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A new small computer
that won’t limit you tomorrow
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Here's a low-priced computer that won’t run out
of memory capacity or expandability halfway
through your project.

Typically, computer usage tends to grow, requir-
ing more capability, more memory, more storage.
Without a lot of capability and expandability, your
computer can be obsolete from the start.

The new System One is a real building-block
machine. It has capability and expandability by the
carload.

Look at these features:

m Z80-A processor
m 64K of RAM
m 780K of disk storage
m CRT and printer interfaces
m Eight S-100 card slots, allowing expansion
with
— color graphics
— additional memory
— additional interfaces for telecommunica-
tions, data acquisition, etc.
m Small size

GENEROUS DISK STORAGE

The 780K of disk storage in the System One
Model CS-1 is much greater than what is typically
available in small computers. But here, too, you
have a choice since a second version, Model
CS-1H, has a 5" Winchester drive that gives you
5 megabytes of disk storage.

MULTI-USER, MULTI-TASKING
CAPABILITY

Believe it or not, this new computer even offers
multi-user capability when used with our advanced
CROMiIX* operating system option. Not only does this
outstanding O/S support multiple users on this com-
puter but does so with powerful features like multi-

ple directories, file protection and record level lock.
CROMIX lets you run multiple jobs as well.

In addition to our highly-acclaimed crOmix, there
is our cDOs*. This is an enhanced CP/Mm' type system
designed for single-user applications. cpmM and a
wealth of cp/M-compatible software are also
available for the new System One through third-
party vendors.

COLOR GRAPHICS/WORD PROCESSING

This small computer even gives you the option of
outstanding high-resolution color graphics with our
Model SD! interface and two-port RAM cards.

Then there’s our tremendously wide range of
Cromemco software including packages for word
processing, business, and much more, all usable
with the new System One.

ANTI-OBSOLESCENCE/LOW-PRICED

As you can see, the new One offers you a lot of
performance. It's obviously designed with anti-
obsolescence in mind.

What’s more, it's priced at only $3,995. That's
considerably less than many machines with much
less capability. And it's not that much more than
many machines that have little or nothing in the
way of expandability.

Physically, the One is small — 7" high. And it’s all-
metal in construction. It's only 14Ys"" wide, ideal for
desk top use. A rack mount-option is also available.

CONTACT YOUR REP NOW

Get all the details on this important building-block
computer. Get in touch with your Cromemco rep
now. He'll show you how the new System One can
grow with your task.

*CROMIX and CDOS are trademarks of Cromemco Inc.
tCP/M is a trademark of Digital Research

Cromemco™

i n ¢ o r p o r at e d

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ¢ (415) 964-7400
Tomorrow’s computers today

Circle 126 on inquiry card.
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CROMIX FILE SYSTEM
/tcot drectory)
o

CROMIX*— Cromemco’s outstanding

UNIX'—-like operating system

CROMIX is just the kind of major
development you've come to expect
from Cromemco. After all, we’re
already well-known for the most
respected software in the microcom-
puter field.

And now we've come up with the in-
dustry’s first UNIx-lookalike for
microcomputers. It's a tried and proven
operating system. It's available on both
5 and 8" diskettes for Cromemco
systems with 128K or more of memory.

Here are just some of the features you
get in this powerful Cromemco system:

e Multi-user and multi-tasking
capability

e Hierarchical directories

e Completely compatible file,
device, and interprocess 1/O

¢ Extensive subsystem support

FILE SYSTEM

One of the important features of our
CROMIX is its file system comprised of
hierarchical directories. It's a tree struc-
ture of three types of files: data files,

*CROMIX is a trademark of Cromemco, Inc.
+UNIX is a trademark of Bell Telephone Laboratories

directories, and device files. File,
device, and interprocess I/O are com-
patible among these file types (input and
output may be redirected inter-
changeably from and to any source or
destination).

The tree structure allows different
directories to be maintained for different
users or functions with no chance of
conflict.

PROTECTED FILES

Because of the hierarchical structure
of the file system, CROMIX maintains
separate ownership of every file and
directory. All files can thus be protected
from access by other users of the
system. In fact, each file is protected by
four separate access privileges in each
of the three user categories.

TREMENDOUS ADDRESS SPACE,
FAST ACCESS
The flexible file system and general-
ized disk structure of CROMIX give a disk
address space in excess of one gigabyte
per volume — file size is limited only by
available disk capacity.

Cromemco

Speed of access to disk files has also
been optimized. Average access speeds
far surpass any yet implemented on
microcomputers.

‘C’ COMPILER AVAILABLE, TOO

Cromemco offers a wide range of
languages that operate under CROMIX.
These include a high-level command
process language and extensive sub-
system support such as COBOL, FORTRAN
IV, RATFOR, LISP, and 32k and 16K BASICs.

There is even our highly-acclaimed
‘C’ compiler which allows a program-
mer fingertip access to CROMIX system
calls.

THE STANDARD O-$
FOR THE FUTURE

The power and breadth of its features
make CrROMIX the standard for the next
generation of microcomputer operating
systems.

And yet it is available for a surprisingly
low $595.

The thing to do is to get all this
capability working for you now. Get in
touch with your Cromemco rep today.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ¢ (415) 964-7400

Tomorrow's computers today
Circle 127 on inquiry card.
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"

. .stands well above
other S-100 graphics dis-
plays in its price and per-

formance range.”
BYTE, Product Review

“. . .better monochromatic

.. .display. . .."
ELECTRONIC DESIGN,
1981 Technology Forecast

MICROANGELO

HIGH RESOLUTION GRAPHICS SINGLE BOARD COMPUTER
512 x 480 resolution black and white and vivid color displays

RS-170 com-
posite or direct
drive output

Local or external
sync generation

4 Mhz 780 ; :
microprocessor : i

60 hertz real-
time clock

8 level interrupt
tie-in

IEEE S100 bus
compatible

Screenware™ Pak I

A 4K byte operating system resident in PROM on
MicroAngelo™. Pak I emulates an 85 character
by 40 line graphics terminal and provides over
40 graphics commands. Provisions exist for user
defined character sets and directly callable user
extensions to Screenware™ Pak I.

Screenware™ Pak II

An optional software superset of Pak I which
adds circle generation, polygon flood, program-
mable split screen for separate graphics and ter-
minal I/O, relative coordinates, faster vector and
character plotting, a macro facility, full UCSD
Pascal compatibility, and more.

12310 Pinecrest Road e Reston, VA 22091

S m
B

LT T Y el

Light pen
interface

Time multi-
plexed refresh

4K resident
Screenware™
Pak I operating
system

32K RAM
isolated from
host address
space

High speed
communications
over parallel
bus ports

And now...COLOR!

The new MicroAngelo™ Palette board treats from
2 to 8 MicroAngelos as “"bit planes” at a full
512 x 480 resolution. Up to 256 colors may be
chosen from 16.8 million through the program-
mable color lookup table. Overlays, bit plane
precedence, fade-in, fade-out, gray levels, blink-
ing bit plane, and a highly visual color editor are
standard.

Askabout our multibus and RS-232 versions.

SCION

Circle 370 on inquiry card.

e (703) 476-6100 » TWX: 710-833-0684
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Circle 140 on inquiry card.
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DIGITAL MARKETING CORPORATION

brief compendium of
comments giving an
overiew of the whole
subject.

2.acentral indexto the
CP/M files on all your
disks.

YOUR FILE CONTENTS |

AT A GLANCE!

Digital Marketing Corp.
Order for Synopsis

SYNOPSIS™ autamalically maintalns a
central index with the file name, disk I.D.,
plus four user-defined lines of comments
about any CP/M flle, (le. date, witer,
addressee, and subject.)

When edtting a document flle, just enter
the four lines as non-prinfing comments
at the top of your text. SYNOPSIS automat-
ically reads the comments into the index.
Nondocument flles can also be cala-
loged in the index.

You can search the index for words or
phrases in one or more flelds. SYNOPSIS
displays each full entry found.

The price is $125. SYNOPSIS requires CP/M
2x or MP/M, WordStar, Spelibinder or
Magic Wand and 48K RAM. Formats: 8%,
NorthStar DD, Micropolis Mod |, Super-
brain 3.0, Apple il with CP/M, 5%" Xerox
and 8" Xerox.

SOFTVARE
SOFTUARE
DIGITAL MARKETING
DIGITAL MAKETING™

2670 CHERRY LANE @ WALNUT CREEK @ CA @ 94506
(445) 938-2680 © Telex 47-1852 (DIGMKTG WNCK)

Dealer Inquirles Invited
A Product Of

PROTEM

Tragemorks: Synopsis - Pro/Tem Software CP/M. MP/M -
Dighol Ressarch WoraSior - MicroPro In Spelibinder -
Lexisoft. Magic Wond « Peachiree Sofwore. ,
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Japan
and the “64K"” Question

by Chris Morgan, Editor in Chief

Last May, Senior Editor Gregg Williams and I went to Tokyo to prepare for
this special issue featuring the new Japanese personal computers. “Will the
Japanese take over?” we asked ourselves during our ten-day whirlwind tour of
major Japanese electronics firms. That was the 64K question. The answer is
“There is no answer.”

One can draw parallels to other consumer markets in which the Japanese
have become dominant, but those comparisons would be risky. For one, U.S.
companies offered no real competition to the Japanese when the latter swept in
to blitz the car, camera, and audio markets. But the situation is fundamentally
different in the computer field. The vast majority of technical computer in-
novations have come from American research-and-development labs—till to-
day, at least. But now the Japanese are aggressively entering the R&D field.
Therein lies the danger (or the opportunity, depending on your point of view).

The question of whether the Japanese will take over or not is, in a sense,
moot. By one definition they already have. Lift the lid on almost any personal
computer and you'll see scores of Japanese-made components: resistors,
capacitors, and ICs (especially memories, a field where the Japanese dominate
the world market). Often a majority of the components are made in Japan. Yet
in another sense the Japanese must fight an uphill battle against the creativity
of American computer companies.

The other big “if” in the picture is the U.S. government's position on
Japanese imports in general. The Japanese are all too aware that a major
change in import duties or quotas could quickly cut them off from the world’s
most lucrative consumer-electronics and computer market.

What will their strategy be? I see a two-pronged approach: (1) form joint
ventures with American companies so the Japanese will have access to the
U.S.’s vaunted software experience, and (2) complete the development of the
recently announced “Japanese master plan for a fifth-generation computer
system” with a massive R&D push. I'll describe both approaches in detail.
First, the joint-venture strategy.

Japanese-American Joint Ventures

The Japanese are weakest in software development; their track record has
been uneven. They've developed some of the best video-game software in the
business (e.g., Space Invaders and Pac-Man), but their business software has
been virtually nonexistent. One reason for this is the radically different way
the Japanese conduct business, a direct function, in turn, of the complexity of
written Japanese. The Japanese use three different character sets containing a
myriad of symbols. A conventionally designed Japanese typewriter would be
almost a contradiction in terms. To my knowledge there are no typewriters

www.americanradiohistorv.com
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PERCOM

You GET MoRE OuUT OF
PErcom Disk SYSTEMS.

oy ' H/Z-89, IBM PC and TRS-80* Model
, IIl. Prices start at under $3000.
@ Options: 5- or 14- Mbyte drives,

floppy disk controller.

At Percom, our business is making
disk storage systems for microcomputers
—something we've been doing right,
since 1977.

From the design of rock-solid drive
controller circuitry to quality controls that
include 100% life testing of every drive ship-
ped, you can expect to get more out of
Percom Disk Systems.

And Percom provides you with com-
prehensive after-sales service from our
wholly owned, fully independent customer
service center.

FLOPPY MINI-DISK
STORAGE SYSTEMS

40 or 80-track drives, single
or dual-head, flippy or non-
flippy —all double-density
rated. Available in 1, 2 and 3-
drive add-on units, 1 and 2-drive
internal units, with full docu-
mentation and software support.
Add-on drives from $399, complete
systems from $459.95.

WINCHESTER
10-MEGABYTE
DISK STORAGE
SYSTEMS
Enormous
storage capacity
pfus high speed.
Percom 5% inch hard
disk systems are 40

To learn more about quality
Percom disk storage systems, mail
the coupon today. Or, call toll-free
1-800-527-1222.

ti.mes faSter. than YES...l'd like to know more about Percom disk _

single-density floppy I systems. Please rush me information. /
mini-disks, 20 times Send to: PERCOM DATA COMPANY, INC. Dept BD1 £ i
faster than double- I 11220 Pagemill Road, Dallas TX 75243 By
density units.

ame K
Systems include a smart, four-drive controller i . ] :
featuring state-of-the-art data encoding and street e Al
separation, adaptable industry-standard disk city state zip E

interfacing. Versions for the Apple Il, Atari,

PERGOM

phone number i

I'm interested in floppy disk storage for my...
TRS-80 (I Mdt | d’
[(JH/zZ-83 [IH-8 [TIAIM/KIM/SYM []System-50 et

I'm interested in hard disk storage for my. ‘

[JIBM PC [JTRS-80 Mdl il [JApple It [Atari (IH/2-89 2

Other computer? -
(Ofloppy_ disk or Clhard disk?) =11t

dl I [1CC (] IBM PC o | l

THE DRIVE PEOPLE A ——
“TRS-80 is a trademark of Tandy Radio Shack Corporation which has no

relationship'to Percom Data Company, Inc

11220 Pagemill Road - Dallas TX - 75243 - (214) 340-7081 1981 Percom Data Company, Inc
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PROFESSIONAL PASCAL

Pascal/Z

NE\\N ‘Io‘.

SYMBOLIC DEBUGGER

This fourth generation version of our reliable, Z-80
native code compiler adds the two features
professionals ask for:

@ InterPest™—an interactive symbolic Pascal debugger
that allows easy error detection.

@ Overlays—that allow larger programs to run in
limited memory.

A compiler for Professional programmers

Pascal/Z is a true Pascal. It closely follows the Jensen
and Wirth standard with a minimum of extensions
designed to aid the serious program developer in
producing extremely compact, bug-free code that
runs FAST.

Pascal/Z generates Z-80 native code that is ROMable
and Re-entrant. Permits separate compilation, direct
file access, external routines and includes a relocating
macro assembler and Microsoft compatible linker.
And code written for Pascal/Z is fully compatible
with I-PAS 8000, our new native code Pascal compiler
for Z-8000, to guarantee graceful migration to

16 bit operation.

Get “The FACTS about Pascal”

Confused about which Pascal to buy?
Pseudo-code... Native code...M, MT or

Z? Compare the unbiased benchmarks

in our new booklet. Don’t buy a Pascal
compiler until you've read it.

Call us for a free copy:

O 800-847-2088
e g {outside NYS)
DR or 607-257-0190

And ask your local
full-service

. computer dealer

e about our

Pascal/Z

InterSysfemns™

Ithaca Intersystems inc.
Micros for bigger ideas.

Ithaca Intersystems Inc.
1650 Hanshaw Rd + [thaca, NY 14850 « TWX 510 255-4346
U.K. Distributor:
Ithaca Intersystems (U.K.)Ltd.
Coleridge Road London N8 BED Phone: 01-341 2447 Telex: 299568

Editorlal

that can type Japanese characters. (Significant progress is
being made, however, in the display of Japanese
characters on video screens. At last year’s Tokyo
Microcomputer Show, several computer terminals were
shown for the first time displaying all three Japanese
character sets: kanji, katakana, and hiragana.) Japanese
secretaries write all business correspondence—what there
is of it—in longhand because most negotiations are con-
ducted verbally. As a result, the Japanese lack an in-
tuitive understanding of American office procedures and
are hampered in their ability to design good word-
processing software.

To remedy this situation, many Japanese computer
companies are obtaining licenses from U.S. companies to
use software such as CP/M, Microsoft BASIC, and Visi-
calc on Japanese computers, and they are forming joint
ventures with American companies, such as the
Fujitsu/TRW connection. This type of alliance helps
cloud the issue of import restrictions, because the U.S.
companies could rightly claim that actions against a
Japanese partner would hurt the American partner too.
Japanese companies are also building, or planning to
build, production plants in America. Japanese electronics
companies are sometimes more adventuresome than their
American counterparts. In the videodisc field (which
we'll be covering in detail next month), despite IBM's and
MCA's withdrawal from the laserdisc market, Pioneer is
planning to build an American videodisc production
plant. Pioneer deserves high praise for backing the best
videodisc format and not letting it die. It's unfortunate
that RCA and Sears are continuing to promote the in-
ferior Selectavision system.

The “Master Plan”

Of potentially greatest significance in Japan's computer
fortunes is the ten-year plan for national computer policy
announced last fall by the Japanese Information Process-
ing Development Center (JIPDEC), whereby Japanese
computer companies would jointly develop a grandiose
fifth-generation computer system on several different
levels, relying on sophisticated artificial-intelligence
research into natural languages and graphics. (See Tom
Manuel’s article, “Japan Maps Computer Domination,”
page 140.) This may sound like a major threat, but as
Tod Zipnick says (page 118), in many cases Japanese
computers are designed for the Japanese market. One of
the biggest technological problems the Japanese face to-
day is that their written language is virtually unusable for
fostering computer literacy. (All the Japanese software
we saw was written mostly in BASIC with Japanese REM
statements. The REM statements were written in a
phonetic, Roman form of kanji that the Japanese use with
some reluctance because it is considered aesthetically in-
ferior to true kanji. Quite simply, there is no practical
alternative if the Japanese wish to do any meaningful pro-
gramming. The fact is that every high-level language

Circle 219 on inquiry card. Circle 220 on inquiry card. s
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lthaca 535/300

A computer system so advancad,the tachnology you'l nead latar
is already here. And waiting.

,. [ Jihaca szsj |

N

~
T D

The ithaca 525/800 gives you the ability to address Ithaca 525/800. In fact, it could be the only system

an almost unlimited number of applications in you'll ever need.
business. scientific. and educational environments. It's simply the finest price/performance Z-80* based
Its state-of-the-art hardware gives you a single or system available. And it's here
multi-user 8-bit system in one machine that handles now, waiting for your call. ltl.:l ‘:l
5's” or 8" floppy and hard disks. g 7
It has a processor that's 50% faster than conven- 800-247-2088 [] H@UDQ v%qﬂ@ s
tional systems. A unique Cache CP/%/I‘ - MP/M* igof\;e\gs\;o(gkgsotate DD L\» N D &
system that's typically 500% faster. That's right, ) -01 .
500%. And up to 1 Mbyte of memory. We think as fast as you do.
It has add-on capacity built-in now, ready to expand 1650 Hanshaw Road. P.O. Box 91
when you're ready. There are no hidden costs to pay Ilthaca. NY 14850
for later. Everything you need comes with the TWX: 510-255-4348

* CP/M and t4P/M Digitar Research inc T Z-80 Zilog. inc ™ Ithaca 525/300 itnaca InterSysiems inc ‘
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Editorial

presently in existence uses some form of the English-
based ASCII character set.) And the Japanese (like the
Chinese, who face a similar problem) must become as
computer-literate as the rest of the world to survive in the
coming computer age. Their preoccupation with over-
coming the computer-language barrier will necessarily
temper their aggressive ways for a while. Nonetheless, 1
have a great deal of respect for their ability to get up to
speed quickly.

I welcome the Japanese into the “international com-
puter sweepstakes.” Only when we begin to think on a
more global than national scale will we see that the so-
called “Japanese threat” is really more of an “interna-
tional promise.”

A Note About Our Hardware Reviewers

This month we review six Japanese computers in “Six
Personal Computers from Japan” (page 60) cowritten by
Michael Keith and Christopher Kocher. Both men work
in advanced computer science research in the southern
New Jersey area and wrote the NEC PC-8001 review that
appeared in the January 1981 BYTE (page 72). Producing
these six comprehensive reviews was a major undertak-
ing, and we thought BYTE readers would enjoy learning
a little bit about their backgrounds.

Michael Keith

Michael Keith is 26 years old and has a BS degree in
electrical engineering from the New Jersey Institute of
Technology and an MS in electrical engineering from
Stanford University. He owns an Apple II computer.
Among other things, he uses it in his spare time to
manage the finances of his church. His other pursuits in-
clude playing the piano, reading, and juggling.

Thirty-four-year-old Chris Kocher has a BA in
chemistry and an MS in systems engineering, both from
the University of Pennsylvania. He is, in his own words,
“slowly making my way toward a PhD in systems
engineering.” His hobbies include collecting books (over
2000 so far) and cross-country skiing.®
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CompuView

New!
CP/M-86 For
JBM rersonaL computer

The first available implementation of CP/M-86 for
the IBM Personal Computer has the features needed to run
the full range of CP/M-86 application programs. Included
are serial and parallel printer support, a ‘smart’ screen
driver which can emulate most popular CRT terminals,
and double density 193K/drive disk capacity. The Tecmar,
Inc. Winchester hard disk & other peripherals are also
supported.

Innovative features include built in horizontal
scrolling and screen line editing which lets the user
extensively edit or re-enter any line on the screen for
CP/M and application programs. Besides editing the line
being typed in, the cursor may be moved to any line on
the screen, and the line edited by overtyping or inserting
and deleting characters. Typing the ‘Return’ key will then
send the line, as it appears on the screen, to CP/M. While
common on mainframe systems, this screen line editing is
new to CP/M and greatly reduces the amount of retyping
necessary due to mistyped or repeated commands.

