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INTRODUCTION

Someday, we may come to think of computers as we
now think of automobiles: so much a part of our lives that
owning one, or knowing how to operate one, is taken for
granted. |t's practically impossible to earna living in many
parts of North America without access to a car, and it's
often hard to cash a check without showing a driver's
license.

It that happens to computers—if someday a person
can't really flourish without owing a computer, or at least
being able to work with one—then it may be because a
handful of companies did for computers between 1975
and 2000 what the auto manufacturers did in the first half
of the 20th century.

But this book isn't about Apple, or Radio Shack, or IBM
or, for that matter, about Heath or Zenith per se. Itis about
small computers, and it focuses on one group of
computers that has a loyal following: those made
originally by the Heath Company, of Benton Harbor,
Michigan, which was acquired in 1979 by Zenith Data
Systems, a division of the Zenith Radio Corporation, of
Chicago, lllinols.

Many studies have been made showing why people
prefer one brand of automobile to another, and often the
reason involves advertising. Yet neither Heath nor Zenith
has engaged in massive advertising campaigns. Nothing
resembling Heath's quarterly kitbuilders’ catalog, nor the
magazine spreads that promote Zenith’s color television
sets has—until recently—been used to sell computer
products. Beyond advertising, though, many car buyers
determine early in their lives that a particular brand suits
them, somehow. Styling and accessories may play a part,
but when the going gets tough, most car owners want
reliability, sturdiness, and the security of knowing that
there are a lot of dealers and service people around.

Chrysler loyalists have their Piymouths, General
Motors' fans have their Chevrolets, Ford people swear by
their Fords, and Volkswagens seem to run forever. These
have been many people's “first” cars, and they continue to
be taken care of, and kept running as solid transportation
machines, even after many years. Why? Because ali of
them give a sense of reliability, ease of operation, and a
feeling of their “permanence” to a driver.

Like the owners of those cars, people who use the
Zenith/Heath computers have a strong loyalty to the
brand. It is my belief that there are some good reasons
why: the computers are reliable, easy to operate, and are
built so well that they are likely to endure as functioning
machines long after many of their competitors have been
traded in on newer models.

To imagine that a computer is just a fancy adding
machine with a TV screen and a typewriter attached is to
imagine that a car is just an internal-combustion engine
with four wheels on the ground and one to steer it with. A
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manufacturerdecides howtoputacartogether,andthose
decisions affect its customers’ lives in profound ways. In
my opinion, Heath and Zenith made a lot of the “right”
choices:

1) The terminal—especially the keyboard which the
user handles—is fundamentally well-designed, and has
offered more user-friendly features than most of its
competitors;

2) The microprocessor chip—the gizmo inside that
actually does the work—has proven to be so popular,
among other manufacturers as well, that thousands of
people have learned how to write programs for it;

3) The “plain vanilla” option—a fully-functioning com-
puter with no frills, at a low price—has enabled small
business owners, professional and technical people, as
well as hobbyists, to start small and build their systems
gradually, expanding them to meet their needs.

4) The co-processor—which, in the new Z-100s, runs
the existing 8-bit software until new, 16-bit programs
come along—is in step with the rest of the computer
industry, neither leading nor lagging in the stage-of-the-
art.

if a few words of jargon send you running for the
glossary, don't be alarmed. This book will explain every-
thing in context as it goes along. But | still want to share
somefeelings I've had about“my” Zenith computerbefore
| introduce the actual text.

As a professional writer, | was not looking for a
computersothatlcould learnaboutcomputers, orsothat|
could write programs, or even to do any of the math-
ematical or computational tricks for which computers
have become popular. Frankly, | wanted a better type-
writer. | had used office word processors, the kind that
don't do anything else, and | longed for that kind of power
over print: manipulating, editing and remaking words,
phrases, pages and even books. | needed a word
processor, but the office-size, stand-alone variety was far
too expensive for a freelance journalist.

The best alternative was to buy a microcomputer and
some software that would make it process words instead
of data. Before | went shopping, though, | did quite a bit of
homework, and | recommend that other people do
likewise. | went to a few computer shows, | bought
practically every magazine on the subject, read a few
general books from the library, and | talked to a dozen
people who had computers of their own. | set my price
range early on—I knew how much money | could spend—
and | stayed within my limits. When the timecametocallion
vendors, to see what they could offer me, | haddrawn up a
list of requirements—the absolute minimum that | would
expect from a computer—and a wish-list of desirable
features—those that would enhance my work.

The winnowing process depended heavily on my



needs as a writer, and people in other businesses should
draw on their own needs. But three things impressed me
about the Zenith that | eventually bought:

It had function keys that inserted text, or moved the
cursor around the screen, etc, the same way that the
expensive stand-alone word processors did.

It was sold and serviced by a reputable dealer who
understood its hardware and its software thoroughly. The
dealer, in this case, had on-staff engineers who had
actually enhanced the basiccomputer's capabilities,and|
knew that | would be able to expand my system, with their
help and “handholding,” as far and as long as | wished.

Today, after two years of working with my Zenith, | can
say that it has served me well. If | could change anything
aboutitit would be to have adetachable keyboard. But the
fundamental design, construction, and features have
never given me trouble, and over 24 months the system
has spent less than two days In the shop being serviced.

Therefore, | want to thank Brad Gjerding, Kay Gjerding,
Doug Sauby and John Michael, of Magnolia Micro-
systems, Inc, for selling me the tools of my trade, and for

being willing to share their knowledge and experience
with me and with my readers.

| want to thank Andy Czernek, of Zenith Data Systems,
who arranged for me to meet and interview the people at
Heath and Zenith who have contributed so much to this
book: Mike Brenner, Thomas Dornback, Tom Glover, Dave
Green, Mark Groeger, Carl Goy, Skip Gwyer, Gerry
Kabelman, Richard Kellerman, Myron Kukla, Larry Liddle,
Jim Blake, Donald Moffet, Robert Reid, and Barry
Watzman. Thanks, too, to Gordon Letwin, of Microsoft.

Special thanks go to Kay Green, Terry Murphy and
Margaret Elwood, for their help.

Finally, the idea for writing this book was suggested by
two dedicated Zenith/Heath users who found in their
computer not onlya great word processor and publishing
aid, but a source of inspiration. They actually hooked up
most of the hardware, and ran most of the programs, that
are described in these pages. The nitty-gritty reviews are
theirs, and | concurwith theirfindings. | am verygrateful to
them for giving me the chance to write this book: Larry
Atherton and Larry Schreib, of S-A Design Books.

ABOUT THIS BOOK

This book presents a wide-ranging overview of the
Zenith/Heath family of microcomputers. However, we
feelitis not a typical computer book. Most computer texts
are either blandly generalized or crippled with cryptic
details. This book strives to find a useful middle ground. it
is filled with specific information about how to use one
kind of computer (Zenith/Heath), but it also contains a
generous volume of helpful background material.

The book is organized in a progressive manner. The
beginning chapters assume the reader has no (or very
little) knowledge of computers, and additional details are
presented in later discussions, but the reader does not
have to be an electronic engineer to understand what is
being said. Though many interesting technical topics are
presented, the writer aproaches them in a non-technical
manner. In this way the beginner should be able to
develop a useful understanding of general microcom-
puter functioning, while becoming very familiar with the
powerful capabilities of Zenith/Heath computers.

Chapters one and two examine the relatively short
history of modern microcomputers (as typified by the
development of the Heath all-in-one H-89 computer), and
introduce a simplified view of how a microcomputer
works. Chapters three and four look inside the basic
“hardware” of Zenith/Heath computers, and further ex-

plore elementary computer operating principles. Chap-
ters five and six present a broad overview of computer
“programming” (software), and highlight this all-impor-
tant subject with detailed reviews of many popular and
practical programs. Chapter seven returns to the subject
of hardware, but with a view toward the wide range of
upgrades and auxiliary hardware that expand the prac-
tical value of a microcomputer. Chapter eight is a pot-
pourri of interesting, though sometimes challenging,
minutiae. Chapter nine illustrates some of the diverse
special applications for Zenith/Heath computers. And,
chapter ten is a pictorial chronology of the interesting
and unigue Heath “build-it-yourself’ microcomputer and
printer kits.

The publishers express special gratitude to Andy

Czemek of Zenith Data Systems for his generous assis-
tance during the final production of this book

Zenith® and Zenith Data Systems® are registered
trademarks of The Zenith Radio Corporation. Heath® and
Heathkit® are registered trademarks of The Heath Com-
pany. All product names, tradenames and trademarks
included in this book are considered to be the legal
property of the source to which they are attributed.
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THE FIRST HEATH H-8 COMPUTER

The first Heath computer, designated the H-8, was a
typical Heath do-it-yourself kit. When introduced in their
cataloginthefallof 1977, itappearedtobea plainboxwith
an array of toggle switches and red lights across the front
panel. The kit contained an imposing collection of circuit
boardsand paperbagsladenwith electroniccomponents;
andthoughitwas undoubtedlyintimidatingforacomplete
novice, it also included the extensively detailed, step-by-
step assembly instructions that have become the hall-
mark of Heath kits.

Once assembled, the H-8 could be laboriously pro-
grammed to play tic-tac-toe or perform some elementary
math, but because there were virtually no major pre-
written programs available, it had very little, if any,
immediate practical value. Nonetheless, it was a “real
computer.” And though it had limited appeal, early
computer buffs developed an affection forit. Today the H-
8 remainslargelya hobbyist-oriented system, but through
the yearsit hasintroduced many enthusiasts to the world
of personal computing.

In the same 1977 catalog, Heath introduced a second
computer kit, an unusual 16-bit system called the H-11.
(Most microcomputers currently use 8-bit technology,
though the more powerful 16-bit data-handling archi-
tecture is becoming increasingly available on reasonably
inexpensive small machines like the Zenith/Heath Z/H-
100 series: seechapterd.)lthasthe same microprocessor
chip—a super-miniaturized computer processing unit
constructed on a thin wafer of silicon—that Digital
Equipment Corporation (DEC) uses in some of its highly
regarded commercial computer systems.

Both of these early Heath computers were aimed
primarily at what was then a relatively small number of
dedicated enthusiasts. They were rarely purchased and
assembled by people interested only in the practical
services of a computer. Instead, they appealed to
computer hobbyists who enjoyed probing the inner
workings of the machine.

Currently, computer users who want a “turn-key”

The Heath H-8 (left) and H-11 kits were two of the first “real”
computers avallabie to early hobbyists. Throughout the
1970s, thousands of these microcomputers were built by
clever hobbyists who developed and traded software,
accessories and enhancements for them.



computer—something theycan buy(orassemble), plugin
and use immediately—tend to purchase the Zenith or
Heath Z/H-89, Z/H-90 or Z/H-100 systems. These com-
puters were designed with later microprocessor tech-
nology, and they are more versatile and somewhat easier
to use—especially for first-time owners—than the early
hobbyist systems.

The history of Heath computers is not long, since
microprocessor chips were only developed in the mid-
1970s, but the pivotal events in the evolution of the
original H-8 into the Heath H-89 are typical of the
incredibly rapid development that is common in micro-
computer design.

FURTHER DEVELOPMENTS

Today many computer users take it for granted that
computers have always had a keyboard and a video
display screen. They are accustomed to hitting a few
keystrokes to manipulate lines on and off the screen, or
pressing a few keys to move elements on the display up,
down or sideways. It seems so simple, so natural, that a
novice mayconclude thatthiswastheideafromthestart. it
was not.

The H-8 was a functional computer, however it was
simply a box containing the primary computer circuitry—
the central processing unit or CPU, volatile random-
access memory or RAM, and additional supporting
elements. It did not have any of the sophisticated
“peripherals” that are generally associated with current
microcomputers.

The hobbyist who assembled one was faced with the
somewhat laborious process of programming it (i.e.
loading into the random-access memory a series of
instructions designed to perform a sequence of data
manipulations or computations). At first the only viable
way to load a program was to log it in step-by-step, using
various configurations of the switches or push-buttons
across the front panel. This, in effect, wrote a series of
program instructions into the computer memory. How-
ever, when the machine was switched off the program
would disappear from the volatile computer memory, and
each time the user wanted to run a different program, he
hadtogothroughthetedious processof hand-loadingand
“debugging” the program, which might consist of several
hundred instructions.

THE H-8 TERMINAL

Though the H-8 performed exactlyasadvertised, itwas
basically just a computer in a box. For it to be a practical
tool, the user needed some way to communicate with the
“box” more readily. Specifically, the H-8 lacked a type-
writer-like keyboard to allow the user to easily enter data
and program instructions, anditlacked adisplay to permit
the user to view data input and output from the computer.
In short, the H-8 needed to be connected to a suitable
interactive communications device—like avideo terminal.

Heath developed such a terminal, called the H-9, to
complement the H-8, and made it available in kit form.
Heath designer Carl Goy recalls the elementary nature of
the H-9. “Our products had always been designed for
tinkerers. AHeath customerwouldn’t mind spendingeons
to build a keyboard, so it was a pretty basic kit,"” says Goy,
who is now Zenith's manager of computer products
engineering. “Our first terminal was like a glass teletype.
That s, it showed on a CRT video screen what would have
appeared on paper if the terminal had been a tele-

typewriter—then the most readily available keyboard-
type electronic communication device.”

Though the H-9 had a video display, it had many of the
same limitations as a conventional teletype. The user
could only entercharacters{data) in sequence—oneright
after the other—and the line of data was automatically
scrolled up assoonasitwasfilled. Asaresult, the userhad
only limited control over the display, and changing or
correcting text was not easy.

One young engineer, Gordon Letwin, brought a
background in writing computer software (programs) to
the project. At the time, Letwin was a recent college
graduate who had developed a talent forwriting software,
andfoundan opportunitytodoitforHeath.“The prototype
H-9 was a rat's nest of wires wrapped around white plastic
perf-boards,” recalls Letwin. “It had so many connections
that dirt was a factor in the failure rate; if you dropped ita
fewinches, itworked betterl But overand above this, ithad
serious problems. There were internal problems that kept
it from realizing its potential. You couldn’t go from the
bottom of the screen to the top, and you could only display
capital letters.

