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foot-note, n. 1. a note or 
comment at the end of a 
page, referring to a specific 
part of the text on the page. 
2. an essential program for 
the serious WordStar user. 

FOOTNOTE™ brings full foot­
noting capabilities to WordStar™. 

FOOTNOTE automatically num­
bers both footnote calls and foot­
notes, and formats the text , 
placing footnotes on the bottom 
of the correct page. At the user's 
option, the footnotes can also be 
removed from the text file to a 
separate note file . 

Footnotes can be entered singly 
or in groups, in the middle or at 
the end of paragraphs, or in a 
completely separate note file. After 
running FOOTNOTE the user can 
re-edit the text, add or delete 
notes, and run FOOTNOTE again 
to re-number and re-format the 
WordStar file. 

The price is $125., and includes 
PAIR, a companion program that 
checks that printer commands 
to underline or set in BOLDFACE, 
are properly terminated. FOOT­
NOTE and PAIR require CP/M™, 
WordStar, 48K RAM and a Z80 or 
8080/85 computer. 

SOFTWARE 
SOFTWARE 
DIGITAL M4RKETING 
DIGITALMARKETI NG'M 

2670 Cherry Lane • Walnut Creek • CA 94596 

. (415) 938-2880 
Telex #17-1852 (DIGMKTG WNCK) 

Products of 

PROITEMT.M. 

FOOTNOTE and PAIR trademarks of PRO/TEM Sot!ware. Inc 
WordStar trademark of Micropro lnt'I 
CP/M trademark of Digital Research 
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Editorial 

Of IBM, 
Operating Systellls, 
and Rosetta Stones 

by Chris Morgan, Editor in Chief 

The story behind the creation of the IBM Personal Computer is as 
interesting as the machine itself. In this issue Gregg Williams discusses in great 
detail IBM's most recent offering to the microcomputer field (see "A Closer 
Look at the IBM Personal Computer," page 36) . In this editorial I'll tell you 
the story of its development, talk about the machine's operating system, and 
discuss the possibility of establishing a standard for operating systems. 

Breaking the Speed Barrier 
As IBM watchers know, it usually takes about five years from the time a 

project at IBM is conceived to the first shipments of the completed product. 
This is typical for complex computer projects at large companies. Amazingly, 
the total time for the IBM Personal Computer project was about 13 months. 
How did this happen? 

One answer is that IBM limited the number of in-house innovations. Instead 
it used existing hardware and software components from outside vendors-a 
departure for the normally vertically integrated giant . Imagine how bizarre an 
Intel-manufactured processor would have seemed in an IBM product of, say, 
five years ago. 

Another factor in IBM's speed is that the company gave its design team a 
wide latitude and a great deal of autonomy. The rest of the company left the 
designers, based in Boca Raton, Florida, alone to do their job, although IBM's 
quality-assurance group did keep a close eye on the software chosen for the 
machine. 

One of the most interesting aspects of the Personal Computer is that its 
design team included many computer hobbyists and "hackers" -people who 
owned and were familiar with existing microcomputers. And the IBM machine 
reflects their experience. I'm glad they avoided many design mistakes of the 
past. The keyboard alone is one of the best I've seen, though I wish the shift 
keys were more conventionally positioned. (Oh well.) 

Operating Systems 
IBM has decided to let the marketplace determine which of its three 

operating systems will become dominant (if any). Thus, you can get UCSD 
Pascal, CP/M-86, or the IBM Personal Computer operating system from 
Microsoft. You can have all three if you want; it's a nice choice. 

I'm particularly excited about Microsoft's approach to the IBM Personal 
Computer. As you may know, Microsoft recently introduced Xenix, its 
superset of Unix, Western Electric's popular multiuser operating system for 
small- and medium-sized computers. It turns out that Xenix is at the top of a 
pyramid of upward-compatible operating systems to be made available by 
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MODEMS 
All Modems connect to any 

RS232 Computer or Terminal! 

1200 Baud end 300 Beud-Bell 212A 
Style. Penrif 30011200 . . ... . ...... $799 
Originate/answer/auto-answer. Full duplex, 
RS232. Phone line connection via standard 
phone jack . 1 yr. warranty. 
Auto-dial option .... . ...... . . . . . .. . . $350 
300 Baud. Phone Link .. ... . . . .. . $129 
Originate/answer. Sleek, low profi le. 15 ozs. 
Half/full duplex. Self test. RS232. Light displays 
for On Carrier, Test, Send & Receive Data. 1 yr. 
warranty. 
300 Baud. USR-330D ... . ..... . ... $249 
Originate/answer/auto-answer. Phone line con ­
nection via standard jack. 1 yr . warranty. 
300 Baud. USR-330A . ... .. . . ..... $299 
Same as USR-3300 PLUS Auto-Dial Call for 
quote and technical information on higher speed 
modems and multiplexors. 

Printing Terminals 
The new generation of printing terminals 

from General Electric. 
30/60 CPS. GE Terminet 2030 .. . . . $999 
110/300/60/1200 Baud. User selectable lines per 
inch and chars . per inch. True descenders and 
underlining Up to 217 cols per line . Top of form. 
vert. and hor. tabs. Friction feed std., tractor 
feed opt. Answerback. 1 yr. warranty on parts. 
Nationwide servicing . Extremely compact. 15 in . 
paper Only 22 lbs. SUPERIOR TO DEC LA34AA 
at lower cost. 
1201150 CPS. 
GE Terminet 2120 ..... . . ... . . .. $1,799 
Housed in same compact package as the 2030 
with all the features of the 2030 PLUS 150 char . 
per . sec. print rate . 
Slash Your Connect Time end Printer 
Deley Time 
Text Editor For GE2030 & 2120 .... $799 
Includes 32K buffer inside terminal for data 
receipt and transmission at up to 9600 baud. 
Also Available Receive only/Printer only ver­
sions of GE2030 & 2120 . 
Letter Quality. NEC 7720 
KSR with keyboard .... . . . . . ... $2,695 
55 CPS . RS232 and Centronics parallel. Inter­
changeable print thimbles for a wide variety of 
perfect. letter quality output. 
Teletype 43 KSR with RS232 
cable . ... . . . .. .... . .... .. .. .. .. $1,149 
DEC LA34AA ..... . . . .......... $1,099 

CRTs 
ADDS Viewpoint . .... . . .. . .. . .. . . $619 
Detachable keyboard. Numeric keypad. Tillable 
screen. Cursor control keys. Function keys. 
Auto-repeat on all keys. 110 to 19.200 baud. 
Transparent mode. Printer Port. Compact , 20 
lbs . Visual attributes . 
DEC VT101-NEW from DEC ... . $1,299 
Identical to standard VT100. Detachable 
keyboard. Separate numeric keypad. Bidirec­
tional smooth scrolling . Spl it screen. Key click . 
80 Cols or 132 cols per line . 
DEC VT131-NEW from DEC . . .. $1,699 
Same as VT101 plus advanced video option for 
enhanced screen programming and printer port. 
Perkin-Elmer 550B .. ......... . ... $728 
Perkin-Elmer 1251 .............. $1,599 
Televideo 950 ............ . ...... $999 

Printers 
OKIDATA Mircroline 82A. 120 CPS. 
801132 Columns per line . . .... . .. $619 
User selectable char. Sizes. Top-of-form bi­
directional. Short line seeking print techniques 
for greater throughput. RS232 & Centronics 
parallel interfaces. 
Letter Quality, NEC 7710 RO ... . $2,395 
Same features as the 7720KSR listed above but 
without keyboard. 

203 N WABASH SALES C312l 346-5650 
SUITE 1718 G ENERAL OFFICES C312J 346- 5651 
CHICAGO. ILL 60601 SERVICE 1312 l 733-0497 
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Edltorlal ____________ _ 

The Battle 
Who's going to win the 16-bit operating system 

sweepstakes? My guess is that there'll be no clear winner 
for several years; maybe never. Competing software and 
languages tend to coexist in our field, and this situation is 
no exception. IBM has set the tone by making both 
CP/M-86 and MSDOS available for its machine. Yet 
when I look at the mistakes made in the 8-bit world, I 
hope a standard will emerge. 

A New "Rosetta Stone" 
In 1799 the Rosetta stone was discovered in Egypt. It 

contained the same message inscribed in three different 
languages: Greek, Demotic, and Egyptian hieroglyphics. 
Using the familiar texts of the Greek and Demotic, scien­
tists were able to painstakingly translate Egyptian 
hieroglyphics for the first time-a triumph of scholarship 
that would have been virtually impossible without the 
decoding stone. 

But translating is a slow, arduous job. Creative soft­
ware designers waste a lot of time customizing their pro­
grams for different machines. Today, we need an entire 
set of "Rosetta stones," translating tools to disseminate 
software for all of the popular machines. But these tools 
have become more like a set of millstones around our 
necks. 

We need a new approach to operating systems to cure 
the ills that still beset us from the footloose days of 8-bit 
machines. A standard 16-bit operating system is still the 
best way out of the linguistic woods.• 

Need help? 
Call us. 
Want to help? 
Call us. 

+Red Cross is 
counting on you. 



8·100 Fast·Aid. 
Including 3 new boards for system design relief. 
TheMB64. 
An economical, high­
performance 64K static 
RAM memory. 
Just what the doctor ordered. 
A new 64K static RAM con­
figured as two 32K blocks that's 
fast (in excess of 6MHz), reliable 
and economical. The MB64 sup­
ports IEEE 696/S-100 24-bit ex­
tended addressing for up to 
16MB of RAM . Bank switching 
permits compatibility with popu­
lar multi-user computer systems 
(such as CROMIX*). Up to 8K 
can be replaced with 2716 
EPROMs. The MB64 offers low 
power consumption (typically less 
than 600 milliamps). And a pro­
vision for optional battery 
backup. 
(The MB64 is priced at less than 
$850.) 
•CKOMIX is a trademark or Cromcmco, Inc 

The 108. 
An 1/0 board featuring eight 
serial interfaces, individually 
programmable baud rates, and 
an interrupt clock. 
Give your system fast-aid-in­
cluding easier testing and 
speedier diagnosis-with SSM's 
new 108. This board features 
eight asynchronous serial RS-232 
1/0 ports with LED data trans­
fer indicators. Individually pro­
grammable 1/0 port baud rates 
(110-19,200) meet all your 
specific configuration require­
ments. A timer (50/60 Hz) sup­
ports real-time or multi-user 
applications. 

And all our Fast-Aid boards 
offer: 
• Card ejectors for painless card 

removal. 
• LEDs for easy troubleshooting 

and monitoring. 
• IEEE 696/S-100 compatibility. 

The 105. 
A two-serial/three-parallel 1/0 
board with programmable 
timer. 
The perfect remedy for fast sys­
tem integration, more precise 
diagnosis, and far healthier sys­
tem operation. The 105 features 
two RS-232 asynchronous serial 
interfaces for maximum peri­
pheral compatibility. The board 
supports a variety of devices with 
high-speed serial data transmis­
sion (110-1°9,200 baud). Three 
parallel ports, · providing a total 
of 32 bits, support various 110 
configurations: a 16-bit software 
programmable bi-directional in­
terface, and two 8-bit interfaces. 
One 8-bit interface supports 
direct connection to Centronics­
compatible printers. The other 
provides 8 bits of parallel input 
for such devices as keyboards. 
The 105 also offers a software­
programmable timer for real-time 
or multi-user applications. 

For more details about these new 
boards, or any of SSM's S-100 
compatible boards (including var­
ious CPU, EPROM, video and 
development boards), just call 
your local dealer or SSM today. 

SSM Microcomputer Products, Inc . · 
2190 Paragon Drive 
San Jose, CA 95131 
(408) 946-7400 Telex: 171171 
TWX: 910-338-2077 
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... Arm Yotrrself With Pascal/MT+® 

Linker: 
Combines relocatable modules Into executable files • Can generate Hex format for use 

wrth PROM programming. 
Interactive Symbolic Debugger: 

Variable display • High-level breakpoints by procedure/function name • Tracing/single 
step by Pascal statement• Procedure/function entry and exit trace available. 
Disassembler: 

Combines a refocatable module with its listing file to produce interleaved Pascal and ap· 
proximate assembly language code. 
The SpeedProgramming Packagetm, 

The SpeedProgrammlng Package is an integrated set of tools which allows you to create 
Pascal/MT+• programs, check them for correct syntax and undefined identifiers, format 
them to display flow ol control, and do this all wi thin the editing environment before you 
ever invoke the complier. Programmers 1$9 SpeedProgramming because it frees them from 
the time consuming chore of repeated compilations to correct simple syntactic and typing 
errors. Managers find that SpeedProgramming improves productivity, thereby reducing 
development costs. SpeedProgramming combined with our field tested Pascal/MT+ ' 

package gives you a comfortable, powerful, interactive programming environment in which 
to create your professional quality software. Your products demand production quality 
tools. Order Pascal/MT+ ' with SpeedProgramming today! 
Screen Editor: 

User configurable • Standard random cursor movement, file access, search and replace. 
Insert, delete, exchange, etc. • Structured language editing features such as automatic in­
dent, line adjustment, reading from and writing to a file .block text insertion and duplication. 
• Requires: 24 x 80 CRT (or larger), ASCII Keyboard (7 bit data), random cursor addressing. 
Interactive Syntax Scanner: 

Finds syntax errors in text being edited • Enters SPEED, puts cursor at error, prints error 
text. 
Variable Checker: 

Catches undefined and mis-spelled variables before the compiler is invoked. 

On-Line Reformatter: 
Beautify programs In seconds • Clearly shows structure and program flow. 