CompuView CP/M-86 for IBM Personal Computer. . . $325
VEDIT-86 with above purchase. . . .. ... .. ... . $100

8086 Software

¢ VEDIT full screen editor for CP/M-86, SCP 86-DOS,
IBM Personal Computer and IBM Displaywriter. Disk and
Manual . ... .. ... ... ... ... ... ... .. $195

¢ CP/M-86 BIOS for popular $-100 disk controllers and
SCP 8086 computer. Source Code. . . ... ... ... $90

V-COM Disassembler

Finally a Z-80 disassembler for CP/M which produces
easy to read code, a cross reference table and handles
INTEL and ZILOG mnemonics. V-COM is exceptionally fast
and produces an .ASM file directly from a .COM file.
V-COM can accept two user created information files. One
contains assignments of labels to 8 and 16 bit values; the
second specifies the location of tables and ASCII strings.
The resulting .ASM file will then contain labels and proper
storage allocation for tables and strings. Each information
file may contain nested ‘INCLUDE’ to other files. Each
package includes a 30 page manual, sample program files
and variations of V-COM compatible with the TDL, MAC
and two types of ZILOG assemblers. . . . ... ... ... $80
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CP/M
CUSTOMIZABL
FULL SCAEEN EDITOR

Uniquely
User Oriented

VEDIT is user oriented to make
your editing for program development
and word processing as fast and easy
as possible. The customization
(installation) process makes VEDIT
the only editing package that allows
you to determine your own keyboard
layout and use any available cursor
and function keys. Just think of the
difference it makes in your ease of
learning and usage to type cursor and
function keys instead of memorizing
obscure control characters. This
customization is menu driven, extends
to much more and takes only a few
minutes.

Unequaled
Haraware Support

The CRT version directly
supports over 35 terminals (including
ANSI standard) in its installation
menu and utilizes ‘smart’ terminal
features such as line insert/delete,
reverse scroll, status line and reverse
video. Function keys on terminals like
the Televideo 920/950, Heath H19,
and IBM 3101 are all supported. The
memory mapped version is extremely
flexible, supports bank select such as
on the SSM VB3 and screen sizes up
to 70 X 200.

ﬁ)histicated
| Screen Editing

VEDIT gives you true ‘what you
see is what you get’ full screen editing
with an extensive set of features for
creating and editing standard text files
of up to one diskette in length. Very
large files are effortlessly handled by
VEDIT's ability to edit up to 47K of a
file entirely in memory without
performing any slow and annoying
disk accessing. And you can handle
multiple files, insert a specified line
range of another file anywhere in the
text and even change diskettes.

User Oriented
Features

You get the features you expect,
like searching, a scratchpad buffer for
moving and rearranging sections of
text, complete file handling on
multiple drives and flexible macros.
For ease of use VEDIT has features
you won't find elsewhere, like
automatic indenting for use with
structured languages such as Pascal
and PL/I. You are less likely to make
a mistake with VEDIT, but if you do,
one key will ‘Undo’ the changes you
just made to a screen line. And if
you run out of disk space with VEDIT,
you can easily recover by deleting old
files or even inserting another diskette.
it is therefore no surprise that VEDIT
is the industry standard for program
development editing,

u M and VP A are regsstered 1rademarks of gl Research. Inc - Apple 11 15 2 regstered trademark of Apple

Comygugter. Inc Sofcard o a trademark of Micrusoft  TRS-80 18 2 trademark of Tandy

Circle 113 on inquiry card.
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Software i ndusty Standard for CP/M & 8086

Word Processing

VEDIT is suitable for simple
stand-alone word processing, or it
may be used in conjunction with a
text processor. Its features include
word wrap, adjustable left margin,
reformatting of paragraphs, word
oriented cursor movement and
deleting, and imbedding of printer
control characters. VEDIT can print
any portion of your file and display
the cursor’s line and column
positions.

Now for
IBM
Personal Computer

XEROX 820

Ordering

Please specify your micro-
computer, video board or the CRT
terminal version, the 8080, Z80 or
8086 code version and disk format.

VEDIT - Disk and manual

For 8080 or 280 . . . .. ... $145
For CP/M-86 or IBM MDOS . $195
Manualonly . .. ......... $15

VISA and MASTER CARD Welcome.

Apple II Softcard ¢ TRS-80 II and I
SuperBrain * Heath H8/H89 * Altos
NorthStar ¢ Vector * MP/M ¢ IBM

1955 Pauline Blvd., Suite 200
Ann Arbor, Michigan 48103

(313) 996-1299

PRODUCTS, INC.
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THE NEW CATALOG IS HERE!
THE NEW CATALOG IS HERE!

opriate

-rom Our SPRING 1982 ENGINEERING SELECTION GUIDE ok

0 $100 - $149.99 Deduct$10.00

[ $150-$199.99 Deduct $15.00
O $200 - $299.99 Deduct $20.00

916 Deerng Ave., Chatsworth, CA 91311 L1 $400 - $499.99 Deduct $40.00
[0 $500 & UP Deduct $ 10%

——

alid on Prepaid U.S. Mail Orders Received Before June 15, 1982 *Sorry, Discount Coupon Not Valid on Shipping Charges, Phone
r Present This Coupon at Our Retail Store Before June 15, 1982  or Foreign orders Circle 341 on inquiry card.
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IBM's Personal Computer

I am in lovel After spending con-
siderable time at the local IBM Product
Center and reading many highly favor-
able articles on the IBM Personal Com-
puter, I have concluded that it is the best
personal computer on the market today.

I especially enjoyed Gregg Williams's
“A Closer Look at the IBM Personal Com-
puter” (January 1982 BYTE, page 36).
This was the most complete and detailed
article I have seen on the Personal Com-
puter. However, I am confused about one
point: does the BIOS (basic input/output
system) reside in ROM (read-only
memory) or in the DOS? From other
sources, | have heard that it occupies 6K
bytes of ROM, along with BASIC and the
power-on self-test software; Mr. Williams
contends that it is in the DOS. Who's
right?

Thank you for a terrific article in a ter-
rific magazine!

Arthur A. Glecker
2726 Saint Paul St.
Baltimore, MD 21218

In a long article, pieces of information
do not always get grouped in the best
possible way. Although the section on the
IBM BIOS does not say that the BIOS is in
ROM, the last line of table 6 (page 54)
does give this information. Thanks for
your interest in my article. . . . G. W.

I enjoyed A Closer Look at the IBM
Personal Computer.” It was the first
review l've read that contained nontrivial
information. 1 learned things I didn't
know even though I've read most of the
manuals and have played with the com-
puter to some extent.

On the negative side, I think your
benchmarks were not quite fair to the IBM
Personal Computer BASIC. Unlike most
other BASICs, IBM's BASIC allows the
use of integer variables in FOR state-
ments. Since most FOR loops are over in-
tegers anyway, it certainly makes sense to
use an integer variable index if it is
available. In the benchmarks this could be
accomplished by changing the Is to [ %s or
by using DEFINT I to declare I as an in-
teger variable. If you try it, I think you'll

14 May 1982 © BYTE Publications Inc

find that it knocks 2+ seconds off each of
the IBM PC times.

Jim Mehl
POB 632
Los Gatos, CA 95030

Thank you for your kind words about
my article on the IBM Personal Com-
puter. However, |1 must reiterate a point
that seems to be forgotten by many BYTE
readers: that a benchmark gains its validi-
ty by executing, as much as is possible,
the same program on different machines.
Integer variables are nothing new; several
other Microsoft BASICs have integer vari-
ables (e.g., Apple Il Applesoft and Radio
Shack’s TR5-80 Model 11l BASIC). When
the same program coded with integer
variables is run, the relative rankings of
the machines should be almost exactly the
same—but then, that's another bench-
mark, isn't it? And since we can't run
every possible program on a computer,
we run a set of benchmark programs that
we have carefully chosen to be represen-
tative. We did not use a full set of bench-
marks in the IBM article due to time con-
straints; however, a full set of BASIC
benchmarks was used to test the six
Japanese computers reviewed in this issue
(see page 60). . . . G. W.

Gregg Williams’s “A Closer Look at the
IBM Personal Computer” was highly in-
formative. It is a worthy successor to Phil
Lemmons’s article, “The IBM Personal
Computer: First Impressions” (October
1981 BYTE, page 26). The comparison be-
tween IBM medium resolution (320 pixels
per row) and IBM high resolution (640
pixels per row), which is discussed on
page 39 and pictured in photo 6, may be
unfair. The performance in high-
resolution mode is probably limited by
the resolution of the red-green-blue (RGB)
monitor that was used. The RGB color
monitor shown in photo 1 appears to be
an Amdek Color II, which is advertised to
resolve up to 560 pixels per row—80 less
than the high-resolution mode of the IBM
Color/Graphics Monitor Adapter.

Incidentally, Amdek is now accepting
orders for a $10 adapter that enables its
RGB monitor to use the intensity bit car-
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ried on pin 6 of the IBM Color/Graphics
Monitor Adapter, and thereby to generate
16 colors.

Gary G. Price, Assistant Professor
Department of Curriculum and Instruction
University of Wisconsin—Madison
Teacher Education Building

225 North Mills St.

Madison, WI 53706

Though the monitor we used was not
supplied by Amdek, it is functionally
identical. Both are produced by Hitachi
and are RGB high-resolution monitors.
When ordering the intensity bit adapter
from Amdek, ask for the 16-Color
Modification. Future models of the
Amdek Color Il will include built-in
16-color capability. Amdek is located at
2420 E. Oakton St., Suite E, Arlington
Heights, IL 60005 (312) 364-1180.
... M. H

Too Much Praise for IBM?

BYTE has defined a new era in personal
computing—in terms of IBM. No cus-
tomer experience taken into account, no
long-term usage needed to evaluate—the
IBM Personal Computer is arriving,
therefore nothing else need be said. Let us
all dispose of our several hundred thou-
sand IBM imitations, which just coin-
cidentally predate the Personal Computer
by some years.

What has IBM learned from its own and
others’ experience? First and foremost (to
quote Chris Morgan’s editorial, “Of IBM,
Operating Systems, and Rosetta Stones,”
January 1982 BYTE), “the keyboard alone
is one of the best I've seen, though I wish
the shift keys were more conventionally
placed. (Oh, well.)” Is “Oh, well” the only
comment appropriate to the “best
keyboard” designed by a company that
has produced what may purport to be the
standard of office typewriter excellence?
BYTE simply passes off a conscious cor-
porate stupidity with an “oh well.” Justify
it to the typist who uses a typewriter alter-
nately with the new “oh well” standard
and hits the wrong keys consistently on
both.

How many other facets of this machine
have been glossed over in the same man-
ner but without accompanying comment?
Are we seeing the new BYTE objectivity?
A 16-bit chip operating in 8-bit mode is
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31245 LA BAYA DRIVE, WESTLAKE VILLAGE, CA 91362 e (213) 891-8200

Your computer is capable of sending data
at thousands of characters per second but
the Epson can only print 80 characters per
second.

This means your computer is forced to
walt for the printer to finish one line before it
can send the next. A waste of valuable time.

THE NEW MICROBUFFER™
ACCEPTS DATA AS FAST AS
YOUR COMPUTER CAN SEND IT.

Microbuffer stores the data in its own
memory buffer and then takes control of
the printer. This frees your computer for
more produgctive functions.

PARALLEL OR SERIAL.

Microbuffer model MBP-16K Is a
Centronics-compatible parallel interface
with 16,384 bytes of on-board RAM for
data buffering.

The MBS-8K is a full-featured RS-232C
serial interface with both hardware and
software (X-On/X-Off) handshaking, baud
rates from 300 to 19,000 and an 8,192 byte
RAM buffer.

SIMPLY PLUG IT IN.

Either model fits the existing auxiliary
interface connector inside the Epson MX-80,
MX-80 F/T or MX-100 without modification,
and is compatible with standard Epson
cables and printer control software,
including GRAFTRAX-80.

JUST $159.00°

When you think how much time Microbuffer L
will save, can you afford not to have one?
Call us for your nearest dealer.

| TTEI
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g meray —SLTW rem T
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PRACTICAL PERIPHERALS, INC.
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= - *Suggested retall price for elther moquE Vi3


www.americanradiohistory.com

Letters

justifiable because IBM is running at
4.77 MHz (let's have another resounding
“oh well” for IBM’s high speed).

The reason for all this is to point out, to
some of your less sophisticated readers,
that for each flaw (if I may use such a
four-letter word in conjunction with IBM)
there appears to be a BYTE rationale to
justify it.

I don't remember, in the history of
BYTE, any other company or products
being accorded such accolades for a pro-
duct yet unproven in the field with soft-
ware, other hardware, and peripherals.

McGraw-Hill owns BYTE. Does IBM
own McGraw-Hill?

Jack Kahn
6013 Summerhill Rd.
Camp Springs, MD 20748

Oh, well. I'm afraid Mr. Kahn misinter-
preted my editorial, or failed to read the
January BYTE closely enough. If he had,
he would have realized that we discussed
the shortcomings of the IBM machine in
Gregg Williams's review on pages 60 and
61, including comments about the

GIVE MORE
' DRIVE
TO YOUR

] MACRODISK
GIVE MORE DRIVE TO YOUR APPLE I1*

with our MACRODISK disk emulation utility software for
16K, 32K, 64K, and 128K memory boards. DOS 3.3
MACRODISK available free with our memory boards.
Allows one to easily expand memory with standard DOS
commands. Pascal and CP/M (r) MACRODISK optional

extras.
$49. U.S. $59. Can.

| MACROMEM - 1 (16K} MACROM > (32K)
Special anniversary offer $139. With diskful of utility soft.
us, ($169. Can.) with ware including MACRODISK

MACRODISK and EXECFILE
CREATOR software -
of June ONLY. (Regularly
$169. U.S. - $195. Can.)

Interface for Visicorp’s Visicalc
available separately.
$239. U.S. $299. Can.

to end

\ S ADPEATE R

$35. Can. $29.00 U.S.
Auto-repeat board - simply

plugs In to give autorepeat.

DISKULATOR

{64k/128k RAM board} $595.
THE B81G-81G MACROMEM
with MACRODISK and other
utilities. Usable as expansion
memory with MACRO-88.
Compatible with standard soft-
ware, e.g. Pascal. Pascal and
CP/M MACRODISK optional
extra.

MACROPF [

$159. U.S. $195. Can,
A Centronics parallel interface
with many added features!

MACRO-88

------ $699. U.S. $799. Can.
THE 8088 PROCESSOR BOARD for the APPLE |l with
MS-DOS*.U.C.S.D. or CP/M B6° optional extra. Expansion
to 1 Megabyte with our DISKULATOR memory. High speed

math. processing supported with Intel 8087 math. chip.

D Y $49. U.S. $59, Can.
Many DOS utility programs e.g. password
protection for DOS 3.3 disks, DOS-command
or catalog mods, Exec. file maker etc.

]

Canada 4116 Grace Crescent, North Vancouver, 8.C., VIR 4A1 - (604) 986-7633
us 3249 Hackett Ave., Long Beach, Callforml 90808 - {213) 421.56887
— -
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machine’s speed. To imply that we have
been less than forthright in evaluating the
IBM Personal Computer is patently un-
fair. In fact, next month’s BYTE contains
some fairly strong criticism by Jerry
Pournelle about shift-key placement on
the IBM, and last month we printed an
article about the good and bad human-
factors design points of the machine ("A
Human-Factors Case Study Based on the
IBM Personal Computer” by Robert G.
Cooper Jr., Paul Thain Marston, John
Durrett, and Theron Stimmel, page 56).
I'm distressed by Mr. Kahn's implication
that we are somehow in cahoots with
IBM, or that we are withholding our true
opinions. We simply stated what we
thought about the machine: that it has a
very good overall design—period.
. C. M.

Unwarranted Warrantles

I read with interest the interchange of
letters between Intertec’s Manager of Pub-
lic Relations and one of the firm's cus-
tomers (see “Open Letter to Potential
Superbrain Buyers,” January 1982 BYTE,
page 18).

Significantly, Intertec made no case to
justify its warranty policies other than to
refer to “rules,” that is, their Master
Agreement. As an independent consultant
to the industry for product-support opera-
tions, [ advise my clients to accept full res-
ponsibility for field failures arising out of
component failures following delivery.
Realistically, there is no such thing as a
shelf life for electronic devices; these
devices are not loaves of bread.

This ploy is peculiar to the computer
and computer peripheral industry. It is
not practiced by responsible and
knowledgeable manufacturers of elec-
tronic devices in other areas of the in-
dustry. It appears to be nothing more or
less than a ploy to avoid warranty respon-
sibilities. There is simply no justification
for penalizing the ultimate consumer
because a product did not move off the
shelf within some arbitrary time period
established by the manufacturer. Business
can be bad—the dealer simply may be
unable to move his merchandise as
promptly as even he would wish.

Certainly, warranty policies of this
nature suggest a lack of confidence on the
part of the manufacturer in the reliability
of its product over the short haul.

Perhaps if Intertec and other companies
employing this practice would establish

Circle 2 on inquiry card. s==p
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“IBM Personal Computer” USERS
YOU DESERVE THE BEST!

Combo Card (User Upgradeable)
o MC-064 64K From $435

e MC-128 128K From $635

o MC-192 192K From $835

e MC-256 256K From $1035

o Suffix S =ASYNC comm. option $60

e Suffix P = parallel printer option $60

o Suffix SP = both options $120

e User upgrade document available for
sale, order model MC-001SP

e Program compatible with IBM’s

64KB-256KB Parity Memory

e MP-064: $395 ¢ MP-128: $595

o MP-192: $975 ¢ MP-256: $995

e User upgradeable

e Fully assembled, tested & burned-in
e 1-year warranty

Advanced Communication

e CC-232: $295

e 2 RS232 ports

o Capabie of ASYNC, BISYNC, SDLC,
HDLC .

Our customers include: IBM, TRW, Bell Labs, Visicorp, Softech Microsystems
inc., Information Unlimited Software, Context Management, Network

Consulting Inc., etc.

master chame

choose what the professionals” use
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ASYNC Communication

e CC-032: $145 ¢ CC-132: $275

e CC-032 offers 1 serial port

o CC-132 offers 2 ports

e Program compatible with IBM's
Serial Com. Card

Hardware Prototype

e WW-068: $75 ¢ WW-069: $55

o WW-068 wire wrap card (13" x 4.2")
o WW-069 extender

e Get both for $95

AST

RESEARCH INC.

17925 Sky Park Circle, Suite B
Irvine, CA 92714 (714) 540-1333
Dealer Inquiries Welcome
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aggressive Customer Relations depart-
ments concerned with the care of cus-
tomers, there would be no need of Public
Relations departments in their organiza-
tions. Undoubtedly, they would experi-
ence an increase in sales plus improved
relations with their dealers.

If the Federal Trade Commission ever
took the time to examine this failure to ex-
tend warranty coverage to the ultimate
consumer, | suspect a “cease and desist”
order would be forthcoming.

I suggest that Intertec clean up its act
and provide a reasonable level of protec-
tion to the guy at the end of the pipeline.
He deserves nothing less.

R. C. Redpath
250 Ramblewood Parkway
Mount Laurel, NJ 08054

The letter to the editor, in the January
1982 BYTE, from James Ford of Paoluccio
Willis Nau Associates regarding the pur-
chase of several Superbrains and a subse-
quent misunderstanding between Mr.
Ford and the dealer he purchased the
equipment from points out an industry-
wide problem.

Certainly, one should attempt to pur-
chase equipment at the best possible price;
however, it's important to remember that
the sale is only the beginning of the rela-
tionship between the dealer and the cus-
tomer. From time to time, equipment does
malfunction and must be repaired; advice
about communications, protocol, and
software is sometimes called for.

Here at Compudial/Tristar, we give a
guarantee from the date of purchase on
Superbrains and other Intertec equipment
and stand behind the product with
knowledge of its capabilities and limita-

tions. This is not meant to be a self-
congratulatory statement; rather, it is to
point out to our dealers and potential cus-
tomers that, just as not all Superbrains are
perfect when they come off the produc-
tion line, neither are all dealers.

Simply stated, when one is purchasing
any data-processing equipment, one
should look for an established,
knowledgeable, and reputable source that
is capable of servicing the equipment.

Daniel F. Brown, President
Compudial Inc.

2 Keystone Ave.

Cherry Hill, NJ 08003

More on Intertec from the
Federal Trade Commission

I read with interest the correspondence
relating to the warranty on Intertec’s
Superbrain computer. Mr. Ford, the com-
puter purchaser, assumed that even if the
product was “inoperable when the cartons
were first opened [he] would have had to
pay repair charges.” Intertec does not
deny this interpretation of its warranty.
Rather, it claims that the “warranty offers
[its] customers excellent coverage. .. .”
Fortunately for purchasers, Mr. Ford’s
idea of who has to pay may be as incor-
rect as Intertec’s reply is disingenuous.

The law does not require that merchan-
dise be sold with a written warranty.
However, whether or not the manufac-
turer or dealer includes a written warran-
ty, the law of 49 states (under the Uniform
Commercial Code) usually implies certain
warranties. For example, there is usually
an implied warranty of merchantability:

the goods must be fit for the general pur-
poses appropriate to that type of goods.
This implied warranty applies at the time
of sale regardless of whether the manufac-
turer's or dealer’s warranty has expired.
Further, delivery of a defective item may
be a total failure of consideration, or
breach of contract, by the seller. I suggest
that a purchaser of a defective product
consult a private attorney if the seller
refuses to repair or replace it. Note that
this doesn’t apply to products sold “asis.”

Incidentally, the Federal Trade Com-
mission enforces a law called the
Magnuson-Moss Warranty Act. This law
sets standards for disclosing the terms of
written warranties on consumer (per-
sonal) products. Had Mr. Ford purchased
a home microcomputer, the company’s
warranty would have had to state: ‘This
warranty gives you specific legal rights,
and you may also have other rights which
vary from state to state.”