“And it was too slow. The people who developed the H-
9 were limited by the technology of those days. Un-
fortunately, if you made some of the electronics work too
fast, the letters would scroll right off the screen! Most
people didn't realize that the screen display was con-

Heath’s engineers
designed the H-9
terminal to comple-
ment the H-8 com-
puter. Though it
incorporated a tele-
vision-like CRT video
screen, it had a limited
display. By compari-
son, a modern term-
inal can display up to
2000 charactersonthe

screen.

trolled by the software, not the hardware,” Letwin
explains.

Heath was now considering a redesign of the H-8
computer, but it became obvious that a more sophis-
ticated terminal would greatly enhance the capabilities of
the new computer. So Goy, Letwin and the other Heath
engineers set about to design a new video terminal that
would eliminate the shortcomings of the H-9.

They proposed to include many advanced features—
like direct cursor addressing (the cursoris a“pointer” that
indicates on the screen where data is being entered or
deleted). This would permit the user to instantly move the
cursortoanyspotonthevideoscreen. Theyalsowantedto
add a separate numeric keypad and “programmable
special-function keys." This would greatly increase the
abllity of the keyboard tocommunicate with the computer,
and simplify text editing and data entry. Under program
control these additional keys could delete a character
from the text, insert a character between two others, add
or delete entire lines of copy, split open the displayed text
sothe usercould easily insertand remove entire blocks of
copy, or perform specified complexfunctions with asingle
keystroke. But these features would complicate the
design.
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Letwin explains, “At the time | was working with
another engineer on a master program to direct the main
microprocessor to load and unload data to and from a
floppy disk—what's called a disk operating system, or
DOS, or simply an operating system. When | considered
the design of the new terminal, | felt that what it really
needed was a separate processor to control the terminal
functions, and we knew where we could find one; a
microprocessor like the one in the main computer would
be perfect”

The Heath engineerswerequicktograsptheextensive
power of the miniature processor: the then-new “com-
puter-on-a-chip.” It answered the needs of the new
terminal perfectly. In fact, they would eventually put so
much “intelligence” into the terminal—byincorporating in
the new design a powerful microprocessor dedicated
entirely to terminal functioning—that it could do many
advanced tasks without the aid of the microprocessorin
the main computer CPU!

THE ALL-IN-ONE H-89 COMPUTER

During the redesign of the H-8 computer a new chip
became available that could execute instructions more
efficiently than earlier designs. This new microprocessor
was the now-famous Zilog Z80. It was part of the same

Thislsa microprocessor, a“computer-on-a-chip.” The Zilog
Z80 processor, used in Z/H-19 terminals and the Z/H-89 and
Z/H-80 computers, is one of the most popular processorsin
the microcomputer industry, and contains nearly 100,000
electronic componenis—on a wafer of silicon.

processor “family” as the Intel 8080 being used in the
existing H-8, and had many of the same operational
characteristics. ltcould storeinRAM and retrieve allorany
portion of 65,5635 pieces of data (numbers, letters, or
characters) at a time. Switching from the 8080 to the 280
seemed like a natural upgrade to increase the capabilties
of the new computer.

Meanwhile, another problem with early microcom-
puters was being solved by a technological evolution that
would dramatically change computer history: the floppy
disk. Even with the aid of a terminal, loading programs was
still awkwardly slow and tedious, and finding a program
bug—created by hitting a wrong key while entering the
many hundreds of data elements in a typical computer
program—could be an excruciating and time-consuming
task Thiswas severelylimiting the overall capability of the
small computer. (High-speed magnetic tape drives could
readily load huge amounts of data into large mainframe
computers, but these drives were far too expensive for
microcomputers.)

But things were improving. A technique had been
developed to permanently record program Instruction
sequences with an inexpensive device that punched
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Paper-tape punches
were among the first
low-cost data-storage
devices, and were
used by early com-
puter hobbylats to
record and “playback”
large programs. Data
from the computer
memory was trans-
mitted to the punch
and “coded” in the
hole patterns punched
in the tape. Later this
paper tape was fed
through the reader
channel and the pat-
terns were decoded
and reentered In the
computer memory.

Afloppydiskissimplya
thin platter of mylar
plastic, coated with a
magnetic-sensitive
oxide. One disk can
store milllons of bits of
magnatic data. The
disk Is permanently
enclosed in a flexible
anvalope that protects
the oxide surface and
wipes it clean by trap-
pingdustparticlesona

porous interior

surface.

holesin a narrow paper tape. When the tape was fed back
through the device, it would rewrite the program into the
computer memory. This was faster than hand-loading
programs and it was somewhat more reliable; however,
switching between programs and entering large amounts
of data was still relatively cumbersome.

Anotherderivation of this recording technique aliowed
programs and data to be stored on ordinary audio tape
cassettes. Original programs still had to be keyed into the
computer memory and debugged by hand, but once the
program was perfected, it could be dumped—through a
hardware interface and a connecting cable—to an
ordinary monaural cassette recorder, where it was stored
as magnetic impulses on an audio tape cassette (just as
music is recorded on a cassette). This provided for low-
cost, reasonably reliable storage, and the programs could
be easily, albeit slowly, reloaded from the tape cassette
through the recorderto the computer memory. In addition,
cassette recorders were inexpensive and the tapes could
be duplicated to allow even very complicated programs to
be readily swapped and sold.

Paper and cassette tape storage were steps in the
right direction (and they are still used in special situations
or as a low-cost storage alternative for budget-minded
users), but for most practical and business applications
tape storage was virtually swept aside by the emergence
oftheflexible or floppydisk,which hasfargreater potential
for semi-permanent mass storage of programs and data at
comparatively low cost.

Floppydisksare made of thinmylar plastic, coated with
a magnetic-sensitive oxide (similar to audio recording
tape), and permanently enclosed in a protective jacket.
These disks are extremely portable, relatively in-
expensive, and allow a great deal of information to be
recorded and retrieved very rapidly.



The user can store many (even hundreds) of floppy
disksinarelatively small space. He selectsadiskfrom this
“library” and inserts it into the disk drive, where a motor-
driven spindle engages the central hole in the mylar disk
through anaccess holeinthe jacket. The spindle turnsthe
disk at a fixed and carefully-regulated speed, much like a
phonograph record. Magnetically encoded data is re-
corded or retrieved from the disk surface by a tiny
recording head thatcan move laterally across the rotating
disk surface as directed by the disk operating system
software and the disk-controller (a hardware interface
between the CPU and the disk drive.) This head corres-
ponds somewhat to the arm and needle of a phonograph
player.

The beautiful simplicity of floppy-disk storage, perhaps
as much as anything, has made modern microcomputers
possible. By rotating the disk and scanning the surface
with the head, the disk drive can access any portion of the
recording surface inan extremely shorttime. Itis possible,
therefore, to quickly and accurately record or retrieve
large amounts of data with a device that is reasonably
simple and reliable.

Most computer companies, Heath included, do not
build their own disk drives; they buy them from man-
ufacturers who specialize in disk drives. “At that time,”
Gordon Letwin recalls, "Heath was likely to be the biggest
single purchaser of floppy disk drives ever, so man-
ufacturers' representatives descended on us in droves."

After sorting through the available models, Heath
engineers selected a compact drive that used a con-
venient 5.25-inch “minifloppy” disk, but since it was not
supplied with a self-contained enclosure, it needed to be
mounted in some sort of housing to protectit. Some of the
Heath engineers had suggested mounting the disk drive
in the same enclosure with the "computer” (the CPU, RAM
storage, power supply and support elements). However,
the new terminal design was nearing completion and the
decision had already been made to redesign the terminal
housing. The terminal, computer unit and disk drive would
work together to make a complete, self-contained com-
puter system, so by mid-1977 an idea began to form: why
not put them all in one box!

Says Goy, "It saved us quite a few dollars in
packaging, and made the system work more efficiently.
We had already decided to use a Z80 processorinthe new
computer, but we were worried that it would be over-
worked if it had to run the terminal too, so we added a
second one to run the terminal—they aren’t very ex-
pensive—and that removed a lot of the hardware con-
straints we had necessarilyimposed on the machine. And
the two chips could communicate directly with each other
through a simple internal connection, eliminating a lot of
external wiring.”

By September, 1978, the Heath engineers had a
prototype of the new terminal, called the H-19, working. It
was to be offered as a separate component for use as a
conventional communications device. The first full-
functioning all-inrone computer, designated the H-89,
with a single, onboard, 5.25-inch disk drive followed a few
months later.

InJune, 1979, atthe National ComputerConference(a
major trade convention) the H-19 terminal and H-89
computer were officially unveiled. At the time Heath was
one of the first major manufacturers to offer an all-in-one
computer with the major components integraied into a
single cabinet. “We didn’'t know what anybody else was
doing,” Goysays, “but we knew thatifacustomerwanteda
computer in those days, he had to have a lot of boxesand

This floppy-disk drive holds one 5.25-Inch disk, and on each
disk it can store the equivalent of approximately 70 pages of
typewritten text. The drive shown is manufactured by
Siemens, and fits into the cabinet of the alkin-one 2/H-89
or Z/H-90 computer.

Heath was a pioneer of
the all-in~one micro-
computer concept.
With all of the major
components in one
enclosure, the system
is compact and func-
tional. This prelimin-
ary concept drawing
depicts the computer
with two disk drives,
but Heath uitimately
decided to use only
one drive in the H-89

enclosure.

In 1977, the H-89 was offered as a do-it-yourself kitoras a
“wired-and-tested” system, called the WH-B9. When Zenith
purchased Heath, the ready-to-run system became available
through Zenlth Data Systems as the Z-89, but the H-89 and
WH-89 are still sold in Heath Electronics Centers and
through the Heath catalog.
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cables strung all over the place. The whole focus of our
design, once we decided to do it, was to integrate the
terminal, computer and disk drive into one enclosure.
Maybe itwouldn'tbe something youcould tuck underyour
arm, but at least it wouldn’t be so big that it had tocoveran
entire desk.”

THE HEATH-ZENITH CONNECTION

Atthis point it maybe helpful to explainthe relationship
between Heath and Zenith. When Heath became involved
inkit-based, hobby-oriented computers,thecompanywas
not directly associated with Zenith. This was before the
incredible explosion of micro-technology made the
inexpensive “personal computer” a practical reality. But
as the market began to grow, Zenith, the largest domestic
manufacturer of color televisions, was aware of the
steadily increasing number of black-and-white CRT
(cathode ray tube) displays being sold for use as video
monitors for small computers.

(In computer jargon a CRT video display and the
immediate hardware required for it to function is often
called a monitor. A monitor is similar in appearance to a
television set, but it is functionally quite different. In some
systems the monitor is sold as a separate component,
housed in an enclosure that is connected to the main
computer processor unit by a wire. In such a design the
keyboard may also be a separate component (also wired
tothe main computer) orit maybe part of the enclosure for
the main computer. A terminal combines the monitor and
keyboard hardware in one enclosure. It is primarily a
modular device used to communicate with the main
computer. Asingle terminal may be a component part ofa
small system, or several terminals may be employed in a
large multi-user system—where many users communi-
cate with a single, very-powerful centralized computer.)

Eventually the cost of microprocessor chips—the
centerpiece of all small computer design—plummeted as
large-scale manufacturing techniques were developed.
The concurrent introduction of reliable, low-cost floppy
disk storage made it possible to record, erase, manipulate
and permanently store large amounts of magnetically-
encoded data on easily transported and relatively in-
expensive floppy disks. These events, along with other
contributing tactors, made small computers—what are
now generally called microcomputers—possible. In a
relatively short time the sales of these small but awe-
somely powerful desktop computers took off like a rocket.

Zenith already had the capability to manufacture the
CRT video displays. They also had considerable ex-
perience with electronic circuitry and the techniques
required to build computers, and they were aware of the
sales potential, so they moved to extend their long-
established manufacturing and marketing capabilities
into the computer market. To speed this entry, Zenith
purchased Heath in 1979, and created a separate
corporate entity, Zenith Data Systems, to market com-
puters under the Zenith brandname.

Initially Zenith Data Systems sold Heath-designed
products—though only in fully assembled, ready-to-run
form. Later, as Zenith began to focus on the huge office-
equipment market, some ZDS-labeled products—though
maintaining an obvious link to their Heath origins—were
configured for the specific requirements of business-type
applications: the Z/H-90 is an example. Heath continued
to sell their existing line of computers, terminals and
accessories as kits, and they also offered some items—
like the all-in-one H-89 computer—in fully assembled
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form.

As the capabilities of microprocessor technology
continued to expand, Zenith Data Systems established a
set of design criteria and began work on an all-new
computer—from the desktop up. This system, the Z-100
series, was introduced in 1882, and with these powerful
and flexible machines it is obvious that ZDS has now
completed a full-fledged expansion into the extremely
competitive and lucrative office-equipment and scientific
markets. '

Hobbyists and avid kitbullders will be happy to hear
that the new Z-100 is available from Heath in kit form,
continuing Heath's long-standing commitment to budget-
minded computer enthusiasts. And as of this writing,
Heath indicates they will sustain the H-8 and H-11, and
both Heath and Zenith will continue sales and support of
the Z/H-89 family of computers and accessories.

HOW THEY'RE BUILT

Today a kitbuilder can follow Heath's detailed in-
structions and build a computer on the kitchen table (see
chapter 10), but on the assembly line things are done a
little differently.

Kitversions ofthe H-89
begin on the Heath
“bag line.” Individual
components are hand-
selected from trays
and placed In labeled
bags. Each kit Is com-
plete with all com-
ponents and detailed
step-by-step instruc-
tions (see chapter 10).

For building “wired”
computers, and forthe
preassembled circuit
boards included In
computer kits, most of
the component sel-
ection s performed on
custom-made machin-
ery. Here resistors are
being removed from
“tape strips” and
readled for Iinstal-
lation, which will be
done with automated
equipment.

A printed circuit board
is positioned on the
work surface of a
machine which will
insart components in
their proper positions
on the board. Auto-
mation significantiy
reduces assembly
errors.



At this station, all components are sl
multaneously soldered to the printed
circuit boards. The cabinet in the fore-
ground uses a wave-soldering tech-
nique to ensure high quality and re-
liabliity of board assemblies.

Next, the‘intelligence” isinstalled. The
terminal logic board (shown here) goes
in first, followed by the CPU board. The
boards have aiready passed a 48-hour
burn-in test.