Source Code Management Tools: 
Automatic Modification Log nd Backup utility program. 

PRICING: ·Read carefully, some systems do not include the SpeedProgramming Package 
but do include the compiler, linker, disassembler, debugger and other utilities. 

AVAILABLE NOW! 
'8080/808SIZB0 without SpeedProgramming . .. . ... . ..... . . . .. .. . . . .. .. Price $350.00 

56K or larger CPIM-80 or Heath/Zenith HOOS 
8080/8085/ZBO complete including SpeedProgrammlng .. • .. •...•.. . ... . . Price $475.00 

56K or larger CP/M-80 (not available for HOOS) 
8080/8085/ZBO for special MP/M eovironments . . . . . . • • . • • • ..• , .... Contact Factory 

'808618088 without Speed Programming ... .. . . . . .. . .. . ..........• . . .. Price $600.00 
CP/M·86 or MP/M-86, requires 116K program area 

8086/8088 complete including SpeedProgramming . ... . .•.•...•.....••. Price $800.00 
' 808618088 without SpeedProgramming for RMX-86 ... .. ... .. .... . Price $1500.00 

All 808618088 packages include 9511 and 8087 support and 
program to convert MT object files into Intel .OBJ 8086 files. 

COMING SOON: 
68000 Cross Compiler System . • . • . . •... ...•..•• .•.... •.... Pdce(tobe announced) 
68000 Resident System with and without SpeedProgramming . ... Price ho be announced) 

Available on 8" (3740) Single Density Disks. Contact Distributors For Other Formats. 
CPM/, MPIM are trademarks of Digital Research, Inc. 
Heath, Zenith and HDOSaretrademarks of Zenith Data Systems. 

FOR: 8080/ 8085/ Z80/ 8086/ 68000 
Payment Terms: 

Cash. Check, UPS. C.O.D., 
Mastercard. VISA, 
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/ MT Micro SYSTEMS \ 
1562 Kings Cross Drive 

Cardiff, California 92007 (714) 434-6101 

*Pricing: 
8080/Z80 - S475.00 

Others Call 
•All prices and speculations are 
subject to change without notice. 





Your 
computer. 
Compute. 

Compute. 

Compute. 

Compute. 

Compute. 

Dump ... 
Compute. 

Compute. 

Compute. 

Compute. 

Compute. 

Yopr 
pnnler. 

• •• Print. 

Print. 

Print. 

Print. 

· New Microbuffer II lets you use your printer 
without tying up your computer. 

Time. As an important resource 
it shouldn't be wasted. One 
such waste is in printing, where 
your computer must wait for 
your printer. Now there's a way 
to eliminate this waste. 

Introducing the 
Microbuffer J[™, a buffered 
parallel printer interface for the 
Apple )["' computer with 16K 
characters of memory (user ex­
pandable to 32K). It accepts 
data as fast as your computer 
can send it, allowing you to use 
your computer while the 
Microbufferll is in control of 
your printing. 

The Microbuffer )[, compatible 

with Applesoft, CP/M°'1 and 
Pascal, comes with complete 
print formatting features as well 
as advanced graphics dump 
routines for most popular 
graphics printers. 

The Snapshot™ option per­
mits you to dump the text 
screen or graphics picture to 
the printer while any program is 

MICROBUFFER1l 

JI 

running - without interuption. 
The 16K Microbuffer II is 

available for $259. And the 32K 
version, for $299. The Snapshot 
option is $69. 

So why waste time while your 
computer waits for your printer? 
Ask your computer dealer for 
the Microbuffer )[ or call us for 
the name of a dealer near you. 

Microbulfer I and Snapshot are trademar1<s of Practical 
Peripherals, Inc. 

CPIM is a registered trademark of Digital Research, Inc. 
Apple I is a registered trademark of Apple Computer, 
Inc. 

PRACTICAL PERIPHERALS. Inc. 
31245 La Baya Drive 
Westlake Village. California 91362 
(213) 706-0339 
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See it for yourself. 
0 Please send specifications and information on the MicroMaster small 

business computer. 
D I'd like to see the MicroMaster. Please have a sales representative cal l 

Name __ Tille ____ __ _ 

Company_---------- - ------- _ _ _ _ _____ _ 

Address ________________ _ 

CilY --------------- State __ _ _ Zip ______ _ 

Appl1cation{s) ---------------

You don't have to be big to be good. 
Barreto & Associa tes. Inc., PO. Box 874 , Sedalra . Mrssourr (816) 826-0689 B 182 







Letters--------------------------------------------------------------------
Many of our readers had comments on 

some of BYTE's particular features: 

• I like the Programming Quickies. I seem 
to find your Nucleus section more useful 
than the feature articles (the long ones 
take too much time to read). 
• Wow! Computing e to 116,000 places! 
!That's] a really worthwhile endeavor. 
• I find the comparative software reviews 
to be of great help. 
• Forget about the numbers and the philo­
sophical articles; get back to the guts of 
personal computing: homebrew hard­
ware! 

• I very much liked the Color Computer 
article. What about software for it? 
• The article on Extended Color BASIC 
for the Color Computer was fantastic. 
• The Color Computer is sadly deficient 
in software. Manufacturers should apolo­
gize for saddling users with BASIC as the 
only available language; a giant step 
backwards. 
• Most articles too technical. 
• I enjoyed Ciarcia's articles on construct­
ing speech synthesizers. 
• Great, now they talk back! 
• It did my heart good to see Steve 
ICiarcia] do something I can use on my 

. .. .. 
.tt ·Checkmate your 

communications testing 
problems with Supercheck 

Here's the latest move in 
Navtel'swinning line of port­
able data test equipment. 
Supercheck! The indispens­
able service aid. It joins our 
other proven test units, 
Supertest - Datatest -
Datacheck. 
Just check these Supercheck 
features: 
• Provides access to all 25 

conductors on EIA RS-232C 
interface 

• 25 miniature SPST switches 
allow interruption of all 
interface conductors for 
testing and observing ter­
minal and modem signals 

• 12 LED monitors, 

NAVlll. 
FOR THE TESTING TIMES 

8481 Keele St .. Unit 12A 
Concord, Ontario L4K 181 
Te lephone (416) 669-9918 

separated by source, allow 
easy monitoring of primary 
interface signals 

• 2 LED's detect mark/space 
or clocking signals 

• Contains RS-232C patch 
·cable 

• $139.00 

OrderyourSuperchecktoday 
and we promise fast delivery. 
For each unit enclose cheque 
or money order for $139.00 
payable to Navtel Limited at 
address shown below. 

Dealer inquiries invited. 

Apple II directly, without translating it 
from TRS-80. 
• I'm going to love building my super­
simple floppy-disk interface. 
• As usual, BYTE has too many do-it­
yourself tinkerer's projects. Can't you get 
more out of Pournelle? 
• Gregg Williams has really hit the 
bull's-eye with BYTE's Arcade; please 
make it a monthly feature. 
• My kids rush to read BYTE's Arcade 
each month and are very disappointed if 
it's not there. 
• I hate to see all those pages wasted. 
Please review nothing but games from 
now on. 
• I do not wish to judge your writers . 

While others only made suggestions: 

• Articles #6 and #7 seemed to disagree. 
There should never be any question as to 
the true static !sic] of things. 
• I do wish you could pick articles that are 
more appealing to us, but it's probably 
not your fault. 
• With the new 16-bit processors now 
available, perhaps BYTE should change 
its name to CHOMP. 
• Why don't you make the Reader Service 
Card computer readable? 

The requests for future articles would 
fill volumes. Let's have more . 

• construction articles 
• software reviews 
• hardware reviews 
• Programming Quickies 
• on the TRS-80 Model (!, II, III, Color 
Computer) 
• on the Apple (II, III, IV, V) 
• on Heath/Zenith systems 
• on the Sinclair systems 
• on the Compucolor II 
• on the Osborne I 
• on the new (CP / M, Unix, Xenix, Zeus, 
Unica) operating systems 
• C programs 
• Pascal programs 
• machine-language programs 
• FORTH programs 
• robotics articles 
• music articles 
• printer tests 

There were even an amazing few who 
predicted articles that we had planned 
before they were published: 

• An in-depth series on the Atari is about 
due. ("The Atari Tutorial, Part 1" appears 
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column card : 
• 80 characters x 24 lines 
• True decenders 
• 7 x 9 character resolution 
• Low power consumption 
• Compatible with most word 

processors 
• Softcard and CP/M compatible 
• Modem compatible 
• Most popular character set of 

any 80 column card 
• Alternate character fonts available 
Suggested retail price $345.00 

The Soft 
Video 
Switch is 
an auto­
matic ver­
sion of the 
popular 
Switch-

• KEYBOARD AND 
DISPLAY ENHANCER 

plate . It The original Keyboard and Display 
knows Enhancer is still available for Revi-
whether it should display 40 or 80 sion 0-6 Apples Con which the new 
columns or Apple graphics. It does Enhancer JC will not fitl . These 
the tedious work of switching video- Apples have memory select sockets 
out signals so you don't have to. The at chip locations 0 1, E 1 & F 1 The 
Soft Video Switch can be controlled Keyboard and Display Enhancer 
by software. Any Videoterm with allows entry and display of upper & 
Firmware 2. 0 or greater may be lower case letters with fully func-
used w ith the Soft Video Switch. tional shift keys. It does NOT have 
The single w ire shift mod is also sup- user definable keys nor a type ahead 
ported. Package price is $35.00. buffer. The price is $129.00. 
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Videoterm Utilities Disc 
(includes) 

• Font Editor 
• Pascal M id-Res Graphics 
• Applesoft Read Screen Utility 
• Top & Bottom Scrolling 
• Pascal Vidpatch 
• Graphics Template 

Character Set EPROMs $29.00 ea 
• Half Intensity 
• Inverse 
•German 
• Katakana (Japanese) 
• Line Drawing Graphics 

CExpandedl 
• Spanish 
• French 
• M ath & Greek Symbols 
• Super & Subscript 

Dvorak EPROM 
[Enhancer) 





You've heard how the personal computer is going to 
revolutionize the way you work. 

So far, the reality hasn't measured up to the promises. 
But now there's a remarkable new software package 

that transforms the IBM Personal Computer into an 
incredibly powerful management tool (Apple and Xerox 
owners: read on). 

The first totally integrated management 
software. 

There are a lot of useful programs available for 
personal computers. 

Unfortunately, they all seem to use different 
commands and different ways of storing data. This creates 
two major problems: 

1. Every time you want to add a new function, you 
have to learn a whole new command language. 

2. You may not be able to exchange data between 
different programs. 

But now there's a better way. It's called the MBA, and 
it was created by a blue-chip management consultant, an 
MIT-trained systems designer, and some of the country's 
most experienced business programmers. 

For the first time, MBA combines all the essential 
management functions in one easy-to-use package: 

Electronic Spreadsheet. The ultimate financial 
modeling tool that lets you create a giant spreadsheet of 
figures and text. Change one number, and every affected 
item is instantly re-calculated. 

Word Processing. Compose, edit, and print any kind 
of document. Make revisions yourself-faster than you 
can explain them to your secretary. Because MBA is an 
integrated system, it's easy to incorporate data from its 
other modules into a report you're writing. 

Data Management. A sophisticated electronic filing 
system that lets you store information-ANY information 
-then retrieve it, analyze it, and generate reports to your 
specifications. 

Graphic Output. For those occasions when a picture 
tells your story better than words, you can easily generate 
clear, readable graphs. 

Communications. Tie into yourcompanydata center, 
a financial information service, or virtually any other 
computer system. MBA automatically retrieves the 
information you want, and lets you edit or rearrange it with 
a few keystrokes. 

Easy to learn. Easy to use. 
MBA's designers devoted great care to giving it a 

simple, consistent set of commands. So when you've 
learned one module, you'll immediately be comfortable 
with the others. 

What, where, and how. 
MBA is offered through selected computer retailers 

who have qualified people to demonstrate and answer 
questions. 

It runs on the IBM 
Personal Computer, with 
Xerox and Apple 
versions available soon. 
But whichever machine 
you use, MBA will make 
a drama I ic improvement 
in your personal 
productivity. 

And that's a 
promise. 

Context Management Systems, Inc. 
Management software for personal computers. 

23864 Hawthorne Blvd , Suite 101 
Torrance, California 90505 
(213) 378-8277 
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a multi-user Microcomputer. 

management 
hardware, CP/M 

2.2, M/BASIC 5.2, 
3 serial and 2 parallel 1/0 

ports, 14 1/0 slots with S-100 
connectors, supervisor control in 

both hardware and software, 128K of 
RAM and two quad-density disk drives 

(SOOK) with DMA controller. Plus, cabinet 
(either desk-top or rack-mount), and power 

supply. The same system with 8" floppies 
and a full Megabyte of formatted storage costs 
$5,659. And, we offer OEM pricing. 

A better microcomputer. Whether you're build-
ing a single or multi-user system, the Decision I 
offers you a hardware/software combination 
unmatched in the field. Decision I is not simply an 
improved 8-bit microcomputer. It's a breakthrough. 
In both computing power and price. 

Systems your way. Morrow Designs' full range of hard 
and floppy disk memory, add-in memory boards, 1/0 

boards, controllers and software allow you to 
configure your system your way ... through a single 
supplier. 

The decision is yours. Com pare the Decision I, 
feature-for-feature with mini or microcomputers on 
the market today. Compare capabilities . Compare 
flexibility. Compare utility. Then, compare price. 
We think Decision I will change the way you think 
about microcomputer systems. 

Complete information? See your computer dealer. 
Or, write Morrow Designs. 