Randall H. Brook
Assistant Regional Director
Federal Trade Commission
Seattle Regional Office
2840 Federal Building

915 Second Ave.

Seattle, WA 98174

More on Warrantles

Isn’t it time that our industry grew up?|
just resisted purchasing an expensive piece
of computer software for which the war-
ranty reads in part:

All . . . computer programs are
distributed on an “as is” basis with-

GRAPHIC SOFTWARE FOR
MICROCOMPUTERS — This self-teaching guide will
show you how to wrile your own graphic
PrOErams fl:nr EI =1r|1:| .:D gr.:phu
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out warranty of any kind. The entire
risk as to the quality and perfor-
mance of such programs is with the
purchaser. Should the programs
prove defective . . . the purchaser
and not the manufacturer. ..
assumes the entire cost of all
necessary servicing or repair. (The
company) shall have no liability or
responsibility to a purchaser. . . .

This is not mere legal jargon. It's the
embodiment of a business philosophy
which seriously harms all of us. It en-
courages sloppy work and inadequate
testing, and it increases the potential for
dishonesty. Is it any wonder that so many
businessmen are turned off by computers?

To software companies I say: Accept
responsibility for your products. Get the
bugs out before you sell them. Don't try
to sell a program debugged by your cus-
tomers as a ‘revised” or improved pro-
duct at additional cost.

To software consumers I say: If possi-
ble, avoid products for which there is no
warranty. Don't buy on faith. Complain
loudly to software companies which pro-
vide no warranty.

Of BYTE I ask: Speak out on the impor-
tance of product and software warranties.
Help your readers by reporting on the
warranty provided in your product and
software reviews, perhaps in your “At a
Glance” boxes. Praise the responsible
firms that produce quality products and
help to expose the ones with a reputation
for bugs.

John Navas II
490 Mariners Island Blvd., #108
San Mateo, CA 94404

Note Pad for the Handicapped

I think that Howard Batie's article
“Handi-Writer, A Video Note Pad for the
Physically Handicapped” (December 1981
BYTE, page 474) described the most
valuable and original application of a
microcomputer that I have seen.

I have worked extensively with the han-
dicapped, including many cerebral palsy
victims, and I agree with Mr. Batie's
estimate that these people are not general-
ly intellectually deficient. Many feel that
they are emotionally unstable, but I have
never seen any evidence of instability that
was not explainable, to me, by their
severe frustration. What a boon it would
be for such an imprisoned mind to finally
be able to communicate!

I am sure it would not be difficult to
add another button to the control panel so
that data could be output to a printer, or
this could be done by intervention of a
companion, when the user is satisfied with
the text in the buffer.

Imagine—correspondence and creative
writing for those who previously had no
means of expression.

Ralph Nottingham
1619 SE 3rd Court
Deerfield Beach, FL 33441

Software Copyright Kit

I have received an overwhelming
number of inquiries concerning the book-
let “The Copyright Kit—How to Copy-
right Your Computer Software,” which
was mentioned in a letter published in the
October 1981 BYTE (see "Legal Argu-

ments,” page 10). You must have an in-
credible readership! Letters and telephone
calls poured in from all over the country,
as well as from England and Italy.

Please inform your readers that the
Copyright Kit is available for $12.95 (plus
$2 postage and handling) from B. T.
Enterprises, 171 Hawkins Rd., Cen-
tereach, NY 11720, and from National At-
torneys’ Publications Inc., POB 150, East
Setauket, NY 11733.

Noel D. Adler
POB 150
East Setauket, NY 11733

Apathetic Advertisers

As one of the millions whose relation-
ship with computers has been an adver-
sary one, my interest in them was zilch
until I read The World Challenge by Jean-
Jacques Servan-Schreiber (Simon and
Schuster 1981), a book in which the role
of computers in the world of tomorrow is
rather graphically delineated. The men-
tion of BYTE in the same book led to my
subscribing to your publication.

Although I find much of the material in
BYTE less than comprehensible, I'm slow-
ly learning about computers and the many
possibilities they offer. I've already de-
cided to buy a home computer; unfor-
tunately, many of your advertisers do
little to facilitate the process of evaluating
their products and services.

For example, I wrote to Apple for
brochures and specifications on its
various models, accessories, software,
etc. In return, the company sent a booklet
outlining the development of its Apple

DATA PLOTTING ON MICROS —A coltection of
programs to process and display all types of data: bar
charts, stock market charts, engineering and scientific
data, 30 views of surfaces, pie charts, sorting, filtering,
running averages. curve fitting. and mare. Application to
business, engineering and science. All programs fully
documented and keyed to theory. Use as is or modify for
your own applicabons

Book - 524.95; Disk - §15.95.

STRUCTURAL ANALYSIS ON MICROS — This sell-
teaching guide contains a series of programs which
calculate stresses and deflections in beams, plates, trusses

and frames using conventional and matrix techniques.

Theory, equations and program listings fully documented.
Written for the non-specialist who wanis to

for structural analysis with minimum inve

L1se the programs as is or modify for your own applications.

Book-$39.95, Disk-$19.95

To ofder, send check druwn on U.S. bank, money order in US funds, Viss or Mastercard number with expiration date io KERN
PUBLICATIONS 1590 Check Hill Road, P. O, 10294, Duxbury, MA DZ332. Add §2 per book 4th ol postage in LS and Canada; $3 181cl or UPS in
UIS; $4.50 151 ¢l Canada; §12 air Europe and Central America: 18 elsawhere. Call (617) 934-0445 lor Insler delivery.

180 Duck Hill Ad
Dunbury, MA 02332
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III—but none of the more useful materials
1I'd requested. I've written Atari twice and
telephoned once; many weeks later, Atari
has not yet deigned to reply. Of the half-
dozen or so computer stores I've written
for price lists and information, only one
has bothered to reply.

I gather, from the heft of your publica-
tion and its numerous advertisements,
that there is a rather substantial industry
centered around home computers and
allied products and services. But I also get
the impression nobody’s particularly
interested in showing any initiative to
assist a would-be purchaser in obtaining
information that would be helpful in mak-
ing a reasonably rational buying decision.

H. B. Brandon
1204 Park Lane
Clarksdale, MS 38614

More on a Structured 6809
Assembly Language

Greg Walker's interesting article,
“Toward a Structured 6809 Assembly

Language” (November 1981 BYTE, page
370), will be helpful to many people who,
for one reason or another, are forced to
write in assembly language.

Use of higher-level language control
structures in assembly language goes back
a long way. In general, there have been
two approaches.

The first approach is to write a special
assembler which includes high-level con-
trol structures as part of the language. The
earliest descriptions of this approach with
which I'm familiar appeared in Niklaus
Wirth's “PL360, A Programmable Lan-
guage for the 360 Computers” (Journal of
the Association for Computing
Machinery, 15:1 (1968), pp. 37-74) for a
large machine, and Bell and Wichman's
“An ALGOL-like Assembly Language for
a Small Computer” (Software— Practice
and Experience, 1 (1971), pp. 61-72).

This approach can produce comprehen-
sive error messages and more efficient
generated code because long/short bran-
ches, etc., can be optimized.

The second approach is to implement
the control structures via the manufac-
turer’s standard macro-assembler, as in

Puts it on the line

ARBA Register

*online
with virtually
any computer."

ARBA

FINE BUSINESS COMPUTING
890 E. ROOSEVELT
LOMBARD. IL 60148
312.620-8566
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ARBAGATOR cr

~ Do real ime point of sale inventory control
—RS232C interface at 300 baud

-Standard asynchronous ASCll code el
— Time tested LS| circuitry

—$1295 suggested retail—dealer pricing available

Coming soon! Point of sale software.
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Walker's 6809 macros. The first descrip-
tion of this approach that I know of is M.
M. Kessler's *CONCEPT* Report 14, Im-
plementation of Macros to Permit Struc-
tured Programming in OS/360 (IBM Cor-
poration, Gaithersburg, MD 20760,
1970). The macro approach has the ad-
vantage of being piggy-backed on the
standard assembler, thus greatly reducing
the amount of documentation and pro-
gramming needed to support it. Also, the
macros can be examined easily and
altered, if needed, by the user.

When our laboratory implemented
Pascal-like control structures for the
PDP-11 Macro-11 Assembler several
years ago, we discovered that assembler
programs with high-level control struc-
tures (IF...THEN, DO...WHILE,
REPEAT . . . UNTIL and CASE) were
much easier to write, debug, and maintain
than the FORTRAN programs we wrote
for the PDP-11 (FORTRAN was the only
“high-level” language available to us on
the PDP-11 at that time).

Scott Herman-Giddens
Department of Computer Science
Duke University

Durham, NC 27706 m

BYTE's Bits

Experimental Circuit
Package Described

At a recent conference of the International
Society for Hybird Electronics, a group of IBM
engineers described an experimental circuit
package that makes it possible to feed power and
information to a complex bipolar logic inte-
grated circuit. The package, with 200 pathways
for electrical signals and 16 for power, links
thousands of electronic circuits on the chip with
the rest of the circuitry in the computer system.
The thin metal-film pathways run between 216
connector pins and 354 pads connecting the chip
to the package. Previous IBM circuit packages of
this nature had a maximum of 96 signal paths
and 132 pads, which means that the technique
being worked on doubles the signal capacity and
nearly triples the number of connection pads.

The chip is the result of an experiment to
shrink the size of the IBM System/370's central
processing unit to a single integrated circuit
measuring one-quarter inch on a side. The Sys-
tem/370 contains nearly 45,000 transistors,
resistors, capacitors, and diodes.®

Circle 427 on Inquiry card. s==p
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VAV

897 N.W. Grant Ave. ¢ Corvallis, Oregon 97330 ¢ 503/758-0521

VIDEOTERM

Expanding Horizons in

Text Display

Videoterm increases your Apple ][® display to a full
capacity 80 columns. Proofreading text problems are
a thing of the past. With Videoterm your text is
“displayed in upper and lower case characters with true
descenders utilizing a 7 by 9 character matrix. The
time-tested Videoterm is compatible with most word
processors and is available with alternate character
fonts. Once you've explored the advantages of
Videoterm, you'll discover a whole new world for you
and your Apple ][.

Suggested retail price: $345.00

Videoterm Utilities Disc includes:

*Graphics Template System
\A Font Editor
*Mid-Res Graphics

*Applesoft Read Screen Utility
*Top & Bottom Scrolling
*Pascal Vidpatch

Suggested price $37.00

The Enhancer ][ features a typeahead buf-

éfggg{; Set The Soft Video Switch is an automatic ver- fer. Your keyboard has upper and lower
EPROMSs sion of the popular Switchplate. It knows case, and will auto repeat any key held
French *N. European whether it should display 40 or 80 columns down. A single keystroke can become a
«German *Russian or Apple graphics. It does the tedious work word or an entire sentence. Controlled by a
elnverse *Spanish of switching video-out signals so you don't powerful microprocessor, Enhancer ][ -
*Katakana [Japanese] *Super & Subscript have to. The Soft Video Switch can be con- allows you to re-map your keyboard or add Y
:”:J"athk& Greek Symbols S“é’ggsé%j p'"";e trolled by software. May be used with any specialized features. Changing a chip
| oRE; Reieae Videoterm with Firmware 2.0 or greater creates a totally different keyboard
Dvarak EPROM (Enhancer)—$23.00 The single wire shift mod is also supported Enhancer ][ Utilities Disc included. :
Lower Case Chip [Rev 7 & up]—$28.00 Package price is $35.00. Suggested retail price $1 49.(.3-0/
B e ——————————————————————————————EEEE—————_—— -

Videx is o trademark of Videx,


www.americanradiohistory.com

BYTE Comment

Copyrights, Computers,
and the Betamax Case

You've spent hundreds and hun-
dreds of hours bleary-eyed in your
computer’s glare, hoping that your
late-night programming obsession
really will pay off. You've missed
your favorite television shows and
your daughter’s childhood. People
look at you strangely and ask where
you've been. Your wife joins Com-
puter Widows Anonymous.

Then one day your great software
masterpiece is finally finished. You

About the Author

Walter Klasson, an attorney with a specialty
in computer law, is a member of the working
group of the New York State Bar Association
Subcommittee on Computer Law, which is
considering a computer crime statute for New
York. Mr. Klasson is author of a machine-lan-
guage (Z80) word-processing program and
president of Softlaw Inc., a consulting firm
which specializes in adapting microcom-
puter/word-processor systems for small law
offices.
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Walter Klasson
77 Seventh Ave., 21P
New York, NY 10011

call out to your wife and kids, and the
entire family at long last sits laughing
together around your flickering video
display, playing your new science-

e ———————ee ]
Copyright is such an
absolute right that
even ‘‘innocent”’
unauthorized copiers,
who may not have
known that what they
were copying belonged
to someone eise, are
chargeable with
infringement.

fiction and fantasy computer game,
The Beast That Ate Hoboken.

But someone out there wants to
destroy your happiness. He buys a
copy of your program only to give or
sell a copy to a friend. Maybe the

www americanradiohietorv com

friend gives or sells copies to other
people. Maybe the evil spreads. Your
royalties fall off. You miss a payment
on little Janie's teeth. You can't afford
that 10 megabytes of hard disk you
wanted. s there no hope for you any-
where?

Yes, said the United States Ninth
Circuit Court of Appeals this past
October in what is known as the
"Betamax Case.” Sitting in Califor-
nia, that middle-level federal court
determined that anyone who uses a
video-tape recorder (VTR) to make a
copy of copyrighted material without
permission has infringed upon the
copyright owner's statutory rights,
even if the copier had no intention to
sell the copy to anyone else. While
computers weren’t involved directly
in the Betamax Case, this aspect of
the decision seems to apply equally to
unauthorized duplication of copy-
righted computer software.

This legal development is not so
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IT'S CRISP. IT'S CLEAR.
ITS COVIPATIBLE.

Amdek’s Video-300 green phosphor monitor

is the easy-reading choice for almost any
system — including IBM and Apple.

Everything about our 12" Video-300
monitor was designed to be easy. Easy
to read. Easy touse. And easy to match
up with practically any computer or
word processing system, including the
popular Apple and IBM personal com-
puters. So it's easy to see why you
should choose Video-300 for your text
display needs.

Amdek’s Video-300 monitor
features:

* Non-glare screen to eliminate dis-
tracting reflections

¢ P-31 green phosphor display for
no-strain viewing

¢ 80 x 24 character display

¢ 18MHz band width 900 lines (center)
resolution

¢ Built-in carrying handle for porta-
bility

¢ Light-weight, industrial-grade cabine-
try (only 17 |bs.)

e UL, FCC approved

¢ Full one-year warranty covering
parts and labor

So ask your dealer about Video-300
—part of Amdek’s complete line of
color, green phosphor and black and
white monitors. Then match Video-
300's performance and price against
any other display monitor. For quality
and value, you'll choose Amdek.

ALAanmoeK

Amdek Corporation, 2420 E. Oakton St., Suite E, Arlington Heights, IL 60005. (312) 364-1180 ¢ TLX: 25-4786

See our complete product line at the NCC Show, Booth #A-245, in Houston June 7-10.
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surprising, although the Ninth Circuit
Court did have to reverse the con-
trary decision of the federal district
court below. The Ninth Circuit re-
jected the argument that so-called
noncommercial, personal use should
be considered noninfringing under an
implied exception to the copyright
statute. The court also interpreted the
statutory “fair use” exception to the
copyright owner’s exclusive rights as
applying only where the unautho-
rized copier used the copyrighted
material for limited “productive” pur-
poses, such as “criticism, comment,
news reporting, teaching (including
multiple copies for classroom use),
scholarship, or research.” The excep-
tion does not apply where the copier
merely wanted to use the copied
material for the ordinary purposes for
which it would be sold.

This part of the Betamax decision
seems reasonable enough to me. After
all, as the court said, the unautho-
rized copying of a television program
or a movie that is for sale by the
copyright owner is in fact quite “com-
mercial” in that it “tends to diminish
the potential market” for the product.
It is not hard to agree that illegal
copying, even for personal use, of
someone else’s copyrighted “intellec-
tual” property is no more "‘innocent”
then taking anything else of value be-
longing to another.

The results so far in the Betamax
Case may have been of some small
comfort to authors and sellers of
word processors, computer games,
and other relatively inexpensive soft-
ware (i.e., virtually everything used
on a microcomputer), which is easily
copied on the rapidly increasing
numbers of small computers being
sold. But, at least, their copyrights
(like those of Walt Disney and
Universal Studios, the victorious par-
ties before the Ninth Circuit) have
been fully supported by the court.

However, copyright owners of
mass-distributed software still face
the impracticalities of enforcing
numerous separate small claims
against individual infringers even
though the cumulative dollar loss
from widespread software piracy
may be very substantial. Unlike
phonograph records, for example,
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microcomputer software doesn’t have
to be copied on relatively centralized
and specialized counterfeiting equip-
ment, which can be discovered and
closed down. On the contrary, as
with VIRs, the small-computer soft-
ware pirates can do their dirty work
in the privacy of the home, with little
special expertise, cost, or equipment.
Also, many small software houses
simply don’t have the resources nec-
essary to go after the infringers they
do suspect. Manufacturers of expen-
sive software for larger computers,
whose customers are usually a limited
number of relatively responsible busi-
ness organizations, don't share these
problems. In short, although the
Ninth Circuit’'s opinion labels most
unauthorized copiers of small-
computer software as copyright
infringers, the practical difficulties of
enforcing the copyright owner’s legal
rights remain.

While the first part of the Betamax
decision could have been predicted,
the second part is potentially a very
significant new legal development.
The Ninth Circuit also decided that
the manufacturer and sellers of a VTR
on which illicit copies are made (in
this case, the defendants were various
divisions of Sony, its advertising
agency, and four retail stores) are
equally liable for copyright infringe-
ment. Even more interesting, the
court suggested that a possible solu-
tion to the video-tape piracy problem
would be to charge the VTR manu-
facturers a royalty to be paid to the
copyright owners. Think of the
possibly staggering implications in
the halls of Xerox of this novel legal
conclusion if it were applied to photo-
copiers!

“Aha,” the small-software author
might think upon hearing this news,
“a manufacturer of computer ‘repro-
duction’ equipment (for example,
disk drives, cassette players, or any
system incorporating them) is a big
enough target for me to sink my legal
teeth into for some relief (i.e., money)
for all this pirating of my Beast That
Surfed at Santa Cruz computer
game.”

Still, maybe the sound of eyeballs
dropping out of heads did not accom-
pany receipt of the news of this part
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The Context
MBA will be
available
starting

May 15, 1982
at leading
personal
computer
retailers.

For the

name and
address of your
nearest dealer,
call or write
Context.

Context
Management
Systems

23864 Hawthorne Blvd.
Torrance, CA 90505
(213) 378-8277

Telex 181149 WEST LSA
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Personal computers
are full of promises.

MBA makes them
deliver.

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

Sofar, thereality hasn’t measured up tothe 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 10 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 ot 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 atfected
item is instantly re-calculated.

Word Processing. Compose, edit, and print any kin
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 generale 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 your company data center,
afinancial 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
adramatic 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

© Copyright 1982 Contexi Management Systems, Inc
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The Aspen Software Company Spelling Checker.

+
GRAMMATIK"

Beyond Spelling Checking

THE ONLY COMPLETE
PROOFREADING PACKAGE

FOR ALL CP/M, MS-DOS,
AND TRS-80 WORD PROCESSORS

We'll match Proofreader with any other
spelling checker on the market. It has a big
38,000 word expandable dictionary, and can
check even your largest documents in under
four minutes. Proofreader looks up every
word, and docs not use less accurate root
word analysis like some others. Full inter-
active correction is standard on CP/M and
TRS-80 Model !l systems, and is a low cost
option for the TRS-80 Model I/111.

Spelling cheeking alone is not enough! No
one else has anything like Grammatik! It

analyzes your document for common typos. |

punctuation errors. misused phrases. and
poor writing style. Grammatik is receiving
rave reviews from both critics and users.
Bob Louden in InfoWorld (12/7/81):
“Grammatik is a surprisingly fast and casy
tool fer analyzing writing style and punctu-
ation. If you are currently doing original
writing on a word processor. you should
consider this product.” Eric Balkan in
The Computer Consultant: "I'm impressed
with the imagination that went into this
product.” A user: “Thanks for making my
life casier!”

Grammatik and Proofreader are compatible with all
CP/M. MS-DOS (including IBM PC), and TRS-80 word
processors.
Current CP/M formats:

standard 8°, NorthStar, Omikron TRS-80.
Please call or write for details of minimum system
sizes. and availabillty of additional disk and operating
system formats. Shipping costs included.
Please specify your system configuration when
ordering. Dealer inquiries invited,
MS-DOS versions scheduled for March 1982 release.

Proofreader Grammatik
CP/M. MS-DOS $129.00 $149.00
TRS-80 Model 11 $99.00 $99.00
TRS-80 Mod. 17111 $54.00 $59.00

(Model I/1ll interactive correction option - $30.00)

Trademarks: CP/M: Digital Research; TR5-80: Tandy Corp.:
Proofreader. Grammatik: Aspen Software Co.

LEPER B@FTHREE
S GO

P.O. Box 339-B, Tijeras. NM 87059
(505) 281-1634
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of the Betamax decision wherever
they make or sell disk drives. A brief
legal and political explanation is in
order to explain how the court found
the VTR manufacturers liable along
with the copiers and why, never-
theless, Tandy, Apple, Shugart, Per-
com, and many others may not have
to raise their prices to pay royalties so
that software authors can retire in
luxury (or afford new shoes).

Copyright is such an absolute right
that even “innocent” unauthorized
copiers who may not have known
that what they were copying be-
longed to someone else are chargeable
with infringement. The difference in
potential liability is that “innocent”
unauthorized copiers, as opposed to
deliberate infringers, might escape
liability for full statutory minimum
money damages, although they
would probably be subject to an in-
junction (a court order that they not
repeat the infringing behavior).