After the sub-assemblies are com-
pleted, the main assembly Is begun.
Here a worker guides the CRT section
into an assembly support fixture. In an
earlier step, the video boards and con-
necting cables were installed.

With all of the Iinternal components in
place, the power is switched on for the
firsttime. Thecompletedcomputersare
then moved to test and alignment areas
where the video displays are adjusted.

With the installation of a keyboard, the
computer begins to take on an identi-
flable shape. At this point in the as-
sembly process, temporary clamps
{arrow) hold the CRT section to the
support fixture.

Every completed computer receives a
48-hour bumn-in test—a series of pro-
grams designed to rigorously exercise
every aspect of performance and to
identify any imperfect components.

After the 48-hour board test and the 48-hour assembly test,
each computeris individually inspected and hand-tested for
a final time. After it receives an “OK,” the computer is
packaged and readled for shipment.

A Heath manager recalls that when Zenith bought
Heath, there was not enough room at the assembly plant
to produce 100 units a day. Now there are new facilities
and equipment—with substantial expansion still under-
way—that can manipulate and automatically test 500
circuit boards at a time. Boards that fail this extensive

testing are repaired, then fed backinto the test procedure.
Boards that pass testing are used in kits or sent to the
production assembly line.

Assembled Zenith/Heath computers are left running
for 48 hours, continuousiy—a period called the “burn-in."
During that time, they are subjected to internal tests of
display and data handling. The test routines are stored on
special floppy disks that Zenith/Heath service techni-
cians also use to field-test customer machines.

After the burn-in and checkout is complete, the
computersare packaged forshipment; however,someare
pulled off the line for quality inspection. In addition, a few
are later removed from their shipping cartons tocheck on
packing procedures, materials, and handling. Some units
are actually tested to destruction—that is, they are simply
turned on and operated continuously. Most will run
virtually indefinitely, they just do not fail.

The factory's commitment to guality in manufacturing
has helped build a loyal base of customers. Those paople,
in turn, have helped Zenith and Heath develop a wide
range of programs to run on their computers.

THE SOFTWARE DILEMMA

Agroupofinstructionsthatacomputercanunderstand
and executeis called a program, orincomputerjargonitis
generally called software. It is software that makes a
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computer more than simply a bunch of electrical con-
nections, just as recorded music is what makes a
phonograph more than a plece of furniture.

In the beginning, Heath decided not to supply any
software for its computers. This decision seemed to suit
the market at the time; hobbyists and kitbuilders enjoyed
tinkering and exploring the limits of their machines. Many
of them delighted in learning to write in computer
languages, playing games they had created themselves,
or taking occasional excursions into more sophisticated
or business-oriented programs. Forall practical purposes
this seemed like a reasonable arrangement; Heath could
supply the hardware and the customer would have to
develop the software.

“Heath vowed not to be in the software business,
beyond our Basic-language programming course,” says
Jim Blake wistfully. He is now Zenith’s software project
manager, but for many years he was the company's link
with the Heath Users’' Group (HUG)—a loosely knit “club”
of Heath computer users that had been established with
minimal support from Heath to provide a forum for
exchanging software and technical information. “We had
always beenacustomer-oriented company, sointhe early

This gathering of a
local Zenith/Heath
users’ group Is typlcal
of many throughout
the U.S. and around
the world. Typically, a
guest speaker may be
invited to give a tech-
nical presentation, or
members may just
trade shop talk.

days we actively encouraged our customers to write
software for their H-8s and swap it among themselves.”

However, the explosion in hardware technology made
microcomputers readily available to users who did not
want to painstakingly develop their own programs. This
steadily increasing demand for“canned” software began
to conflict with the Heath do-it-yourself approach, and
eventually Heath began receiving substantial pressure
from users to correct this incongruous shortfall.

HEATH USERS RESPOND

Blake admires the Heath customers’ loyalty, but he
laments what it produced. “Our customers were reading
the computer magazines and knew that some other
manufacturers were providing software support for their
machines. So many of them just waited for us or HUG to
come out with programs of our own. However we didn't
have the resources to write our own software to run on
HDOS—professional software jockeys are $30-to-
40,000-a-year folks.”

The pressure from users was unrelenting, and finally
Heath directed Blake to set up a company project, called
Softstuff, to pay a fee or royalty to anyone who would
contribute original software. This was an incentive for
independent software developerstoproduce high-quality
programs that Heath could market to answerthe demand
from both beginners and advanced users forapplications
software.

Many of theinitial programs came from HUG members.
“Some of those HUG guys were pretty smart,” Blake
recalls, “and we offered their programs to more than just
other HUG members; we sold them to anybody who
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wanted them. Within 18 months software became Heath's
number three seller, after the hardware itself and the
educational materials like the Basic-language course.

“This helped considerably, but being married to our
own unique disk operating system was still a problem,”
continues Blake. “"At first, our littte HDOS-oriented
marketplace was comfortable and we resisted change—
because using a non-Heath operating system, like CP/M,
required modifications to the hardware. But eventuallywe
realized that we had to consider the possibility of using
another operating system.”

HDOS AND CP/M

An applications program is a program designedtodoa
specific user-defined task or set of tasks (e.g., a word
processing program, an accounting program, etc.). How-
ever, an applications program is not universal—it must be
designed to coordinate with a specific operating system
(seechapter5). Andtoalarge extentthe operating system
is tied to the hardware, particularly the type of micro-
processor and the disk-controller(the hardware interface
between the CPU and the disk drives). Consequently,
Heath'searly commitment to HDOS and theirsubsequent
incapacity to produce applications software was severely
restricting the overall “usefuiness” of Heath computers—
especially to business and professional users.

HDOS isanexcellentoperating system,andatthe user
level it is more “friendly” and forgiving of mistakes than
many operating systems. This can be a boon to novice
users, but the hardware specificity of HDOS limits the
appeal for professional programmers to produce new
software that is compatible with it. HDOS is considered to
be no more obstreperous than any other operating
system, but producing any computer applications pro-
gram requires a dedication of considerable time and effort
to learn the peculiarities of the instruction or command
structure—the specific internal programmable manipu-
lations—thatthecomputerprocessorcan understandand
the hardware can perform. As a result, after the pro-
grammer has made the considerable commitment to
develop a program that is compatible with a specific DOS,
it can only be used on a computer that uses this same
operating system—a limitation that applies to nearly all
operating systems. In otherwords, if a programmer writes
an HDOS-compatible program, it can be used with only
one brand of hardware: Zenith/Heath.

The development in 1975 of CP/M—Control Program
for Microcomputers—by Gary Kildail (the software en-
gineer who would subsequently become the founding
force behind Digital Research) would change all of this.
CP/M has a tremendous advantage over most other
operating systems: to a highdegree—though not totally—
it is Independent of hardware. (CP/M accomplishes this
through a feature that allows it to be “configured” for
different types of hardware: see chapter 5.)

CP/M’s machine-independence allows it to work on
virtually any make or brand of microcomputer that uses a

The Heath Users’
Group (HUG) provides
a wealth of informa-
tion. Members may
purchase software
from a library of low-
cost programs, and
they recelve an infor-
mative magazine
called REMark.



Z80 or BOBO microprocessor, and programs written to
coordinate with CP/M canlikewise be used onthese many
different computers. This is important for a software
designer because his programs can be sold to any
computerownerwhoisable to use CP/M on his computer.
It isimportant to the user because the attractive universal
nature of CP/M has resulted in a substantial pool of
software from which to choose: consequently, CP/M has
rapidly become one of the most prevalent microcomputer
operating systems.

At Heath there were some early advocates of CP/M,
but the first commercial sales of CP/M for Zenith/Heath
computers came from outside the company. A few
independent dealers, who had the engineering know-
how, modified the existing Z/H-89 hardware and began
selling CP/M-compatible '89s with great success.

As CP/M continued to emerge as the prominent Z80-
based operating system, Zenith and Heath made an
important decision: they abandoned their strict dedi-
cation to HDOS and began selling Z/H-89s that could be
used with eitherCP/M orHDOS. Thisgreatlyextended the
practical applications of the Z/H-89, as it could now be
used with the numerous CP/M programs that had been
developed by software professionals who appreciated
the broad appeal of CP/M.

Today, many users remain loyal to HDOS, and some
dedicated programmers continue to write software for it.
(There is currently a large pool of quality HDOS software:
see chapter 8). HDOS is still available as an optional
operating system for the Z/H-89 and very useful in many
applications (particularly diagnostic work on the Z/H-89
hardware), but CP/M is now considered the primary
operating system for the Z/H-89. And a version of CP/M is
one of the primaryoperating systems providedforthe Z/H-
100.

Jim Blake is philosophical about the change, “Oper-
ating systems should be transparent to the user, anyway.
They should help him solve his problem without calling
attention to themselves. The user shouldn't have to be a
software jock. And software isn't a static, unchanging
thing. Software is like ice cream: if you don’t do something
with it, it melts away.”

CURRENT SOFTWARE DEVELOPMENT

The Heath Users Group is now much more than justa
software exchange. HUG publishes a user-oriented
magazine called “REMark” HUG also sponsors an
electronic bulletin board on a major consumer-oriented
telephone network (see chapter 3), and helps people set
up and support local HUG clubs around the world. And
HUG provides various “user services." According to Gerry
Kabelman, one of HUG's professional software devel-
opers, “We offertechnical supportand advice,andanswer
a lot of questions about hardware and software.”

The tradition of involving users runs deep in the
company, becauseitrunsdeepinthecountry.“Americans
are, by their nature, tinkerers,” says Tom Dornback,
Zenith's vice president for software development. Under
his direction, Zenith has extended the concept of a
network of "HUGgies" toa network of outside testers."We
look for people who have expertise in one particular field:
word processing, math, education, and so on,” he says.
“Then we send them new software and they give it a full-
time test. Thisis nota strenuous test underactual working
conditions, but these people have nothing but malicious
intent—they get paid by how well they break the product!
In this way we are able to work out the bugs. and sell a

BUSS is an independent news-
letter dedicated entirely to
Zenith/Heath hardware and
software. This feisty publica-
tion ls considered “required
reading” by most enthusiasts,
and is always packed with help-
ful, timely, easy-to-understand
Information. This Issue detall-
ing the new Z/H-100 system
was malled just hours after the
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reliable product.”

At Zenith, there are also staff members who initially
review all new software written and submitted by outside
suppliers to see if Zenith should buy the product and offer
it for sale to their customers. Each product goes through
an intensive evaluation before Zenith finally approves it
for use on its computers. “The testers give us very critical
reports,” says Dornback, “but we have to make sure that
the final version works the first time, and every time a user
tries it. We don’t want any recalls.”

Besides the software, the Heath instruction manuals
are subjected to the same process. “The best manual
would be no manual at all,” he says, philosophically. “Our
long-term objective is to develop products that teach the
users by themselves, perhaps with on-screen graphics
and pictures. Eventually, voice synthesis may be part of
the program—announcing to the user that the software
has caught a user error. Right now, the best example of
self-teaching software is SuperCalc (see chapter 6),
where a simple keystroke gets you a help-menu (a listing
on the video screen that prompts the user for correct
usage of the program) any time you need it, without
interrupting the rest of the job.”

With this level of commitment it seems certain that
Heath and Zenith are completely aware of the importance
of software support for their machines. Selling software
has become extremely profitable for the company; and
throughout the computer industry it is predicted that
software sales will soon rival the annual multi-billion-
dollar hardware sales. The reason is simple: sooner or
later hardware will saturate the marketplace, yet people
will continue to need new and more efficient software. In
one analogy, it is like a customer paying one time for a
stereo system and hundreds of times for records; or
buying a safety razor and having to fill it with a lifetime
supply of new blades.

This also means there is sure to be continued demand
in the forseeable future for software that makes use of
existing hardware. The door will remain open for any
bright, ambitious programmer and entrepreneur to de-
sign, test and market innovative software. (The more
computers that this software will accommodate, the
greater the potential for sales; and considering the
current state of the market, this means that the software
should run under the CP/M operating system.)

Without the active network of users groups and a
worldwide base of customers, Zenith and Heath could not
have learned nearly as much about what peoplewantina
computer. The latest developments in hardware and
software indicate that the company has given con-
siderable thought to the feedback provided by these
groups.
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A computer is a complex machine, butitoperates onsimple
principles. It isn't necessary for the user to understand every
detall, but a knowledge of overall concepts is essential. To
help the beginner, Zenith and Heath sell excellent self-
education courses. One of these programs, “Computer
Concepts,” provides helpful instructions for the small
businessperson who faces the problems of implementing a
new computer or computer service.
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GENERAL STRUCTURE AND FUNCTIONING OF A
COMPUTER

In the preceding chapter we touched on some of the
general nomenclature of amicrocomputer. Inthischapter
we will try to give the beginning user an elementary
understanding of general microcomputerfunctioningand
terminology. It is not our intent, nor is it possible in the
space available, to provide the reader with more than a
limited description of these matters.

To keep the discussions reasonably simple, we will in
many cases be forced to draw wide-ranging general-
izations and summarize complex technical issues with
statements that may seem absurdly brief to the reader
who already has some knowledge of these matters. We
hope, however, that the average reader will gain a useful
understanding of the important inner workings of a
Zenith/Heath microcomputer.

To successfully use a computer it is not necessary to
know every minute detail of how it works. Hardware and
software designers spend considerable effort to make
their products “user friendly;” as a result, a neophyte can
learn to “push the right buttons” very quickly. Un-
doubtedly, some guidance from an experienced user will
be helpful, but with well-documented software it only
takes a few hours to learn the important basics. On the
other hand, without some understanding of the internal
structure and functioning, the user may never feel fully at
ease with a computer.

A microcomputer is a complex machine with many
interdependent elements, but it operates in a relatively
simple manner. It is important for the beginner to form a



clear and accurate picture of overall operating concepts
and avoid technical details. Thisis not easy. The computer
world is awash with jargon, but it is generally not
necessary for the day-to-day user to know what all of this
tech-speak means. Once the fundamental concepts are
firmly understood, the user can wisely evaluate software
and consider the real value of an upgrade or accessory,
and in those rare instances when things don’t work the
way the book says, some elementary knowledge and an
analytical approach may rescue the user from an other-
wise hopeless situation.