LOOK TO MORROW 
FOR ANSWERS. 

MDRRDW DESl&NS 
5221 Central Avenue, Richmond, CA 94804 

(415) 524-2101 
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The Atari Tutorial 

Quite frequently, the amount of in­
formation that a programmer wants 
to display exceeds the amount of in­
formation that can fit on the screen. 
One way of solving this problem is to 
scroll the information across the 
display. For example, listings of 
BASIC programs scroll vertically 
from the bottom of the screen to the 
top . All personal computers imple­
ment this type of scrolling. The Atari 
personal computer system, however, 
has two additional scrolling facilities 
that offer exciting possibilities. The 
first is Load Memory Scan (LMS) 
coarse scrolling; the second is fine 
scrolling. 

Conventional computers use coarse 
scrolling. With this type of 
scrolling, the pixels that hold the 
characters are fixed in position on the 
screen and the text is scrolled by mov­
ing bytes through the screen random­
access read/write memory (RAM). 
The resolution of the scrolling is a 
single character pixel, which is very 
coarse. (Throughout this article, the 
term pixel refers to an entire 
character, not to the smaller dots that 
make up a character.) This produces 
a jerky and quite unpleasant scroll­
ing. Furthermore, it is achieved by 
moving up to a thousand bytes 
around in memory, a slow and clum­
sy task. In essence, the program must 

This article appears in slightly different form 
in De Re Atari, published by Atari, Enc., and is 
reproduced with its express permission. 
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Part ·s: Scrolling 
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move data through the playfield to 
scroll. 

Some personal computers produce 
a somewhat finer scroll by drawing 
images in a higher-resolution graphics 
mode and then scrolling these images .. 
Although higher scrolling resolution 
is achieved, more data must be 
moved to attain the scrolling and the 
program is consequently slowed. 

The fundamental problem in both 
methods is that the scrolling is im­
plemented by moving data through 
the screen area. 

By manipulating just 
two address bytes, you 
can produce an effect 

identical to moving the 
entire screen RAM. 

Coarse Scrolling 
A better way to achieve coarse 

scrolling with the Atari 400/800 is to 
move the screen area over the data. 
The display-list op codes support a 
feature called Load Memory Scan 
(LMS). The LMS instruction was 
described in part 1 of this series. 
Briefly, it tells ANTIC where the 
screen memory is. A normal display 
list has one LMS instruction at the 
beginning of the display list. The 
RAM area it points to provides the 
screen data for the entire screen in a 

linear sequence. By manipulating the 
operand bytes of the LMS instruc­
tion, a primitive scroll can be im­
plemented. In effect, this moves the 
playfield window over the screen 
data. Thus, by manipulating just two 
address bytes, you can produce an ef­
fect identical to moving the entire 
screen RAM. The program in listing 1 
does just that. This program sweeps 
the display over the entire address 
space of the computer. The contents 
of the memory are dumped onto the 
screen. The scroll is a clumsy serial 
scroll combining horizontal scrolling 
with vertical scrolling. A pure ver­
tical scroll can be achieved by adding 
or subtracting a fixed amount (the 
line length in bytes) to the LMS 
operand. The program in listing 2 
does that. 

A pure horizontal scroll is not as 
simple to do as a pure vertical scroll 
because the screen RAM for a simple 
display list is organized serially. The 
screen-data bytes for the lines are 
strung in sequence, with the bytes for 
one. line immediately following the 
bytes for the previous line. We can 
horizontally scroll the lines by shift­
ing all the bytes to the left: this is 
done by decrementing the LMS 
operand. The leftmost byte on each 
line, however, will then be scrolled 
into the rightmost position in the next 
higher line. The sample program in 
listing 1 illustrated this. 

The solution is to expand the 
screen-data area and break it into a 
series of independent, horizontal-line 

Circle 229 on inqu iry card. --+ 





Listing 1: A simple program in Atari BASIC demonstrating coarse scrolling. Both 
horizontal and vertical scrolling are combined, but the end result is rather clumsy. The 
entire address space of the computer will be displayed. 

10 DUST= PEEK(560) + 256•PEEK(56l):REM 
20 LMSLOW=DUST+4:REM 

find display list 
get low address of LMS operand 
get high address of LMS operand 
outer loop 

30 LMSHIGH =DUST+ 5:REM 
40 FOR I= 0 TO 255:REM 
50 POKE LMSHIGH,I 
60 FOR J = 0 TO 255:REM 
70 POKE LMSLOW,J 
80 FOR Y = l TO 50:NEXT Y :REM 
90 NEXT J 
100 NEXT I 

inner loop 

delay loop 

Listing 2: An Atari BASIC program demonstrating a pure vertical scroll. The line length 
(in bytes) is either added to or subtracted from the LMS operand to achieve upward and 
downward scrolling, respectively. Lines 70, 120, and 130 accomplish this for upward 
scrolling only. 

10 GRAPHICS 0 
20 DUST= PEEK(560) + 256• PEEK(561) 
30 LMSLOW = DLIST + 4 
40 LMSHIGH=DLIST+5 
50 SCREENLOW = 0 
60 SCREENHIGH = 0 
70 SCREENLOW =SCREEN LOW+ 40:REM next line 

overflow? 80 IF SCREENLOW < 256 THEN GOTO 120:REM 
90 SCREENLOW = SCREENLOW - 256:REM yes, adjust pointer 
100 SCREENHIGH = SCREENHIGH + l 
110 IF SCREENHIGH = 256 THEN END 
120 POKE LMSLOW,SCREENLOW 
130 POKE LMSHIGH,SCREENHIGH 
140 GOTO 70 

Listing 3: An Atari BASIC program demonstrating pure horizontal scrolling. Each 
display line is actually 256 characters (bytes) long, though only 20 can be observed at 
any time. The 256-byte line is used in this example to simplify the prngram by avoiding 
the use of 2-byte address manipulations. The display produced scrolls from right to left. 
Upon reaching the end of the line, it starts over from the beginning. 

I 0 REM first set up the display list 
20 POKE 1536,l 12:REM 
30 POKE 1537, l 12:REM 
40 POKE 1538, l 12:REM 
50 FOR I= l TO 12:REM 
60 POKE 1536+3•!,7l :REM 
70 POKE 1536 + 3•! + l,O:REM 
80 POKE 1536+3•!+2,l:REM 
90 NEXT I 
110 POKE 1575,65:REM 
110 ·POKE 1576,0:REM 
120 POKE 1577,6 

8blank lines 
8 blank lines 
8 blank lines 
loop lo put in display list 
BASIC mode 2 with LMS set 
low byte of LMS operand 
high byte of LMS operand 

ANTIC JVB instruction 
display list starts al $0600 

130 REM tell ANTIC where display lis t is 
140 POKE 560,0 
150 POKE 561,6 
160 REM now scroll horizontally 
170 FOR I= 0 TO 235:REM loop through LMS low bytes 
175 REM we use 235-nol 255-because screen width is 20 characters 
180 FOR 1=1 TO 12:REM fo r each mode line 
190 POKE 1536 + 3• J + I ,! :REM put in new LMS low byte 
200 NEXT J 
210 NEXT I 
220 GOTO l 70:REM endless loop 

28 January 1982 © BYTE Publications Inc 

data areas. Figure 1 illustrates this 
idea. On the left is the normal ar- · 
rangemen t. One-dimensional serial 
RAM is stacked in linear sequence to 
create the screen-data area. On the 
right is the arrangement needed for 
proper horizontal scrolling. The 
RAM is still one-dimensional and 
serial, but it is now used differently. 
The RAM for each horizontal line ex­
tends much further than the screen 
can show. This is no accident. The 
whole point of scrolling is to let a pro­
gram display more information than 
the screen can hold. We can't show all 
that extra information if we don't 
allocate the RAM to hold it. With this 
arrangement we can implement true 
horizontal scrolling. We can move 
the screen window over the screen 
data without the undesirable vertical 
roll of the earlier approach. 

The first step in implementing pure 
horizontal scrolling is to determine 
the total horizontal line length and 
allocate RAM accordingly. Next, a 
completely new display list with an 
LMS instruction on each mode line is 
written. The display list will, of 
course, be longer than usual, but 
there is no reason why we cannot 
write such a list. What values are 
used for the LMS operands? It is most 
convenient to use the address of the 
first byte of each horizontal screen­
data line, the points marked with Xs 
in figure 1. Each mode line on the 
screen will have one such address. 
Once the new display list is in place, 
ANTIC must be informed of it and 
screen data must be written to 
populate the screen. To execute a 
scroll, each and every LMS operand 
in the display list must be in­
cremented for a rightward scroll or 
decremented for a leftward scroll. 
Program logic must insure that the 
image does not scroll beyond the 
limits of the allocated RAM areas; 
otherwise, garbage displays will 
result. In setting up such logic, the 
programmer must remember that the 
LMS operand points to the first 
screen-data byte in the displayed line. 
The maximum value of the LMS 
operand is equal to the address of the 
last byte in the long horizontal line 
minus the number of bytes in one 
displayed line. As this process is 





rather intricate, let us work out an ex­
ample. 

First, the total horizontal line 
length is selected. For this example, 
we shall use a horizontal line length 
of 256 bytes. This will simplify ad­
dress calculations. Each horizontal 
line will then require one page of 
RAM. Since we will use BASIC mode 
2, 12 mode lines will be on screen; 
thus, 12 pages, or 3 K bytes, of RAM 
will be required. For simplicity (and 
to guarantee that our screen RAM 
will be populated with nonzero data) 
we will use the bottom 3 K bytes of 
RAM. Since this area is used by the 
operating system and disk operating 
system, it should be full of interesting 
data. To make matters more interest­
ing, we'll put the display list on page 
6 so that we can display it on the 
screen as we are scrolling. The initial 
values of the LMS operands will thus 
be particularly easy to calculate: the 
low-order bytes will all be zeros and 
the high-order bytes will be (in order) 
0, 1, 2, etc. 

The program in listing 3 performs 
these operations and scrolls the screen 
horizontally. This program scrolls the 
data from right to left. When the end 
of a page is reached, it simply starts 
over at the beginning. When execut­
ing this program, the display list is 
found on the sixth line down (it's on 

NORMAL DATA ARRANGEMENT 

(la) 

page 6). It appears as a sequence of 
double quotation marks. 

The next step is to mix vertical and 
horizontal scrolling to get diagonal 
scrolling. Horizontal scrolling is 
achieved by adding 1 to or subtract­
ing 1 from the LMS operand . Vertical 
scrolling is achieved by adding the 
line length to or subtracting the line 
length from the LMS operand. 
Diagonal scrolling is achieved by ex­
ecuting both operations . Four 
diagonal-scroll directions are possi­
ble. If, for example, the line length is 
256 bytes and we wish to scroll down 
and to the right, we must add 
256 + (-1) = 255 to each LMS 
operand in the display list. This is a 
2-byte add; the BASIC program ex­
ample given in listing 3 avoids the dif­
ficulties of 2-byte address manipula­
tions. However, most programs will 
not be so contrived. For truly fast 
two-dimensional scrolling, assembly 
language is necessary. 

All sorts of weird arrangemen.ts are 
possible if we differentially manipu­
late the LMS bytes. Lines could scroll 
relative to each other, or hop over 
each other. Some of this could be 
done with a conventional display, but 
more data would have to be moved to 
do it. The real advantage of LMS 
scrolling is its speed. Instead of 
manipulating an entire screen full of 

ARRANGEMENT FOR HORIZONTAL SCROLL 

(lb) 

Figure 1: Figure la shows how screen data are normally organized. Horizontal scrolling 
can be accomplished by arranging the screen-data area as shown in figure lb. 

data many thousands of bytes in size, 
a program need only manipulate 
perhaps a few dozen bytes. 

Fine Scrolling 
The second important scrolling 

facility of the Atari 400/800 is the 
fine-scrolling capability, scrolling a 
pixel in steps smaller than the pixel 
size. Coarse scrolls proceed in steps 
equal to one pixel dimension; fine 
scrolls proceed in steps of one scan 
line vertically and one color clock 
horizontally. Fine scrolling can only 
be carried so far. To get full fine 
scrolling over the entire screen, we 
must use fine scrolling with coarse 
scrolling. 

Only two steps are required to im­
plement fine scrolling. First, we set 
the fine-scroll enable bits in the 
display-list instruction bytes for the 
mode lines in which we want fine 
scrolling. (Since we generally want 
the entire screen to scroll, we set all 
the scroll enable bits in all the 
display-list instruction bytes.) Bit 05 
of the display-list instruction is the 
vertical-scroll enable bit; bit 04 of the 
display-list instruction is the 
horizontal-scroll enable bit. We then 
store the scrolling value desired into 
the appropriate scrolling register. 

Two scrolling registers are avail­
able, one for horizontal scrolling and 
one for vertical scrolling. The 
horizontal-scroll register (HSCROL) 
is at hexadecimal address 0404; the 
vertical-scroll register (VSCROL) is at 
hexadecimal address 0405. For hori­
zontal scrolling, we store in HSCROL 
the number of color clocks by which 
we want the mode line scrolled. For 
vertical scrolling, we store in 
VSCROL the number of scan lines 
that we want the mode line scrolled. 
These scroll values will be applied to 

ONE STEP 

START FINE FINE FINE FINE 
SCROLL 
FOUR 
TIMES 

FINE 
SCROLL 
FIVE 
TIMES 

FINE 
SCROLL 
SIX 
TIMES 

FINE RESET AND 
COARSE 
SCROLL 

POSITION SCROLL SCROLL SCROLL SCROLL TO 
ONCE TWICE THREE SEVEN START 

TIMES TIMES POSITION 

Figure 2: In order to achieve fine scrolling overt he entire display screen, a combination of fine and coarse scrolling is used. After the 
seventh fine scroll is performed, the fine-scroll register is reset and a coarse scroll is performed. 
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Thi! 2nd GeneratiorlM is here! 
MEASUREMENT systems & controls proudly 

introduces its new and exciting "2nd Generation" 
family of S-100* compatible products. Each has 
been specifically designed for use with 
multi-user and network 
operating systems such 
as MP/M, CP/NET, and 
OASIS. Every product is 
fully tested and burned­
in, comes with a 1 year 
guarantee, and offers 
you features not 
currently available from 
any other source. 