In the Betamax Case, however, the
Ninth Circuit found that the defen-
dants were not innocent, in that (al-
though the legality of taping televi-
sion broadcasts was in question) they
knew that VTRs would be used to re-
produce copyrighted materials and
were in fact manufactured, adver-
tised, and sold with that primary pur-
pose in mind because virtually all
television programming is copy-
righted. The court therefore charged
the manufacturers with “contributory
infringement.” On the other hand,
the court, facing the reality of a
popular and growing multimillion-
dollar industry recognized that an in-
junction (i.e., shutting the industry
down) might not be appropriate and
that the whole question of providing
relief for the copyright owners was
“exceedingly complex.” But while
suggesting the royalty mechanism,
the court directed the district court
below (which must, in the first in-
stance, fashion the relief for the win-
ning side) not to “be overly concerned
with harm” to the VTR manufac-
turers.

Thus, by this time every good at-
torney who represents a manufac-
turer of modern technological “repro-
duction” equipment of any kind is
busy “distinguishing” the Betamax

www americanradiohietorv com

Case—that is, showing how his
client’s circumstances are significant-
ly different from a VTR manufac-
turer’s so that the Betamax decision
should not apply. An obvious distinc-
tion in the small-computer area is the
lack of any “free” source of copy-
righted software for computer system
buyers comparable to the extremely
widespread. broadcast of television
programs. However, "the airwaves
are free” argument sometimes heard
(that copyright owners should lose
their rights by broadcasting their
works) is likewise not available in
defense of computer software piracy,
which is a more clear-cut form of in-
fringement.

Another important distinction be-
tween VTRs and small-computer sys-
tems is that most of the latter are not
promoted primarily as a means of
duplicating copyrighted software but
rather as requiring the purchase of
certain copyrighted software (e.g.,
operating systems) and facilitating
the general use of other purchased
copyrighted applications software.
Fully programmable systems even
facilitate the creation of more copy-
rightable software, which is suppor-
tive of copyright’s goal of promoting
creativity. In contrast, what per-
centage of VTR owners have or reallv
use video cameras?

In other words, even if you agree
with the Ninth Circuit's implicit
determination that most VTR owners
are potential copyright infringers,
most small-computer owners prob-
ably aren’t. So it would be much
more difficult to argue that most
small-computer manufacturers and
sellers were profiting from or en-
couraging copyright infringement to
such a degree that they should be held
liable as contributory infringers.

Even VTR manufacturers may not
have to worry about the Ninth Cir-
cuit’s Betamax decision. First, al-
though at this writing it is still too
early to know exactly what legal steps
will be taken, Sony is likely to appeal
to the United States Supreme Court
which could reverse (or affirm) the
Ninth Circuit on any number of
grounds that could be more (or less)
favorable to manufacturers of
various types of reproduction equip-
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Compliment
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or IBM...
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13” RGB Color.

16 Colors on your
Apple [11® or IBM.

Up to 80 Characters per line.

360 Dots per color.
(horizontal resolution)

¥ %% %%

Available for immediate
shipment.

Other models available:
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(1200 lines resolution) $179.00

12" Black & White
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Contact your local dealer
or call us direct.

Toll Free 1-800-258-6370
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Vi (==
® Apple 111 is a registered
trademark of Apple Computer.

datafled |

18 Bridge Street, Salem, NH 03079
Tel. (603) 893-2047
TWX: 710-366-0502
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ment. Second, and perhaps more im-
portant, the United States Congress
may act to set limits on copyright
law. While copyright protection is
mandated by the Constitution, its ex-
act limits (such as the scope of its “fair
use” exception) are a matter of federal
statute. Within six weeks of the
Betamax decision, at least one bill
that, if enacted, would effectively
overrule the Ninth Circuit was intro-
duced in each house of Congress.

It is easy to imagine the vast in-
dustrial forces that might be arrayed
against the Betamax decision, al-
though the decision also has many
important supporters among the
owners of television, movie, and
other copyrights. Intensive lobbying
is probably now taking place, but
Congress is likely to defer final action

If the Ninth Circuit’s
Betamax decision is
judicially or
legislatively
overturned, the
problem of the
enforceability of the
copyrights on
inexpensive mass-
distributed software
still remains.

until the Supreme Court has spoken,
which probably won't be before the
fall of 1982. “Friends of the court,”
representing various groups whose
interests could be affected by the final
judicial decision, may introduce addi-
tional briefs or arguments.

If the Ninth Circuit's Betamax deci-
sion is judicially or legislatively over-
turned, the problem of the enforce-
ability of the copyrights on inexpen-
sive mass-distributed software will re-
main. If the decision is allowed to
stand and if it should be extended to
the small-computer industry, then
any royalty imposed would probably
be passed on to the purchaser in
higher prices on the hardware af-
fected, almost like a tax on the entire
class for the presumed piracy of a
lesser number of individuals. This
could reduce sales slightly.

www americanradiohistorvy com

Granting that such a royalty
mechanism is not a perfect remedy
for the software piracy problem, it is
still certain that if there is insufficient
legal or economic protection for inex-
pensive mass-distributed software, its
availability will be reduced accord-
ingly. While the actual incidence and
cost of software piracy are not pre-
cisely known, it is likely to grow
rapidly along with increased sales of
computers and could become an addi-
tional economic barrier to the
emergence of new small-software
sources. All software authors may
have to contend with an unacceptable
uncertainty as to the exact economic
potential of particularly valuable and
innovative software.

The value to a hardware manufac-
turer of numerous sources of software
that supports its system has at last
been admitted by no less than IBM in
connection with its new Personal
Computer. Tandy and Apple,
whether they admit it or not, owe
much of their small-computer success
to the multitudes of independent soft-
ware sources for their machines, each
of which is also promoting the hard-
ware. There is currently software of
great practical or entertainment value
(as well as the inevitable rubbish) for
the microcomputer market that costs
anywhere from $10 to a few hundred
dollars. Much of this software is a
product of a relatively individualistic,
labor-intensive cottage industry.
Many members of this cottage in-
dustry could not individually support
the expense of a full-blown legal
defense of their copyrights.

Perhaps the answer is some simple
form of voluntary cooperation by
those united in interest, as is done in
other areas of copyright law. For ex-
ample, many composers and song-
writers are paid royalties from such
organizations as the American Soci-
ety of Composers, Authors, and Pub-
lishers (ASCAP) and Broadcast
Music Inc. (BMI), which have been
legally designed to collect an appro-
priate amount from those who want
to play, perform, or otherwise “copy”
the protected material (for example,
radio stations). Some type of cen-
tralized, less voluntary royalty sys-
tem established as the result of the
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Memory Board to complete sys-
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Betamax decision could perform a
similar function for software authors,
unless Congress or the industry acts
to produce some better method of
protecting the copyrights involved.
Another legal alternative might be
to increase deterrence to software
piracy by increasing the criminal
sanctions available against copyright
infringers. However, this leads into
the wholly separate area of computer
crime (which is beyond the scope of
this article) and away from the copy-
right law’s primary focus on civil, not
penal, enforcement of the statutory
right. While greatly increasing the
minimum statutory money damages
awardable against deliberate in-
fringers and including the copyright
owner's legal fees in those damages
might be effective deterrents, such
measures, which would have to be
enacted by Congress, do not appear
to be under serious consideration.
Of course, assorted hardware-
based technological solutions to the
piracy problem, such as unduplicat-

able disks or ROM cartridges, exist.
While often technologically effective,
these methods are not always popular
with users, limit the standardization
and interchangeability of the various
manufacturers’ products, and don't
encourage independent software
sources to write for the machine in-
volved. (A word of caution: those
who provide information or equip-
ment to defeat hardware or software
antipiracy measures could be charge-
able with contributory copyright in-
fringement under the Betamax deci-
sion.)

It is therefore easy to predict,
without knowing exactly what will or
should be done, that the outcome of
the Betamax Case and any other legal
developments involving computer
software piracy could have an impor-
tant effect on the makeup of the
small-computer industry. The courts
have designed copyright law to pro-
mote human creativity. As the Ninth
Circuit stated, “this purpose is to be
achieved by reliance on the economic

incentives granted to authors and in-
ventors by the copyright scheme.”
Such a purpose is not being served
where the more widely distributed
and lower-priced products of human
creativity may have the least effective
protection because of technological
and social factors. Perhaps, then,
some form of royalty system for soft-
ware copyright owners would help to
remove the economic Catch-22 facing
small-software authors as a result of
the proliferation of small computers
for which their programs are sold and
on which their work may also be
stolen. In any case, in the world of in-
expensive computer software, events
may now be taking place that will
determine just what economic
threshold must be crossed before
copyrights are really of any value.m

Occasionally, BYTE invites industry leaders to
comment on topics related to the microcom-
puter industry. The opinions expressed by these
authors are their own and do not necessarily
express the opinions of BYTE or its publishers.

DATAFACE GRQ SERIES

TURNS YOUR ELECTRONIC TYPEWRITER INTO A PRINTER/TYPEWRITER

The Dataface GRQ-11
interface expands your
Olympia ES Series or Rem-

mington 200 Series electronic typewriters into a let-
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No soldering

computer. And, you still have a fully featured elec-
tronic typewriter—two machines in one.
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Parallel {Centronics compatible).
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3. Fifty thru 9600 Baud data rate options.

4. Two K buffer; supports X-on, X-off protocol as
well as RTS signals.
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Interface and

required. Power is provided to the GRQ thru two pins
of the 40 lead cable. Installation in 10 minutes.
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when your system

goes down.
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SuperSoft offers programs designed to check out a downed computer
or recover a crashed diskette. Fast.

SuperSoft’s System

Maintenance Series

Diagnostics Il

Diagnostics Il is the finest set of system
maintenance routines available for microcomputers.
Diagnostics Il thoroughly checks all five areas of
your computer system: memory, printer, terminal,
disk, and CPU, pinpointing hardware problems to
help you keep your system in perfect working order.
(Requires: 32K CP/M)

Diagnostics II: $125.00

Manual Only: $15.00

Disk Doctor

Disk Doctor is a program which automatically
recovers “crashed” diskettes or accidentally erased
files. It will place all readable information from a
“crashed” file into a good file, and it will unerase files
which have been erased but not overwritten. Disk
Doctor will not function completely on some double-
sided disks.

(Requires: 48K CP/M and two drives for

complete operation)

Disk Doctor: $100.00

Manual Only: $15.00

System Checker

System Checker is a diagnostic program which will
check your entire computer system quickly with very
little user interaction. It was designed to be used by
persons with no knowledge of computer hardware.
(Requires: 32K CP/M)

System Checker: $75.00

Manual Only: $15.00

Disk-Edit
Disk-Edit is a screen oriented disk editor. It gives
you complete access to all the raw information on
your disk, in both hex and ASCI|, with scrolling.
Disk-Edit will let you examine or alter files that
cannot be accessed with a normal text editor.
(Requires: 32K CP/M)
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Also Available
From SuperSoft:

Language Series:

Ada*: $250, C: $200, LISP: $150, BASIC: $200,
FORTRAN: $275, RATFOR: $100, FORTH: $200,
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$250, Encode/Decode II: $100, BCD: $300.

Entertainment Series:
Nemesis: $45, Dungeon Master: $40, Analiza Il:
$50.

Word Processing:
Star-Edit: $225, TFS: $85.

Available from fine dealers everywhere, or
directly from SuperSoft.

U.K. and European Distribution: Digital Devices,
134 London Road, Southborough Kent, Tunbridge
Wells, TN4 OPL, England. Tel. Tunbridge Wells
(892) 37977/9 Telex. 95582.

Japanese Distribution: ASR Corporation
International, 3-23-8, Nishi-Shimbashi, Minato-Ku,
Tokyo 105, Japan, Tel. (03)-437-5371. Telex. 0242-
2723.

*Ada is a trademark of the Department of Defense
(Ada Joint Program Office).

CP/M s a registered trademark of Digital Research.
SSS FORTRAN copyright Small Systems Services.
Unix Is a registered trademark of Bell Laboratories.

SuperSoft software avallable for virtually
all CP/M systems. Please specify your
system. Most products also available for
CP/M-86 and IBM PC DOS. Please Inquire.
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FIRST IN SOFTWARE TECHNOLOGY P.0.Box 1628 Champaign, IL 61820 (217) 359-2112 Telex 270365

Circle 396 on inquiry card.
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Ciarcia’s Circuit Cellar

Everyone Can Know
The Real Time

Technological advances have made
real-time clocks simple and inexpensive.

It's almost three years now since I
last discussed real-time clocks. Much
has happened since I wrote “Anyone
Know the Real Time?” (reference 1).
Back then real-time clocks were
usually put together either from exist-
ing digital watch or clock chips or
from a series of TTL (transistor-tran-
sistor logic) counters. Microproces-
sor-bus-compatible real-time-clock
chips were just emerging and were
very expensive. I had to phrase my
article title as a question.,

Steve Ciarcia
POB 582
Glastonbury, CT 06033

Today, of course, real-time clocks
are established, cost-effective pro-
ducts. The expense of adding a true
millisecond-to-month time-of-day
clock to a personal computer is barely
more than the cost of the cheapest,
most primitive clock of the kind in
wide use just a few years ago. Today,
with very little trouble, everyone
who really wants to can know the
real time.

This month I'd like to update the
story a little and describe how to con-

nect one of the latest products of real-
time-clock technology to a micropro-
cessor-based computer system, using
a minimum-component circuit with
battery backup, and I'll show how
you can put together an intelligent
clock that can function as a stand-
alone peripheral device which com-
municates time data over a serial
communication link to a remote com-
puter upon command. But first, some
background information.

What Is Real Time?

Why do we need a clock to keep
“real” timel Does this mean there
exists “unreal” time?

Before we think too hard about
what seems to be a philosophical con-
undrum, let’s consider for a moment
a typical application where a com-
puter monitors a number of physical
parameters and triggers a series of se-
quentially timed control outputs in
response to certain changes in the
parameters.

Suppose you have a computer con-
trolling the lights in your home and
that you want the control computer

Copyright © 1982 Steven A. Ciarcia.
All rights reserved.

Photao 1: No longer must we assemble real-time clocks from digital-watch parts or
from small-scale-integrated circuits. National Semiconductor has introduced thwo
components that do all the hard work: the MM58167A and the MM58174A.

34  May 1962 © BYTE Publications Inc
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Z8 is a trademark of Zilog Inc. Diagrams and
tables pertaining to the MM58167A and the
MM58174A are reprinted courtesy of National
Semiconductor Corporation.
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Figure 1: Schematic diagram of a simple real-time clock that uses the 60-Hz power-line frequency as a reference. This provides the
computer with only regular pulses or "heartbeat ticks"; the time of day must be kept by software.
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Figure 2: A simple real-time-clock circuit that relies on a crystal oscillator for its timebase. As in figure 1, the only output is a series of

regular pulses.

to be able to tell when you are arriv-
ing home so that it can turn on the en-
trance light and turn it off when you
get inside.

One way of setting up such a sys-
tem is to place a pressure-sensitive
switch under the doormat with a con-
nection running to one of the com-
puter’s control inputs. As you ap-
proach the door and step on the mat,
the computer’s job is to sense the
switch closure and turn the light on
for, say, 200 seconds before turning it
off. To perform these operations, the
computer must be directed by a pro-
gram which embodies a control
algorithm that says, at least in part,
“Turn the light on when the switch is
closed, and then turn the light off
later.”

Now here’s the catch. An algorithm
cannot by itself tell how long the
computer’s hardware takes to per-

form any part of the algorithm. But
you will be quite aware of how long
the entrance light stays on, as
directed by the control algorithm. So
the algorithm must use some means
to make 200 seconds pass in your real
perception before turning the light off
and moving to other tasks.

This is what we mean when we say
that a computer keeps track of “real
time.” An algorithm that may execute
at different speeds on different hard-
ware is tied to external events. A
hardware circuit or hardware/soft-
ware combination that accurately
records time with respect to an exter-
nal observer is called a real-time
clock.

Limitations of Software Timing
In our simple entrance-light ap-

plication, it's not very hard to write a

program that will satisfy us. We can

wwwW americanradiohistorv com

use a short BASIC program that
monitors an input bit and sets an out-
put state, incrementing a counter
variable in a FOR. . .NEXT loop to
provide the 200-second delay. Per-
haps 5000 iterations of a 40-ms (milli-
second) loop would do the trick.

But what happens if the problem
becomes more complex? Suppose we
have a second light inside the house
and a second mat with a switch under
it, with a similar need for the com-
puter to turn the light on for a
specified duration. We have to add
another set of delay statements to our
simple BASIC program, and when we
add something, it changes the execu-
tion time of the original timing loop.
While we could make the FOR. ..
NEXT-loop method work for two
lights, the complications mount
quickly as the problem becomes
larger.

May 1982 © BYTE Publications Inc 35
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software approach by using special
hardware circuitry that maintains a
record of true elapsed time irrespec-
tive of software execution speeds.
These circuits can take many forms,
but generally such real-time clocks
fall into either the time-of-day or
“heartbeat-interrupt” category.

The heartbeat-interrupt clock is
less expensive and uses fewer or
simpler components, but more soft-
ware interaction is needed to perform
all the housekeeping chores, while a
time-of-day clock does almost every-
thing with hardware, requiring
relatively little interaction with soft-
ware.

36 May 1982 © BYTE Publications Inc

show examples of two heartbeat-
interrupt circuits, which were the
feature attractions of my previous ar-
ticle. The circuit of figure 1 uses a
crystal as a convenient timebase,
while the circuit of figure 2 uses the
60-Hz power line. Both produce a
single regular pulse (a clock “tick”) at
intervals of some precise fraction of a
second. (Typical systems produce a
tick at intervals of 1/60, 1/40, and
1/10 second.) The output line of the
circuit is connected to an interrupt in-
put on the processor.

Every time the clock ticks, the pro-
cessor stops what it is doing and in-
crements an elapsed-ticks counter in

www americanradiohicetorv com

memory. When the processor needs
to know the real time, it must cal-
culate the time from the number of
ticks. For example, using a 1/60-sec-
ond timebase, a count of 10,860 cor-
responds to 181 elapsed seconds.

Generally, a computer system with
a heartbeat-interrupt clock is initial-
ized with the time of day when it is
turned on, with the initialization time
stored either in the ticks counter
(which is said to count ticks from
midnight) or in a separate location (to
be summed with the ticks when the
value of the time is needed).
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GP-100A: US$389

COMMAND PERFORMANCE.

- Seikosha gives you all the best features—including economy and super-clear graphics.

. ~ Unlike some graphic printers, Seikosha's new Other valuable features:

-100A Uni-Hammer Graphic Printer puts full dot * Graphics, regular and double width character

] s?ﬁl"'e—graphic at your command. The GP-100A modes can be intermixed on the same line.
repeat a column of data as many times as OAutomaFic printing. When the text exceeds

jith just one command. Software control enables the maximum line length, there is no loss

Lo . and T i of data due to overflow.
dth character output, and the positioning is ® Self-test printing is a standard feature.

* Centronics type parallel interface. :
* Paper width is adjustable up to 10 inches.
e Optional Interface:R8232C,IEEE488,a'9p

Graphic Printer [¢] ») gark

et # R ol Tk
i’_XlOM CORPORATION 1014 Griswold Avenue San Fernando, Calif. 91340 Phone (213} 365-9521 TWX (810) 496-1748.
otured by SEIKOSHA SYSTEM EQUIPMENT DIV. 4-1-1 Tathet Sumida-ku ToRkyo Japan. Phone: 03:623-8111 Telex: 262:2620
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...Everything from
Apple Il to Zork Il at the
lowest possible prices.

But low prices are
only one feature of our
new catalog. We think
you'll find it to be a very
well-organized, well-
written reference tool.

When you receive our
catalog, you get with it
our commitment to help
you keep it up to date.

Unlike most catalogs
that are obsolete the
moment they're printed,
ours was specifically
designed to deal with
the rapid-fire changes in
microcomputer hard and
software. Its loose-leaf
binder format makes it a
snap to add the new
pages we'll send out on
a reqgular basis.

Our catalog was
developed on exactly
the same principles as
our business — to offer
you the lowest possible
prices combined with
the highest quality of
service.

