION UNLIMITED SYSTEMS 
EASYFILER . . ......... . .. . ... . . $349.00 
EASYSPELLER ..... . .... . . .. .... 159.00 
EASYWRITER II . . ........ ....... 279.00 

MAXELL 
FD-1 or FH·1·32 8" SINGLE SIDED•••• $41.50 
FD-2 8" DOUBLE SIDED • • • • ••• • ••••••• 48.95 
MD-1 or MH-1 SW' SINGLE SIDED •••• 31.25 
MD-2 or MH·2 51/.i" DOUBLE SIDED • • • 47.10 

MICRO PRO 
CALCSTAR . .......... . ....... . . $99.00 
DATASTAR . ...... . .. . ...... . . . . 194.00 
DATASTAR.. . .. . .... . ... . .. . . . . 199.00 
MAILMERGE . . .. .. .. .... .. .. ... 139.00 
SPELLSTAR .... . ... . ........... 174.00 
SUPERSORT I....... . ...... . . . . . 174.00 
SUPERSORT II .. ....... . .... . ... 174.00 
WORDSTAR . .... .. . .. . .. . . . .. .. 279.00 
WORDSTAR/MAILMERGE . .... .. 369.00 
WORDSTAR TRAINING GUIDE ..... 11.25 

MICROSOFT 
128K RAM FOR IBM PC . . . . . .. . $599.00 
ALDS . .... . .... . ... . ... . ....... 105.00 
BASIC 80 COMPILER . ........... 299.00 
BASIC SO.INTERPRETER ......... 279.00 
BASIC COMPILER FOR APPLE II .. 315.00 
128K RAMCARD .... . .... . .... . . 599.00 
192K RAMCARD . . .... .. ..... . .. 699.00 
256K RAMCARD . . . . . . . . . . . ... .. 799.00 
64K RAMCARD ....... . ......... 399.00 
64K RAMCHIPS .. .. . . . .. . . . .. .. . 175.00 
TIME MANAGER . .. . . ....... . ... 119.00 
TYPING TUTOR . ... . .......... . .. 23.00 
MICROSOFT 280 PREMIUM PACK 619.75 
MICROSOFT 280 SOFTCARD ... . . 279.00 
muLISP/muSTAR . . ... ..... .... 169.00 
MULTI PLAN . . . . .. . .. ... . .. . .... 229.00 
muSIMP/muMATH ............ 199.00 
TASC APPLESOFT COMPILER .. .. 149.00 

NORTH AMERICAN BUSINESS SYSTEMS 
THE ANSWER ..... . . .. ... .. . . . $249.00 

NEC 
NEC3550LOP . . . . ... ........ $2149.00 

OASIS 
WORDPLUS ........ . . . ..... . .. $149.00 

PEACHTREE 
ACCOUNTS PAYABLE ......... . $375.00 
ACCOUNTS RECEIVABLE ...... .. 375.00 
GENERAL LEDGER .. ... . ... . .... 375.00 
INVENTORY . .. .. ... . . .. ........ 375.00 
PAYROLL . .. . ........... . ...... 187.50 
SALES INVOICING............... 375.00 

PERFECT SOFTWARE 
PERFECT CALC .. . .......... . .. $139.00 
PERFECT FILER . .... . . . . .. . . . . .. 279.00 
PERFECT SPELLER .. . ..... .. . ... 139.00 
PERFECT WRITER......... . .. . . . 239.00 

OUA DRAM 
128K MEMORY EXPANSION .. . . $380.00 
192K MEMORY EXPANSION .... . 475.00 
64K MEMORY EXPANSION .. . ... 280.00 
64K MEMORY UPGRADE ........ 129.00 
DUAL PORT EXPANSION KIT . . .. . . 49.00 
MICROFA2ERS ALL MODELS... . . . . CALLI 
MICROFA2ER POWER SUPPLY . .. . 17.00 
OUADBOARD 64K ... . ... ...... . 499.00 
OUADBOARD 128K .. . ...... . ... 649.00 
OUADBOARD 192K ............ . 749.00 
OUADBOARD 256K .... . . .. . . . .. 829.00 

Micropro 's 
INFOSTAR 

$279 

RANA 
CONTROLLER FOR ELITE I .. . .... . $99.00 
RANA ELITE I .. . ........ . ...... . 379.00 
RANA ELITE II . . .... . ........... 559.00 
RANA ELITE Ill. .. . . . . .. . . .. . . . . . 729.00 

SMITH-CORONA 
SMITH-CORONA TP-1 .... . . . ... $599.00 

SORCIM 
PASCAL M . .. . .. . . . .... . ... . .. $131 .25 
SUPERCALC BY SORCIM ....... . . 209.00 
SPELLGUARD • ... .......... . . . .. 189.00 

SUPERSOFT 
ADA...... . .. .. .... . ... . ...... $269.00 
DIAGNOSTICS I .. . .. .... .. .. .. ... 65.50 
DIAGNOSTICS II ........ . . .. .... . . 84.00 
DISK DOCTOR BY SUPERSOFT .. . .. 84.00 
FORTRAN . . .. .. . . . . ..... . ...... 279.00 
PESONALDATABASE . ......... .. 99.00 
SCRATCH PAD .. ......... . . . .... 259.00 
STACKWORKSFORTH ....... .. .. 149.00 
STATSGRAPHS . . .. .... . .. . ..... 169.00 
C COMPILER .......... . ... . .. . .. 175.00 
SSS FORTRAN IV . ......... ... ... 218.75 
SUPER M LIST..... . ... . ... . . .. . .. 65.00 
TERM I. .... . .. .. .. .... . . .. . .... 131.00 
TERM II .............. . . .. ...... 150.00 
TEXT FORMATTING .. ... . . .. ... . . 75.00 
UTILITIES I . UTILITIES II ... . ..... 52.50 

SORENTO VALLEY ASSOCIATES 
8" FLOPPY SYSTEM 11 MEG> .. $1995.00 
8" FLOPPY SYSTEM 12 MEG!.... 2599.00 
10 MEG WINC. FOR APPLE .. ... 3399.00 
128K RAM BOARD ........ . . .. . . 649.00 
192K RAM BOARD ........ .. ... . 845.00 
256K RAM BOARD .. . .. . ..... . .. 949.00 

T /MAKER COMPANY 
TI MAKER Ill .............•.... $249.00 

VIDEX 
ENHANCER II . . ............... $119.00 
VIDEX KEYBOARD ENHANCER .. . 105.00 
VIDEX VIDEOTERM FOR APPLE II. 299.00 

VISICORP 
DESKTOP PLAN APPLE II . . . ... . $184.00 
DESKTOP PLAN IBM . . .......... 228.00 
VISICALC... . . . . . . . . .. ... . ...... 184.00 
VISICALC ADVANCED VERSION .. 339.00 
VISICALC BUSINESS FORECASTING 89.00 
VISIDEX .. . . . ..... . .. . .. . ...... 184.00 
VISIFILE APPLE II ............. . . 184.00 
VISIFILE IBM . .... . . .. .. .. . .. .. . 228.00 
VISILINK .. . .. . ... . .. .. . ... .... . 184.00 
VISIPACK . . . • .. . ... . . .. ........ 619.00 
VISIPLOT FOR APPLE ..... . ..... 159.00 
VISISCHEDULE . . . .. .... . .. . . ... 228.00 
VISITERM . . .......... ... ... .. ... 80.00 
VISITREND/VISIPLOT ..... . ..... 228.00 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