ZBO PROCESSOR 
BOARD - The most 
powerful CPU board available today. Outstanding 
features include 4MHz operation, high-speed serial 
and parallel 1/0 utilizing DMA or programmed 
control, eight vectored priority interrupts, and a 
real time clock. 

MUL Tl·USER SERIAL 1/0 BOARD - For use in 
expanded systems requiring up to eight additional 
serial 1/0 ports. Features include: 16 maskable 

"A ll products meet the new IEEE standards. 

Systems Group 
A Division of MEASUREMENT systems &... controls 

incorporated 
For dealers only, circle 409 
All other inquiries, circle 410 

vectored priority interrupts, RS-232C interfaces 
with full handshake, asynchronous or synchronous 
operation with asynchronous baud rates to 19,200. 

Available in four or eight channel versions. 

DOUBLE DENSITY 
FLOPPY DISK 

CONTROLLER BOARD­
controls up to four 51/.i­

i nch or 8-inch disk drives 
using IBM soft sectored 

formats. It features 1 K 
of on-board buffering, 
DMA controlled data 

transfers and the per­
formance character­
istics of the superior 

NEC 765 chip. 

64K BANK SELECTABLE MEMORY BOARD -
Features include 1/0 port addressing for bank 

select with 256 switch selectable 1/0 ports for the 
memory bank addressing. The memory is 

configured as four totally independent 16K 
software-selectable banks, with each bank 

addressable on any 16K boundary. 

"Attractive Dealer & OEM Prices" 
See your nearest computer dealer, or 
contact us for the complete story on 

The 2nd Generation. 

1601 Orangewood Ave., Orange, CA 92668 
TWX/TELEX: 910 593 1350 SYSTEMGRP ORGE 
714-633-4460 





The guy on the left 
doesn't stand a chance. 

. The guy on the left has two file f alders, a news maga­
zine, and a sandwich. 

The guy on the right has the OSBORNE 1 ®, a fully 
functional computer system in a portable package the size 
of a briefcase. Also in the case are the equivalent of over 
1600 typed pages, stored on floppy diskettes. 

The owner of the OSBORNE 1 is going to get more 
work done-and better work done-in less time, and with 
less effort. 
Unfold it, plug it in, and go to work 
like you've never worked bet ore. . .. 

Go to work with WORDSTAR® word processing, so 
your correspondence, reports, and memos take less time 
to produce, and say more of what you wanted to say. And 
with MAILMERGE®-the mailing system that turns out 
personalized mass mailings in the time you 'd spend on a 
rough draft. 

Go to work with SUPERCALC®, the electronic 
spreadsheet package that handles complex projections, 
financial planning, statistics, and "what if" questions in­
stantly. For the more technically minded , SUPERCALC will 
process scientific data and calculate results. 

Go to work with powerful BASIC language tools­
the CBASIC-2® business BASIC, or the Microsoft BASIC® 
interpreter. 

That's standard equipment. 
Options include about a thousand different software 

packages from a host of vendors designed to run on the 
CP/M® computer system. 
Go to work at the office, at home, or in the field. 

Or anywhere. Optional battery packs and telephone 
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transmission couplers mean you need never work without 
the capabilities of the OSBORNE 1. That's good, because 
you won't want to work again without it. 
All for $1795. It's inevitable. 

The OSBORNE 1 is the productivity machine that's 
changing the way people work. Put simply, the machine 
delivers a significant productivity edge-day in and day 
out-to virtually anyone who deals with words or num­
bers. Or both. 

Since the entire system is only $1795, it won 't be too 
long before the guy on the left has an OSBORNE 1 of his 
own. The same probably goes for the person reading 
this ad. In fact, we think it's inevitable. 
The OSBORNE 1 includes a Z80A"CPU, 64K 
bytes of RAM memory, two 100 kilobyte 
floppy disk drives, a business keyboard, 
built-in monitor, IEEE 488 and RS232 inter­
faces for printers and other things that 
get connected to computers, plus 
CP/M, CBASIC-2, Microsoft BASIC, 
WORDSTAR, and SUPERCALC. The 
system is available from com­
puter retailers nationally. 

$1795. It's 
inevitable. 

COMPUTER CORPORATION 
26500 Corporate Avenue Hayward, California 94545 
Phone (415) 887-8080 TWX (910) 383-2021 
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A Closer Look 
at the IBM Personal Computer 

What microcomputer has color 
graphics like the Apple II, an 
80-column display like the TRS-80 
Model II, a redefinable character set 
like the Atari 800, a 16-bit micro­
processor like the Texas Instruments 
TI 99/4, an expanded memory space 
like the Apple III, a full-function 
uppercase and lowercase keyboard 
like the TRS-80 Model III, and BASIC 
color graphics like the TRS-80 Color 
Computer? Answer: the IBM Per­
sonal Computer, which is a synthesis 
of the best the microcomputer in­
dustry has offered to date. It has a 

Gregg Williams 
Senior Editor 

number of interesting features and a 
few flaws, but it is easily the best­
designed microcomputer to date. In 
this article, I will take a closer look at 
the IBM Personal Computer, inside 
and outside. 

An Overview 
The IBM Personal Computer 

(photos 1 and 2) is housed in two 
units, the keyboard and the System 
Unit. The keyboard (photo 3) has a 
standard typewriter layout with the 
addition of a numeric keypad to the 
right, a set of function keys to the 

Photo 1: The IBM Personal Computer System with a non-IBM color monitor. 

left, and miscellaneous other keys to 
bring the total number to 83. It is con­
nected by a coiled cable to the System 
Unit, which houses the Intel 8088 
microprocessor, the 40 K-byte ex­
tended Microsoft BASIC in ROM 
(read-only memory), up to 64 K 
bytes of dynamic memory, up to two 
disk drives, a cassette interface, a 
built-in speaker, and five expansion 
slots. (Extra dynamic memory cards 
placed in expansion slots can bring 
the total up to 256 K bytes.) 

Other peripherals include the IBM 
Monochrome Display (shown in 
photo 2) and the IBM 80 CPS 
(characters per second) Matrix 



Printer (shown with the optional 
printer stand in photo 1). 

What's It Going to Cost? 
The IBM Personal Computer is an 

impressive unit. But how much is it 
going to cost? Although the compo­
nent prices in the "At a Glance" text­
box look reasonable (the System Unit 
and keyboard are only $1265), the 
price of a usable configuration is 
somewhat higher. The higher cost is 
due to a marketing technique called 
unbundling, which is common in the 
computer industry and a trademark 
of IBM in particular. When a system 
is unbundled, components that usual­
ly are priced as one are priced sepa­
rately. In the case of the IBM Per­
sonal Computer, the main unit needs 
one of two video-display adapter 
cards, a monitor or television set, a 
cable, and perhaps an external radio­
frequency (RF) modulator. 

Table la shows several sample con­
figurations of the IBM Personal Com­
puter, and tables lb and le show the 
list prices of comparable Apple II and 
Radio Shack TRS-80 Model III units 
with 48 K bytes of memory and one 
disk drive. The IBM unit is somewhat 
more expensive than the standard 
configurations (note that the Apple II 
Plus is less expensive if you want only 
40-column uppercase output). Still, 
you get a lot more for your money. 

Video-Display Options 
One thing not commonly under- Photo 2: Tl1e IBM Personal Computer System with the IBM Monochrome Display. 

stood about the IBM Personal Com-
puter is that you must choose be­
tween two separate ways of getting 
video output. The Monochrome 
Display and Printer Adapter gives 
high-quality black-and-white output l:"I 
only, while the Color/Graphics ,_,_ 
Monitor Adapter can produce color 
graphics or text. Each takes one of the 
five expansion slots available on the 
IBM motherboard (called the System 
Board by IBM). While you could 
have both kinds of output by using 
both adapter cards, most people will 
not want to tie up the extra slot (more 
on that later). 

The monochrome adapter card is 
most suited to IBM machines that will 
be used in an office environment 
only. The adapter card gives you a Photo 3: The IBM Personal Computer keyboard unit. 
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Photo 4: The 256 characters available on the IBM Personal Com puter video display. 

sharp 25-line by 80-column display 
with well-formed characters. A 9 by 
14 dot matrix is used, and characters 
are displayed within a 7 by 9 dot 
matrix; this makes for an extremely 
readable screen, an important factor 
if you are using the computer for long 
periods of time. 

Among the 256 characters 
available are miscellaneous graphics 
characters (musical note, male and 
female symbols), all standard upper­
case and lowercase letters, numbers, 
punctuation, some familiar foreign­
language, Greek, and mathematics 
symbols, and a set of rectangular 
shapes that can be combined to create 
rectangles and lined tables. A display 
of the full 256-character set is shown 
in photo 4. 

Although you can use a suitable 
monitor if you want, the IBM Mono­
chrome Display is also available. The 
IBM monitor has a green-phosphor 
tube and matches the appearance of 
the rest of the system. 

The monochrome adapter card 
contains 4 K bytes of on-board 
memory . (In this article, 8 bits will be 
referred to as a "byte, " as opposed to 
a 16-bit "word .") The on-board 
display memory prevents the 
available system memory from being 
steadily decreased by peripheral 

38 January 1982 © BYTE Publicat ions Inc 

cards. In addition, 
architecture of 

due to the 
the 8088 

microprocessor , the on-board 
memory itself does not reduce the 
main memory address space available 
to the IBM microcomputer; in con­
trast, the memory taken by the video 
display of an 8-bit microcomputer 
always reduces its 64 K-byte work­
space. 

The manuals will set 
the standard for 

all microcomputer 
documentation in 

the future. 

Twenty-five lines of 80 characters 
each amounts to only 2000 
characters, yet the on-board display 
memory has 4096 bytes. The reason 
for this is that the IBM Personal Com­
puter always uses two bytes per 
stored character, regardless of the 
adapter card used. When the mono­
chrome adapter card is used, in­
dividual characters can have any of 
the following characteristics: invisible 
(white-on-white , black-on-black), 
blinking, high-intensity, or underline. 
The permissible combinations of 
these are shown in figure 1 . 

One final advantage of the mono­
chrome adapter card is that it in­
cludes an interface to the IBM 80 CPS 
Matrix Printer, which saves you the 
expense of an IBM Printer Adapter 
card (around $150) and one expan­
sion slot. 

Of course, the main disadvantage 
of the monochrome adapter card is 
that it does not produce color 
graphics. As you can see from photos 
Sa through Sd, this is some disadvan­
tage. The graphics available through 
the color/ graphics adapter card are 
very good-slightly better than color 
graphics on existing microcomputers, 
and they are more versatile and easier 
to use. 

Color/Graphics Monitor Adapter 
Residing in one of the five expan­

sion slots in the System Unit, the 
Color/Graphics Monitor Adapter has 
16 K bytes of on-board memory, can 
display two kinds of text and two 
(actually, three) kinds of graphics, 
and allows you to connect to a black­
and-white monitor or to a color 
monitor with composite or RGB (red­
green-blue) input, or to a color tele­
vision. The color pictures accom­
panying this article were made with a 
$1000 RGB color monitor, so don't 
expect such stunning graphics to 
come from your composite monitor 
or an ordinary color television. (RGB 
monitors are more expensive and pro­
duce better images because they have 
separate red, green, and blue inputs 
to get a more detailed image. For an 
RGB monitor to work properly with 
the color / graphics adapter card, it 
must accept the following signals: 
red, green, blue, intensity, horizontal 
drive, vertical drive, and ground . 
RGB monitors that do not have an in­
tensity signal can display only 8 of 
the possible 16 colors.) 

Let's consider graphics first . The 
IBM color/graphics adapter card has 
three color-graphics resolutions, only 
two of which are supported by the 
system software in ROM . The first 
mode, the IBM low-resolution mode, 
is unsupported by IBM. It gives you a 
display of 100 rows and 160 pixels 
(picture elements), each of which can 
be any of the standard 16 colors (for 
the color list, see table 2) . IBM 





characters on the graphics screen 
automatically. An example of this is 
shown in photo 7. While using a text 
screen, you have access to the same 
256-character set used by the 
monochrome adapter card. If you are 
using a graphics screen, you have ac­
cess to only the bottom 128 

1a 

characters (some symbols, all punc­
tuation, digits, uppercase and lower­
case letters). The top 128 characters 
can be user defined by pointing inter­
rupt vector hexadecimal IF (con­
tained in hexadecimal memory loca­
tions 7C through 7F) to the beginning 
of a 1 K-byte area that defines the 

IBM Personal Computer (suggested retail prices) 

48 K·byte cassette-based unit with color/graphics adapter card $1745 

all the above, plus one floppy-disk drive, adapter card, and DOS software $2575 

all the above, plus 16 K bytes more (total, 64 K bytes) and game adapter 
card $2720 

$3290 

$3830 

all the above, plus a second disk drive 

all the above, plus one 64 K-byte card (total, 128 K bytes) 

1b 
Apple II Plus 

1c 

48 K-byte Apple 11 Plus with one floppy-disk drive and DOS software 

all of the above, plus Videx Videoterm and Enhancer 11 (to modify 
Apple for BO-column display and upper- and lowercase keyboard) 

Radio Shack TRS-80 Model Ill 

48 K-byte unit with one floppy-disk drive and DOS software 

$2175 

$2788 

$1995 

Table 1: Prices for several versions of the IBM Personal Computer and roughly com­
parable Apple II Plus and Radio Shack TRS-80 Model III microcomputers. The ver­
sions to be compared are shaded. 