16K RAM KITS. .. . 13.95

Sel ol 8 NEC 4116 200 ns Guaranieed one tult
year

DISKETTES

ALPHA DISKS
Single sided. cerltied Double Densily ¥0
wilh Hub-ning Box ol 10 ‘Guaranlee
year

VERBATIM DATALIFE

MD 525-01. 10. 16 26.50
MD 550:01. 10. 16 44.50
MD 557-0t. 10. 16 54 95
MD 577-01. 10. 16 34.80
FD 32 or 34-9000 36.00
FD 32 or 34-8000 44.95
FD 34-4001 48.60
ALPHA DISKS 21.95

Single sided. certilied Double Densily 40 Tracks
with Hub-ring. Box of 10. Guaranteed one lull
year

VERBATIM DATALIFE

M0 52501, 10. 16 26.50
MD 550-01. 10. 16 44.50
MD 55, J1.10. 16 54,95
MO 577-01. 10, 16 34.80
FD 32 or 34-9000 36.00
FD 32 or 34-8000 44.95
£D 34-4001 48.60
DISKETTE STORAGE

5% PLASTIC LIBRARY CASE 2.50
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8" PLASTIC LIBRARY CASE 3,50

PLASTIC STORAGE BINDER w/ Inserts 995
PROTECTOR 5% ** {50 Disk Capacity} 23 95
PROTECTOR 8'" {50 Disk Capacily) 29.95
DISK BANK 5% 595
DISK BANK 8 6.95
NEC PERSONAL
COMPUTERS

PC-8001A CPU 899.00
PC-8012A 1/0 559 00
PC-8033A DISK 1/0 125 00
PC-8031A DUAL DISK 899 00
ALTOS COMPUTER
SYSTEMS

Cait Alpha Byte for our low Allos prices
ATARI COMPUTERS
ATARI 800 699.00
ATARI 400 (16K) 339.00
ATARI 810 DISK DRIVE 449 00
ATARI 850 INTERFACE 449.00
ATARI 410 PROGRAM RECORDER 79.00
EPSON CABLE 35.00
MEMORY MODULE (16K) 89 95
JOYSTICK CONTROLLERS 10 00
PAODLE CONTROLLERS 19.95
STAR RAIOERS 35 00
MISSILE COMMAND 3500
ASTEROIOS 3500
INTEC PERIPHERALS

RAM MODULES

48K FOR ATARI 400 279.00
32K FOR ATARI 800 135 00
ACTIVISION ATARI
CARTRIDGES

LAZAR BLAST 21 95
SKIING 2195
ORAGSTER 2195
BOXING 21.95
CHECKERS

BRIOGE
KABOOM

BOXING
CHECKERS
BRIDG

115 95
128 95
47E BUSINESS 64 95
HP-32E SCIENTIFIC w/ STATS 46 95
HP-33C Programmable Scientific 76 95
HP-41C Advanced Programmable 211 95
HP-41CV Advanced Prog 2K mem 274 95
HP-41 PERIPHERALS
HP-82106A MEMORY MODULE 2795
HP-B2170A Quad Memory Module 89 00
HP-82143A PRINTER/PLOTTER 324 95
HP-82160A IL INTERFACE 119 00
HP-82161A DIGITAL CASSETTE 419.00
HP MATH PAC 29 00
HP STATISTICS PAC 29 00
HP REAL ESTATE PAC 39.00
HP SURVEYING PAC 29.00
HP STRUCTURAL ANALYSIS PAC 39.00
HP COMPUTERS
HP-85A PERSONAL COMPUTER 21.95
HP SINGLE 5% "DISK DRIVE 12.95
HP DUAL OISK DRIVE 19.95
HP-85A 16K MEMORY MOOULE 239.00
HP-72258 GRAPHICS PLOTTER 21.95
HP PLOTER MODULE 605.00
HP HP-18 INTERFACE 329.00
HP STD APPLICATIONS PAC 83.00
HP GENERAL STATISTICS PAC 83.00

HP GRAPHIC PRESENTATIONS
HP VISICALC PLUS

HP ROM DRAWER

HP PRINTER/PLOTTER ROM
HP MASS STORAGE ROM

HP RS-232 INTERFACE

PRINTERS

ANADEX DP 9500

ANADEX DP 9501

C-ITOH F-10 40 CPS PARALLEL
C-ITOH 45 CPS PARALLEL
C-ITOH 40 CPS SERIAL

C-1TOH PROWRITER PARALLEL
C-ITOH PROWRITER SERIAL
C-ITOH COMET |

EPSON MX-80

EPSON MX-BOF/T

EPSON MX-100 GRAPHIC
EPSON GRAFTRAX

1DS-445G PAPER TIGER
1DS-460G PAPER TIGER
10S-5606 PAPER TIGER

1DS PRISM B0 w/0 COLOR

10S PRISM 132 w/COLOR
NEC SPINWRITER 35105 RO
NEC SPINWRITER 3530 P RO
NEC SPINWRITER 7710 S. RO
NEC SPINWRITER 7730 P RO
NEC SPINWRITER 7700 D SELLUM
NEC SPINWRITER 3500 SELLUM
OKIDATA MICROLINE 80
OKIDATA MICROLINE 824
OKIDATA MICROLINE 83A
OKIDATA MICROLINE 84

OUME 9745

CORVUS

VERSA WRITER DIGITIZER

ABT APPLE KEYPAD

MICROSOFT Z-80 SOFTCARD
MICROSOF T RAMCARD

VIDEX 80 x 24 VIOEQ CARD

VIDEX KEYBOARD ENHANCER 1l
VIDEX ENHANCER REV 0-6

VIDEX SOFT SWITCH

M & R SUPERTERM 80 x 24 VIDEO BD
SSM AI0 BOARD (INTERFACE) A 8 T
SSM AIC BOARD {INTERFACE) KIT
APPLE FAN

/G JOYSTICK

1/G PADDLE

VERSA E-2 PORT

MICRO SCI A2 W/0 CONTRDLLER
MICRO SCI A40 W/CONTROLLER
MICRO SCI A40 W/0 CONTROLLER
MICRO SCI A70 W/CONTROLLER
MICRO SCI A70 W/0 CONTROLLER
THE MILL-PASCAL SPEED UP
PROMETHEUS VERSACARO
SUPERCLOCK 11

LAZAR LOWER CASE +
MICROBUFFER Il 16K W/GRAPHICS
MICROBUFFER 11 32K W/GRAPHICS
WIZARD 80 COL VIDEO

MONITORS

NEC 12" GREEN MONITOR

www.americanradiohistorv.com

APPLE HARDWARE

159.00
159 00
33 00
116.00
116 00
329.00

1295.00
1295.00
1595.00
1770.00
1870.00
549.00
695.00
289.00
SCALL
SCALL
SCALL
90.C0
779.00
$45.00
1195.00
1099.00
1799.00
1995.00
1995.00
2545.00
2545.00
2795.00
2295.00
389.00
549.00
799.00
1199.00
2149.00

259.00
119.00
299.00
159.00
299.00
129.00
99 00
29 00
315.00
165.00
135.00
44,95
24 95
34.95

21.95
419.00
479.00
409.00
629 .00
549.00
329.00
229.00
129.00
59.00
259.00
299.00
279.00

199.00

NEC 13" COLOR MONITOR
SANYQ 12°" MONITOR (B & W)
SANYOQ 12" MONITOR (GREEN)
SANYQ 13°° COLOR MONITOR
ZENITH 13°" HI RES GREEN MON
AMDEK COLOR t

AMOEK RGB COLDR

AMDEK RGB INTERFACE

MOUNTAIN
HARDWARE

CPS MULTIFUNCTION BOARD
SUPERTALKER SD200
ROMPLUS W/ KEYBOARD FILTER
ROMPLUS W/0 KEYBOARD FILTER
KEYBOARD FILTER ROM
COPYROM

MUSIC SYSTEM

ROMWRITER

APPLE CLOCK

A/D + D/A

EXPANSION CHASSIS

CALIF. COMPUTER

SYSTEMS

S-100 BOARDS

22008 MAINFRAME

2065C 64K DYNAMIC RAM

2422 FLOPPY DISK CONT & CP/M*
2710 FOUR SERIAL 1/0

399 00
249 00
269.00
469 00
139 00
389.00
859 00
169 00

199.00
259.00
179.00
130 00

49 00
48 00
369 00
149 00
252 00
299 00
625.00

459 00
539.00
359.00
279 00

2718 TWO SERIAL/TWO PARALLEL 170 269.0C

2720 FOUR PARALLEL 1/0
2810 Z-80 CPU

APPLE BQAR

ENTRONICS INTERFACE

APPLE VISION 80-80 COL CARD
APPLE 8" DiSK DRIVE CONTROLLER

MODEMS

NOVATION CAT ACOUSTIC MODEM
NOVATION D-CAT DIRECT CONNECT
NOVATION AUTO-CAT AUTO ANS
NOVATION APPLE-CAT

UDS 103 LP DIRECT CONNECT
uDS 103 JLP AUTO ANS

HAYES MICROMODEM H (APPLE}
HAYES 100 MODEM (S-100)
HAYES SMART MODEM (RS-232)
HAYES CHRDNOGRAPH

LEXICON LX-11 MOOEM

RACAL VADIC 1200 BAUD/212A

TERMINALS

TELEVIDEO 910
TELEVIOEC 912C
TELEVIDEG 920C
TELEVIDEO 950C
ZENITH 2-19

TRS-80 MOD |
HARDWARE

PERCOM DATA SEPARATOR
PERCOM OOUBLER Il

TANDON 80 TRACK DISK DRIVE
TANDON 40 TRACK DISK ORIVE
LNW DDUBLER W/ DOSPLUS 3.4D
MOD 111 DRIVE KIT

149 00
159 00
99 00
105 00

VISTA COMPUTER CO.

329 00
549 00

145 00
165 00
219 00
349 00
175 00
209 00
299 00
325 00
248 00
225,00
109 00
795 00

639 00
74500
830.00
995 00
799 00

27.00
159 00
429.00
289 00
159.00
649.00

Circle 12 on Inquiry card.



www.americanradiohistory.com

MORROW DESIGNS
FLOPPY DISK SYSTEMS

Controller, P S  Microsofl Basic. CP/M®
AET

DISCUS 20 {Single Drive — S00K) 869 00
DiSCUS 20 (Dual Orive — 1 MEG) 1499 00

DISCUS 2 + 2(Single Drive — 1 MEG) 1099.00
DISCUS 2 + 2 {Oual Orive — 2 MEG) 1993 00
HARD DISK SYSTEMS

Conlroller  PS  Microsoft Basic. CP/M'
A&T

DISCUS M10 (10 Megabytes) 3099.00
DISCUS M26 {26 Megabytes) 3749 00
ISOLATORS

1S0-1 3-SOCKET 53 95
1S0-2 6-SOCKEY 53 95

BARE DRIVES

TANDON 5% INCH
100-1 SINGLE HEAD 40 TRK
100-2 DUAL HEAD 40 TR
100-3 SINGLE HEg

100-4 DUAL

429 00
N THINLINE 8 INCH

459.00
848 2 DUAL SIDE 545 00
MICRO PRO
APPLE CP/M
WORDSTAR ¥« *° 249 00
SUPERSQRT ** *- 145 00
MAILMERGE 90 00
DATASTAR - - 215 00
SPELLSTAR™™" ** 169 00
CALCSTAR'V* ** 169 00
CPIM*
WORDSTAR 310.00
SUPERSORT 195.00
MAILMERGE 110 00
DATASTAR 245.00
SPELLSTAR 195.00
CALCSTAR 239.00
MICROSOFT
APPLE
FORTRAN" 165.00
BASIC COMPILER® 31500
coBeoL* 595.00
2-80 SOFTCARD 299 00
RAMCARD 159.00
TYPING TUTOR 17.95
OLYMPIC DECATHLON 24.95
TASC APPLESOFT COMPILER 159 00
CPIM®
BASIC 80 299.00
BASIC COMPILER 319.00
FORTRAN 80 369.00
CoBoL 80 595.00
MACRO 80 189.00
mu MATH/mu SIMP 219.00
mu LISP/mu STAR 175.00

APPLE SOFTWARE

MAGIC WINOOW 79.00
MAGIC SPELL 59.00
BASIC MAILER 59.00
APPLE PIE 99.00
0B MASTER 179.00
PFS: PERSONAL FILING SYSTEM 79.00
PFS. REPORT 79.00

Circle 12 on inquiry card.

2-TERM®

2-TERM PRO*

ASCIl EXPRESS

HAYDEN APPLESOFT COMPILER
EASY WRITER-PRO

EASY MAILER-PRD

EXPEDITER Il APPLESOFT COMPILER

A-STAT COMP STATISTICS PKG
SUPER TEXT I

FINANCIAL PARTNER

LISA 25

SUPERSCRIBE. 11

89 95
129 95
63 95
149 00
199 00
79 00
7395
129 00
129 00
199 00
59 95
99.95

CONTINENTAL SOFTWARE

G/L

A/R

AP

PAYROLL

PROPERTY MGMT

THE HOME ACCOUNTANT

199.00
199 00

199 00

179 00
239.00
199 00
79.00
VISICALC 199 00
VISIFILES 209.00
CP/M® SOFTWARE
THE WORD-SPELL CHECK 75.00
d BASE Il 599.00
SUPER CALC 229 00
SPELLGUARD 239 00
P& TCP/M* MOD I TRS-80 175.00
COMMX TERMINAL PROG 82.50
C BASIC 2 115.00
PASCAL Z 349.00
PASCAL MT + 439 00
PASCAL/M 205.00
SYSTEMS PLUS
G/L. A/R. A/P. P/R 1799 .00
CDNDOR | 579.00
CONDOR I 849.00
DIGITAL RESEARCH
MAC 89.00
S10 69.00
ZS1D 97.00
PL/ 1-80 439.00
SUPERSOFT
DIAGNOSTIC | 69.00
DIAGNOSTIC 1l 89.00
‘C’ COMPILER 179.00
UTILITIES | 59.00
UTILITIES 1l 59.00
RATFOR 89.00
FORTRAN 239.00
TRS-80 GAMES
TEMPLE DF APSHAI 34.95
HELLFIRE WARRIOR 34.95
STAR WARRIOR 3495
RESCUE AT RIGEL 2495
CRUSH. CRUMBLE AND CHOMP 24 95
INVADERS FROM SPACE 17.95
PINBALL 17.95
STAR TREK 3.5 17.95
MISSILE ATTACK 18.95
STAR FIGHTER 24.95
TRS-80 SOFTWARE
NEWDO0S/80 2.0 MOD I 11 139.00
LAZY WRITER MOD 1. Il 165.00
PROSOFT NEWSCRIPT MOD I. Il 99.00
SPECIAL DELIVERY MOD 1. Il 119.00
X-TRA SPECIAL DELIVERY MOD 1. It 199.00

CP/M is a req. trademark ol Digital Research.

TRACKCESS MOD | 2495
OMNITERM SMART TEAM MOD{ 1l 89.95
MICROSOFT BASIC COMP FOR MOD ! 165,00
L00S 5 1 MOD L, I 159.00
APPLE GAMES
PERSONAL SOFTWARE
CHECKER KING 2195

GAMMON GAMBLER 21.95
BRIOGE PARTNER

MONTY PLAYS MONDPOLY
Z20RK 1

ALIEN RAIN (AKA GALAXIAN)

ALIEN TYPHOON 20.95
APPLE PANIC 24.95
MIDNIGHT MAGIC 29895
SPACE QUARKS 24.95

AUTOMATED SIMULATIONS

INVASION CORION 20.95
STAR WARRIOR 3295
TUES MORNING QUARTERBACK 25.95
CRUSH. CRUMBLE AND CHOMP 24.95
THE DRAGON'S EYE 20.95
MUSE SOFTWARE

ROBOT WARS 32.95
THREE MILE ISLAND 32.95
ABM 20.95
GLOBAL WAR 20.95
CASTLE WOLFENSTEIN 24.95
ON-LINE SYSTEMS

WIZARD AND PRINCES 29.95
MISSILE DEFENSE 25.95
SABOTAGE 20.95
SOFT PORN ADVENTURE 24.95
THRESHOLD 31.95
JAW BREAKER 24.95
CROSSFIRE 16.45
TIME ZONE 69.95
H/R FOOTBALL 32.95
H/R CRIBBAGE 20.95
PEGASUS Il 2595
SIRIUS SOFTWARE

SPACE EGGS 24.95
GORGON 32.95
SNEAKERS 24.95
EPOCK 29.95
BEER RUN 24,95
HADRON 29.95
PULSAR It 24.95
EPOCK 29.95

EDU-WARE

PERCEPTION PKG

COMPU-READ

STORY TELLER

COMPU-MATH. ARITHMETIC
COMPU-MATH " FRACTIONS
COMPU-MATH DECIMALS
COMPU-SPELL (REQ DATA DISK)
COMPU SPELL DATA DISKS 1-4. ea

MORE GREAT APPLE
AMES

DMPUTER QUARTERBACK

RPEOQEF RE

RED ALLIANCE

COMPUTER QUARTERBACK
TORPEDO FIRE

THE SHATTERED ALLIANCE
POOL 1.5

ULTIMA

RASTER BLASTER

FLIGHT SIMULATOR
INTERNATIONAL GRAND PRIX
SARGON I

SHUFFLE BOARD
FIREBIRD

SNACK ATTACK

THIEF

ROACH HOTEL
JABBERTALKY

THE WARP FACTOR

COSMO MISSION

SUPPLIES

AVERY TABULABLES
1,000 3% x 15/16
3.000 3% x 15/16
5.000 3% x 15/16

FAN FOLD PAPER

(Prices F.0.B. S.P)
9% x 11 1810 WHITE 3,000 ct
14 7/8 x 11 181b WHITE 3.000 ct

19.95
24.95
18.95
39.95
34.95
34.95
24.95
17 95

32.95
49.95
49.95

32.95
49.95
49.95
29.95
S
24.95
27.95
25.95
28.95
29.95
24 95
2495
2495
29 95
24.95
32.95
24.95

8.49
14.95
19.95

29.00
39.00

PUTER

To order, or for information, call:

(213)706-0333

To use our 24-hour modem order line, call: (213) 883-8976.

We guarantee everything for 30 days. If anything is wrong, return the item
and we'll make it right. And, of course, we'll pay the shipping charges.

We accept Visa and Master Card on all orders; COD up to $300.00.

Add $2.00 for standard UPS shipping and handling on orders under 50 Ibs,
delivered in continental U.S. Call for shipping charges over 50 Ibs. Foreign,
FPQ and APO orders, add 15% for shipping. Californians add 6% sales tax.

Prices quoted are for stock on hand and subject to change without notice

31245 L A BAYA DRIVE, WESTLAKE VILLAGE, CALIFORNIA 91362

“Requires Z-80 Soficard.

www.americanradiohistorv.com

*“Reg. 1rademark ol Micro Pro International Corp.
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BLOCK DIAGRAM

(4a)  conTRroL ADDRESS DATA BUS
BUS BUS INTERRUPT
4
M i BIT
S BUFFER
-—l M
ADDRESS
R/W LOGIC SFceon
WRITE READ =
32kHz
—— A TIMER ] <
(s OSCILLATOR =
EEEEEEEEE——
-—_— DIVIDERS T
< S22
—
READ MULTIPLEXER READ/WRITE MULTIPLEXER
1\ F 3 F 3 I F 3 F 3 F 3 F Y ﬁl r 3 F F Y
v h 4 ) 4 ) 4 ) 4 v 9 L J \ 4 v L 4 L J
0.1 1 10 1 10 1 10 1 10 1 10 DAY OF
SEC SEC SECS MIN MINS HR HRS DAY DAYS MO. MDS. WEEK
1 [ 1 Y 1
10 Hz

Figure 4: Block diagram (4a) and pinout specifications (4b) of the National Semicon-

ductor MM58174A Real Time Clock.

The heartbeat-interrupt clock has
some disadvantages. First, it is totally
dependent on the processor’s execu-
tion time and interrupt-handling
capability. When the processor must
interact with multiple peripheral
devices, often there can be competi-
tion for the processor’s attention.
Computers from one major manufac-
turer actually ignore the clock at
times, shutting it off while I/O (in-
put/output) operations with the disk
drive are taking place. The value of
this clock is questionable because it
loses a second or two with every disk
operation.

The second criticism of heartbeat-
interrupt timing is volatility. Since
the time of day is kept only in soft-
ware, the clock works only when the
computer is powered. It is impossible
to keep the clock running all the time
without keeping power applied to the

40  May 1982 © BYTE Publications Inc

processor and part of the program
memory, which can be an expensive
undertaking.

What Is a Good Clock?

The ultimate solution is a separate
hardware time-of-day real-time clock
interfaced to the processor but run-
ning independently. Such a clock
should keep track of the time of day
to a resolution of milliseconds and
should, with battery backup, never
need to be reset. Additional features
should include variable-rate pro-
cessor interrupts (once per millisec-
ond or once per month as required)
and alarm-clock (coincidence of a
preset time-of-day value) interrupts.
Fortunately, these capabilities can be
added to your system with a modest
amount of hardware.

National Semiconductor Corpora-
tion has simplified the business of

www americanradiohistorvy com

(4b) CONNECTION DIAGRAM
—
csffie 16[] Voo
NRDSE 2 15[]CRYSTAL IN
NwDS[] 3 14[] CRYSTAL OUT
DB3[]4 13[]INTERRUPT
pe2(]s 12[] ADO
oeil]e 11[] AD1
080 []7 10[] AD2
vgs 8 903

putting a versatile real-time clock in a
computer by introducing two CMOS
(complementary metal-oxide semi-
conductor) LSI (large-scale inte-
grated) circuits, the MM58167A and
MMS5S8174A. These real-time-clock
chips are designed for direct connec-
tion to the control and data buses of
common microprocessors. Figure 3
on page 36 is a block diagram of the
MMS58167A, and figure 4 is a block
diagram of the MMS58174A.

Real-Time Clock: the MM58167A

The MM58167A is packaged in a
24-pin DIP (dual-inline package) and
contains a 48-bit (14-digit) counter
chain clocked from a 32,768-Hz

Circle 262 on inquiry card. ee=p
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CASH FLOW
PROBLEMS?

IT'S NICE TO KNOW SOMEONE
WHO HAS THE SOLUTION.

MicroAgeisyourSolution  report, and take care of dozens of other tasks
Store . . . that means at that eat into your time and profit!

| MicroAgeComputerSiores  computerized business systems from the Micro-
we have awide selection  pge Computer Store are available in the $5,000
offime-saving computer- 15§45 000 range, o suit the individual budget of
ized business systems  yqyr small business or professional practice.
designed specifically to  Mjicroage backs up every system with personal-
solve the daily cash flow ;64 service, warranty service and repair, instal-
problems every business-  |qtion, systems consulting, even customer frain-
_ man faces. ing. Visit the MicroAge Computer Store in your
MicroAge has computer- area soon with your business problems, and let
ized business systems that us help you with the solution.

quickly and affordably allow you fo regain con-

trol of your critical accounts receivable ... at last

making it possible for you o carry out effective

collection procedures on a consistent basis.