For those who have an urge to know more computer
sclence, Zenith and Heath market several excellent self-
teaching courses of instruction. These range from studies
in elementary computer functioning to specialized
courses in computer programming. Many advanced
reference books are also available at computer stores,
book storesand local libraries. There iscertainly nolack of
information about computers; the dedicated user need
only spend the time and effort necessarytolearnasmuch
as he or she wishes.

HOW IT WORKS

Among those who have absolutely no knowledge of
computers, there is a popular belief that a computer
“thinks.” Allthe userhastodois pushafewbuttonsandthe
computer can answer any question. Sadly, this is not true.

In more accurate terms, a computer can store infor
mation and manipulate or retrieve this information. The
user must put information—be it numbers, words or
some other type of symbols—into the computer, and later
this information can be called back in its original form, or
through a series of manipulations this information maybe
restructured and returned to the user in another useful
form.

The information inside a computer is often referred to
as data. The entry, manipulation and retrieval of data is
controlled within the computer by the microprocessor.
The processor is directed to perform these functionsbya
set of rigidly structured instructions. A group of instruc-
tionsdesigned toaccomplish a specifictask orsetoftasks
is called a program; the more commonly used general
term is software.

The instructions are written in what is called machine
code. This code is usually expressed in writing as a series
of 1sand0s.Each 1 orOisreferredtogenerallyasabit. A1
may be called a high bit and a 0 may be called a low bit. (A
high bit Indicates an “on” or“positive” electrical state and
a low bit Indicates an “off” or “negative” electrical state.)
Because there are only two numbers (electrical states) in
this code, it is sometimes called a binary code.

The individual bits are generally formed into logical
groupings of eight. Each of these groupings Is called a
byte. A byte is the most fundamental meaningful segment
of computer code. Every letter, number or symbol of our
written language is represented by a unique 8-bit byte.
Each byteinacomputer mayrepresenta piece ofdataorit
may be part of a program instruction.

Virtually everything that happens within a computer is
controlied by a program of one form or another. By
“loading a program” into the computer and then issuing
specific commands to that program, the user causes
hundreds of instructions to be directed to the micro-
processor, which can read and execute these machine-
level tasks at the rate of hundreds of thousands of
instructions per second.

The limit to what a computer can do is determined by
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Contrary to popular belief, a computer cannot “think.” A
microcomputer is capable of performing very compiex
tasks, butall of these tasks are based oninformation—ofone
form or another—that the user has previously recorded Into
the machine. The value of a computer depends on how
effectively the user entars, manipulates and retrieves data.

the capabilities of the hardware and the design of the
software in use at the time. If the user desires a specific
result, but the program structure does not allow for the
internal manipulations needed to gain that result, the user
will not achieve his goal. The user can, however, achieve
different purposes by choosing from many different
programs. Generally only one program can be used at a
time (though complex software can link program
“modules” together), But the abllities of the computerare
determined by the number and kind of programs the user
can obtain or create.
inacommonanalogy,acomputercanbeviewedlikean
office filing cabinet. The user puts data into the computer,
like a secretary puts documents into a filing cabinet. This
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All information—programs or data—Iinside a computer is
made up of tiny electrical puises, called bits. The elemental
bits are combined in groups of 8 to form bytes. Each byte
represents one of 128 possible characters: letters, numbers
or symbols. Several bytes may be grouped together to form
one Instruction of a program, and saveral instructions
combine to make a complete program.
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The information in a8 computer can be divided into two
general categories: data and programs. Data is simply
words, numbers or symbols that a user wishes to store and
manipulate within the computer. The manipulation of data
inside the computer is controlled by extremely simple
instructions. A group of these instructions, designed to
perform a specific function orseries of functions, iscalleda
program or {in a general sense) software.

datacanbewithdrawnatalaterdate, likea secretarytakes
documents out of a filing cabinet. In a computer, the filing,
retrieval and various data manipulations are performed by
the programs—under the direction of the user. To a large
extent, the effectiveness of a computer is determined by
the mannerin which the datais stored and retrieved by the
program(s), just as the effectiveness of a filing cabinet Iis
often determined by the ingenuity of the secretary.

In the final analysis, the value of a computer lies notin
its complexity but In its speed. A computer can only
execute simple program instructions, but the computer
can execute these instructions so quickly and efficiently
that the end resuits often appear complex It can,
therefore, accomplish in minutes what might otherwise
take the user hours or even days to complete.

THE HARDWARE

Therearethousandsofindividual piecesof hardware in
a Zenith/Heath microcomputer. These pleces are put
together to form the several major components of the
machine. For the purposes of this discussion we are not
going to study every component or subassemblyin detail.
Instead, we are going to limit our discussion to four major
constituents: the terminal assembly, the central pro-
cessing unit or CPU, the random-access memory or RAM,
and the onboard disk drive. (These are not precise entities
and they often operate with the aid of supporting
elements, but for describing the general operation of a
microcomputer, these groupings will suffice.)

THE TERMINAL

Aterminalis acommunications device. Inthe all-in-one
Z/H-89 the terminal assembly is incorporated in the
computer enclosure. It is dedicated to transmitting
communications between the user and the computer
central processing unit (see below, CPU).

(The same terminal hardware that is in the Z/H-89 is
sold by Zenith and Heath as a separate stand-alone unit,
callied the Z/H-19 terminal. Itis nota computer, itisonlya
device to communicate with a central processing unitand
may be used as a remote terminal in certain large
commercial or multi-user systems or as a terminal for a
small system that has a separate CPU assembly.)
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The two major components of the terminal assembly
are the keyboard and the television-like cathode ray tube,
or CRT, display. The user issues commands to the
computer by pressing the keys on the keyboard. The
terminal “encodes” these commands and transmits them
to the CPU.

The video display gives visual prompting to the user. It
displays the program commands ordata as the user types
on the keyboard, and it displays messages or data that is
transmitted from the terminal to the CPU. It also returns
and displays on the CRT messages or data that the CPU
wishes to communicate to the user.

THE CPU

The main “computing” element of a computer is the
central processing unit, often called the CPU. Several
components make up the CPU but the main constituentis
the microprocessor, sometimes just called the processor
or the MPU (for microprocessor unit). It is, in effect, the
central manager of all that happens inside the machine.
For periods of time the microprocessor mayturncontrol of
various jobs over to other components but it is, none-
theless, the main operating element within the computer.
it is the heart or, if you prefer, the brain of the machine.

In the all-in-one Z/H-89 the CPU is incorporated in the
same enclosure as the terminal sectionand the restofthe
main components. In systems that are not designed with
the all-in-one principle, the main components may be in
separate enclosures. Ineithercase, the CPU elementmay
be referred to loosely as “the computer” (as opposed to
the instance when this same term is used to refer to the
entire computer system, which would be composed of the
CPU, terminal, disk drive, and support elements).

The microprocessor used in the CPU of the Z/H-89 is
the Zillog Z80. There are other types of microprocessors.

TERMINAL
DISPLAY

KEYBOAR

Though there are hundreds of components inside a micro-
computer, the major groups (sub-assemblies) are: the ter
minal section, the central processing unit{CPU}), the random-
access memory (RAM) and the floppy disk. The user com-
municates with the computer through the terminal section;
the user enters data and commands on the keyboard and the
computerdeliversinformation to the uservia the CRT display.
The CPU is the heart of the computer—all internal functions
are initiated by the microprocessor, according to software {or
firmware) instructions. The RAM isadynamicworkareawhere
program instructons are stored prior to execution by the CPU
and where all data usually resides while It is being man-
ipulated. The floppy disk provides permanent storage for
program and data files.



Each type of processor understands a specific set of
instructions, and one type is generally not inter-
changeable with another. As we shall see later, only
-software designed towork with Zilog Z80 orthe Intel 8080
(a predecessor of the Z80) microprocessors can be used
in Zenith/Heath systems.

The microprocessor is aiso tied directly to the primary
piece of computer software—the operating system. In a
sense, the operating systemisamastercontrol program. It
interacts with the microprocessor to perform the most
elementary user-oriented machine functions, such as
loading an applications program.

SYSTEM AND APPLICATIONS SOFTWARE

At this point, it may be helpfulto interrupt ourhardware
discusslonfora brieflook at theimportant role of software
incomputerfunctioning. An operating systemisaprogram
(oracollection of programs) that allows the usertocontrol
the elementary functioning of the computer. As soonasa
computer is switched on, the operating system must be
loaded into the computer memory from some storage
source (see: The Disk Drive). Instructions for this transfer
are usually contained in the System Monitor Program,
which is permanently recorded in a ROM chip (read-only

The microprocessor controls all of the primary computer
functions. These functions are defined and executed by
program instructions received from the random-access
memory (RAM) or the read-only memory (ROM). Many types
of hardware make the computer system useful (typical
exampies are represented to the left of the dotted line).
However, all of the interaction (data transfer) between this
“peripheral equipment” is controlled by the processor,
acting on Instructions from programs residing In RAM.
Almost any type or brand of hardware can be used with the
processor, butthe software (in RAM) used to“drive” (control)
the equipment must be designed to send correct in-
structions to the processor. That is, the processor must be
able to communicate with the peripheral hardware. Note
that communication with the disk drive is established
through a special plece of hardware called the disk-
controller card (interface) and that communication with
modems and printers is established through the serial (or
parallel) ports. Note: this drawing Is not a totally accurate
depiction of the complex communication channels inside a
microcomputer system, but it should help the beginner
visualize the importance of the microprocessor as the
g:lmlry link between the user, the software, and the
rdware.

memory—the processor can only read and execute the
limited numberofinstructionscontainedina ROM, butthe
processor cannot alter the contents of a ROM).

When the operating systemisin RAM, itallowsthe user
tocontrol overall machine-oriented functions. Butto make
the computer perform a specific task, such as writing a
letter, the user instructs the operating system to load into
main memory (from a storage source) a separate appli-
cations program designed to accomplish this particular
type of job—in this case a word processing program.

The usercan only“use” an applications program when
itisin memory (it is loaded to a location separate from the
operating system) and after an applications program is in
memory, control of the computer is generally turned over
to the appiications program, and the operating system
standsaside(though the applications program maycallon
the operating system, if necessary, to perform those tasks
that the operating system normally handies). The user
controls the computer by sending commands to the
applications program. However, as soon as the specific
task is completed, the user signals the applications
program that he wants to return to the operating system.
Thelinktotheapplications programisthenbrokenandthe
user is once again directly in contact with the operating
system (actually this is a simplification, but for our
purposes It will suffice).

In effect, the userisincontactwiththe computeronone
oftwo levels. Overall, the usermanages machine-oriented
tasks (e.g., transferring, duplicating, or erasing programs
ordata, etc.) with the operating system. On a specificlevel,
the user accomplishes specialized tasks with an appli-
cations program. Generally, the useris active on one level
orthe other—either he is communicating directly with the
operating system or with an applications program.

As a resuit of this interrelationship, the processor is
tied to the operating system and the operating system is
tied to the program. Consequently, when a programmer
develops an applications program, he must design it to
work with a specific microprocessor and a specific
operating system. Thus, the only applications software
that can be used with Zenith/Heath computers is that
which has been designed(or modified) specifically for use
with the operating systems that can be implemented on
Zenith/Heath hardware.

THE RAM

Next to the microprocessor, the random-access mem-
ory or RAM is probably the most important hardware
component of a microcomputer. The term “memory” is
often used torefer to the RAM. Amemory is a place where
programs or data are stored. It is called random-access
because, at the direction of the processor, program
instructions and data can be randomly stored and
retrieved from any legitimate location within RAM. All of
this happensinavery structured manner. Whenaprogram
is being executed by the processor, the instructions are
sequentially retrieved by the processor and acted upon.
Or, if the processor is accessing a data file, the processor
(under software control) places the data into a specific
locationinthe RAM; the processorkeepsconstanttrack of
every byte that is stored there; and it can randomly (as
directed by the software)retrieve, manipulate oreraseany
portion of the stored data.

All of this activity is directed toward fulfilling the user's
needs. At any one time the RAM may be filled with
thousands of program instructions and pieces of data, all
working in unison with the CPU to accomplish a complex
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APPLICATIONS PROGRAMS

2~} ™ THE CPU FETCHES INSTRUCTIONS
), FROM RAM AND ROM

The disk operating system (DOS) Is the most important
program in a floppy-disk-based computer system. The DOS
may be viewed as the “mastercontrol program.” Itallows the
user to manipulate applications software and data files
between the disk and the RAM.

When the computeris firstswitched on, a copyofthe DOS
mustbe booted (loaded) from permanent storageonthedisk
into RAM. The user does this by Issuing the “Boot”
command, which causes a small program (the boot
instructions) permanently embedded in the system ROM to
beexecuted bythe CPU. Whenthe processiscompleted, the
operating system iscopledinto RAMand computercontrolis
turned over to the DOS.

The user can Issue a variety of commands to the DOS, but
oneofthe mostimportantfunctionsistoloadanapplications
program into the RAM. After the user instructs the DOS to
load and executea program, the DOS istransparent(in effect)
and the user communicates directly with the applications
program to accomplish a specific task (e.g., word process-
ing, accounting, programming, etc.). During this time,
however, the operating system Is still in RAM and the
applications program may occasionally call on the DOS to
perform disk-oriented tasks (i.e., loading data to and from
the disk, viewing disk directorles, etc.).

task. Butinafewsecondstheusercanwipethe RAMclean
and refill it with a new contingent of program instructions
or data, designed to do something entirely different.

This concept Is what makes modern computers so
versatile. A microcomputer can be used to write letters,
store recipes, perform mathematical calculations, bal-
ance a checkbook, play chess, inventory and evaluate a
stamp or coin collection, simulate an airplane landing on
an airfield, turn the lights and heating on or off throughout
a house, and much more. But each of these jobs must be
direct by an applications program.

Ifacomputer had to permanently retain every program
it was capable of executing, it would need a huge memory
bank, but the concept of random-access memory side-
steps this limitation. Hundreds, or even thousands, of
programs can be readily stored on lightweight floppy
disks, and when the userwishes to perform a specific task
with the computer, the applicable programis loaded from
the disk into the RAM. The program is executed—with or
without additional input from the user, as required by the
design ofthe program—and when the jobisdone, the RAM
is freed for additional use. Then, another job can be
selected bythe user, the appropriate program loaded from
the floppy disk to the RAM, and so on. In this way the user
can make his computer do virtually anything for which a
program can be designed, yet the entire machine remains
compact and reasonably inexpensive.
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THE DISK DRIVE

The development of compact, low-cost floppy disk
drives was one of the technological breakthroughs that
made powerful microcomputers possible. Large amounts
of data can be accurately and efficiently retrieved or
stored upon these small, inexpensive oxide-coated disks.
Asanexample, it would be possible to store the entire text
of this book on one double-sided, high-density 5.25-inch
floppy disk.