Intensity Red Bit Green Bit Blue Bit Color 

0 0 0 0 Black 
0 0 0 1 Blue 
0 0 0 Green 
0 0 1 Cyan 

0 1 0 0 Red 
0 1 0 1 Magenta 
0 1 0 Brown 
0 1 1 Light Gray 

0 0 0 Dark Gray 
0 0 1 Light Blue 
0 1 0 Light Green 
0 1 1 Light Cyan 

0 0 Light Red 
0 1 Light Magenta 
1 0 Yellow 
l White 

Table 2: The 16 avaflable colors on the IBM Personal Computer, and their represen­
tation in memory. When only the first eight colors are available (intensity= OJ , they 
can be represented with only the bottom three bits. 
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dot pattern of the top 128 characters, 
8 bytes per character. 

In the text modes, each character 
can be one of sixteen colors, with the 
background of that character being 
one of eight colors, or the text can be 
displayed without a color signal (for 
black-and-white monitors). This is 
done automatically in BASIC with 
the COLOR statement. The data that 
cause a given combination are stored 
in the attribute byte for each 
character. Figure 3 shows the layout 
of the data in the attribute byte, and 
photo 8 shows an example of multiple 
background and foreground colors 
used with text. 

Since the color/graphics adapter 
card has 16 K bytes of memory and 
the two kinds of text pages take only 
2000 and 4000 bytes, respectively, 
you can store up to four 80-column 
pages of text or eight 40-column 
pages at once. In addition, you can 
specify the display of a page indepen­
dent of the page actually being writ­
ten to at the moment. In BASIC, all 
this is available from the SCREEN 
statement. 

Inside . the Main Unit 
The IBM Personal Computer is as 

well designed on the inside as it is on 
the outside. As shown in photo 9a, 
the five expansion slots are in the up­
per left corner, the memory and an 
internal speaker are in the lower left 
corner, and the floppy-disk drives (if 
any) are in the lower right corner. 
Figure 4 shows the signals on the IBM 
expansion slot, and table 3 gives the 
full names of the signals. The bus 
allows four OMA (direct-memory ac­
cess) channels, one of which is used to 
refresh the dynamic memory, the 
others for high-speed OMA data 
transfer between memory and periph­
eral cards. In addition, the bus sup­
ports eight levels of interrupts, six of 
which are available to the user. 

The system memory is shown in 
detail in photo 9b. The set of eight 
large integrated circuits with gold 
faces is the 40 K-byte extended 
Microsoft BASIC in ROM. Notice the 
empty socket at the bottom of the 
same row; this can house an 8 K-byte 
ROM or EPROM (erasable program­
mable read-only memory). Just to the 







of the most important components of 
any computer because it is the 
primary device through which you 
give instructions to the computer. 
Most existing microcomputers have 
something wrong with their keyboard 
design; the most common errors are 
functions unavailable from the 
keyboard and poor keyboard layout. 
With one exception, the IBM key­
board seems to be faultless. It is, bar 
none, the best keyboard on any 
microcomputer. 

The IBM keyboard abounds with 
good features. The keys have a nice 
"feel" to them and give tactile and 
audible feedback when pressed. The 
keyboard is a separate unit that can 
be placed up to several feet away 
from the main unit. It is light enough 
to rest and use in your lap. The keys 
themselves are "sculpted" -that is, an 
imaginary plane touching all the key 
tops has a slight concave curve to it. 
The keyboard has two plastic feet 
that can be used to tilt it up when it is 
used on a flat surface. A plastic ledge 
just above the top row of keys can be 
used to prop an open book between 
the video display and the keyboard. 

Several keyboard features deserve 
more description. The right side of 
the keyboard contains a numeric 
keypad that doubles, in certain situa­
tions, as a set of text and cursor­
movement keys. The left side con­
tains ten function keys, whose func­
tions can change with the application. 
(The twenty-fifth line of the video 
display can be used to illustrate their 
current use, and you can redefine 
these keys at any time from BASIC.) 

Three keys must be pressed simul­
taneously to restart the system: Ctr!, 
Alt, and Del; it takes two hands to do 
this. Depressing the Ctr! and Scroll 
lock/Break keys interrupts a running 
BASIC program. The up-arrow 
(shift) and PrtSc keys cause the text 
contents of the video display to be 
printed. Ctr! plus Num lock causes 
the executing BASIC program to 
pause; the next key pressed causes it 
to resume. 

The Alt key lets you generate any 
extended ASCII value from 1 to 255, 
even if that code is not otherwise 
generated by the keyboard. By 
holding down the Alt key and typing 

Photo 8: An example showing the independence of foreground and background colors 
when using the text mode of the color/graphics adapter board . 

a number between 1 and 255 on the 
numeric keypad, that code is gener­
ated when the Alt key is released. 
(For some reason, the IBM unit I tried 
would not generate 0 with the Alt 
key. However, 0 could be generated 
by Ctr! plus the 2 key on the top row 
of the keyboard.) 

By not having a full 
product line, the IBM 

Personal Computer 
may fall prey to 

hardware and software 
incompatibility. 

Another nice feature of the IBM 
keyboard is its 10-character type­
ahead buffer, which keeps you from 
losing keystrokes if you type infor­
mation into the IBM microcomputer 
before it is ready to receive it. In addi­
tion, the system software is written 
such that every key has an auto­
repeat feature; i.e., every key repeats 
its function if it is held down for more 
than half a second. 

My one complaint against the key­
board is minor. The right and left 
shift keys are one key farther away 
from the center of the board than 
most people are used to. This means 
that, until you get used to reaching 
for the shift keys, you will accident­
ally type the slash and reverse-slash 
keys instead. This problem is minor, 
however, compared to some of the 
gigantic mistakes made on almost 
every other microcomputer key­
board. The IBM Personal Computer 
is a delight to use largely because of 
its keyboard. 

System Startup 
When the IBM Personal Computer 

is first turned on, a series of fourteen 
tests are performed on the system, 
and any errors are reported im­
mediately. These include tests of the 
8088 microprocessor, the internal 
ROM, the main memory, the video­
display adapter card, the keyboard, 
the cassette recorder (if attached), 
and the floppy-disk system. The 
memory test includes five different 
read/write tests of the entire user­
memory area, each using a different 
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DOS (disk operating system) takes 
12 K bytes of user memory, and disk 
BASIC adds about another 12 K 
bytes (depending on certain options). 
Disk BASIC adds a large number of 
disk input and output options, access 
to a date and time-of-day clock, the 
ability to store and redraw rec­
tangular areas of graphic images, 
communications support using a 
standard RS-232C port, and software 
support for two extra printers. Disk 
BASIC is called by typing "BASIC" 
from the DOS prompt. 

Advanced BASIC, which requires 
at least 48 K bytes of memory and 
one floppy-disk drive, occupies an 
additional 5 K bytes of user memory 
(for a total overhead of about 29 K 
bytes). Advanced BASIC adds event 
trapping, some advanced graphics 
commands, and an advanced music­
playing command (all of these are 
covered in greater detail later). Ad­
vanced BASIC is called by typing 
"BASICA" from the DOS prompt. 

Tables 4a, 4b, and 4c list the com­
mands, statements, and functions of 
IBM BASIC. 

The BASIC Program Editor 
The BASIC Program Editor, com­

mon to all the versions of IBM 
BASIC, allows you to make changes 
far more quickly and easily than is 
possible on other microcomputers. It 
is a full-screen editor in that changes 
can be made to a program line by use 
of the four arrow keys and the Ctr! 
(control), Ins (insert), Del (delete), 
and End keys. If the new line (enter) 
key is pressed while the cursor is 
anywhere on the program line where 
changes have just been made, the 
changed line takes the place of the old 
line. With the BASIC Program 
Editor, changing a program is as easy 
as it would be if the text of the pro­
gram were being manipulated by a 
word processor. 

In addition, the Alt key has a 
special function within BASIC. 
Simultaneously pressing Alt and a let­
ter of the alphabet causes a pre­
defined BASIC keyword to be printed 
on the screen. For example, Alt plus 
C causes the word "COLOR" to be 
printed. This "shorthand" method is 
often helpful when you are typing in 

a long BASIC program. Graphics in BASIC 
Along the same lines, all levels of 

IBM BASIC have the AUTO (auto­
matic line numbering), RENUM (re­
number a BASIC program), and 
MERGE (merge two programs) com­
mands-all very useful commands 
that are often absent or awkward to 
use in other microcomputers. 

The following summarizes most of 
the graphics commands available 
from BASIC: 

•COLOR (all BASICs) is used to 
choose the four colors available in the 
IBM medium-resolution mode. As 
stated before, color 0 can be any of 

At a Glance 

Product Name 
The IBM Personal Computer 

Manufacturer 
International Business Machines Corporation 
Information Systems Division 
Entry Systems Business 
POB I 328 
Boca Rator;i. FL 33432 

Components 
System Unit 

Size: width 20 inches. depth I 6 inches. height 5 .5 inches; weight !without disk drives) 21 
pounds. !with two disk drives) 28 pounds 

Electrical needs: I 20 VAC 
Processor: Intel 8088 
Cycle Time: main storage. 41 O nanoseconds; access. 250 nanoseconds 
Memory: 40 K bytes of built-in ROM !read-only memory). 

16 K bytes of user RAM !random-access read/ 
write memory); expandable to 256 K bytes 

Standard: keyboard for data and text entry; audio-cassette recorder connector; five 
expansion slots for memory. display. printer. communications. and game 
adapters; built-in speaker for music programming; power-on automatic self­
test of system components; BASIC-language interpreter; 16 K bytes of user 
RAM !all user RAM includes parity bit) 

Keyboard: total of 83 keys for data and text entry; includes IO keys for numeric entry 
and cursor control. I 0 special function keys. and ASCII characters and special 
graphics characters !total 256 characters); automatic repeat on all keys; 
adjustable typing angle; detachable six-foot coil cable 

Disk drives: up to two 5-inch floppy-disk drives. I 60 K bytes each (will accommodate 4 
drives in future) 

Operating Systems 
IBM Personal Computer DOS !Microsoft) 

Software Available for IBM Personal Computer DOS 
BASIC interpreter !Microsoft) standard; extended BASIC interpreter (Microsoft) 540; Pascal 
compiler !Microsoft) 5300; VisiCalc !Personal Software) 5200; EasyWriter (Information 
Unlimited Software) 5 I 75; General Ledger. Accounts Receivable. Accounts Payable 
(Peachtree Software) 5595 each; asynchronous communications support 540; Adventure 
!Microsoft) 530; Advanced diagnostics package 5 I 55 

Hardware Prices 
System Unit. I 6 K-byte RAM. keyboard 
System Unit. 48 K-byte RAM. keyboard. single floppy-disk drive. disk-drive adapter 
Monochrome video display 
Combination monochrome-display adapter and printer adapter 
Color-graphics-monitor adapter 
16 K·byte memory-expansion kit 
32 K-byte memory-expansion kit 
64 K-byte memory-expansion kit 
Disk-drive adapter 
Disk drive 15-inch floppy disks) 
Asynchronous communications adapter 
Game-control adapter 
Keyboard 
Printer 
Printer adapter 
Printer cable 
Printer stand 

51265 
2235 
345 
335 
300 

90 
325 
540 
220 
570 
150 
55 

270 
755 
150 
55 . 
55 
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the 16 available colors, while colors 1 
through 3 are chosen from two 
available color sets. (In the text 
mode, COLOR sets the foreground, 
background, and border colors.) 
•LINE (all BASICs) allows you to 
draw a line, outline a box, or fill in a 
box in whatever colors are available. 
•SCREEN (all BASICs) : "SCREEN 
n" is used to choose text mode (n=O), 
IBM medium-resolution graphics 
(n = 1), or IBM high-resolution 
graphics (n =2) . In text mode, 
SCREEN can also generate a black­
and-white text image and choose 
which of several pages are to be in­
dependently viewed and written to. 
•GET and PUT (disk BASIC): GET 
allows you to save the graphic image 
within a specified rectangular area 
into a BASIC array. PUT allows the 
stored image to be redrawn at any 
point on the screen, in one of five 
ways: PSET (replace the existing 
image with the stored image ), 
PRESET (replace with the inverse of 
the stored image), XOR (exclusive-or 
the existing and stored images), OR 
(add the stored image to the existing 
image), AND (selectively restore the 
stored image, using the existing image 
as a logical mask) . 
•CIRCLE (advanced BASIC) allows 
you to draw a circle or ellipse with a 
given center, color, radius, and ec­
centricity. In addition, an arc (partial 
circle) may be drawn (the begin and 
end points of the arc can be 
specified); optionally, either or both 
endpoints can be connected to the 
center point. (This last feature exists 
but is not documented in the descrip­
tion of the CIRCLE command in the 
IBM BASIC manual. The end points 
must have an absolute value less than 
or equal to 27r. The same arc is drawn 
regardless of the sign of the end point; 
if the end point is negative, however, 
it is connected to the center point.) 
•PAINT (advanced BASIC) lets you 
specify a starting point, a color, and a 
boundary color. PAINT then starts 
painting the screen the given color 
from the starting point outward until 
it reaches the boundary color. 