MicroAge has accounis receivable program

packages to automatically display and update “The Solution Store” ="

account information; prepare frial balance

including a balance-due and delinquency aging

VISIT THE STORE IN YOUR AREA:

€l Paso, Texas Aurora, Colorado Miwaukee, Wisconsin Richardson, Texas indlanapolis, Indlana Houston, Texas

(915) 591-3349 (303) 6966950 (444) 257-1100 (214) 2345955 (317) 849-5161 (743) 440-7547

Rockville, Maryland Rochester, New York Mountain View, Californla Minneapotts, Minnesota Portland, Oregon W. Palm Beach, Horida

(304) 762-7585 (716) 2449000 (415) 964-7063 (612) 3381777 (503) 256-4743 (305) 6835779

Tucson, Asizona Hurst, Texas Scoltsdale, Arizana Omaha, Nebraska Norwalk, Conneticut Toronto, Canada

(602) 790-8959 (847) 2843443 (602) 941-8794 (402) 3397444 (203) 8460851 (446) 487-5554

Albuquerque, New Mexico Salina, Kansas Anchorage, Alaska Phoenix, Arizona St. Louis, Missouri Houston, Texas

(505) 8830955 (913) 8237596 (907) 279-6688 (602) 2650065 (314) 567-7644 (713) 2709647

Pleasant Hill, California Orland Park, ltlinois San Diego, Cdlifornla Columbus, Ohio Okighoma City, Oklahoma Wilmington, Delaware

(415) 680-1489 (312) 349-8080 (744) 278-0623 (614) 868-1550 (405) 728-1837 (302) 368-3672
Allentown, Pennsylvanla
(215) 4344304

FOR FRANCHISE OPPORTUNITY INFORMATION CALL (602) 968-3168
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1C1

L74LS10
A7 —
AGCD> 2 [} i2
13 g '
As [ > Number Type +5V GND
Aol Om IC1  74L810 14 7
a3 > IC2 MM58167A  see schematic
Az
Al [o>—
DECODED AS
o[> HEXADECMAL
EO-FF Q1
— 2N2907
170RD [>— N +5V
¥ - <)SYSTEM
I70WR [_> POWER
|E 2 |24 1.8K
WR RD PWR D1
S 47K 1N4148
01 [ > 2215, a2 3 1K
- 71
oe 2los IMcMzselsn g LRI
s 20155 a2 L ! _J;,
04 [>— 13154 af® BATTERY { il
2
D3 >— 18153 a2 PR T
p2[> 1702 i T
01>~ 16101 o Ve
0o [ 12100 xTAL T -
121 Np == CRYSTAL
+5V l T32.768ka 20pF
1{ xTaL2 )
%;IOK INT __STBINT PWRDN
|13 14 23
iNT <}
10K
ste INT<} W

Figure 5: Schematic diagram of a real-time-clock circuit employing the National Semiconductor MM58167A suitable for direct con-
nection to the bus of a microprocessor-based computer system (Z80, 8080, or 8085). The clock registers are addressed by input/out-
put instructions that reference a set of addresses mapped into the 1/O-address space of the processor. Provision is made for keeping
the clock running when the computer system is turned off by supplying power from two 1.5-V alkaline battery cells, which should

maintain operation for several months.

crystal-reference oscillator. The
MM58167A can keep track of and
communicate to the processor the
time in any increment from 1/10,000
second to months. (Usually, submilli-
second resolution isn't required ex-
cept in critical instrumentation or
arguments over processor bench-
marks.)

The MM58167A contains a storage
latch consisting of 56 bits of on-chip
RAM (random-access read/write
memory). With backup power from a
battery supplied to the clock chip,
this storage can be used to keep any
desired quantity or time while the
system is powered down, or, in the
“alarm-clock” mode, to contain a
value to be compared to the real-time
counter (either in its entirety or
against individual digits in the
counter). Occurrence of a match be-
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tween the storage latch and the
counters is signaled on a maskable in-
terrupt line called the Standby Inter-
rupt, which is active in the low logic
state.

Another output, called simply the
Interrupt Output (active high), can
provide the heartbeat interrupt
described earlier. This output can be
programmed to provide clock ticks at
seven regular rates (ten times per sec-
ond [10 Hz], once a second [1 Hz],
once a minute, once an hour, once a
day, once a week, and once a month)
and when a comparison match occurs
between the storage latch and the
real-time counter.

Real-Time Clock: the MM58174A

National Semiconductor’s second
real-time-clock chip, the MM58174A,
is a 16-pin integrated circuit with
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somewhat fewer talents (but a lower
cost) than the MM58167A. The tim-
ing chain is derived from a 32,768-Hz
oscillator, as in the MM58167A, and
it counts time intervals from 1/10 sec-
ond through months. The other
major difference is the MM58174A’s
lack of the comparison-match inter-
rupt. However, the MM58174A does
have a tick interrupt programmable
for intervals of 1/2 second, 5 seconds,
or 60 seconds.

As | write this, the price/perfor-
marice ratio of the 58167A is more at-
tractive than that of the 58174A, so 1
have based my construction project
solely on the MMS58167A.

Real-Time-Clock Interface

Figure 5 is the schematic diagram of
a real-time-clock circuit that incor-
porates the MM58167A. The circuit is

Circle 299 on Inquliry card. e==p
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Function

Counter—ten thousandths of seconds
Counter—nhundredths and tenths of seconds
Counter—seconds

Counter—minutes

Counter—hours

Counter—day of week

Counter—day of month
Counter—month

RAM—ten thousandths of seconds
RAM--hundredihs and tenths of seconds
RAM—seconds

RAM—minutes

RAM—hours

RAM—day of week

RAM—day of month

RAM—months

Interrupt Status register

Interrupt Control register
gz:;nR::th} see table 2

Status bit

Go command

Standby Interrupt’

Test mode

Table 1: Address codes and functions for registers and comparison latches (RAM) in
the National Semiconductor MM58167A Real Time Clock.

relatively simple to attach to most
personal computer systems, requiring
only an 8-bit data bus and 5 address
lines.

The read (RD), write (WR), and
chip select (CS) lines on the clock chip
are similar to those found on memory
devices. To read any register in the
clock, external circuitry must place
signals on the RDand CS lines
while the proper address appears on
the address lines; similarly, to write
data into the clock registers, external
circuitry must enable the WR and
CS lines while the address appears.
The data bus serves as the data path
in and out of the counters and
latches; values are loaded and read in
BCD (binary-coded decimal) format.
The S address lines allow activation
of 24 counter and memory functions,
which are listed in table 1. (The
binary values are equivalent to hexa-
decimal 00 through 1F.)

The MMS58167A can be attached to
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virtually any microprocessor bus. For
example, in 6502- or 6800-based sys-
tems, the MMS58167A would be ad-
dressed as 32 locations in memory-
address space. As shown, the circuit
of figure 5 contains signals designed
to be decoded by the I/O bus of a
Z80-, 8080-, or 8085-based computer,
with the 24 clock-register addresses
extending from hexadecimal EO to FF.
For simplicity and generality, I shall
refer to particular registers in this ar-
ticle following the 00 to 1F coding of
table 1. When you are using the cir-
cuit of figure S, add hexadecimal EQ
to these values.

Turned-Off Timekeeping

One important attribute of both
the MM58167A and the MMS58174A
is their ability to operate from battery
power when the computer-system
power is off. Both chips will continue
keeping track of the real time when
supplied with power at voltages
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down to 2.2 volts (V). A small 3-V
battery can easily supply the current
required (only 20 uA [microamps],
dissipating 44 uW [microwatts] of
power).

The circuit of figure S contains pro-
vision for operating the real-time
clock on battery power when the
computer is turned off. Transistors
Q1 and Q2 serve as a voltage-sensi-
tive on/off switch. When the system
power is on at a potential of +5 V,
transistor Q1 conducts, supplying
power to the MM58167A. Diode D1
blocks any large current flow into the
battery, but the two alkaline cells do
receive a slight trickle charge from the
system power through the 4.7k-ohm
resistor. In normal operation the
MM58167A requires about 12 mA
(milliamps).

When the computer is shut off and
the +5-V supply drops to 0 V, Q1
opens to keep current from the bat-
tery from going onto the system's
power bus. Current begins to flow
from the battery through diode D1
into the clock chip. At the same time,
the PWRDN (Power Down, pin 23)
input of the MMS58167A senses the
low-voltage condition of the power
bus and causes the clock to enter the
powered-down operating mode.

In the powered-down mode, the
clock’s three-state /O lines enter a
high-impedance condition, effectively
disconnected from the computer, and
the current drawn from the power
source is reduced from 12 mA to 20
sA. In this mode, which can be ac-
tivated at any time by placing a 0-V
potential on pin 23, the clock con-
tinues to keep time, but only the
Standby Interrupt remains active (if it
was enabled previously). Using the
Standby Interrupt and some external
power-control circuitry, you could
set up your computer to shut itself
completely off and then turn itself on
automatically weeks later.

An Intelligent Clock

Many of you will have no qualms
about digging into your computers
and adding this simple real-time
clock. However, some of us who
possess the technical skills to con-
struct the project don’t want to em-
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Figure 6: Schematic diagram of a real-time-clock circuit that uses the MM58167A and the Z8-BASIC Microcomputer to constitute an
intelligent peripheral device that can send information on the date, time, and its status over a serial communication line to a remote

computer.

bark on the sometimes dangerous
course of modifying our computers. |
have to admit to membership in this
group to the extent that I don’t dare
mess with the one computer I use as
my word processor. For that reason I
wanted to develop an intelligent real-
time clock that I could use as an exter-
nal peripheral device for any com-
puter. As with some of my previous
projects, I found that the most conve-
nient and cost-effective means of
doing so was to use the Z8-BASIC
Microcomputer that I developed last
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year (see references 2 and 3).

Using the Z8-BASIC Microcom-
puter, we can develop an independent
real-time clock that can communicate
over a serial data link with almost
any computer. (You could use
another single-board microcomputer
with similar results.) We can have
almost all the features of the bus-in-
terfaced real-time clock as well as
convenient output formatting of the
date and time. By adding intelligence
to the hardware, software interaction
with the real-time clock can be re-
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moved from the realm of the operat-
ing system and handled by an
application program instead.

Figure 6 is the schematic diagram of
an intelligent real-time clock con-
sisting of an MMS58167A chip inter-
faced with a Z8-BASIC Microcom-
puter. (The nomenclature on the left
side of the diagram refers to bus
signals of the Zilog Z8.) The logic
gates IC1, IC2, and IC3 are address
decoders. The clock-chip interface is
set up to occupy hexadecimal ad-
dresses B800 through B81F (corres-
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Photo 2: The prototype of the real-time-clock circuit of figure 6, mounted on the
back of a Z8-BASIC Microcomputer, which provides the intelligence and versatility
of control of a general-purpose microcomputer,

ponding to register addresses 00
through 1F on the MM58167A). The
Z8 has a multiplexed address/data
bus, so the octal latch IC4 is required
to latch the 8-bit low-order address.
Other than that, circuit operation is
as described for figure 5, including
battery backup.

Time-Data Representation

Now that I have described the
hardware of the clock interface, we
can turn our attention to how to use
the real-time clock. Before we start
writing programs in BASIC,
assembler, or even FORTH, we must
understand how the MM58167A
stores in its registers the values that
represent the current time.

Each unit of time is allotted a two-
digit binary-coded-decimal register.
Each register has a unique address
within the clock chip, which is
mapped into the address space of the
external logic according to the range
of addresses assigned to the clock
chip; in the Z8-BASIC Microcom-
puter, hexadecimal B800 through
B81F are the addresses of the clock
registers as seen by the outside world.

The BCD internal representation of
time is a slight inconvenience when
we are programming in a high-level
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language; we can’t directly load the
registers with decimal values or read
them with statements that assume
decimal radix for arguments. But for-
tunately, the BCD representation
maps directly onto hexadecimal rep-
resentation for the set of numbers
used for timekeeping, so we can load
and read the registers using hexa-
decimal-radix operators, if our high-
level language has them.

The BASIC/Debug interpreter of
the Z8-BASIC Microcomputer can
operate on hexadecimal data, identi-
fying hexadecimal variables and con-
stants with the percent symbol (%) as
a prefix character. If your language
interpreter has no such ability, you
may have to explicitly code some
decimal-to-hexadecimal (and vice
versa) conversion routines,

Setting the Clock

The best way to describe the opera-
tion of the clock and the computer’s
interaction with it is to follow a se-
quence of setting and monitoring the
time. For example, choosing a conve-
nient time and date, such as 2:34 p.m.
on Friday, May 14, we can set the
clock.

First, all the counters are reset by
writing hexadecimal FF to the coun-
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ter-reset register, which lies at the in-
ternal clock-register address of hexa-
decimal 12. Then appropriate values
for each time unit are loaded into the
corresponding registers. For the date
and time chosen, the decimal-radix
values would be as follows (with the
hours numbered in a 24-hour
scheme):

month: 05
day of month: 14
day of week: 06
hour: 14
minute: 34

As | mentioned before, these two-
digit decimal values must be rep-
resented in the clock in BCD format.
If, for example, we tried to load 34
minutes into the minutes register (at
clock address hexadecimal 0B, deci-
mal 11) using the simple integer-arith-
metic BASIC statement

OUT 11,34

the MM58167A would read the 34 as
two BCD digits and interpret it as 22
instead of 34. To avoid this error, we
use the equivalent hexadecimal-radix
statement

OUT 11, %34

instead, with %34 understood to be a
hexadecimal constant. (In the
Z8-BASIC Microcomputer, the state-
ment would be %0B,%34.) If your
computer can’t handle hexadecimal
numbers, another possibility is to
send 52, the decimal equivalent of
hexadecimal 34. The statement

OUT 11,52

will result in 34 being loaded into the
BCD minutes register.

The same problem exists in reading
the clock registers. If you try to read
the value of 34 minutes in clock regis-
ter hexadecimal OB with the BASIC
statement

PRINT INP(11)

the interpreter will return the incor-
rect decimal value of 52 minutes. The
solution is to print the value of deci-
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format of the MM58167A.

Table 2: Bit specifications for the time-counter and comparison latch (RAM) reset

Counter or RAM Reset

Ten thousandths of seconds
Hundredths and tenths of seconds
Seconds

Minutes

Hours

Days of the week

Days of the month

Months

mal register 11 in hexadecimal. The
Z8-BASIC Microcomputer statement

1S

PRINT HEX(0B)

Returning to our original example,
2:34 on Friday, May 14 is loaded into
the real-time clock’s registers with
five write commands. In BASIC the
statements are

OUT %0F, %05 (month)

OUT %0E, %14 (day of month)
OUT %0D, %06(day of week)
OUT %0C, %14 (hours)

OUT %0B, % 34 (minutes)

Next, a write pulse to hexadecimal
address 15 is performed to reset the
thousandths, hundredths, tenths,
units, and tens of seconds counters to
zero (the data on the address bus is
ignored during the execution). This
so-called Go command is used only
for precise starting of the clock. If the
seconds counter is at a value greater
than 40 when the Go is issued, the
minutes counter will be incremented;
otherwise the minutes counter is un-
affected. The Go command is unnec-
essary to start the clock, since the
counters count whenever there is
power. Instead, it is a convenient way
to precisely synchronize at a given in-
stant.

The time-unit counters and com-
parison (RAM) registers can be reset
to zero at any time by setting the ap-
propriate bits according to table 2
and writing to either the Counter
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Reset (hexadecimal 12) or RAM Reset
(hexadecimal 13) registers.

Clock Reading and Interrupts

The host processor can find out
what time it is by reading the BCD
values from registers 00 through 07.
To display this information in any
different form, you have to write an
explicit software routine to convert
the numeric output of the real-time
clock to the desired format.

The Interrupt Output (pin 13) can
be programmed to provide a signal at
any of eight different times, as pre-
viously discussed. To enable one of
these conditions, a logic 1 is written
into the Interrupt Control register
(hexadecimal 11) at the appropriate
bit position corresponding to the
desired output frequency. Figure 7
shows the functions of each bit posi-
tion. (For example, writing hexadeci-
mal 08—a 1 in bit D3—to the Inter-
rupt Control register sets a once-per-
minute interrupt.)

When a counter rollover that cor-
responds to one of the control-regis-
ter settings occurs, the Interrupt Out-
put goes high. The interrupt is reset
by reading the Interrupt Status regis-
ter (hexadecimal 10).

The second interrupt is the Standby
Interrupt (active low, pin 14). This in-
terrupt is enabled by writing 01 to the
Standby Interrupt register (hexa-
decimal 16). The interrupt output oc-
curs when there is a match in the
comparison between the comparison
latch (RAM) and the real-time
counter. The interrupt in this case is
reset by writing 00 to this same reg-
ister.
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battery/recharger system that
provides up to 20 minutes of
operating power.
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ibility. All at a per-user price that
is shockingly competitive. If the
coupon isn’t fast enough, call.

“See us at the NCC in booth #4722”

OSM Computer Corporation
2364 Walsh Avenue
Santa Clara, CA 95051

- - - - - 5 - - - - - - - )

< (408) 496-6910 TWX 910-338-2099
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00 Dl D2 D3 D4 D5 D6 D7
l I l L l | l I INTERRUPT
write [ N[ N | N INL NN LN N ) coNTROL REGISTER
ONLY HEXADECIMAL
9 Q[ of o] 0] 0] Q) Q]jpppess=a1
1/MIN 1/HOUR
1/SEC 1/0AY
10/S€C 1/WEEK
COMPARE —I ,— 1/MONTH
coJcoJco[coO[coO]CO[CD[C O] NTERRUPT
READ STATUS REGISTER
HEXADECIMAL
Y] o | o [ o [o fo]oa @ | @ Japoress =10
INTERRUPT
INTERRUPT OUTPUT
Losic (ACTIVE
LOGIC HIGH)
= —
Number Type +5V GND
Figure 7: Conceptual diagram of the IC1 74LS04 14 7
. q q q IC2 74LS30 14 7
assignment of bit functions in the Inter- I3 74LS02 14 7
rupt Control and Interrupt Status registers ICa 7415373 20 10
of the MM58167A. IC5 MM58167A  see schematic

Serial-Clock Software

Listing 1 on page 54 is a program
written for the BASIC/Debug inter-
preter of the Z8-BASIC Microcom-
puter that reads and loads the
MM58167A according to commands
received from a remote computer
over a serial communication link.
This software is merely for demon-
stration and is not indicative of
everything you might want in such an
intelligent clock.

Because the intelligent clock of
figure 6 has its own processor and
battery backup, I felt it was unneces-
sary to include the code for setting the
clock initially from the remote com-
puter. For most applications, the
clock will have to be set only once.

The subroutines starting at line
1000 allow the clock to be set using an
off-line terminal. The program
prompts you for entry of the current
month, day, hour, etc. It waits after
entry for you to issue a start com-
mand by pressing the space bar on the
keyboard so that the clock can be
synchronized with some time
reference such as radio station WWV.

S$100 And MULTI-BUS SYSTEMS

MADE TO ORDER
READY TO GO

A full range of $S100, Multi-Bus systems and add-
ons are available directly from stock when you
need them. We stock the best hardware from
floppys to 20 Mb systems, produced by S-D,

COMPUMART CORP.

CAMBRIDGE MICRO SYSTEMS DI V.

65 Bent Street, Dept. 104

P.O. Box 568, Cambridge, Ma. 02139
TELEX: 921401 Compumart Cam

800-343-5504

In Mass. call 617-491-2700

52  May 1982 © BYTE Publications Inc

NEC, Intel and other solid manufacturers.
Choose from single, multi-user and computer
network software.

Write for our Cambridge Micro Systems Catalog.

PHONES: open EST Mon.-Thurs. 8:30-7:00, Fri. 8:30-6:00.
We also have Hewlett Packard’s HP-85 and 87 systems.

D

HEWLETT
PACKARD
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What Are You Paying . . .
For Room And Board?

TRULY ONE OF A KIND!

THE FIRST AND STILL THE BEST SINGLE-BOARD Z80 COMPUTER. ONLY
$895.00 BUYS YOU THE FOLLOWING FEATURES:

® Z8OA CPU

4 TIMERS (ZCTC)

64K RAM

2 SERIAL PORTS (2SI10)

2 PARALLEL PORTS (ZPIO)

NEC FLOPPY DISK CONTROLLER

PLUS MORE . ..

Fresno, California

Marketing Division
21162 Lorain Avenue
Fairview Park, Ohio 44126

(216) 331-8500
TELEX 980131 WDMR

NETWORKING NECESSITY!

LIGHTNING BUSS TRANSFERS ARE THE HEART OF THIS $-100 SLAVE
COMPUTER. COMBINED WITH THESE OTHER GREAT FEATURES YOU HAVE
MAINFRAME POWER IN YOUR GRASP.

® Z80OA CPU

4 TIMERS

64K RAM

2 SERIAL PORTS (ZSI10)

4 PARALLEL PORTS (ZPIO}
ON-BOARD EPROM BURNER

PLUS MORE . . .

NEED HIGH SPEED SERIAL 170 PORTS? MPM?

THIS 4 PORT SERIAL |70 CARD PROVIDES EXPANSION FOR YOUR SYSTEM
NEEDS. ALSO AVAILABLE WITH SYNCHRONOUS COMMUNICATIONS
CAPABILITIES.

® 4 SERIAL PORTS (ZS10)

® 4 TIMERS (ZCTC)

® 0-880K BITS/SECOND

® BAUD RATES PROGRAMMABLE 75 TO 19.2K

OUR BOARDS CAN BE CONFIGURED TO OPERATE WITH THE
FOLLOWING SOFTWARE PRODUCTS:

*CP/M *MP/M *CP/NET
**TURBODOS SINGLE USER OR NETWORKING
SPECIAL NETWORKING SOFTWARE
KONAN HARD DISK SUB SYSTEMS

*REGISTERED TRADE MARK OF DIGITAL RESEARCH CORPORATION.
**REGISTERED TRADE MARK OF SOFTWARE 2000.