The floppy disk is the permanent repository for the
programs and data used in a microcomputer. When a
microcomputer is turned off, all but the most elementary
operational instructions are cleared from the machine.
When it is turned back on, it has enough permanent
“intelligence”inthe System Monitor ROMtoloadacopy of
the operating system from the floppy disk to RAM. Note
that we said “a copy,” in fact, a duplicate of the operating
system is formed in main memory, while the original
remains intact on the floppy disk (this is true when any
program is loaded from the disk).

THE RELATIONSHIP BETWEEN RAM
AND THE FLOPPY DISK

The relationship between the floppy disk and the RAM
is one of the most important microcomputer concepts. To
understand this relationship, the user must realize that
the computer accesses data in RAM in one manner, and
when the same data is on the floppy disk, it can only be
accessed in a more restricted way.

The microprocessorcanindividuallyaccesseverybyte
that is in the user portion of the RAM. This access Is
controlled by the structure of the program that is sending
instructions to the processor. For instance, if the user is
writing a letterwith aword processing program, itiseasyto
write sentences and paragraphs, erase words, splitwords
apart, insert new words and perform complex text-
handling tasks. This is possible because the user—
through interaction with the applications programand the
microprocessor—can instantly manipulate any portion of
the data (in this case, the words of the text) stored in the
RAM and displayed on the screen for the user to see.

This is not possible when data is stored on the disk
Whendataisrecorded on the disk,itcan onlybeaccessed
as a contiguate grouping. The user—through interaction
with the processor and the operating system—can only
store or retrieve a grouping of data(called a datafile) in its
entirety. It is not possible to go into a disk file and
manipulate a few pieces of data.

Initially, it may be easierto view the RAM as a “working
area” in the computer and the floppy disk as a “storage
area.” When the user wishes to work with a program or a
data file, it must be in RAM (working area). The user must
transfer a copy of the program or data file from the floppy
disk (storage area) to the RAM before he can actively
manipulate the contents. In the example of the word
processing program, if the user wishes to create a new
document(e.g., write a letter), hecreatesitinthe RAM with
the aid of the word processing program; to keep the
documentasapermanentrecord, hemusttransferittothe
floppydisk, whereitis retained as a disk file with a specific
name.

This sounds simple, but we must add an important
clarification: the users access to the RAM is rigidly
restricted. Generally, the only way the user can gain
access to the RAM space is through an applications
program. At any one time, several different programs or



files may be resident in the RAM. When the operating
system is loaded, the RAM is “organized" and specific
space is allocated forthe disk operating system and other
operational software. At the same time a “user space” is
allocated to accept programs and files that the user
transfers into the RAM. All programs must coordinate with
the operating system so they are delivered to the proper
RAM location, otherwise one program could easily“crash”
into another and create total mayhem.

From the foregoing we can also see that the “size” of
the RAM and floppy disk are important. When the RAM is
larger, more space is allocated for the user, and bigger
data files can be put into this working space. When the
floppy disk size is larger, the user can put many more
programs or files on each disk.

The largest amount of RAM space that can be used
with microprocessors like the Z80 is “64K."” This means
that 65,535 bytes of data—characters, numbers, symbols,
etc.—can be stored in the RAM (for ease of reference the
number is rounded to 64K). It is the maximum possible
RAM size because the ZB0 microprocessor cannot
address (keep track of) more data than this at one time. Of
course, the computercanwork with less RAM, butthe user
is then further limited in the amount of data that can be
stored in the RAM.

The 5.25-inch floppy disk is, like the RAM, a highly
organized and structured storage area. There are differ-
ent disk data formats—the disk format is the specific way
data is recorded and organized on the disk surface—and
some formats will allow a standard 5.25-inch disk to hold
more data. However, there are restrictions on the type of
disk format that can be used, because the format is
specified by the operating system, the disk drive and the
disk-controller hardware. The user can upgrade the
system to accept a format that allows more storage, but
the hardware associcated with greater data density is
almost always more expensive (see chapter 7 for disk up-
grades and formats).

TYPES OF INFORMATION

Up to this point we have referred to computer
information as “data,” “programs” or “files.” Before we
continue, it will help if the reader understands the precise
meaning of these terms.

In a general sense, data refers to all of the electrically-
encoded information stored inside a computer. As human
beings we communicate with words and numbers. Inside
of a computer all letters, numbers and symbols (data) are
represented by electrical pulses (bits) that are organized
and transmitted in precise groups (bytes).

Acollection of bytes that form instructions to make the
computer perform specific functions is generally called a
program. Programs may be further classified according to
theirpurpose. Aprogramthatcontrolsinternalfunctioning
of the computer hardware, such as a portion of the disk
operating system, may be called a system program. If the
program is designed to perform a user-designated task, it
may be called an applications program.

If a collection of data does not perform any sort of
computer function, it is often called a data file. For
instance, The user may use a word processing software
(an application program) to create a document (data file),
such as a letter. A user must use an applications program
orasystem programto manipulate adatafile orcontrol the
functioning of the computer. However, a data file is a
collection of words or numbers that cannot perform any
computer manipulations whatsoever: a data file is just a

reservoir of information.

In another sense, a file—either a program or a data
file—whenitis stored on the floppydisk maybereferredto
asadisk file.Inthe same way, afilein RAM maybereferred
to as a RAM file.

PUTTING IT ALL TOGETHER

Earlier we likened acomputertoafiling cabinet. Thisis
a useful comparison but it may now be helpful to look at
this analogy in greater detail. Let's say that the computer
user is like the president of a big company. In many ways
the userwillcontrolthe complexactivities ofthe computer
just as the president directs the activity inside a big
company.

Whenourcompany presidentarrives atthe office inthe
morning, he orshe calls the administrative manager over
the office intercom, and when the manager responds, the
president asks, “come into my office, we have work to do.”
In a similar way, the computer user turns on his computer,
and when the computer responds with a prompt on the
display, the usersays, in effect,"load the operating system
into RAM.” (Note: during this discussion the interaction
betwen the user and the computer is represented in a
conversational way, in real life this discourse is an
exchange of brief messages and commands; see chapter
5)

In this analogy the administrative manageris similarto
the operating system and the executive's office is similar
to the RAM memory inside the computer. The executive
will control the operation of his business through an
intermediary, the administrative manager, and the user
controls the overall operation of his computer through a
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The transferof information from thefloppydisk to the system
RAM isone of the mostimportantcomputerfunctions. Thisis
accomplished by the CPU, acting on instructions from the
disk-operating system. After the user has booted the DOS
into RAM (accomplished with the boot instruction in the
system ROM) andisincontactwiththe DOS, the userissuesa
command to load a program from the disk to the RAM. The
DOS sends the properinstructions to the CPU, which copies
the program from thediskintothe space allocated in RAM for
userprograms. Somespace Isalwaysreservedin RAMforthe
DOSand‘housekeeping” system software. The system RAM
Is called “dynamic’ because the information stored there is
not permanently recorded. The disk, however, is used for
permanentstorage. The CPU cannotaccessindividual bytes
onadisk, itcanonlycause agroupofbytes(programsordata
files)tobe loadedtothe RAM (from the disk) whereitcanthen
beaccessed byte bybyte. Theinformationrecordedonadisk
will remain there when power is turned off, but all
program/data bytes recorded in RAM wiil be lost.
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similar intermediary, the operating system.

In our office analogy the administrative manager
arrivesin the executive's office and says, "OK, I'm ready to
work, whatdo youwantmetodo." The executiveresponds,
“We've got many things to do. First, | want to write a letter,
call a stenographer from the central office pool and wait
here in the office until | need you again.” In our computer
scenario, the operating system is loaded into RAM and
responds with a prompt that, in effect, says “OK, I'm ready
to work, what next." At this time the user decides, like our
company president, to write a letter, and responds by
saying, "Go to the floppy disk and load a word processing
programinto RAM.” Here, the floppydiskhasbeenlikened
to a large, central office pool filled with many secretaries
and job specialists.

When the stenographer arrives, the administrative
manager waits patiently,and the president says, "l want to
write aletterto BillJones. | will probablyhavetoreviewthis
document in a few days, so | want you to put a copy in the
file cabinet under the index: Letter.BJ.” Similarly, the
computer signals the user when the word processing
program is loaded, and the operating system steps aside
while the usercommunicates directly with the program. In
ourexample, the user wants to write a letter to Bill Jones,
but he must give this document a unique name so that it
does not become confused with any others that may be
stored on the disk drive. He decides—according to the
specific conventions governing the naming of computer
files (the Zenith/Heath conventions are discussed in
chapter 5)—to title the document “Letter.BJ." Here we
have pointed out that anything stored on the disk drive
must be uniquely identified. This naming system is similar,
in our office analogy, to a structured index system for a
filing cabinet.

It is easy to distinguish between functional programs
{instructions that cause the computer to perform specific
tasks) and non-functional data files {a grouping of words,
number or symbolg that is simply stored Information). But
sub-classes of software are less apparent. This chart
assumes a functional hierarchy, with more complex and
more important software placed higher on the chart and
simple data files placed lower. (The relationship between
machine-executable programs and high-level programming
languages Is defined In chapter 6.)

(This brings up the question of file organization on the
disk. For now we will say simply that a directory is created
on the disk by the operating system. As files are written to
the disk or removed, this directory is automatically
updated. To find out what is on the disk, the user types a
command to the operating system; the operating system
reads the disk directory and displays a listing of the
directory on the video screen.)

So, our executive dictates the letter and finishes up by
saying to the stenographer, “The letteris done, puta copy
in the main filing cabinet. You may now leave.” He then
turnstotheadministrative managerandsays, “Next, | want
to check the company financial status, send in the
accountant.” In the same way, the user produces a letter
with the word processing program, and when he finishes,
he commands, “Write the letter to the floppy disk, remove
the word processing program from RAM and return
control to the operating system.” In effect, the word
processor creates a unique file called "Letter.BJ,” on the
disk drive and transfers the document into this disk file.
Then, the word processing program turns control of the
computer back to the operating system. When the
operating system signals that is is once again in control,
the user commands, “l want to load an accounting
program to RAM,"” and the system moves on to the next
task.

Not every applications program will interact with the
user in the exact manner described above, but in
Zenith/Heath systems the relationship between the CPU,
the RAM, the operating system, applications programs
and the floppy disk will follow these general principles.

In chapter 5 we will look more closely at the operating
system and file manipulation, but first we willexamine the
hardware inside the Z/H-89 and Z/H-100 computers

—
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The important relationship between the
disk-operating system, applications
software and data files is demonstrated
In this analogy. As shown here, the
computer user is like the presidentof a
large company. The user direct the
actlvities within his computer through
an Intermediary, the disk operating
system, just as the company president
might use an administrative manager.
Through the operating system, the user
calls up applications programs to ac-
complish specific tasks (e.g., word
processing, accounting, database
management, etc.). Similarly, the pres-
ident calls on stenographers, accoun-
tants, researchers, etc. When raw data
must be stored in a computer, It Is
collected in a data file and permanently
stored on a floppy disk. This is similarto
storing letters and documents in care-
fully indexed filing cabinets.
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THE ALL-IN-ONE COMPUTER

Heath was among the first American microcomputer
manufacturers to take an “all-in-one” approach. At the
time, other makers favored enclosing the major individual
components—the terminal, the CPU and the disk
drive(s)—in separate cabinets. Currently the trend has
shifted throughout the industry toward the all-in-one
concept, and Heath continues to be a strong proponent of
the compact, all-in-one microcomputer.

During the redesign of the H-9 into the H-19 terminal
the designers were aware that the new design could be
readily upgraded from a terminal, suitable only for
communications, to a full-fledged microcomputer. By
adding an input/output (I1/0) device and central pro-
cessing unit (CPU), the H-19 would become a complete,
functional computer, and with this goal in mind, the basic
enclosure was designed to accept these additional
components. Space was allocated at the rear of the
enclosureforthe addition ofa CPU circuitboard,and room
was provided to the right of the CRT display to provide
internalmounting space andanaccessopeningfora5.25-
inch floppy disk drive.

In 1977 the prototype all-in-one computer was com-
pleted and the first H-89 kits were available by 1978.Inthe

The Heath H-89 all-in-one microcomputer incorporates a
fine keyboard design, a full size CRT display, a powerful Z80
microprocessor, 48 Kbytes of random-access memoryanda
bullt-in 5.25-inch floppy-disk drive—all wrapped In a
compact, handsome cabinet. Both Heath and Zenith selithe
basic Z/H-89, and Zenith offers an enhanced version (with
a higher-capacity disk and more RAM) called the Z-90.

Withthe coverremoved, the primarycomponentsofa Z/H-89
canbeseen: (1) theterminallogicboard (TLB), (2) the central
processorunitboard (CPU), (3) the powersupply, (4) the disk
drive (5) the CRT screen, and (8) the disk-controller card.

ensuing years microcomputer design has developed ata
whirlwind pace, yet the original Heath H-89 has con-
sistently been upgraded to take advantage of new
technology. As thisiswrittenthe H-89—inits variousforms
and configurations—remains a powerful, versatile and
extremely useful microcomputer.

In chapter 7 we will discuss many of the hardware
upgrades available for the basic H-89. In chapter 5 we will
discuss the evolution of CP/M as a primary operating
system for the Zenith Z-90 and Z/H-89, displacing the
Heath-developed HDOS operating system. (Though
Heath's HDOS is still an option on all Zenith and Heath
machines.) This CP/M software support is particularly
significant because it gives the Z/H-89 capabilities far
beyond the initial hobbyist-oriented expectations of the
designers. In effect, this seemingly simple change makes
the Z/H-89 microcomputer system an outstanding choice
for small-business and commercial applications. This
successful evolution is an unspoken tribute to the solid
design of the H-89 and the ingenuity of the Heath and
Zenith designers.
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The Z/H-89 system readily supports multiple disk drives.
Pictured here with the Z/H-89 is the Z/H-17-2 expansion,
whichincludestwo5.25-inchdrives. Thisthree-drive system
isaveryuseful businesstoolbecauseitismoreflexiblethana
system with just one drive.