Subroutine Interrupts in BASIC 
A very unusual and useful feature 

of the IBM BASIC is its ability to stop 
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Statement 

BEEP 
CALL 
CHAIN 

CIRCLE 
CLOSE 
CLS 

COLOR 
COM . ON/OFF/STOP 
COMMON 

DATA 
DATE$ 
DEF FN ... 

DEF SEG 
DEF USR 
DIM 

DRAW 
END 
ERASE 

ERROR 
FIELD 
FOR. .. TO ... STEP 

GET (disk 1/0) 
GET (graphics) 
GOSUB 

GOTO 
IF .. .THEN ... ELSE 
INPUT 

KEY ON/OFF 
KEY 
KEY ... ON/OFF 

LET 
LINE 
LINE INPUT 

LOCATE 
LPRINT 
LPRINT USING 

Descr ip t ion 

beep the internal speaker 
call machine-language subroutine from BASIC 
execute a new program, reta ining values of program 
variables 

draw cir cle. ell ipse. arc . or pie-shaped wedge 
close data file 
clear video screen 

set foreground and background colors 
enable/disable act iva tion of ON COM .. . GOS UB 
mechanism to pass variables to CHAI Ned program 

standard DATA statement 
set date 
user-defined function 

define current segment of memory 
define starting address for USR ca ll 
dimension arrays 

draw a gra phics command string 
end program 
reclaim memory from ar rays no longer being used 

simulate a given error condition 
defines fields with in a file buffer 
standard FOR loop 

get a record from a random-access file 
put graphics informat ion from screen to array 
execute subroutine 

cont inue execution at specifi ed line 
standard IF statement 
read data from keyboard or data file 

turn display of func tion keys on 25th line on or off 
redef ine one of ten function keys 
enable/disable activat ion of ON KEY GOS UB 

standard assignment statement (e.g., LET A= 3) 
draw line, box, or solid box on graphics screen 
read an entire line from keyboard or data f ile 

position cursor 
print to printer 
print to pr inter according to a given format 

Table 4b: A sum mary of IBM BASIC state111e11ts. 

execution of a BASIC program to ser­
vice an external interrupt before con­
tinuing the BASIC program. What 
makes this interrupt capability dif­
ferent from that of any other micro­
computer is that the interrupt routine 
is not a machine-language program 
but a BASIC subroutine within the 
BASIC program being used. The 
interrupting events are: a keypress 
from any of the four cursor­
movement keys or the ten function 
keys, incoming information from the 
IBM Asynchronous Communications 

Adapter card, activation of the light 
pen, or a keypress from a joystick 
trigger button. 

The form of these statements is 

ON event GOSUB line 

where event is COMn, KEY(n) , PEN, 
or STRIG(n) (joystick trigger), and 
line is the beginning line number of a 
BASIC subroutine. Another condi­
tion for the execution of the sub­
routine is for the event to be ac­
tivated, which is done by an 



Statement 

LSET 
MID$ 
MOTOR 

NEXT 
ON COM/KEY/PEN/ 

STRIG ... GOSUB 
ON ERROR GOTO 

ON ... GOSUB 
ON .. . GOTO 
OPEN 

OPTION BASE 
OUT 
PAINT 

PEN ON/OFF/STOP 
POKE 
PRINT 

PRINT USING 
PRESET 
PSET 

PUT (disk 110) 
PUT (graphics) 
RANDOMIZE 

READ 
REM 
RESTORE 

RESUME 
RETURN 
RSET 

SCREEN 
SOUND 
STOP 

STRIG ON/OFF 
STRIG ... ON/OFF 
SWAP 

TIME$ 
WAIT 
WEND 

WHILE 

WRITE 

Description 

left-justify a string within a field 
substring substitution statement 
control cassette recorder motor 

ends FOR loop 
interrupt by given event to BASIC subroutine (see text 

for details) 
enable error-trapping routine 

standard computed GOSUB statement 
standard computed GOTO statement 
open a disk or communications file 

allows array subscripts to start at O or 1 
output a byte to a port 
fill an area of the graphics screen with color 

enable/disable activation of ON PEN GOSUB 
put a specified value into a byte 
print to video display or file 

print to video display or file according to a given format 
plot a graphics point in the background color 
plot a graphics point in a given color 

write a record to a random-access file 
draw a stored image onto the graphics screen 
start a new pseudo-random number sequence 

read information from DATA statements 
standard remark statement 
reset pointer to DATA statements 

return from an error routine 
return from a subroutine 
right-justify a string within a field 

choose text or graphics screen for video display 
generate sound from the speaker 
stop program execution 

enable/disable joystick button 
enable/disable activation of ON STRIG .. GOSUB 
exchange the values of two variables 

set time 
standard Microsoft WAIT statement 
end WHILE loop 

program loop that executes as long as a given condi­
tion is true 

output data to video screen or file 

associated set of BASIC commands. 
For example, if the statement 

is executed, using the light pen causes 
the subroutine to be executed as soon 
as a PEN ON statement is executed. 
Similar statements are available for 
COMn and KEY(n), but not for 
STRIG(n). 

PEN ON 

is executed and the ON PEN state­
ment exists in the program, the 
subroutine will be executed the next 
time the light pen is used. If 

PEN OFF 

is executed, the use of the light pen 
will not cause the subroutine to be ex­
ecuted. If the statement 

PEN STOP 

With these statements, a program 
can immediately respond to certain 
events that may or may not happen. 

ORA W and PLAY 
One of the most innovative 

features of the IBM BASIC is the use 
of predefined BASIC strings to 
specify a series of draw commands 
(for DRAW) or note-playing com-

mands (for PLAY). These strings 
have their origins in the Apple II 
shape tables; but, by extending the 
syntax and allowing the "table" to 
take the form of standard strings that 
can be manipulated by the BASIC 
program itself, the concept has been 
greatly improved. 

Table 5 lists the commands 
available within a DRAW string. To 
draw a long, narrow rectangle, we 
simply define 

A$="R40;U10;L40;D10" 

This draws 40 units to the right, 10 
up, 40 to the left, and 10 down. If we 
execute the statement 

DRAW A$ 

the rectangle will be drawn from 
wherever the graphics cursor happens 
to be at that time_ 

One of the most powerful features 
of this graphics-command language is 
the ability to call one string from 
another. For example, to rotate this 
box 90 degrees counterclockwise, we 
could simply command 

DRAW "Al;XA$;" 

(Al calls for a 90-degree rotation, and 
XA$; executes string A$.) In addition, 
any command can take its argument 
from an existing variable, so that if 
we say 

DRAW "A=I;XA$;" 

the image will be rotated an 
I-multiple of 90 degrees before being 
drawn. Note the presence of the 
semicolon at the end of the X com­
mand; this is necessary for the com­
mand to work. 

Photo 11 shows the listing and the 
run of a program that first draws the 
string A$, then draws it in all its rota­
tions. The PSET. statement simply 
moves the graphics cursor to a new 
location before drawing. 

The PLAY statement works 
similarly to the DRAW statement, 
but with a different set of commands. 
For example, the statement 

PLAY "Cl;D#2;G-4" 
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Over 2 Million CP/M-86 Units OEM Strategy 

Software Writer Benefits The Standard ls 
2,800,000 CP/M -86 based Digital Research 

systems by 1986. This market We are the most experienced 
projection identifies the type and microcomputer software com-

New sales. New markets. New 
applications become realities 
when you convert to 16-bits. New 
demand curves. New and larger 
profit centers are yours with our 
16 -bit products. To immediately 
capture increased market share, 
make a priority call to our market­
ing group for our 16-bit product 
briefs, OEM price list and contract 
information. 

scope of your future sales. pany in the industry. Over 300,000 
Independent Software Vendor microcomputers use our operat-

(ISV) benefits from Digital ing systems. Over 400 OEMs and 
Research can make you more 500 independent software 
profitable. Here's a glimpse. Call vendors use our products. 
for the complete repertoire of Hundreds of 8-bit applications 
sales and development aids. now run under our 16-bit prod-

16-bit laboratory for your use ucts. Across the board, we set 
features many different 16-bit the standard. And these people 
machines. This one stop develop- help us set it. with languages 
men! reduces the conversion time under CP/ M-86 or MP/M-86: 
of your application or language. 
First to call means first to enjoy 
this resource, and first to start 
sales rolling . 

ISV selling aid: Descriptive 
listings of your products in our 
ISV Compatible Software Catalog 
have worldwide exposure. 

IBM Display Writers and 
Personal Computers running 
CP/M-86 guarantee a large 
installed base for your 16-bit 
products. 

Apple/Tandy software writers: 
Personal and professional com­
puter applications increasingly 
require 16-bit resources. Our 
established "how-to" aids simplify 
and speed your conversion to 16-
bit applications. Just let us help. 

The Code Works 
Computer Innovations 
Compuview Products, Inc. 
Digital Research 
Microfocus, Inc. 
Micropro lnt'I Corp. 
Microsoft 
Midwest M icro-Tek, Inc. 
Ryan-McFarland Corp. 
The Soft Warehouse 
Sorcim Corp. 
Stack works 
Supersoft Associates 
Thomas W. Yonkman 
Vanguard Systems Corp. 

Ccompiler 
Ccompiler 
VEDIT, screen editor 
CBASIC-86, PASCAL MT 
CIS COBOL 
WORDMASTER, WORDSTAR 
BASIC, FORTRAN, COBOL, PASCAL 
BASIC-compiler 
RM/COBOL 
LISP compiler, MuMATH 
PASCAL/M, TRANS-86 
FORTH 
Ccompiler 
LISP/86 
APL/V86 

Turn Opportunity 
into Success. 

Stop following the competition. 
Help lead the field. Today. We 
provide the capability, and we 
have the desire, to accelerate 
your profitability. There's no 
other software product on the 
market today that can help make 
you more successful than Digital 
Research's CP/M-86. And there's 
no other company. We stand 
ready. It 's your move. 
Call(408) 649-3896, or write: 
Digital Research, PO. Box 579, 
Pacific Grove, CA 93950. 
Europe: Vector; Intl , Leuven, 
Belgium, 32(16)202496. 
Far East: Microsoftware Assoc., 
Tokyo, Japan, 03-403-2120. 

Circle 125 on inquiry card. 











processor has to get memory one byte 
at a time, like the 8-bit 6502 and Z80. 
Still, this does not fully account for 
the IBM microcomputer's modest per­
formance. Perhaps IBM's BASIC has 
only been translated from its 8-bit 
predecessors and not optimized for 
the 8088's instruction set. 

Documentation 
IBM uses the slogan "The IBM of 

Personal Computers" in one of its 
advertisements. The manuals that ac­
company the IBM microcomputer 
and various pieces of software could 
likewise be called . 'The IBM of 
Documentation." They will set the 
standard for all microcomputer 
documentation in the future. Not 
only are they well packaged, well 
organized, and easy to understand, 
but they are also complete. With the 
inclusion of the manual Technical 
Reference, the IBM Personal Com-

Photo 11: A demonstration of the DRAW 
command. See the text for details. 

Photo 12: An example of the DEBUG pro- . 
gram at work. 
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puter is as well documented as any 
existing microcomputer, and the 
documentation is available much 
earlier in the life of this machine than 
it has been for other machines. 

Each manual is in a hardcover 
D-ring binder with its own slip cover. 
The pages are 14 by 21.6 cm (5.5 by 
8.5 inches), and the binder is built so 
that the opened book lies flat. In­
cluded with the minimal configura­
tion IBM microcomputer are manuals 
titled Guide to Operations and 
BASIC. A separate boxed manual is 
given with each software package; 
some IBM Personal Computer pro­
ducts have softcover documentation 
booklets. 

Guide to Operations explains the 
capabilities of the IBM Personal 
Computer system and provides infor­
mation to be used in the setup and in­
itial operation of the microcomputer. 
A 145-page section called "Opera­
tions" describes the IBM keyboard 
layout and usage, the IBM 80 CPS 
Matrix Printer, the IBM DOS, and 
selected information on IBM BASIC. 
Other sections tell you what to do if 
the IBM microcomputer doesn't 
work, what additional peripherals are 
available for the system, and how to 
prepare the system to physically 
move it to another location. The 
manual is written in a friendly, 
tutorial manner and includes the 
basic information that most manuals 
take for granted (i .e., how to turn the 
machine on, how to start BASIC). 

BASIC is 406 pages long and con­
tains a 258-page section that fully 
describes each BASIC command, 
function, statement, and variable. 
Each BASIC keyword is documented 
under several headings: format (the 
.syntax of the keyword), versions (the 
version or versions of IBM BASIC 
under which the keyword is avail­
able), remarks (a commentary that 
further explains the use of the 
keyword), and an example. Other 
sections describe the use of the BASIC 
Program Editor, floppy-disk 1/0, 
communications files, and other 
topics. 

The Reference Manual 
The manual Technical Reference 

deserves special recognition simply 

for its existence. It is 372 pages long 
and is in three sections, plus appen­
dixes; its price is a modest $36. Sec­
tion 1 gives a short overview of the 
IBM Personal Computer System and 
some of its internal workings. Section 
2, which is 147 pages long, gives a 
functional specification for every 
piece of hardware in the IBM Per­
sonal Computer product line. This in­
cludes highly detailed specifications 
of the operation of the hardware, 
pinouts for peripheral connectors, 
and connection diagrams showing 
how to interface IBM peripheral cards 
with non-IBM devices. Section 3 
describes the IBM BIOS. Five appen­
dixes give additional information, in­
cluding a complete, commented 
listing of the. IBM BIOS and 
schematics for all hardware in the 
system. 