Circle 379 on inquiry card.
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Listing 1: A BASIC/Debug program written for the Z8-BASIC Microcomputer and the MM58167A to allow them to function as an
intelligent serial time-of-day clock.

100
110
130
140
142
143
144
148
150
152
154
156
158
170
200
205
210
300
310
330
500
510
520
600
605
610
620
630
1000
1005
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1200
1210
1221
1222
1223
1224
1225
1226
1227
1250
1255
1259
1260
1261
1262

54 May

REM Serial Controlled Real Time Clock
Rem

a=%b807:b=%b806 :c=%b805:d=%b804:e=%b803:f=%b802

1=@240

if 1=161 then 148

gosub 600

goto 140

1=@240

if 1=137 then 300

if 1=146 then 200

if 1=147 then 1000

if 1=148 then 1300

if 1=149 then 500

goto 148

Rem Reset Interrupt

m=@%b810

goto 140

Rem Set interrupt control register
input n :@%b8l1l=n

goto 140

Rem Read Interrupt Status Register

print hex (@%b810)

goto 140

Rem Check Interrupt Line

p=@%C000

if AND(p,%$80)=0 then 140

print "I"

goto 200

Rem Time Set Subroutine
"Enter date. Preceed entries with %"
"Month (1-12) ";:input g
"Day of the month (1-31) ";:input h
"Day of the week (1-7) ";:input i
"Hour (1-24) ";:input j
"Minute (0-59) ";:input k

"Press SPACE to start clock"
if @240=160 then 1090

goto 1070
@a=g:@b=h:@c=1i:@d=j: Re=k
goto 1200

REM print full time parameters
goto 1220+@c

"Sunday ";:goto 1250
"Monday ";:goto 1250
"Tuesday ";:goto 1250
"Wednesday ";:goto 1250
"Thursday ";:goto 1250
"Friday ";:goto 1250
"Saturday ";:goto 1250

if @a>9 then goto 1259+@a-6
goto 1259+@a

goto 1260

" January ";:goto 1280

" February ";:goto 1280

" March ";:goto 1280

1982 © BYTE Publications Inc
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2200 SERIES

TEK

DUAL TRACE OSCILLOSCOPES

THE PERFORMANCE/
PRICE STANDARD

Tekbronix

2213

Introducing a direct line
to a 60 MHz Tektronix scope
built for your bench!

From the world’s most
respected name in oscil-
loscopes: a new scope,
plus a new direct order
number, that finally
makes it practical to put
Tektronix quality on your

bench...at work or home.

Among professional en-
gineers and technicians
there is no substitute for the
performance and reliability
of Tektronix oscilloscopes.

Now, for the first time,
Tektronix is offering an ad-
vanced scope at an un-
precedented low price—
and has a direct order line
that lets you get your order
processed today!

The scope: the 2213.
Its radical new design
brings you Tektronix
quality for well below
what you would pay for

lesser-name scopes.

The 2213's practical de-
sign includes 65% fewer
mechanical parts, fewer
circuit boards, electrical
connectors and cabling.
Resuit: a lower price for you
plus far greater reliability.

Yet performance is pure
Tektronix: there's 60 MHz
bandwidth for digital and
high-speed analog circuits.
The sensitivity for low signal
measurements. The sweep

speeds for fast logic families.

A complete trigger system
for digital, analog or video
waveforms. And new high-
performance Tektronix
probes are included!

2213 PERFORMANCE
DATA

Bandwidth: Two channels,
dc—60 MHz from 10 V/div
to 20 mV/div. (50 MHz from

2 mV/div to 10 mVvrdiv).
Sweep speeds: Sweeps
from0.5sto50ns (to 5
ns/div with X10 mag).
Sensitivity: Scale factors
from 100 V/div (10X probe)
to 2 mV/div (1X probe). Ac-
curateto * 3%. Ac ordc
coupling.

Delayed sweep meas-
urements: Standard
sweep, intensified after
delay, and delayed.

(Need dual time-base
performance and timing
accuracy to *+ 1.5%? Ask
about our 2215 priced at
$1400.)

Complete trigger system:

Modes include TV field,
normal, vertical mode, and
automatic; internal, exter-
nal, and line sources; vari-
able holdoff.

Probes: High perform-

ance, positive attachment,
10-14 pF and 60 MHz at the
probe tip.

The price: Just $1100
complete®. Order direct
from Tektronix National
Marketing Center. Phones
are staffed by technical
people to answer your
questions about the 2213.
Your direct order includes a
15-day return policy and full
Tektronix warranty.

Now it's easier than
ever to get your hands on
a Tek scope!

ORDER TOLL-FREE

800-547-1845

Ask for Department A03
(In Oregon, Alaska and
Hawaii: 1-503-627-5402
collect.) Lines are open
from 8 am EST to 5 pm PST.

*Pnce FO B, Beaverton. OR

Copynght© 1982 Tektronix, InC. All nghts reserved. 121

www.americanradiohistorv.com

Tektronix
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Listing 1 continued:

1263 " April ";:goto 1280

1264 " May ";:goto 1280

1265 " June ":goto 1280

1266 " July ";:goto 1280

1267 " August ";:goto 1280

1268 " September "--goto 1280

1269 " October ";:goto 1280

1270 " November "--goto 1280

1271 " December ";:goto 1280

1280 print Hex(@b)

1290 print hex(@d);" HOURS ";hex(@e);" MINUTES "
1295 goto 140

1300 print hex(@d);":";hex(@e);":";hex(Q@f)
1310 goto 140

;hex (@Qf) ;" SECONDS"

r_For The Best In Price, Selection

and Delivery,“

Call Now TOLLFREE :
800-368-3404

(In VA, Call Collect 703-237-8695)

AMPEXINTERTEC*TEXAS INSTRUMENTS*GENERAL DATA
COMM.sANDERSON JACOBSONC. ITOHeQUME * BEEHIVE®
DATASOQUTHeDIABLO*CENTRONICS ¢ NEC * PRENTICE
CENTRONICS:

INTERTEC: 739-1 (Parallel) . ......... $ 649

64KDD .......... 739-3 (Serial)Call for Special Price

64KQD .......... ONLY $2948 | TERMINALS |

DDS-10 Meg AMPEX:

(Hard Disk). .. ... Dialogue 30 .. .. .. s anal T

Dialogue80 ............ $ 939

DATASOUTH:............ Call BEEHIVE: (SMART DISPLAY)

NEC: DM5 . SAE o Lo s AR $ 745

7770 nompmpsmgn«mepninn ..$2196 DM5A ................. $ 930

7715 ... ... Call for Special Price DM310 (3101 Emulator) . . .$1095

7730 . $2196 NOTE: IBM and Burroughs compatible ter-

7720 ... ... Call for Special Price minals available. Please inquire.

7725] oaw el Call for Special Price C.ITOH

Std. Forms Tractor . . .. . .. $ 200 T v = 7 1 Lt $1350

351100 segiie i, £ avls S 4ie's $1690 TEXAS INSTRUMENTS

DIABLO: 745 Standard .. ... ... ... $1390

630-R102RO ........... $1995 B1OIBASICI kydwsss sren va $1249

QUME: 810Package............ $1439

Sprint5,55R0 . ......... $2339 820 Package RO Package .$1610

Sprint5,55KSR .. ...... ... Call 820 RSRPackage ......... Call

Sprint 9, 45R0, 840ROBasic ......... $ 795
Limited Panel ... ... .. $1845 840 RO Tractor Feed Pkg .$1059
FullPanel ........... $1969

Std. Forms Tractor .. .. ... $ 199 STAR:

Bi-Dir. Forms Tractor . . . .. $ 199 300Baud ............. $ 149

_] =\\=\\_.

TERMINALS TERR

(] NINELVLY $ 572
ONLY $659 [¥¥Fl]

QUME:
Data Trak 5 . ..$325 or 2 for $599
Data Trak 8 . . $549 or 2 for $1049

SOFTWARE

BISYNC-80RJE .. ....... $ 769
Wordstar. .............. $ 319
DataStar .............. $ 215
COBEIN 3 atvih 25 5% ¢ el 2 =8 $ 789
Forms 2 (Cobol Gen)) . . . . . $ 179
Mail Merge ... . ... =" $ 99
SpellGuard ........... $ 229
Plan80 ................ $ 249
SuperCalc ............. $ 249
Milestone . ............. $ 249

In addition, we can make EIA RS232
or RS449 cables to your order, and
supply you with ribbons, printer
stands, print wheels, thimbles for
all printers listed. And many, many
more items. CALL NOW.

Add 2% for shipplng and insurance. Superbrain
shipped freight collect. VISA and MasterCards
welcomed; add 3% for credit card purchases.
Virginia residents, add 4% Sales Tax. For fastest
delivery, send certified check, money order or
bank-wire transfer. Sorry, no €.0.D. orders. All
equ-pmenl Is in factory cartons with manufac-
turers’ warranty. Prices subject to change without
notice. Most items are in stock now.

IFIC =_

Terminals Terrific, Incorporated, P.O. Box 1625, Merrifield, VA 22116, 800-368-3404 (In VA, Call Collect 703-237-8695).
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Winnerlis... IBG

B Fou" Use’ds! | m :1: ; A

Nz

]

When you are racing toward that finish line,
beating the competition is everything. IBC is
the choice of OEM’s, system integrators and
dealers throughout the world, because in
benchmark after benchmark our small
business computer systems finish first.

We finish first because we are faster, offer
higher quality peripherals and can expand
our system significantly beyond our nearest
competitors. In fact, looking at the chart
below, you can quickly see why knowledge-
able resellers are choosing IBC.

./r:: “\|

;; T ” \}
| B

Mll}l\\\\\ \\\\\\\\\\

"& < PP /////géqguwmuuum \\\\\\w LD

. —

OTYe) - St Circle 198 on inqulry card.

Qasis eratin stem

(Max. Usep,s) sy Q Join us in ’rhe winners circle with high

equipment

CPU Speed (MHz) P performonqe qQuip and .1he best dealer
plan in the industry. Call or write:

Disk Speed 1/O (MB/Sec) .81 : OUTSIDE THE USA WITHIN THE USA

: TAC/ DISTRIBUTION
21592 Marilla Street 4485 Harrison Bivd., Suite 301

Cache Disk Memory Yes Chatsworth, CA 91311 Ogden, UTAH 84403
(213) 882:9007 TELEX NO. 215349  (801) 621-2294

www.americanradiohistorv.com
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ed by "!"').
Control-{

Control-R
Control-S

Reset Interrupt Output.

Control-T

Control-U

MMS58167A.

e —————————

! Indicates command-sequence initiation (all control commands must be preced-

Set Interrupt Control register. Clock responds with *'?"". Remote computer
sends ‘%X’ and a carriage return (X is the BCD value computed according to
figure 7). Each time the interrupt is triggered by a counter rollover, the clock
will send *'I"”" and a carriage return to the remote computer.

Set complete time parameters. This is the manual preset mode and is most
easily set using a terminal off line as previously described.

Send short time. Clock responds with hours, minutes, and seconds as
**10:25:35" plus a carriage return.

Read Interrupt Status register. Clock responds with the value stored in the In-
terrupt Status register. Reading this register resets the Interrupt Output.

Table 3: Command codes used by the BASIC/Debug code in listing 1 to control the
real-time-clock circuit of figure 6 from a remote computer. These codes were ar-
bitrarily chosen and do not provide for activating all the capabilities of the

The serial communication of time
information to the remote computer
is commanded by various control
codes. Only the minimal required in-
formation is transmitted from the in-
telligent clock so that the information
can be more easily used in an applica-
tion program on the remote machine.
A simple response to a time query of
06:34” reduces processor data

manipulation in the intelligent clock.
The control codes I chose (arbitrarily)
are listed in table 3.

My brief demonstration does not
include setting the Standby Interrupt.
It should be added for any serious
use. Also, because this intelligent
clock contains a versatile microcom-
puter, it can be programmed for any
data rate or custom data format.

ADD A 5 MBYTE WINCHESTER

TO YOUR COMPUTER ARSENAL FOR $2995.00

INTERFACES WITH:

® S-100 BUS (CP/M)

® Heath H89, H90
(CP/M, HDOS)

® Zenith 289, Z90
(CP/M, HDOS)

® TRS 80 Model llI
(CP/M, TRS DOS)

® Xerox 820 (CP/M)

® |BM Personal Computer
(CP/M 86, IBMDOS)

AMT's EZ8XS5 is a complete, ready to plug in Winchester Hard Disk Sub-
system. Featuring easy implementation, enhanced system interface
cards, an extensive disk test package. The EZ-8X5 delivers a full 5, 10,
or 20 megabytes. Dealer and Distributor inquiries are being accepted

Route 30 West
Greengate Professional Building

Greensburg, PA. 15601

412/837-7255

or call Toll Free 1-800/245-6908

. . « It's What's Inside That Counts.
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In Conclusion

Technology has come a long way
from the days when real-time clocks
were based on a heartbeat interrupt
clocked from the power line. The
MMS58167A real-time clock is a well-
thought-out design which truly meets
the market demand. Applications
that once demanded expensive hard-
ware/software solutions are now
satisfied by low-cost LSI hardware.

National Semiconductor has long
had the reputation of being a leader in
semiconductor innovation, and I
believe the company has justified that
reputation with the MM58167A.

Next Month:

The high technology of video-
image storage has been promising to
benefit the computer industry. In
June, I'll let you in on how to reap
this benefit with a computer control-
ler for the Pioneer VP-1000 Laserdisc
video player.®
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The Link” from Panasonic.
The portable computer that lets your customers take the
advantages of an office computer anywhere they go.

The Link.

It's the next
major business
tool because it's a
full-logic computer
that's fully portable.

By itself, it can perform a wide
variety of sophisticated comput-
er functions because it can store
4K bytes of information. Equally
important, it can link you to the
information and brainpower of
your main office computer —
wherever you go. You can program
in Microsoft Basic® Yet it's easy to
operate, even if you've never
worked with a computer before.

Imagine. Using just The Link,
anyone in the field, the plant or on
the sales floor —like salesmen,
managers, engineers or retailers —
can now answer questions that
used to mean a trip back to the
office. A sales engineer, for

Exchange information with other computers
with the telephone modem.

to work for him
from any tele-
phone booth. He
can check credit
ratings and in-
ventory, trace
shipments, enter orders, make
bids and estimates, and much
more. So The Link can make him
and his office computer much
more productive.

By adding the microprinter,
the salesman gets hard copies of
information right on the spot—an
instant record of his transactions.

By adding the TV adapter,
he can display information and
8-color charts on any color TV

more memory, other optional
components increase The Link's
capacity to 52K RAM plus 64K
ROM. That's more than many
desktop computers.

The Link measures only
9" x 4", weighs only 21 ounces,

Take The Link and all its components anywhere
in its sltm attaché case.

and runs on AC or rechargeable
batteries.

And it costs only $600.00
That’s amazingly small when you
realize the big change it could
make in the way you do business.

*Manufacturer’s suggested price

example, types data into The Link F— = 3
and gets detailed product infor- | DEALER INQUIRIES INVITED |
mation and specs on the Spo‘[. | Panasonic Company, Portable Computers I
And The Link is part of an | One Panasonic Way, Secaucus, N.J. 07094 I
entire computer system: By NARIE |
addlng diﬁerent Optional com- Display information and charts with the TV adapter. TITLE Y I
ponents, you can create what- screen. So he can use data from o
ever kind of computer you need.  njs office computer to develop = Tl S
Wherever you need it. a sales presentation in a motel | aooress
By adding the telephone room. And show it on a client's iy sTaTE e
modem, for example, a salesman  video monitor the next day. oHONE NUVBER |‘
can put his company’s main If the salesman needs to ‘ .
office computer or a data bank work with a bigger program and Panason|c®
The Link. It will change the way the world uses computers, | Stsianty aheadofourtime. |

Circle 328 on inquiry card.
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Six Personal
Computers from Japan

A comparative review of the BMC if800, the Canon CX-1, the
Hitachi MB-6890, the NEC PC-8001A, the Fujitsu FM-8, and the
Systems Formulate Corporation Bubcom80

Do you want a Japanese computer?
Before you answer too hastily, think
back a few years.

The trend setters who bought
Toyota automobiles when they first
appeared in the United States in the
late 1960s got a great deal of bemused
attention from their neighbors. The
neighbors maundered about spare
parts, Detroit styling, and horse-
power, but the Toyota owners just
smiled. They knew they were getting
a low-cost car that was reliable and
met their needs at a time when the
domestic companies did not care to
address that particular set of needs.

Today, of course, American
motorists rush to buy Japanese cars
while Detroit automakers, scratching
their heads and wondering what went
wrong, scramble to imitate the vir-
tues of the Japanese imports. And in
other industries in which Americans
have heretofore led the world, pun-
dits and xenophobes alike are
stridently warning, “The Japanese'll
getcha if ya don’t watch out!” Many
steel companies and electronics firms
are beginning to feel the uncomfor-
table heat of Japanese competition.

Christopher P. Kocher
4233 Baltimore Ave.
Philadelphia, PA 19104

Michael Keith
D-46 Abbington Dr.
Hightstown, NJ 08520

What about personal computers? A
few Japanese firms have started sell-
ing “Americanized” versions of their
computers, and a few others plan to
start. Will the Japanese take over
again?

Our crystal ball is no better than
anyone else’s, but we would like to
help you decide for yourself. In this
article, we evaluate and compare six
Japanese personal computers: the
BMC if800, the Canon CX-1, the
Fujitsu FM-8, the Hitachi MB-6890,
the NEC PC-8001A, and the Systems
Formulate Corporation Bubcom80.
Some of them are already being sold
here; some are in the process of being
adapted for the American market;
and some may never be sold here.

Of course, there is no one best
computer, just as there is no single

typical computer user. Each com-
puter represents a design team'’s at-
tempt to assemble a set of features
that will appeal to a variety of users.
How you rank a computer depends
very much on what you plan to do
with it. We will try to give as com-
plete a picture of each machine as we
can; you must supply the ranking.

Since the computers examined here
are in various stages of adaptation, it
would not be fair to rate the docu-
mentation of all the machines on the
same scale. While some machines
came with complete instruction man-
uals in English, others came with in-
structions written only in Japanese or
with what were obviously first drafts
of translations.

Moreover, since we had a limited
time in which to examine a large
number of very complicated ma-
chines, we had to concentrate on
what is most salient: features that are
conspicuously excellent, egregiously
awful, or strikingly unique. We un-
doubtedly missed many subtleties of
each machine. If this gives a mislead-
ing picture of any computer, we
apologize.

www.americanradiohistorv.com
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Photo 1: The BMC if800 computer. Shown here is the basic
machine consisting of a keyboard/processor module, two
floppy-disk drives, a color video monitor, and a unique built-in
printer. Notice the 10 "super-function” keys along the bottom of
the display screen. These are fully programmable function keys
that can be used for menu selection or other forms of interaction

Photo 2: Inside the keyboard unit of the if800. The built-in
printer mechanism is clearly visible. The printer can operate as
either friction-feed or tractor-feed, and produces a high-quality
dot-matrix output.

Photographs accompanying this article, except photo 6, were taken by Paul

in programs.

Avis, photographer, and Pauline Elkin, stylist.

The prize for the most computer in
the smallest package goes to the if800
Model 20 computer, manufactured
by the Oki Electric Company of
Japan. But since it is marketed in this
country by BMC Computer Corpora-
tion (which has its office in Carson,
California—the abbreviation stands for
Business Machines Corporation), we
refer to it as a BMC product to avoid
confusion. Although it is billed as a
personal computer, it will receive
much consideration as a small-busi-
ness computer because it has high-
resolution color graphics, support for
Digital Research’'s CP/M operating
system, a built-in printer and floppy-
disk drives, and a very high-level
BASIC language all as standard
equipment.

BMC if800

Hardware Overview

The basic if800, shown in photo 1,
consists of two pieces, one mounted
above the other. One module con-
tains the processor circuitry, the key-
board, and the printer; the other
module contains the video-display
screen and two 5Ya-inch floppy-disk
drives. The two modules are con-
nected by two cables, one for the
monitor and one for the disk drives.
The combined system is sufficiently
compact to fit well on even the most
crowded table.

Keyboard

The 98-key keyboard is very solid
and has a nice typing feel. In addition
to tactile feedback, you receive audio
feedback with every key depression

in the form of a faint click from the
speaker under the keyboard. If a key
is held down for more than a second,
it automatically repeats the typing of
its character, along with audio feed-
back.

The 98 keys are separated into
several groups: a typewriter-key-
board section, 10 program-assignable
function keys, 8 editing keys, a
numeric keypad, and several special
keys. The special keys include keys
for setting tabs, a CAN (cancel) key
(which erases the line currently being
typed), and three keys for controlling
the printer. The typewriter section
also has a GRAPH key (for accessing
a set of special graphics characters,
such as card symbols and line-
drawing characters) and a COMD
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At a Glance

Name
BMC if800 {Model 20}

Distributor

BMC Computer Corporation
860 East Walnut St.