THE Z/H-89 AND THE Z/H-80

The H-89, WH-89 (assembled version of the H-89) and
Z-89 are self-contained microcomputer systems. They
haveacentral processing unitusingapowerful Z80 micro-
processor; a reliable 5.25-inch floppy-disk drive built by
Siemens—with provisions to add two additional drives;
and 48 Kbytes of random-access memory (RAM), enough
to store 49,152 bytes of data. In the rear of the chassis,
there are interface ports for attaching a printer and other
devices.

For the first few years this “package” met most
demands of the marketplace. Soon, however, customers
needed more: additional disk drives, more internal RAM,
and extra ports to accommodate more peripheral equip-
ment. Zenith and Heath designers developed mod-
ifications to accommodate most of these features, and
eventually, the most-requested upgrade features were
added to the basic Z/H-89 and the upgraded computer
was designated the Z/H-90.

The Z/H-89 has a standard 48 Kbytes of RAM and an
option for 16 Kbytes of additional memory, butthe Z/H-90
comes with the full 64K of RAM. Both the Z/H-89 and the
Z/H-90 have three communications ports in the rear
panel: two for printers and one for a modem (telephone
connection) or a remote terminal. The Z/H-89 is designed
to use 5.25-inch hard-sectored disk drives with 100K
bytes of storage, the Z/H-90 uses soft-sectored 5.25-inch
disk drives with 160 Kbytes of storage space. In addition,
both the Z/H-89 and the Z/H-90 can be expanded to use
even higher density 5.25-inch drives (the optional Z/H-37
drive package) with640 Kbytes of disk space. Beyond this,
either machine can also be expanded with 8-inch floppy-
and hard-disk drives.

USING MORE THAN ONE DISK

Up to two additional disk drives can be added without
modification to the Z/H-89. External disk drives are
typically attached to the computer by a flat ribbon cable.
One or two additional drives, enclosed in a separate
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The floppy disk Is inserted into the drive with the indicator
arrow on manufacturer's label pointing toward the drive and
the label facing the left side of the drive. If there Is any
resistance, the disk may be misaligned; remove itand insert
it again. After the disk is installed, close the drive door
gently; if it will notclose easily, check to ensure thatthe disk
is completely inserted (forcing the drive door will damage
the disk and can damage the drive assembly).

cabinet, can be readily added to increase mass storage of
programs and data. In addition, both the Z/H-89 and Z/H-
80, with the appropriate modifications, will support two
different types of drives at once—up to five drives total—
with no more than three of one kind. Forexample, a hard-
sector5.25-inch drive can be used with a soft-sector5.25-
inchdrive; a soft-sector5.25-inch withan 8-inch; an 8-inch
with a hard disk; or any other combination of two types of
drives (see chapter 7).

Systems which have more than one disk drive are
considerably more versatile than those which have only
one. There will usually be an improvement, albeit modest,
in data-access speed when upgrading to a high-density
5.25- or 8-inch disk drive or a hard disk.

Having two or three disk drives has several ad-
vantages. Some of the mostimportantare: (1) time can be
saved when the user wants to run several different large
programs, since time is not lost removing and inserting
disks; (2) itis easier to copy programs or backup files from
one disk to another, and (3) larger programs and/or data
files may be stored.

USING A Z/H-89

For the purposes of this discussion, the Z/H-89 and
Z/H-90 can be considered functionally identical. Though
they may differ in some technical respects, they both
utilize disk drives for mass storage, they both have
relatively large RAM, and they both connect to similar
peripheral devices. Forall practical purposes theyworkin
exactly the same manner.

As the user faces the machine, the power switch is
located at the right-rear, in the back of the cabinet. After
the power is applied, the electronics become functional
almost immediately, and the fan begins to circulate air up
through the vents on top of the chassis. The disk drive that
isbuiltinto the front of the cabinetis nowreadytoaccepta
disk.

The user inserts a disk that contains an operating
system—HDOS or CP/M—closes the disk drive door,



presses the B key and touches RETURN. The computer
then examines the disk to find the operating system
program, loads the operating system program into the
RAM, and displays a prompt showing that it is ready to
beginwork. The HDOS prompt looks like this: >. The CP/M
prompt looks like this: A>.

If the disk contains a directly-executable applications
program—forexample: aword processor, oran assembly-
language accounts receivable program—the user starts
the program by typing the program name: for example, if
LEDGER is the name of the program he wishes to run, he
only types LEDGER and pushes the RETURN (signaling
the end of the command).

To run a program written in the high-level computer
language known as BASIC (assuming the appropriate
programsreside on the disk) he types BASIC (or MBASIC
if the MicroSoft derivation of BASIC is being used)
followed by the name of the program. Forexample, BASIC
ACCOUNT.BAS would be a valid command—where
ACCOUNT.BAS isthe filename of an accounting program,
written in the BASIC computer language.

Fromthis pointon the usercommunicatesdirectly with
the applications program. He enter commands on the
terminal keyboard according to the command structure
found in the documentation manual provided with each
program. (See chapters 5 and 6 for further details of
software usage.)

THE TERMINAL SECTION
COMMUNICATING WITH THE TERMINAL

The user primarily communicates with the Z/H-89 all-
in-one computer system through the terminal. Like a
railroad terminal, a computer terminal is a starting- or
ending-point for data. The terminal is the user's con-
nection with the CPU and the rest of the system
components. The all-in-one Z/H-89 has a built-in terminal
assembly. This same assembly is also sold as a separate
communications terminal (without the CPU and support
components that makeup a complete computer), and is
called the Z/H-19 terminal. The Z/H-89 is a Z/H-19
terminal to which has been added hardware and software
that make it into a complete, functional microcomputer.

Thischapterwill describe some of the ways the Z/H-19
terminal is used tocommunicate with a computer, be it the
internal processing unit in the Z/H-89 or a separate
(remote) computer system. Initially we will discuss the
structure and operation of Zenith/Heath terminals,and in
the following sections we will examine communication
between a terminal and a computer.

THE Z/H-19

In 1981 the University of Washington purchased more
than 300 Z/H-19 terminals for the students and faculty to
use. Theterminalswere recommended by UW's Academic
Computing Center because they could be easily con-
nected to the school's large Digital Equipment
Corporation (DEC) computer.

This “DEC-compatibility” has made the Z/H-19 a
popularchoice in organizations wherea DEC computeris
installed. DEC's own terminal, called the VT-52, is widely
used with large DEC PDP-8 and PDP-10 computers, but
the Z/H-19 can be made to appear (to the computer)
electrically identical with the VT-52, yet it costs less. (The
Z/H-19 emulatesthe DECVT-52 toagreatextentbecause
Heath designers used DEC computers and terminals
while developing their microcomputer products.)

Though most readers will be interested in com-
municating with a Zenith/Heath computer, the internal
functioning of the terminal section of the Z/H-89 is
identical to that of the Z/H-19. In the following discussion
we will often refer to the Z/H-19, but the descriptions will
also apply (except where noted) to the Z/H-89.

MAKING A Z/H-89 OUT OF A Z/H-19

Althoughitis notacommon conversion,itis possible to
physically convert a Z/H-19 into a Z/H-89: Heath, in fact,
sells an upgrade kit for this purpose. Though we don't
believe that many readers will contemplate this mod-
ification, the differences between the two machines will
become clearer if we look at the individual components
required to make a Z/H-89 computer out of a Z/H-19
terminal. Here is what it takes to make the change:

First, you needa larger powertransformer, because the '89 needs more
current. The power-supply printed circuit board has to be changed, and a
fan has to be installed to carry away the heat

Next,a CPU card must be pluggedin andwiredtocommunicate with the
Z80 microprocessor on the terminal logic board.

Finally, the lower back panel of the cabinet must be replaced. The new
panelhastwoRS-232C communication ports and allows forfuture options
as they become available. Inside, a circuit-card slot is provided to add the
disk-controllercard (required whenadiskdrive isadded tothe system),and
additional slotsand sockets are available formemoryexpansion and other
upgrades.

Though this conversion is not extremely common, it is
worth noting that if a used Z/H-19 terminal can be
purchased for a bargain price, it can be upgraded to a
Z/H-89, and the user can generally save a significant

The powerful Z-19
terminal is widelyused
for communication
with remote com-
puters and in multi-
user environments. It
has a Zilog Z80 micro-
processor (to control
Internal functioning),
an extremely readable
display, fully-address-
able cursor, a reverse-
video mode, nine
software-definable
keys, 33 graphics
characters, switch-
selectable protocols
and baud rates, and a

reasonable price.

This printed-circuit
board is the 16-Kbyte
RAM upgrade, which
expandsthebasic2/H-
89 RAM from
48-Kbytes to a full 64
Kbytes—the maximum
memory space thatthe
Z80 microprocessor
can support (see
chapter 9 for a com-
plete discussion of
memory expansion).
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With the cabinet coverremoved the primary components of
the Z-19 can be seen: (1) the video display tube (CRT), (2) the
terminallogic board (TLB), (3) video circuitboard, and(4) the
power supply. With the addition of a CPU board (mountedin
front of the TLB) and an enhanced power supply, the H-19
can be upgraded to an all-in-one Z/H-89 computer.

amount of money.
INSIDE THE TERMINAL

Although the activity inside a computer terminal is
similar to a railroad terminal, ancther analogy to keep in
mindis atelephone switchboard, because signalsthatare
generated in one place have to be sent to their proper
destination. Like a switchboard, the terminal is directly
involved in generating and transmitting communications
throughout the computer system.

THE TERMINAL LOGIC BOARD

Inside the terminal there is a circuit board called the
terminal logic board (TLB). This board holds the main
operating elements of the terminal. Two of the most
important of these components are the microprocessor
and the terminal ROM.

THE TERMINAL PROCESSOR

The terminal microprocessor is a Zilog Z80. It is
identical to the processorin the main CPU of the Z/H-89;
however, the terminal processor is dedicated to sched-
uling and dispatching data coming into or originating
within the terminal section. Like all processors, it needsa
program of instructions to perform these functions, and
these instructions are contained in the terminal ROM.
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Most of the electronics of the Z/H-19 terminal and the
terminai section of the Z/H-89 are contained on the terminal
logic board (TLB). This is a powerful design because of the
dedicated Z80 microprocessor (arrow), which controls
internal functioning and external communication to the
computer CPU.

THE TERMINAL ROM

The terminal ROM (read-only memory) holds a series of
permanentinstructions thatdirectthe terminal processor
to produce specific responses to events within the
terminal assembly. These instructions are permanently
stored, in the sense that they do not vanish if the power is
interrupted. They are not part of the wiring, and so can not
be called hardware. They are not easily changed, as
computer programming typically is, so they can not be
called software, in the normal sense. They are firmly
enough embedded in the chip, however, that the typical
usercan notchange them (it takes special equipment), so
they are called firmware.

There are 4,096 memory circuitsin this ROM chip, soiit
isgenerally called a4K ROM. The group of instructions (a
complex program) inside this 4K ROM is known as the
terminal monitor,and attimesthis ROM mayalso becalled
the terminal monitor ROM.

THE KEYBOARD ENCODER

Each key on the keyboard is a simple switch. When a
key is pushed down, the switch is closed. This is detected
by the keyboard encoder—an integrated circuit chip
mountedonthe TLBthatconstantlyscansthe keyboardto
determine the status of all key switches. When the
encoder determines which switch was activated, it sends
a stream of data to the terminal processor, telling it what
has happened. The Monitor program in the micro-
processor analyzes this data, checks other contingent
conditions inside the terminal and determines what to do
with the data.

THREE MODES OF OPERATION

Before the terminal processor can act on the infor-
mation from the keyboard, it checks the terminal mode.
There are three modes: off-line, full-duplex, and half-
duplex.

The terminalmodeiscontrolled bythe keyin the upper
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left corner of the keyboard that is marked OFF-LINE. This
is a latching key: when it is pressed and latched in the
down position, it places the keyboard and CRT displayina
closed system. That is, the keystroke data is not sent
anywhere except to the CRT screen. The off-line mode is
useful for changing screen display modes, such as going
from normal white-on-black to reverse-video (black on
white). To return the terminal to the on-line mode, the OFF
LINE keyis depressed one more time, and it returns to the
unlatched (up) position.

Whentheterminalis on-line,itwillbe in eitherthefull- or
half-duplex mode. Full-duplex means that the terminal
display is under the complete control of an external
computer, called the host The code from the keystroke is
carried along acable thatconnectsthe back of the Z/H-19
terminal to the host computer through an external
connector(inthe Z/H-89, the signals are passed internally
to the main CPU board located next to the TLB). This
external connector—a standard multi-pin DB-25 plug—is
used in the microcomputer industry as a serial data
connection, and is often called an RS-232C interface
(see below, serial transmission).

When the host computer receives a keycode through
this cable, and that code represents a “displayable”
character, the computer sends a signal back along the
cable that instructs the terminal to display the character
on the CRT screen. That is, the TLB does not display the
character that is typed until the host “echoes” that same
character back to the terminal—this is the nature of full-
duplex communication.

In half-dupfex the keycode is sent in two directions: to
the host computer and to the display. A displayable
character is always reproduced on the screen, regardless
of whetherthe host(remote) computerechoesthecodeor
not.

In all three modes, the character displayed on the
screen corresponds to the keythat was depressed. Tothe
user, the path between the keyand the screen is invisible,
but very important. In half-duplex mode, for example, the
user can not assume that the keyed-in character actually
reached the host computer, the screen display will come
from the terminal.

Once the terminal recognizes what was typed on the
keyboard, it finds a place on the screen to put the data. A
firmware chip is responsible for this.