I'm sure that adventurous micro­
computer enthusiasts will discover 
many more things about the IBM 
microcomputer as they buy and use 
the machine. But Technical Reference 
gives us a tremendous amount of in­
formation from the start. Most com­
puter enthusiasts will want to have a 
copy of this book. 

Sales and Service 
Many companies are trying to 

become authorized IBM dealers; at 
the time of this writing, all Com­
pu terland stores are authorized 
dealers, and Sears Roebuck and Com­
pany has announced plans to sell the 
IBM Personal Computer through its 
Sears Business Systems Centers. IBM 
itself will sell its microcomputer 
through the IBM Product Centers in 
Baltimore, Philadelphia, and San 
Francisco. Since a potential dealer has 
to qualify as an authorized repair 
center before a dealership will be 
awarded, service will always be avail­
able from the dealer that sold you the 
unit. 

IBM is also offering warranty ex­
tensions to increase the 90-day war­
ranty that comes with the machine to 
one year, as well as annual main­
tenance contracts. The prices are 
reasonable; for example, the prices 
for a 48 K-byte system with one flop­
py disk and the monochrome display 
are $154 for the warranty extension 



Our drives feature excellent engineering. and 
all of the advanced performance features you've 
come to expect from the nation's leading disk 
drive manufacturers. All systems are completely 
burned-in and tested . And. you'll see at least 
five quality assurance stamps on each and every 
drive. which is how we make sure our drives 
will run and will continue to run past our 
optional two year extended warranty. 

Our drive packages start at $250.00 and in­
clude a comprehensive operations manual and 
an attractive static free. dust free cover. 

Systems available for Altos. 1 Apple™. Atari. 
Heath™. North Star™, S-100, 2TRS-8CYM (Model 
I. II. Ill. Color). Zenith™. 

If one of our drives fails to meet your highest 
expectations of how trouble free and reliable a 
disk drive can be. then return it to us for a 
complete refund.• 

So. before you buy another drive. take a test 
drive with one of ours. We're sure that you'll 
find TRAXXto be the I �~� 

�f�i�~�~�~�G�U�A�R�A�N�T�E�E�D�I� 11n+ 
COMPUTER CORPORATION 

Call our toll-free TRAXX LINE: 1-SOCJ-621-3102. In Illinois. call: (312) 987-1024. 10AM-6PM CST, 
Monday thru Friday. •For full refund drives must be returnee! within 10 days of purchase. 
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T:he new HEI Model 121-4 card ' ·1 

reader handles marked and 
punched cards interchangably, 
including many colors of pen or 
pencil. Absolutely no operator 
adjustment required. Includes a 
number of switch-selectable features for 
application tailoring without extra cost. 
• Reads strobe marks right or left, or self-clocking on both 

80 column punch and mark-sense cards. 
• RS-232 ASCII output (with Hollerith to ASCII conversion 

if necessary), or parallel TTL output. 
• Six in-per-sec. card feedthru, or auto return to the front 

after read. 
A built-in self test feature checks all 13 channels with a 
diagnostic card. The Model 121-4 operates on 50/60 CPS. 
Specify voltage as either 110 or 230 VAC. 
The Model 121-4 is the most flexible and capable hand-fed 
card reader on the market at any price, and the price is right. 
You'll find it to be ideal for a variety of inventory control and 
data collection tasks. Call or write for more information on 
the latest optoelectronic solution from HEI. 

The Optoelectronic Specialists 

HEiine. 
Vit:to_rla, MN 55386 • '612-443-2500 
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and $196 for the annual maintenance 
contract. On the other hand, the 
prices for the IBM 80 CPS Matrix 
Printer (which has a lot of moving 
parts) are $141 and $179, respec­
tively. 

Prices may become a source of 
potential bad feelings between you 
and the dealer. The prices quoted in 
the "At a Glance" textbox are sug­
gested retail prices that are 
guaranteed to be in effect only at the 
three IBM Product Centers, listed 
above. Dealer prices may vary from 
this somewhat-expect a variation 
between $10 and $100 on most pro­
ducts, depending on their suggested 
price. However, at the time of this 
writing, one authorized IBM dealer is 
selling the Peach tree Software 
business packages (General Ledger, 
Accounts Receivable, and Accounts 
Payable) at $995 each, a full $400 
above the IBM suggested price of 

Advanced BASIC adds 
event trapping, some 

advanced graphics 
commands, and an 

advanced music-playing 
command. 

$595. Since the IBM suggested price 
includes a sufficient profit margin for 
most products, I think this price 
(which I confirmed with the dealer) is 
exorbitant. 

The moral is to shop around for the 
best prices, if you can. However, this 
may be difficult for two reasons. 
First, IBM is probably going to 
authorize only one dealer per 
geographic area, at least initially. 
Second, the IBM microcomputer pro­
duct line is probably not going to be 
available by mail for quite some time. 
Another problem with buying soft­
ware from a dealer in a distant city is 
that the dealer is going to be responsi­
ble for software support. Still, for 
$400, I would be tempted to buy my 
software in another city and make 
some long-distance calls when I need­
ed software support. 

Other Vendors 
When the IBM Personal Computer 

was introduced last fall, IBM was the 
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The Manager Series* from Microsoft™ 
turns a personal computer into 

an executive toolbox. 
Better management tools. The 
Manager Series from Microsoft 
turns an inexpensive personal 
computer into an executive's 
toolbox. Not a computer program­
mer's toolbox. An executive toolbox. 
Computerized management tools for 
non-computer people. 

Time, people, projects. The Series 
is a system of software tools that 
work together to help you plan, organize, 
schedule and record your business and 
personal affairs. Time Manager,* Project Manager· 
and Personnel Manager* are the first packages in 
the Series. 

Write it once. All programs in the Manager Series allow 
you to transfer information between programs. That 
means you can enter information in one program and 
transfer it for management by another. 
Time Manager. The key. Time Manager helps you 
manage your personal time, appointments and priorities. 
It can also help you manage expenses, costs and job 
schedules. Or, keep a running tally of costs and hours by 
day, week, month or year. And Time Manager can act as 
an "executive" to manage other programs in the Series. 
Project Manager. Describe the components of a 
project to Project Manager. It will create timing, task and 
resource charts to help you focus on critical tasks. Change 
one piece of information and Project Manager will 

recalculate the entire project. Project 
Manager even flags overcommitted 
personnel resources. 

Personnel Manager. Manage 
information about people, companies. 
customers or prospects. From names 

and addresses to skills, position. and 
characteristics. Personnel Manager lets 
you enter any kind of people-related 

information. Then, organize and retrieve 
it almost any way you want. 

Management software. Even if 
you've never used a computer 

before, you should be able to productively 
use the Manager Series in a very short time. 

And, when you've learned to use one in the Series, 
you've virtually learned them all. 
Seeing is believing. Ask your local computer store for 
a demonstration of the Manager Series. It's a series of 
management tools that could be your best reason to own 
a personal computer. 

'Trademarks of The Image Producers. Inc. 

A Division of Microsoft. Inc . 
10700 Northup Way • Bellevue. WA 98004 



sole supplier of both hardware and 
software. But potential hardware and 
software vendors have wasted no 
time in providing products for what 
they feel will be a very popular 
microcomputer. In particular, Life­
boat Associates announced last Oc­
tober that it is "making available 
most of its existing applications pro­
grams to serve users of IBM 's new -
16-bit Personal Computer." When 
this is accomplished, it will do a lot to 
ease the shortage of business and 
applications software that currently 
exists for the IBM Personal Com­
puter. 

(In a related development, Lifeboat 
also announced that it will be selling 
all its 16-bit software for the SB-86 
operating system, which is its name 
for the IBM disk operating system. 
The fact that IBM, Microsoft, and 
Lifeboat have put their names behind 
this 16-bit operating system poses a 
serious threat to Digital Research's 
prospects of dominating the 16-bit 
market with its new CP /M-86 8086 

operating system, as it has the 8-bit 
arena with its popular CP /M 8080 
operating system.) 

As for hardware, several gaps will, 
for the moment, be filled by outside 
vendors. IBM does not currently sup­
ply a high-quality RGB color 
monitor, a letter-quality printer, or 
any of the special input devices pro­
vided for in the system (joystick, light 
pen, paddles). IBM's position is that 
the potential demand for these pro­
ducts will cause third-party vendors 
to independently market them. (In 
the next section, I will discuss some 
problems with this philosophy.) In 
addition, the expansion slots provide 
the opportunity to interface the IBM 
microcomputer with many outside 
devices. Given a reasonable period of 
time, plenty of hardware and soft­
ware will probably be developed for 
the IBM Personal Computer. 

One other item of interest is the 
announcement of a new magazine 
called PC: The Independent Guide to 
the IBM Personal Computer. It is 

D UNIX V7 configured by UN ISOfT•• D Full IEEE 696/S-100 Com­
patabilit y D M C68000 8MHz Processor D 32-Bil Data Operalions 

... with 32-Bit Internal Registers D 16-Bit Data 
,;;.---- Transfer Operations D Memory 

�~� M•••gomoo< AUow• 
�~� Concurrent Use of 
- . �~�- Mapped and Non-

mapped Address space 
D 16 Mb of Main Memory Directly 

Addressable D 7 Vectored Interrupt levels 
D 256 Kb of RAM with Parity Per Board Slot 
• UNIX is a trademark of Bell Laboratories and is suppor ted on the 

DUAL Sys tem 83 by UN ISOF T 
**UN ISOF T is a l radema rk of UN ISOFT Corporat ion of Berkeley, CA. 

�~� DUAL SYSTEMS 
system reli ability/ system integrity ··, 

720 Channing Way • Berk eley • CA 94710 • (415) 549 -3654 • Telex: 172029 SPX 
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published by David Bunell, of Soft­
ware Communications, Inc., 44 
Montgomery St., San Francisco, CA 
94104; subscriptions are $12 for 12 
issues. It should be of great interest to 
owners of the IBM Personal Com­
puter. 

Current Weaknesses 
The IBM Personal Computer is a 

very good machine, but it does have 
some shortcomings. This is no reflec­
tion on IBM 's ability to design a 
microcomputer; rather, it is a reflec­
tion of the trade-offs between 
capability and cost that had to be 
made to make the machine com­
petitive in the existing market. 

The most serious weakness of the 
IBM Personal Computer is the small 
number of expansion slots available 
for future use. Note that I say "for 
future use"; one slot is taken up by a 
video adapter card (or two if you 
want both kinds of display), and 
another is taken up for each of the 
following devices: the 5 %-inch 
Diskette Adapter card (if you want a 
floppy disk), the Asynchronous 
Communications Adapter card (if 
you want an RS-232C port), the 
Printer Adapter card (if you have the 
color/graphics video card and want a 
parallel printer), and the Game Con­
trol Adapter card (if you want 
joysticks or game paddles). Since you 
need an empty expansion slot for 
each 64 K bytes of memory above 
the f irst 64 K bytes, it is obvious that 
you cannot put everything into the 
IBM microcomputer that you might 
want to. The most frequently en­
countered limitation is the amount of 
memory you can have in the micro­
computer; if you want a floppy disk 
and the RS-232C card, you can have 
only (!) 192 K bytes of memory-all 
five slots are filled. With a moment's 
reflection, you will see that the ex­
pansion slots in the IBM Personal 
Computer will fill rather quickly. 

At the moment, the IBM Personal 
Computer system is weak with 
respect to word processing. First, 
IBM does not market a letter-quality 
printer. This means that, if you want 
to do word processing on the IBM 
microcomputer, you have to trust 
that your IBM dealer will also sell 
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Imagine that:' 
One nice thing about having your own IBM Personal 
Computer is that it's yottrs. For your business, your 
project, your department, your class, your family and, 
indeed, for yourself. 

Of course, you might have thought owning a 
computer was too expensive. But now you can relax. 

The IBM Personal Com purer starts at less than 
$1,6007 for a system !hat, with the addition of one 
simple device, hooks up to your home TV and uses your 
audio cassette recorder. 

You might also have thought running a computer 
was too difficult. But you can relax again. 
,--------------------------1 

IBM PERSONAL COMPUTER SPECIFICATIONS I 
*ADVANCED FEATURES FOR PERSONAL COMPUTERS I 

User Memory DisplayScreen Color/Graphics I 
16K - 256K b)t<::s* High-resolution * Text mode: 
Permanent Memory (720h x 350v) 16colors* I 
(ROM) 40K bytes* 80 characters x 25 li nes 256 characters and I 
Microprocessor Upper and lower case svmhols in ROM* 
High speed, 8088* Green phosphor Gmp/Jics mode: 
Auxiliary Memory screen* 4-color resolution: 
2 optional internal Diagnostics 320h x 200v* 

diskette drives, Power-on self testing* Black&. white resolution: 
SY..'', J60K bvtes Parity checking* 640h x 200v* 
per diskette· Langu:iges Simultaneous �g�r�~�h�i�c�s� & 

Keyboard BASIC, Pascal text capability ·· 
83 keys, 6 ft. cord Printer Communications 

attaches to Bidirectional* �~ �S�-�2 �3�2�-�C� interface 
svstem unit* 80 characters/second Asynchronous (s1a11/stop) 

10 function kevs* 12 character styles, up ,to protocol 
10-key �n�u�m �e�r �i�~� �~�a�d� 132 characters/lin e Up to 9600 bits 

L Tactile feedback 9 x 9 ch:tracter matrix* per second 
----·- ·--:-----=---------------

The IBM Personal Computer 

Getting started is easier than you might think, 
because IBM has structured the learning process for you. 
Our literature is inyattrlanguage, not in "computerese." 
Our software involves you, the system interacts with you as 
if it was made to-and it was. 