Carson, CA 90746

1213] 323-2600
Dimensions {Iinches)

19% by 20 by 26%

Microprocessor
280, 8-bit

Size of User Memory
64K bytes

Number of Keys
98

Number of Function Keys
20

Bullt-in Hardware
Dot-matrix printer: two 5 Y-inch floppy-
disk drives; color video monitor

Standard Interfaces

RS-232C |D8-25}). light pen; monochrome
video monitor; RGB color monitor; audio-
cassette tape

Optional Interfoces
8-inch floppy-disk drives: paraliel /O port;
IEEE-488 bus; A/D. D/A converters

Expanslon Sockets
3

Character Sets
Roman, katakana. graphics

Graphlcs/Color Resolution
640 by 200

Number of Colors
8

Other Features
Time-of-day clock with battery; speaker
with music sublanguage

Price
$7950 {whole system}

key that allows single-keystroke ac-
cess to various BASIC keywords.
When the PRINT key is depressed,

everything that appears on the
display screen is printed by the built-
in printer. A small LED (light-

emitting diode) on the keytop in-
dicates whether the computer is in
print mode. For example, to get a
program listing, merely hit the

PRINT key, type LIST, and hit
RETURN, and you have instant hard
copy. A separate HARD COPY key
can be used to dump the current
screen image (text and/or graphics) to
the printer.

It also has a KANA key, which the
manual says allows access to Japanese
katakana characters. However, in the
American unit, the key has been dis-
abled with a metal spacer. (See the
text box “Japanese Character Sets.”)

Built-in Printer

The if800's self-contained printer is
conveniently placed behind the key-
board so that the paper comes out in
the same direction as it does in an or-
dinary typewriter. The dot-matrix
printer uses a wire-impact mechanism
and a regular typewriter ribbon, and
has both friction- and tractor-feed
mechanisms. Its printing speed is 80
cps (characters per second), and the
print quality is excellent (almost good
enough to conceal the dot-matrix
printing method). The only short-
coming we noticed is that in dumping
a screen image (as opposed to regular
character-by-character text printing)
the scan lines are spread quite far
apart in the printed image, making
text or detailed graphics difficult to
read. We hope this is only a software
limitation.

What's Inside?

Photo 2 gives an inside view of the
keyboard/processor module, where
various components of the computer
are visible. The cover lifts off easily
for access to the insides. The key-
board sits on top of the main printed-
circuit board, which contains the
microprocessor (a Z80A running at 4
megahertz [MHz]), memory, and
support circuitry, as well as a small
speaker for audio output. The key-
board assembly is all metal, provid-
ing a degree of electromagnetic
shielding for the main circuit board.

Also inside the case is a real-time-
clock chip that can be read by soft-
ware. We were surprised at one fea-
ture of the time-of-day clock: the first
time we plugged in the if800 and ran

e ee——,—_———

Japanese

Character
Sets

lapanese, unlike most languages,
has four separate writing systems,
arnd it is not unusual to see all of them
on oHe page,

Kanji characters are pictographs
taken from Chinese. One character
represents one word or concep!. Kan-
it characters are used to represent
roots of nouns or verbs,

The hiragana and katakana
systems are syllabaries in which one
character represents one consonani-
vowel paiv, Hivagana characters, full
of graceful but tiny curlicues, are
considered easier to read and are used
in maost fext to indicate inflectional
endings and to spell out words that
are uniguely Japanese. Katakana
characters represent exactly the same
syllables as the hiragana but are more
argular, They are used for children’s
books, efficial dacuments, and trans-
literating foreign words, especially
fareign technical terms.

The Romuan alphabel is used for
such things as computer commands,
in large part due to the ubiquity of
Western computer-language systems.

Most of the Japanese personal
computers reviewed here offer a
Roman-alphabet keyboard with
some sort of locking shift key that
allows the same keys to be used for
katakana as well. Generally, a [few
very common kanji characters are
thrown in as graphics keys (the pic-
tographs for "date” and "time,” for
examplel, but the hiragana characters
require beyond the
capability  of most nominterlaced
video displays.

If you think about it, the Japanese
character sets might explain much of
the feverish technological develop-
mernit i certain segments of the
Japanese electronics industry—like
the work on verv dense read-only
memaries. The Japanese require great

resalufion

amounts of memory fust in character
generators to fornt the complex kanji
characters.
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Photo 3: A sample display from the if800, illustrating some of the graphics
primitive operators. Most of the picture was produced using LINE commands to
draw polygonal outlines followed by PAINT commands to fill the polygons.

This 15 3t exiatle
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Photo 4: An example of "dithering” on the if800. Even though only eight colors are
available, by juxtaposing dots of different colors in different combinations, many
different, apparently solid, colors can be displayed. This technique can also be
used on the Fujitsu and Bubcom computers.

one of the demonstration programs,
the system showed the correct time!
A little hunting inside the unit re-
vealed a nickel-cadmium battery that
keeps the clock chip going when the
computer is unplugged or turned off.

Connecting to the World

Near the rear of the keyboard/pro-
cessor module are five slots for
peripheral-device-controller circuit
cards. Two of these slots are occupied
by controller cards for the color video
display and the two floppy-disk
drives. Many other optional inter-
faces are available, including a con-
troller for 8-inch floppy-disk drives, a
Centronics-compatible parallel
printer port, an IEEE-488 interface
(an Institute of Electrical and Elec-
tronics Engineers standard connec-
tion scheme), A/D (analog-to-digital)
and D/A (digital-to-analog) con-
verters, and additional RS-232C
serial 170 (input/output) ports.

The keyboard/processor module
has other switches and connection
points. Built into its right side are a
DB-25S connector for RS-232C serial
communication and DIN (Deutsche
Industrie Norm) connectors for a
light pen, a black-and-white
composite-video monitor, and an
audio-cassette recorder. On the left
side are two push-button switches
that reset the system. The first but-
ton, labeled IPL (Initial Program
Loader), is a “hard” reset that restarts
the system in its power-up state,
whereas the second button, NMI
(Non-Maskable Interrupt), is a “soft”
reset that returns you to the BASIC or
CP/M command level (if possible).
The NMI button is useful for aborting
execution of a program in an infinite
loop or some other "hung” state
(when Control-C may not work).

Display Module

The top module of the if800 houses
the standard color video monitor,
which provides a high-resolution (640
dots horizontally by 200 dots ver-
tically) eight-color display. Charac-
ters can be displayed in two sizes and
in various screen formats (80 or 40
characters by 20 or 25 rows).
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A unique feature of the if800 is the
group of 10 “super-function” keys
that are located on the video-monitor
module, just below the display
screen. These 10 keys duplicate the
functions of the 10 function keys on
the keyboard. Thus, they can be used
under program control to produce
any desired response. Their location
makes it easy for an inexperienced
user to select an item from a menu
simply by pressing the function key
just below the item shown on the
screen. This would be especially use-
ful in combination with a light pen
because a program could be written
that never required you to type on the
main keyboard. You would just have
to use the super-function keys.

Just to the right of the display
screen are the two 5%-inch two-sided
double-density floppy-disk drives.
Each floppy disk can store 280k
(280,000) bytes.

Overview of Software

The two major software packages
that came with our if800 computer
were Oki BASIC, a Microsoft prod-
uct, and a version of the CP/M
operating system. In addition, several
demonstration programs that run
under each were provided.

Oki BASIC is a very high-level im-
plementation of the BASIC language
that fully exploits the hardware of the
if800. For example, many of the
special functions on the keyboard
(such as TAB, DEL [delete], CAN,
and the function keys) are supported,
as well as the COMD key, which
allows single-keystroke typing of
commonly used BASIC commands.
Most of the peripheral devices can be
directly controlled from BASIC, in-
cluding both disk drives, the printer,
the onboard speaker, the light pen,
the clock and calendar, and RS-232C
ports.

Each peripheral device is supported
by a whole array of BASIC key-
words. An example of a device-
control keyword is ON COM
GOSUB, which allows a program to
be interrupted by data arriving at the
RS-232C port. A subroutine call is
performed when a signal is detected

on the port. This in effect allows for
interrupt processing—usually re-
served for assembly-language pro-
grammers—entirely within BASIC.

Displaying Graphics

Because the if800 contains a high-
resolution color display, you might
expect good graphics support from
BASIC. We were not disappointed;
many high-level keywords are avail-
able for manipulating the graphics
screen. Primitive operators for draw-
ing are available for creating images,
including CIRCLE, LINE (which in-
cludes the capability of drawing rect-
angles), and POINT. In addition, a
graphics macroinstruction facility
called GML (Graphics Macro Lan-

e 2 L |
Each computer
represents a design
team’s attempt to
assemble a set of
features that will
appeal to a variety of
users.

guage) is built into Oki BASIC. This
is used by defining a BASIC character
string consisting of GML commands,
which appear mostly as a single letter
followed by a single numeral. Typical
GML commands are:

Un—Move cursor up n pixels
(there are corresponding
commands for other
directions)

Cn—Set color to n

Sn—Set scale factor to n

Xstring—Execute a previously de-

fined GML string

To execute a GML command, the
statement DRAW string or string-
variable is issued. One GML string
can call another GML string, thus
providing a nested-macro facility.
Consequently, small detailed objects
(such as game pieces or special sym-
bols) can be compactly described and
drawn with a single command.

e e —— LS RS S ——

Another facility for describing de-
tailed graphics images is the DEF
CHRS statement in BASIC, which re-
defines any of the characters in the
character set. Note, however, that
characters can be only two colors
(foreground and background),
whereas GML commands can draw
images with multiple colors.

Another interesting BASIC key-
word is PAINT. A PAINT statement
fills in the area starting at specified
Cartesian coordinates and bounded
by a specified border color with a
specified fill color. The area bound-
ary can be any complex shape bound-
ed by any color (which need not be
the same as the drawing color). If the -
boundary is very large and complex,
an OUT OF MEMORY error may
result, since a recursive algorithm
utilizing a stack is used to process a
PAINT command. This command,
combined with the geometric com-
mands, can be used to easily create
graphics displays using filled
polygons. A sample picture drawn by
one of the authors is shown in photo
3. This was drawn entirely by a small
BASIC program (containing a lot of
DATA statements!).

The high horizontal resolution (640
dots across) allows use of a standard
trick in computer graphics that can
effectively provide many more than
eight colors. This technique is called
dithering and depends on the follow-
ing effect: if we draw a horizontal line
consisting of alternating blue and red
pixels, our eyes will area-average the
pixels and perceive the line as a solid
line of a color somewhere between
blue and red. By using different com-
binations and mixtures of the eight
available colors, a whole array of dif-
ferent, apparently solid, colors can be
displayed. Photo 4 shows a display
created using this technique. Unfortu-
nately, the BASIC PAINT keyword
does not support filling with dither.
patterns, but someone will eventually
write such a routine for the if800.
Even more impressive graphics will
then be possible.

The eight-color display can be
thought of as three overlaid planes of
red, green, and blue pixels. It is possi-
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ble in software to choose whether one
or several of these planes are to be
displayed at any time. This could be
used, for example, to allow superim-
posing a grid over an image in an ar-
chitectural application program. The
grid could be instantly displayed or
removed at the touch of a key.

Musical Possibilities

A set of commands is also available
for making single-voice musical melo-
dies through the onboard speaker.
Another sublanguage called MML
(Music Macro Language) is used. A
BASIC string is defined containing
MML commands, which include
commands for specifying pitches, oc-
taves, timbres, and rests. To play the
melody, the statement PLAY string is
executed.

Minor Gripes

We noted only a few minor prob-
lems with the if800. When program-
ming in BASIC, the keyboard pro-
duces uppercase letters in the normal
mode. To get lowercase letters, the
SHIFT key must be used. There is no
shift-lock or lowercase-lock key, and
there does not seem to be any way to
reverse this behavior to the behavior
most people expect (no shift=Ilower-
case, shift=uppercase). This is fine
for most programming, but if you
have to type a lot of text (for exam-
ple, in entering program instructions
into the source file), it becomes an-
noying. The lowercase characters
that have descenders are somewhat
inelegant, as well; this is because of
the. small character matrix (8 by 8
dots).

Other Observations

In addition to Oki BASIC, we
tested a 64K-byte version of CP/M.
Since CP/M is widely known, we
shall mention only a few unique fea-
tures of the BMC version. First, a
library of graphics routines that can
be called from Microsoft's MBASIC is
available. This allows utilizing most
of the Oki BASIC graphics primitives
(LINE, CIRCLE, PAINT, etc., but not
GML commands) from MBASIC. In

fact, the CP/M graphics library
seems to execute these commands
slightly faster than Oki BASIC.

A version of Wordstar, the popular
word processor from Micropro Inter-
national, was also supplied. Overall
it works quite well, with most of the
special features (such as boldface, un-
derlining, and text justification) sup-

ported by the if800’s built-in printer.
Features not supported include multi-
ple text sizes and proportional spac-
ing, since the if800 printer cannot per-
form these functions. Also of interest
is the fact that Micropro is said to be
working on a color version for the
if800, which will utilize the color
capability of the video display.

Photo 5: The Canon CX-1 computer. All the parts of the basic machine (keyboard,
processor, two disk drives, and green video-display screen) are contained within a
single molded plastic case.

Canon CX-1

The CX-1 computer is being
presented in the marketplace mainly
as a business computer, partly
because of its one-piece construction
and its monochrome green display
screen, which make it quite at home
in an office setting. The documenta-
tion is well suited for use by inex-
perienced office workers. It is being
marketed in this country by Canon
U.S.A. Inc., which has its main office
in Lake Success, New York.

Hardware Overview

The basic parts of the CX-1 com-
puter—the keyboard, processor,
memory, video display, and two
floppy-disk drives—are housed in a
single cabinet measuring 53 by 64 by
33 cm (21 by 25 by 13 inches), shown
in photo 5. This single-piece design
has both advantages and disadvan-
tages. An advantage is that there are
no connecting cables to break or wear
out. A disadvantage is that the unit
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takes up a lot of desk space and is
quite heavy; it weighs 25 kg (55
pounds).

Keyboard Characteristics

The CX-1's keyboard has 84 keys.
In addition to the normal typewriter
keys, it includes a numeric keypad,
several command keys (SHIFT
LOCK, UC, CTRL [Control], CAN,
and ESC [Escape]), several editing
keys (four cursor-control arrows,
HOME, INS [insert], and DEL), two
mode-select keys (PROG and OPE),
and a HLT (halt) key.

Among the command keys are
both a SHIFT LOCK key (which acts
like a typewriter shift lock in that
both alphabetic and numeric/symbol
keys are locked in the shifted posi-
tion) and a UC key (for “uppercase,”
which shift-locks only the alphabetic
keys). The unfamiliar mode-select
keys are used when programming in
BASIC to switch between program-
ming and operating modes (this will
be explained later).

The HLT key is used to put the
computer into a “pause” state. The
computer will suspend whatever it is
doing and display a special prompt
character to show that it is in the
pause state. You can then either con-
tinue or abort the current process. If
this is done during execution of a
BASIC program, variables can be ex-
amined in the pause state. This is very
useful for debugging programs.

Another unfamiliar key is the large
one labeled START on the right side
of the keyboard. This key usually
seems to work just like the RETURN
key. It is labeled START because of
the feature of Canon’s BASIC inter-
preter that allows you to run a pro-
gram by just hitting START in the
“OPE"” mode (rather than having to
type “RUN” and then hit the
RETURN key).

One notable omission from the
keyboard is a REPEAT key (or a pro-
vision for automatic repetition of
characters from all the keys). This is
especially annoying when you are
using the cursor-movement keys, as
in editing; you have to keep jabbing

away at the keyboard to keep the cur-
sor moving. A REPEAT key would
eliminate much of this tedium.

Other Hardware Features

The 12-inch green monochrome
video-display screen sits over the key-
board. The display format is 24 rows

Photo 6: The CX-1 display, show-

ing the dual-intensity (or
“boldface”) capability. Characters
can be displayed in two different in-
tensities on the CRT (cathode-ray
tube). Also, notice the clock display
in the upper right-hand corner. This
display (which can be either real
time or elapsed time from some
event) is automatically refreshed
every second by the operating
system. Photo by the authors.

of 80 characters, and the overall
display quality is excellent. One rare
feature of the CX-1 is its ability to
display characters on the screen in
two different levels of brightness (sort
of an electronic boldface). Photo 6
shows an example of this dual-
intensity display, along with the com-
plete character set. The CX-1 is an en-
tirely character-oriented machine;
these characters are all that can be
displayed on the screen. There are no
user-definable characters or any
mechanism for displaying bit-mapped
graphics.

A unique feature of the CX-1 is a
constant display of the time from the
internal time-of-day clock; this
always appears in the upper right-
hand corner of the video screen.
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To the right of the screen are two
5%-inch floppy-disk drives. Each one
has a capacity of 320k bytes per disk.
The operating system has a software
door-lock function that prevents an
absentminded user from opening the
drive doors when the read/write head
is engaged.

In the rear of the case are jacks for
two optional additional disk drives,
an optional light pen, three RS-232C
serial ports, and three Centronics-
compatible parallel ports.

Software: Operating System

The Canon computer is built
around an 8-bit 6809 microprocessor
and runs an operating system called
MCX (“Monitor program for CX-1"),
which is both powerful and uncon-
ventional. It is a very “mode-
oriented” system; that is, you
perceive the system as operating in
various modes, each identified by a
different prompt character. Operat-
ing modes, and their prompt charac-
ters, include:

0>MCX command mode
$ BASIC operating mode
% BASIC programming mode
@ Pause mode
Editor

You can switch modes by various
commands or keystrokes. Commands
are not always obvious or consistent,
however. For example, to switch
from BASIC programming mode to
operating mode, you must press the
OPE key (whereupon a small LED on
the OPE key lights up). To switch
back, however, you must press
PROG and then hit the RETURN key.

Another unconventional charac-
teristic of the MCX operating system
is that all user typing appears on the
bottom two lines of the screen. There-
fore it has no screen editing, and even
the method of entering and editing a
BASIC program takes some getting
used to. When a BASIC statement is
entered, it first appears on the
twenty-third line of the screen, near
the bottom. When the RETURN key
is typed, the statement jumps to the
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At a Glance

Name
Canon CX-1

Distributor

Canon US.A. Inc.

One Canon Plaza

Lake Success, NY 11042
{516) 488-6700

Dimenslons (Inches)
13 by 20% by 25%

Microprocessor
6809, 8-bit

Slze of User Memory
64K bytes

Number of Keys
84

Number of Function Keys
0

Standard Interfaces
Light pen: RS-232C (DB-25); printer; more
disks

Expansion Sockets
4

Character Sets
Roman, graphics. boldface

Graphlcs/Color Resolution
None

Number of Colors
2

Other Features
Alphanumeric line labels; other FORTRAN-
like features in BASIC

Price
$4995 {whole system)

main part of the display and reap-
pears at the correct place in the pro-
gram. Similarly, to change a BASIC
statement, you must first pull it down
to the twenty-third line (via an
editing command), edit it, and then
reinsert it into the program,

MCX acts like CP/M in that when
it encounters an unrecognized com-
mand, it searches the disk to try to
find a BASIC or command file by that
name to execute. The MCX operating
system seems to read from and write
to the system disk more frequently
than most systems; this slows down

e e ———

(1a)

(1b)

(1b).

FRC(x) = x mod 1 (i.e., the fractional part of x)

FIX(x,n) = value of x rounded off to n decimal places
MOD(x,n) = x MOD n (i.e., remainder when dividing x by n)
MAX(x1,x2,...,xn) Highest valued member of a set of numbers
MIN(x1,x2,...,xn) Lowest valued member of a set of numbers

CX-1 Function Microsoft Equivalent

ASCS CHR$
CHR$ STR$
STR$ MID$

Table 1: Handy arithmetic functions available under Canon CX-1 BASIC (1a), and
string functions that are incompatibly named for conversion from Microsoft BASIC

the operation of many commands.
We were surprised that the system ac-
cesses the disk during certain phases
of operation—for instance, every
time the BASIC program in memory
is edited and run (the disk access

The Canon CX-1's
one-piece construction
and its monochrome
green display screen
make it quite at
home in an

office setting.
eSS e ]

comes after you type the RUN com-
mand).

Another feature of the MCX oper-
ating system is the SECURE com-
mand, which allows you to cause a
BASIC program file on disk to
assume the “secured” state. A secured
file can only be executed, not listed.
This provides a modicum of software
protection, since it prevents un-
authorized users from reading the
source code. When a file is secured, a
six-character password is requested.
Only by correctly reiterating this
password can a file be unsecured.

Software: BASIC Interpreter
The most important subsystem of
MCX is Canon CX-1 BASIC. This in-

teresting dialect of BASIC contains
certain features seemingly borrowed
from FORTRAN. This version of
BASIC uses type declarations akin to
those in FORTRAN, the double
asterisk (“**”) for exponentiation,
FORMAT statements, and an inter-
esting form of subprogram linkage.
Perhaps the most attractive feature of
CX-1 BASIC is its ability to use
alphabetic labels for program lines.
Here is a sample program in CX-1
BASIC:

10 FOR I=1 TO 100

20 N=N+I

30 IF N> 2000 GOTO [FINIS]
40 NEXT I

50 [FINIS] PRINT I: END

Notice that each line still has a line
number, as in ordinary BASIC, but it
can also have a label in brackets after
the line number. This label can be ref-
erenced in GOTO, GOSUB, and IF...
GOTO statements.

Another unique feature of CX-1
BASIC is its CALL statement, which
allows an executing BASIC program
in memory to call a BASIC program
on disk as a subroutine. Upon en-
countering a CALL, the operating
system searches for and loads the
called program into memory, exe-
cutes it, and then returns control to
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the original calling program. Values
of variables can be passed between
programs by declaring them with a
PARAM statement in the called pro-
gram. It is possible in this way to
have many BASIC routines in mem-
ory at once (assuming they all fit, of
course).

This powerful capability allows the
programmer to write structured,
modular programs. Libraries of com-
monly used Canon-BASIC routines
can be developed and tested in-
dividually. These routines can then
be used by other programs or exe-
cuted sequentially to form new, more
complex programs.

Also, it has a built-in XREF com-
mand, which provides a cross-refer-
ence listin