Onatypicalfull-size CRT screen,asusedbyZenithand
Heath, there are 80 possible character positions—usually
called columns—on each line of the display, and there are
24 lines(thereisa25thline,butitcanonly be accessed by
a special instruction). The terminal will only “print” a
characteronthe screenatthe cursor position—where the
flashing box orunderscoreislocated. Whenthe terminalis

The terminal section of a Z/H-89 and the Z/H-19 can be
configured in three ways: off-line, half-duplex and full-
duplex. When the terminal is in the off-line mode, the
keyboard communicates oniy with the CRT screen. Each
keystroke is examined by the keyboard encoder chip, and
the appropriate ASCIl code is generated and processed by
the terminal logic board (TLB), which determines whether
the code represents a displayable character. If it does, it
passesa signal tothe video displayboard which displays the
appropriate dot pattern on the CRT screen. if the ASClicode
isa command-type (nondisplayable) character, theterminal
logic board either waits for the next character(of an escape-
or control-sequence) or—if the code is a self-contained
command, such as carrlage return, form feed, etc.—it
carries out that instruction.

When the terminal is on-line and in the half-duplex mode,
the TLBIslikeaY-connectororaforkinthe road. Itexamines
the ASCIl codes In the manner described above and
simultaneously sends them to thevideo displayand tothe host
computerforprocessing (eitherthe onboard computerinthe
Z/H-89 or to a remote computer.})

When the terminal is on-line and in the fu//-dupiex mode,
the TLB passes the ASCII code only to the host computer,
which determines whetheritis displayable or not. I itis, the
code is “echoed” (transmitted) back to the terminal and
passed to the video board for display; If it Is a commmand
code, the computer either waits for the next code oractson
the initial command, as required. In full-duplex mode the
character is not displayed until it is received by the host
computer, recognized and echoed back to the terminal.

T DOT PATTERM

FULL DUPLEX

MICOOMITIO, ~tCHD™ IT
BACK 1O THE TIRMIMAL

switched on, or RESET, thefirstcharacterwillbedisplayed
in the upper left corner of the screen. The chip examines
this location (i.e., the top line, first column) to see if the
cursorislocatedthere. If so, thisiswherethecharacterwill
be placed; if not, it will go on until it finds the cursor
position. When the cursor is located, the character will be
formed at that point on the display.

THE CHARACTER-GENERATOR ROM

Other firmware is responsible for generating the
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There are several places in a typical computer where
permanent Instructions (firmware) are used to perform
elementary functions. This type of program is electronically
embedded in a read-only memory (ROM), and cannot be
readlly changed. Forexample, ROM-based firmware Is used
on the terminal logic board to tell the video section how to
form each character displayed on the screen.

instructions required for producing each displayable
character on the screen; this firmware is contained in the
character-generator ROM. When the terminal micro-
processor decides that a keyboard signal is calling for a
displayable character, It signals the character-generator
ROMtoproduceit Inadditiontothe Romanalphabet used
inthe U.S, the U.K. and Commonwealth countries, special
character-generator ROMs are available for French and
German, with appropriate diacritical marks; and there are
Arabic and other alphabets available as well.

Displayable charactersare formedfromamatrixofdots
that represents all the possible parts of any printable
character. This matrix is five dots wide and nine dots tall
and is called, as you would suspect, a 5-by-9 dot matrix.
The top row of these dots is as high above the line as the
tallestascender{the portion of a letterthat extends above
the baseline), and the bottom row is as low as any
descender (the portion that extends below the baseline);
see accompanying illustration.

When the character-generator ROM receives instruc-
tion to form a character, it checks a “lookup table” in a
reserved memory area to determine the precise array of
dots needed to form the requisite character, and gen-
erates instructions to display this array. These instruc-
tions are then sent to the CRT-controller.

THE CRT-CONTROLLER

The heart of the video display is actually the CRT-
controller. When the controller understands that a
characteris to be displayed, it will write the instructions in
a temporary storage area called video RAM. Video RAM
operates in a similar fashion to main RAM but is much
smaller—there is room for 2048 characters—and it is
dedicated strictly to the video display. As characters are
placed in the video RAM, they are recognized and
reproduced on the CRT screen display.

These are not all of the components and functions that
occurinside the Z/H-19 terminal, but they are the primary
events aimed at transmitting “keycodes" throughout the
terminal and from the terminal section to the computer.
We will continue to examine computercommunicationsin
the next section, but before we move on we are going to
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look more closely at these codes.
ASCIlI AND OTHER CODES

The alphabetic and numerical characters of language
would have no meaning to the computer if they were not
codedinarecognizable binaryform. Thiscodeisknownas
the American Standard Code for Information Interchange
(abbreviated ASC/!, and pronounced “ASK-ee").

ASCII coding was designed specifically for computer
communication. Each characterisrepresentedbyan 8-bit
byte. Each bitcanbe high orlow. Thusfor the firstbit, there
are two possible combinations; for the first and second bit
together, there are four possible combinations; for the
first, second and third, together, there are eight. For
positions 1-4 there are 16; for 1-5 there are 32; for 1-6
there are 64; and for 1-7 there are 128 combinations.

(A mathematically-inclined person will notice that the
progress of these numbers is logarithmic, based on
powers in the base 2: 22,23 ... 27)

Because the 128 combinations available from the first
seven bits is more than adequate to represent the letters
and numerals in most languages, the ASCl| code makes
use of just the first seven bits. The eighth bit is generally
(though not always) used for an error-checking routine.

The ASCII code is important because it is almost a
universal standard. Any terminal which produces ASCII

0 BT
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HOW CHARACTERS ARE FORMED ON THE SCREEN

Eachcharacteronthe CRT displayisformed from tinydots of
lightarranged in an8x10 matrix. Thisisanenlarged image of
an uppercase “H” formed in reverse video (black dots
against a white/green background) and a lower-case “y”
formed in normal video (white/green dots agalinst a black
background). Note in the lower-case “y" that this matrix
reproduces letters with descenders, the portion of a letter
thatdrops belowthe baseline. This permitsdisplayof upper
and lower-case letters, something not found on less-
sophisticated dispiays thatare limited to upper-case letters,
or which set all characters above the baseline.



codes can be connected (somehow) to any computer
which understands them. This is an oversimplification,
because there are technical limitations, but in generalitis
SO.

Thereisanimportant exception tothe universalnature
of ASCllencoding: acodecalled EBCDIC. Thisencodingis
used by IBM on virtually all of their keyboards (although,
significantly, not on the IBM Personal Computer). For-
tunately, if conversionis necessay on the machine level, it
is not difficult to make a firmware chip that contains a
lookup table to convert one code into the other.

THE KEYS AND WHAT THEY DO

The keyboard of Z/H-}9 and Z/H-89 has 84 keys. They
can be divided into four logical groupings. The central
array of 47 keys produce displayable characters of the
alphabet, numbers, and symbols similar to those found on
a typewriter. Clustered on either end and below this
grouping are 16 keys that produce non-displayable
command-type instructions (such as the SPACE BAR,
CARRIAGE RETURN, SHIFT, BACK SPAGCE, etc.). The top
row of the keyboard contains nine software-pro-
grammable special-function keys. The function of these
keys is defined (or ignored) by whatever software is
controlling the computer or terminal at any one time. The
last 12 keys are clustered separately in a numerical
keypad on the right side of the keyboard.

ESCAPE SEQUENCES

Compared with a standard typewriter, the most notable
feature of a terminal keyboard is the number of extra keys
that don’t represent normal letters, numbers or symbols.
These keys usually send "commands” to the computer
instead of producing a displayable character, they
transmitcodesto tell the computertodosomething. Inthe
following discussion we will look at the general nature of
these command keys.

The ESCAPE key—Ilabeled ESC—is on the left end of
the second row of keys. Escape is an ASCI| code, like a
letter or a number, but it is one which is not, generally,
displayed.ltisdepressedincombination withanotherkey,
to produce an escape-sequence.

The terminal firmware expects to receive an escape
code followed by one or more additional codes (char-
acters); itkeepsalist(or, more precisely,alook-uptable)of
all the possible escape-sequences. If the escape-
sequence is not recognize, the terminal will ignore the
escape code and print whatever character follows it. If it
does recognize the escape-sequence, it will execute the
activity which the look-up table indicates. What this
activity will be is defined in the terminal firmware, or may
be determined by the particular software which is control-
ling the computer at that time.

For example, in the Z/H-19 the ESC-p sequence (i.e.,
the ESC key, followed by a lower-case p) tellsthe terminal
to change the display from normal to reverse-video. The
ESC-q sequence exits the reverse-video mode and
returns the terminal to normal white-on-black display. The
escape-sequences willonly be recognized, however, if the
software communicating the terminal is designed to
accept them or if the terminal is in the off-line mode (as
described earlier).

The escape-sequences and their corresponding
activities (when the terminal is in the off-line mode) are
unique to the Z/H-19 terminal and related Z/H-89 and
Z/H-90 computers. The interpretation of these escape-

The Z/H-18 keyboard is based on a standard typewriter
layout, but speclal keys are included to transmit commands
to the computer software. The special-function keys are on
the top row, ESC and CTRL are at the left, and the numeric
keypad is to the right. The CAPS LOCK key shifts and holds
the letters to upper-case, but the number, symbol and
command keys are notshifted. Thisisaconvenience feature
for mixing upper-case letters and numbers on the same line
{often required when writing programs).

sequences is predetermined by the built-in firmware, and
theyareknownasthe Heath orZDS(Zenith Data Systems)
escape-sequences. When the terminal is used as partofa
time-shared computer system, with a remote host com-
puter, it is more common that that computer will have its
own look-up table of escape-sequences. These will
probably be those of the American National Standards
Institute (ANSI), and called ANSI escape-sequences, or
they may be defined by the software to produce entirely
different resuits.

The Z/H-89 or-90 userwill seldom (if ever) need toalter
the escape-sequence mode, butthere isa small switchon
the Terminal Logic Board which permits the terminal
section to be used with ANSI escape-sequences. This
mode can also be switched with an escape-sequence (by
the software, if desired). Detailed information on these
special configurationsandallisting of Heath/ZDS escape-
sequences is available in Zenith/Heath technical
literature.

CONTROL SEQUENCES

The CONTROL key (labeled CTRL) performs a unique
function. When terminals were first developed—based on
the model of the teletypewriter—engineers realized that
there were not enough keys to handle every necessary
data processing function. Ratherthanbuild inanunwieldy

The ESCAPE key nor
mally does not produce a
letter or symbol, Itis used
to send commands to the
terminal or computer.
Pressing ESC and then
pressing one of the letter
keys, generates an
escape-sequence. These
sequences can be used
within the terminal to
control the display (move
cursor up or down one
line, delete or insert one
line, enter or exit reverse
video, etc.), ortheycanbe
used at the computer
level to perform any
function defined by the
software.
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The CONTROL key nor-
mally does not produce a
letter or symbol, It is used
to send commands to the
computer software. Hold-
ingdownCTRLwhile press-
ing one or more additional
keys, produces a control-
sequence. When these
sequences are received by
the software controlling i _ SHIFT
the computer or terminal, !
the software may cause
some specific machine
task to be performed.

number of special-purpose keys, they chose to add just
one that could “control” or alter the standard keys to
perform special functions. In practice, the CTRL key is
held down while pressing another key, and the con-
junction produces a non-displayable ASCIl control-
sequence. The function of this code is determined by the
software in use at the time.

The use of control-sequences is a feature that adds
versatility to computers. For example, a software writer
hasonlytospecifythat CTRL-e willmove thecursorupone
line; itdoesn'tmatterthenwhatbrand of terminalisused—
the results will be the same (as long as the terminal
generates the correct ASCll CTRL-e codes).

The very popular WordStar word processing program
uses a vast repertoire of control-sequences to initiate
nearly any text-handling tasks the user can imagine. This
aliows it to be used on virtually any microcomputer that
has a standard keyboard (and uses the CP/M operating
system), and is one reason why it is so widely used.

In the Z/H-19 certain control-sequences are already
programmed into the terminal logic ROM, and may be
used when the terminal is in the off-line mode. For
instance, a CTRL-I produces the same effect as the TAB
key, while CTRL-Mduplicatesthefunctionof the RETURN
key. Acomplete listing of these control-sequencescan be
found in the operations manual for the Heath H-89
computer.

SPECIAL-FUNCTION KEYS

The SPECIAL-FUNCTION keys on the top row of the
keyboard add considerable power to the terminal key-
board. The five keys to the leftare labeled: 1, 12, £3, f4 and
5. The three keys to the right are identified with colored
squares: biue, red and white. Between these two group-
ings is a single special-function key labeled ERASE.
These labels have no special significance other than to
identify the keys.

The software programmer can define these keys to
perform any function desired. In effect, each of these keys
transmitsanescape-sequencecodetothe processor.The
software directs the processor to perform specific tasks
whenever one of the special-function keys is pressed.
However, if the softwareisnotdesignedto use these keys,
they will do nothing.

For example, the F1 key generates the ESC-S code
(equivalent to depressing the ESCAPE key followed by a
capital S). When the word processing software called
Magic Wand was adapted foruse withthe Z/H-19 terminal
and Z/H-89 computers, it was modified slightly so thatan
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ESC-S—or the f1 key—would scroll displayed text down
one line.

Thoughthe ERASE keycanbe definedtodoalmostany
task the software designer wishes, the most logical useis
to erase text. Many word processing programs use this
key to erase allthe text from the cursor position tothe end
of the line or to the bottom right side of the display.

One unusual definition of this key is found in the Video
Scribe word processing program (see chapter 6). In this
program, ERASE is an “OOPS"” key—any previous man-
ipulation of text is immediately reversed, a very useful
feature when a complex text manipulation doesn’t work
out exactly as the user planned!

OTHER COMMAND KEYS

At the upper left of the keyboard is the OFFLINE key.
For normal communications with the computer this key is
latched in the up position. This is the on-line position, and
all communications generated by the keyboard and
terminal section are then sentto the computerCPU.When
this keyisdepressed and latchedin the down position, the

TAB

CAPS
LOCK

CROL SHIFT

This In an example of how control-sequences are im-
plemented in the popular WordStar word-processing pro-
gram. The user moves the cursor around the screen by
holding down the CTRL key and pressing one of the letter
keys: CTRL-X to go down one line, CTRL-E togo uponeline,
CTRL-S to move the cursor one characterto the left, CTRL-D
to move it one character to the right. These are just four of
over 100 control-sequences used In WordStar.

keyboard and terminal section are taken off-line and
isolated from the computer CPU.