That's why you can be running programs in just one 
day. Maybe even writing your own programs in a matter 
of weeks. 

For ease of use, flexibility and performance, no 
other personal computer offers as many advanced 
capabilities. (See the box.) 

But what makes the IBM Personal Computer a 
truly useful tool are software programs selected by IBM's 
Personal Computer Software Publishing Department. 
You can have programs in business, professional, word 
processing, computer language, personal and 
entertainment categories. 

You can see the system and the software in action at 
any ComputerLand® store or Sears Business Systems 
Center. Or try it our at one of our IBM Product Centers. 
The IBM Data Processing Division will serve those 
customers who want to purchase in quantity. 

iottr IBM Personal Computer. Once you start 
working with it, you'll discover more than the answers 

and solutions you seek: you'll discover that getting 
there is half the fun. Imagine that. = =:;::: u �!�:�:�'�~� 

- - ---- - - ------- - ---- · -

For the IBM Personal Compurer clcaltr nearesr rou_ call (800) 447-4700. 
In Illinois, (800) 322-4400. In Alaska or Hawaii, (800)447-0890. 



Circle 131 on inquiry card. 

TWO TO 
REMEMBER 
The Ultimate 
Dynamic IEEE 696/ 
S-100 Memory ... 
Available now from Dual Systems: 
DMEM/256 memory boards. Put 
the most density of memory ever 
available on your IEEE/S-100 bus. 
Get industrial-grade quality with 
this ruggedly built board; it's 
been burned in for 168 hours. 

D FULL 256 Kb on a single board. 
D TWO INDEPENDANTL Y 

ADDRESSABLE 128 Kb BLOCKS. 
D RUNS IN 8 MHz System. 
D RUNS A 1 4 MHz BUS SPEED 

(no wait states). 
D RUNS IN 8 OR 16-BIT systems 

with 8 or 16-bit wide data paths. 
D EXTENDED 24-BIT ADDRESSING 
D PARITY ERROR DETECTION­

generates E;ither interrupt or 
bus error signals on error. 

D DMEM/256K . . . . . . . . . . . $1245 
D DMEM/256KP (Parity) ... $1345 

Static IEEE/S-100 
Memory with 
Non-Volatility 
The Dual Systems CMEM memory 
boards combine high speed 
CMOS memories with new 5-10 
year lithium batteries to give you 
the nonvolatility of an EPROM 
board while retaining the instant 
writability of a high-speed 
read/write RAM. 

D RUNS AT 6 MHz 
(no wait states). 

D 8 OR 16-BIT with 8 or 16-bit 
wide data paths. 

D EXTENDED 24-BIT 
ADDRESSING and bank select. 

D CMEM/32K . . . . . . . . . . . . . $895 
D CMEM/16K . . . . . . . . . . . . . $795 
D CMEM/8K . . . . . . . . . . . . . . $695 
OEM and Dealer pricing is available. 

Sales represen1a1ives in m os1 metr opolit an areas. 

system reliability/system integrity 

DUAL SYSTEMS 
720 Channing Way, Berkeley 94710 
{415) 549-3854 · Telex : 172029 SPX 
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you a letter-quality printer and cable 
that will work properly with your 
software. This problem of com­
patibility has been very common in 
the microcomputer industry to date. 
It is surprising that IBM, which has 
worked so hard in some other areas 
to avoid this problem, has literally 
left it to chance here. 

Of course, the explanation of 
"limited resources" can be given here, 
too. That is, if IBM had waited until 
it had everything lined up, the pro­
duct would not have been introduced 
as early as it has been. Still, the 
criticism stands that, by not pro­
viding a full product line, the I BM 
Personal Computer system, through 
no fault of its own, may fail prey to 
hardware and software incompatibil­
ity, thus creating still more dis­
appointed microcomputer users. 

Another weakness of the IBM Per­
sonal Computer as a word processor 
is the lack of versatile word­
processing software to drive the 
machine. The only word processor 
available at the time of this writing is 
Information Unlimited's EasyWriter. 
I was given a chance to work with the 
EasyWriter word processor on the 
IBM microcomputer, and I found a 
few things I didn't like about it. In 
general, the software didn't seem to 
be of the same caliber as, say, 
VisiCalc or the Peachtree business 
packages. Specifically, at times the 
software left me not knowing exactly 
what to do next, and I found the 
scrolling-both up and down-to be 
slow. (Scrolling down is understand­
ably slow because the entire screen 
has to be rewritten, but scrolling up is 
usually fast, whether it be on a 
memory-mapped video display or a 
terminal. On the IBM EasyWriter, the 
scrolling is as slow going up as it is 
going down.) I have used the Apple II 
version of EasyWriter extensively, 
and my opinion of it is the same as for 
the IBM version: it is a good piece of 
software for the money, but it isn't as 
versatile as some applications re­
quire. 

I'm sure that Magic Wand, Word­
Star, or something similar will be 
available very soon for the IBM 
microcomputer, but EasyWriter is the 
only choice for the moment. My ad-

vice is: if you have an IBM Personal 
Computer, use the EasyWriter pack­
age a lot before you buy it. If you are 
looking for a system to be used 
primarily for word processing and 
you can't afford to wait for better 
software, I suggest that you look at 
other existing systems, such as the 
Radio Shack TRS-80 Model II or the 
Xerox 820. The IBM system, as it cur­
rently stands, does not compare 
favorably with these other systems. 

Another limitation of the IBM Per­
sonal Computer is that, even though 
up to 256 K bytes of memory are 
available, the extended Microsoft 
BASIC cannot access more than a 
64 K-byte workspace (I assume this 
includes both program and data), 
even though the IBM Pascal Compiler 
(also by Microsoft) and other pro­
posed system software are said to be 
able to access all the workspace 
memory in the machine. Sixty­
four K bytes seems to be so much 
memory, especially since we are used 
to program, data, and the BASIC in­
terpreter fitting .into 64 K bytes. Still, 
it's unfortunate that all that extra 
memory (which is one of the main 
reasons for buying the machine) can't 
be used by BASIC, the computer 
language that will probably most 
often be used on the machine. 

Another weakness that must be 
mentioned is an extension of one 
previously discussed: the IBM dealer 
will have to supply certain useful or 
even vital components of a complete 
IBM microcomputer system. IBM 
says it has no interest in manufactur­
ing color monitors, letter-quality 
printers, joysticks, or light pens, nor 
can IBM supply you with the cables 
that will have to be made to connect 
these devices to the IBM micro­
computer. In addition, if you want to 
connect your IBM microcomputer to 
a standard color TV (which is what 
most people will do), you will have to 
rely again on the judgment of your 
IBM dealer for the correct cable and 
RF modulator. I'm sure that in most 
cases no serious problems will arise, 
but by not making the entire product· 
line itself, IBM has lost its guarantee 
of total system compatibility. 

As someone not unacquainted with 
the programming of games, I found a 
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�~�O�L�A�T�I�O�N�S� IBM! 
Your Personal Computer is Great! 
-and now, it is even better, 
with the TEcMATE™ Series of 
Add-In and Add-On Products 

TEcMATE'" is the first and only complete line 
of Add-In and Add-On Product.s available for 
the IBM Personal Computer. 

Expand, enhance or simply make your system 
more useful and exciting with any of the more 
than twenty TEcMATE™ Product.s currently 
available. 
Personal Computer Expansion Chassis 
System Clock with Battery Backup 
BSR Xl O™ Device Controller 
Voice Synthesizer 
Winchester Disk Drive and Controller 
High Capacity ( 192K/256K) Dynamic Memory Board 
High Speed Static Memory (RAM/ROM) 
Electrically Erasable E PROM Board 
Parallel Medium Speed Input/Output Interface 
Parallel High Speed Input/Output Interface 
Serial Medium Speed Input/Output Interface 

____ _._._..-.-.--1 Serial High Speed Input/Output Interface 
i.... Multi-System Printer Sharing Facility 

IEEE 488 Interface 
Analog to Digital Converter-a, 12, 14, 16 Bit 
Digital to Analog Converter-8 and 12 Bit 
Video Image Digitizer 
Stepping Motor Controller 
Music Synthesizer 
Prototyping Board 
Extender Board 

Additional product.s are already 
under development, so if we don't now have 
what you need, chances are good that we 
soon will/ 
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Toughest Boards 
in Town ... 
IEEE 696/S-100 

NON-STOP CLOCK 
Keeps time with power off. Our 
industrial clock utilizes a new 
lithium battery for 3-9 years use. 
Easiest clock to program you'll ever 
see. Runs in all S-100 systems. 
0 Year, date, hrs, mins, secs, msecs. 
0 Uses new LSI CMOS chip. 
0 Vectored interrupts. 
0 CLK-24 .. ... . .... . . .. ...... 5250 

AID CONVERTER 
IEEE696tS-100 AIM-12 industrial 
standard modul e designed for 
industrial analog-to-digital use. 
0 Runs in all S-100 systems. 
0 32-channel, 16-differential 012-bit 
resolution/accuracy. 0 25-microsecond 
conversions. 
0 Instrumentation amplifier. 
0 BASIC program provided. 0 AIM-12, 
5695 or 5785 w/1-1000 gain transducer 
amplifier. 

DIA CONVERTER 
AOM-12 IEEE6961S-100 industrial 
level digital-to-analog (DI Al 
converter. 
0 12-bit ± 112 L.S.B. accuracy over 
full 0-70°C temperature range. 
0 Outputs 0-10, ± 5, or± 10 volts. 
0 Short circuit protection, all outputs. 
0 Switch-programmable for multiple 
boards. 
0 AOM-12, 5575 

VIC 4-20 
Standard output for industrial 
control 4-20 mA DIA converter. 
Used in conjunction with the 
DIA board. 
VIC4-20, 5445. 

DUAL 77 Data Acquisition 
and Control System-
Built to industrial standards; designed 
for severe environments. BASIC 
language makes programming easy. 
Access to hundreds of sensors. 
Expandability to meet your increased 
needs. Nonvolatile memory. Power 
interruption recovery with automatic 
restart. DUAL 77 is economical; 
55985 & up. 

system rel iability/system integrity 
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few inadequacies with the graphics 
commands of the extended Microsoft 
BASIC. Although the graphics­
definition language is excellent, 
shapes are allowed to rotate only in 
90-degree increments. In addition, the 
only way I found to detect the colli­
sion of a drawn shape with the con­
tents of the screen is through a 
POINT function that gives the color 
number of a given point on the 
screen. Although this can, with some 
effort, be used for that purpose, it 
falls far short of the methods of de­
tecting collisions available on the 
Apple II and the Atari 400/800 com­
puters. Perhaps some enthusiastic 
programmer will find a memory loca­
tion that indicates whether or not a 
drawn shape has collided with 
another image on the screen. In any 
case, these are small criticisms of a 
machine that does so many things so 
well. 

Speculations 
One interesting thing about IBM is 

that it refuses to acknowledge the 
existence of any product that is not 
ready to be put on dealers' shelves 
tomorrow. Although this is 
frustrating at times, it is a refreshing 
change from some companies' prac­
tice of announcing a product even 
before its design is finished. Here are 
some speculations about future IBM 
Personal Computer products. The 
first two are almost assured, while the 
rest follow in increasing degree of 
uncertainty. 

•Two more disk drives. Although, at 
the time of this writing, IBM main­
tains that only two disk drives are 
available for the IBM micro­
computer, Technical Reference in­
dicates in several places that provi­
sion is made for two external disk 
drives to be connected to the 5%-inch 
Diskette Drive Adapter via the DB-37 
connector on the back of the adapter 
card. (See the leftmost plug in the ex­
pansion slot area in photo 10.) 
•An 808618088 macro assembler. 
The Technical Reference bibliog­
raphy lists a manual for the I BM Per­
sonal Computer Macro Assembler. It 
may be available by the time you 
read this article. 

Now we start with the specula­
tions: 

•SofTech Microsystems' UCSD 
p-System. IBM announced that this 
operating system would be available 
for the IBM Personal Computer; this 
would make UCSD Pascal, FOR­
TRAN, and BASIC available, and it 
would allow the IBM microcomputer 
to run the same programs as other 
UCSD systems. However, IBM 
would not give me any availability 
dates. 
•A typing tutorial program. This 
was mentioned once in the front of 
the IBM Guide to Operations-but 
then, so were joysticks and RF 
modulators. Microsoft may adapt its 
Typing Tutor for the IBM Personal 
Computer. 
•An official letter-quality printer and 
a major-league word processor. IBM 
may have plans to do this, or it may 
be relying on manufacturers' eager­
ness to expand their potential market. 
Someone will probably do it, but it 
may not be IBM. 
•An "expansion box" to increase the 
number of peripheral cards that can 
be placed in the computer at one 
time. This would resolve a design 
limitation of the IBM Personal Com­
puter as it now exists. 
•A 128 K-byte (or more) memory 
board. As the 64 K-bit memory ICs 
decrease in price and become more 
available, IBM may market expan­
sion boards that hold more than their 
current 64 K-byte limit. This would 
free up one or two expansion slots, 
but it might also allow the IBM Per­
sonal Computer to hold more than 
256 K bytes. 
•A database management system. 
This, like many other business pack­
ages, is needed to strengthen the posi­
tion of the IBM microcomputer in the 
business area. 
•An official RGB color monitor. I 
don't think IBM is going to go for this 
one, but it should. I have seen three 
separate IBM Personal Computers 
with RGB monitors. In all three cases, 
the monitor used did not have an in­
put for the intensity signal and so 
could display only eight of the sixteen 
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