In rare instances, the terminal may be taken off-line to
type a command or produce something on the terminal
displaythat the userdoes not wish tobe transmitted tothe
computer CPU. Forinstance, if the userwishes tochange
from the normal display mode (white charactersonablack
background) to a reverse display (black characters on
white). This can be done by transmitting an ESC-p
sequence to the terminal processor. However, if the
terminalis on-line, the escape sequencewillbe senttothe
main CPU and will be ignored (unless the software
controlling the main CPU recognizes thisspecificescape-
sequence; and if it does, it may produce a different result).
If the off-line key is latched down, the escape-sequence
will be sent only to the terminal processing unit. The
programming of the terminal processor will recognize the
ESC-p and change the display to reverse video. (In-
cidentally, if the reader tries this, an ESC-q will return the
terminal to normal video.)

The RESET key works only when the right-hand SHIFT
keyisalso held down. /tis restrictedin this way to avoidan



unintentional catastrophe! The SHIFT-RESET combina-
tion is used to—essentially—stop all computer operation
and restart from the most elementary level of control. In
computer jargon this is known as a system reset. When a
system reset is commanded (with a SHIFT-RESET), con-
trol of the computer is immediately returned to the
system monitor program and the H-promptappearsin the
upper-left corner of the screen (almost as if the power
switch was turned off and back on). At this point, if the
user wishes to resume using the computer in a normal
manner, a command must be issued to the monitor to
reboot the operating system into RAM.

Never command a system reset while working on any
data or text: any data in RAM will be almost impossible to
retrieve, Remember, any newly created data in RAM must
be written to a disk file before it becomes a permanent
record. A system reset is used only on those rare
occasions when the user wants to stop and re-start the
entire system from scratch.

BREAK is often used in time-sharing applications. It
signals the host computer that the userwantsto interrupt
whatever is going on. Unlike a system reset, it does not
“break” the connection or the current operating mode of
the computer/terminal. The host computer will have its
own software for interpreting the break command.

BACK SPACE, like the same key found on a typewriter,
moves the cursor backward (i.e., left) one character. When
used with most operating systems and software, it will
“erase” the character to the left of the cursor. When the
cursor reaches the left margin, the back space key will not
move it; however, several word processing packages will
allowabackspace to take the cursortotheright-handend
of the previous line.

TAB is the “tabulation” key, familiar to every typist.
Some computer applications will not accept the signal
fromthetab keyunlessthe numberoftabspaceshasbeen
pre-set. Some word processors provide the user with a
menu from which a choice of tab settings can be made.
Some programming languages, such as Pascal, rely
strongly on tabbed commands, and nearly every package
of software has some purpose for the tab function.

LINE FEED moves the cursor down one line. If the
cursor is already on the bottom line, pressing the line feed
key causes the text or data on the screen to move up one
line, as if the cursor had moved down. The text that was
previouslyonthe top line of the screen willmove up (L.e. off
the screen) one line to accommodate the new material.

DELETE is a definable key, like the special-function
keys. Typically, however, it is assigned a function con-
sistent with its name: most word processors accept the
delete key as identical to the back space key, however,
some programs assign it a unique function. Magic Wand,
for example, uses it to delete one entire word at a time.

CAPS LOCK isvery much like shift lock on a typewriter.
In many software packages (HDOS & CP/M included), the
caps lock shifts only the alphabet keys into capital (upper-
case) mode; number keys and symbol keys are not shifted
to the alternate characters (the standard shift key must
still be depressed to shift these keys to the alternate
characters or symbols, see below).

RETURNmovesthecursorto thefirst(farleft) character
position of the line it is currently on. Under word
processing ortextediting software, returnmayalsoforcea
line feed, just as it does on a typewriter. Return is usually
not displayed, but it can be displayed if the software
defines it as a displayable character.

SCROLL is used by some software as a stop-and-go
switch for displaying text continuously. Magnolia

Microsystem’s version of CP/M uses the scroll key to
interrupt the display of data onthe screen produced witha
TYPE command to the operating system (see chapter 5).
The combination SHIFT-SCROLL clears the screen and
displays the next 24 lines of the file.

SHIFT is used, as on a typewriter, to generate capital
(upper-case) letters and the alternate characters or
symbols thatare inscribed onthe keys.Onthe Z/H-89 and
Z/H-80, the numerical pad can be shifted to the alternate
functions (cursor-control arrows, insert and delete func-
tion keys) with an escape-sequence, or a program may
automatically produce this shifted function for the user.

REPEAT does nothing by itself. When it is held down at
the same time that another key is depressed, it will repeat
the action at the rate of about 15 times per second.
REPEAT-agenerates: aaaaaaaaa. Itis often used with the
cursor-control arrows to speed the movement of the
cursor around the screen.

THE NUMERIC KEYPAD

The numeric keypad on therightside of the keyboardis
provided for convenientdata entry; manydata processing
tasks are speeded by a standard 12-key numeric keypad.

The numeric keys can also serve as function keys for
text editing: controlling the movement of the cursor,
inserting and deleting characters and/or lines. This is
achieved by shifting the keypad into the alternate mode,
eitherbysoftware (such as Text Processor or Magic Wand,
for word processing) or by holding down the shift key. In
addition, the sequence ESC-t will place the keypad into
the alternate-function mode, and ESC-u will return to the
standard functions. When the keypad is already in the
shifted mode, the shift key works in reverse—generating
the numbers, rather than functions.

When supported by the appropriate software, the
alternate (shifted) functions of the keypad will generally
produce the following:

ARROWS (i.e., the cursor-control arrows) are self-
explanatory; they move the cursorup,downandsideways,
one line or character at a time. If they are used with the
repeat key, they will move the cursor quickly. If the cursor
reaches the right-hand margin and the right arrow key is
depressed again, the cursor will jump to the left end of the
next line down and continue moving right. The reverse
holds true if the cursor is moved continuously to the left: it
will jump up to the right end of the next line above and
continue moving left. If the cursor is moving down, and
reachesthe bottomline of the display, the textwilljump up

The Zenith/Heath terminai
and computer numeric
keypad canbe shiftedtoan
alternate mode by the
hardware (a switch on the
TLB) or by the software
(e.g., some word proces-
sors—Magic Wand, PIE,
Text Processor—shift the
keypad automatically). In
the shifted mode, the keys
generate unique Heath/
ZDS escape-sequences.
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(asif the cursorwere stillmoving down) and the screen will
display next line of text. Likewise, if it is moving up, it will
force the displayed text down to reveal the previousline of
text.

HOME brings the cursor to the left-hand margin,
although some word processing programs extend that
function: pressing HOME may take the cursor to the
upper-leftcornerofthe screen. Likewise, pressing homea
second time in some programs may take the cursordown
to the left margin of the lowest line currently displayed on
the screen, or to the lower-left cornerif the screenisfilled
with text.

IC (insert character) is a text-editing key that permits
the user to insert one or more characters at the place
where the cursor is located. If there is text already
occupying that spot (hence the need for insertion), the
newcharacterswillappearinthe cursorpositionandforce
the rest of the text to move to the right. In some word
processing software, words forced past the right margin,
by inserting new textin a line, will be automatically moved
or“wrapped" down tothe beginning of the nextline. Some
programs will remain in the insert-character mode until
shifted out by a second depression of the IC key.

DC(delete character)isatext-editing key thatremoves
whatever character is at the cursor position. Depending
on the software, whentextisremoved,therestofthelineor
paragraph may reformat to close the gap. When the DC
keyisusedtoremove acharacter,nospaceremainsinthe
text after a character is deleted. (SPACE, remember, isa
character too, and can also be deleted.) The DC mode,
unlike IC, must be engaged each time by pressing the DC
key—that is, whether the cursor moves or remains in the
same place, DC will delete a character whenever the DC
key is pressed.

It (insert line} is used to insert more than a few
charactersatatime—mostoftenasentence ortwo. L cuts
into the text like a pair of scissors, giving the userablank
line to fill. If desired, the user can continue to add blank
lines to provide room for a paragraph or chart, etc.

DL (delete line) is like DC in operation—except it will
delete an entire line each time it is pressed. Under some
software, the entire line on which the cursor is positioned
may be deleted, others programs will delete only the part
ofthe lineafterthe cursorposition. Because itcould wreak
havoc if pressed accidentally, the DL key is often
protected from careless fingers: some software causes it
to be activated only if it is pressed twice. In such cases,
after it has been pressed twice, it generally has to be

Data is transmitted in & stream of 8-bit bytes. Each byte
consists of seven data bits (representing the character of
data) and one parity bit—a high or low bit used for error
checking. Synchronous transmission is formed into seg-
ments called frames. A frame containing a data characterls

followed by a frame with a synchronization character. This

produces a stream that looks like this: data-pulse-data-
pulse. The stream is monitored at the receiving end and the
data characters (bytes) are pulled out of the stream. The
parity bitisalwaysused. Inasynchronoustransmissiona start
bit is added in front of each data byte and two stop bits are
added atthe end; a paritybitis notalwaysused, butaposition
for It is available.

Synchronous transmission produces a steady stream of
frames; when data is not available, synchronization
characters are used to fill the stream, Itis an efficient wayto
send alarge quantityofdata, inaone-waystream, toaremote
receiver. Asynchronous transmission, however, is betterfor
sporadic, two-way streams of data, as when a user at a
terminal communicates with acomputer. ltisless expensive
to implement {usually) and more suited to Interactive
human/computer communications.
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pressed only once for each additional line to be deleted.

The keys labeled 0,(.) and ENTER are unaffected by the
shift and caps lock keys, but they can be shifted to the
alternate mode by the proper escape-sequences. When
usedas normal ASCllcharacters, the zeroandthe decimal
point keys on the keypad are identical to the zero and
period on the alphanumeric keyboard, and ENTER is the
same as RETURN—they may be used interchangeably.
However, under software control, there may be enhanced
functions associated with these keys.

At the back of the Z/H-19 terminal and the Z/H-89
computer are electrical plugs with 25 pinsin them. Thisis
an industry-standard RS-232C serial communications
interface, providing a connection to the outside world. In
effect, the RS-232C interface permitsthe Z/H-19 terminal
to transmit or “talk” to a remote computer. The subject of
data communication will be explored in the next section.

COMPUTER COMMUNICATIONS

There is a significant component of the terminal logic
board that we have not discussed yet: the asynchronous
communications element (ACE). This tongue-twisting
name is best understood if you read it backwards. Itis an
“element” (a major one) in the process of “communi-
cating” with the host computer, and it is “asynchronous.”
But there are two methods used for computer com-
munications; let's take a look at them.

SYNCHRONOUS COMMUNICATIONS

When a host computer communicates with a terminal,
the dataissentbackand forthasacontinuousstream of 8-
bit bytes. To keep things straight, the receiving machine
must keep track of the incoming bits, continually divide
them into groups of eight and successfully reform the
bytes into usefui data. There is little room for errorin this
process. One misplaced bit will destroy the integrity of the
entire data stream.

Synchronous communication is carefully divided into
uniform blocks of time, called frames, which must be kept
filled. Ifthereisdata, itistransmitted atthe rate of eightbits
per frame. If there is no data, then a synchronization
character is sent instead—also eight bits long. Once a
connection is established and a synchronization charac-
terhasbeenreceived, the receivingdevice willcontinueto
accept incoming data until it detects a special character
used to identify the end of a transmission.

Synchronous transmission works best between ma-
chines, as when a large bank pollsits remote, stand-alone
teller machines, to collect their transaction records. The
communication linkbetween the machinesisestablished,
data is transferred in a rapid, uninterrupted flow and the
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link is broken as soon as the transfer is complete. In a
completely automated mode, the machines can transfer
datainasynchronous mannerbecauseitisavery efficient
method of communications.

However, when the flow of data is sporadic, as when
people must interact with computers, things are some-
what less predictable. For example, at an airline ticket
counternoonecan predict when aclerkwillneed tocheck
a reservation for a customer, but in a synchronous mode
the link between the clerk's terminal and the host
computer would have to be kept busy, all day and night,
with synchronization characters, waiting for the occa-
sional moment when data will be sent. This is a very
inefficient use of computer time, but there is an
alternative.

ASYNCHRONOUS COMMUNICATIONS

Asynchronous communication is llke an ordinary
telephone call: it arrives at an unpredicted hour, each
person speaks fora random number of seconds at a time,
and one person can hang up before the other does.
Between a host computer and a terminal, therefore,
asynchronous communication is more like human con-
versation than the constant-flow synchronous link

With asynchronous communication, there are certain
protocols used to match the Irregularities of the human
interaction with a computersystem. One protocol mustbe
established to tell the computer that you have begun
sending information. This is done with the start bit. Before
any character (byte) is transmitted, it is “announced” by
the presence of the start bit; and when the character has
been transmitted, the end is signified by a stop bit. The
circuit may remain idle for any length of time, since the
transmission of data is not dependent on fitting it into pre-
existing frames. The frames of asynchronous transmis-
sion are defined by the start and stop bits, and the
receiving device accommodates itself to this “start-stop”
reference.

Each type of transmission has advantages and dis-
advantages. Synchronous communication is expensive,
somewhat delicate, and limited in its range. Synchronous
communication is also very efficient; once the synchro-
nizing character has been recognized, more data can be
squeezed into the stream, since only the data need be
transmitted. Asynchronous communication requires that
extra data be transmitted to do the “housekeeping”
between bytes, making it somewhat less efficient. How-
ever, asynchronous communication is less expensive,
because the circuitry for transmission and reception is
less sophisticated.

Because of the irregular movement of data trans-
missions between the Z80 terminal processorof the Z/H-
19 (orthe terminal section of the Z/H-89) and the CPU, the
processor communicates with the outside world asynch-
ronously through the ACE. The ACE supplies the startand
stop bits for each byte of data in these transmissions.

SERIAL AND PARALLEL

There are twoways to let cattle out of a corral: open the
big gate and let them all charge through at once, or open
just a small chute and send them through one at a time.
There are also two ways to send data from a computer
terminal to a computer: paralfle/ (many at a time) or serial
(one at a time).

SERIAL TRANSMISSION
Lining upbits of dataand sending them, in effect,one at

A serial port transmits data one bit at a time—In a series.
There are two types of RS-232C serlal ports in the back of
Zenith/Heath computers. One Is called a data terminal
equipment (DTE) port, and Is normally used for two-way
communication (such as with a modem); the other is a data
communication equipment (DCE) port and is used for one-
way transmission of data to a listing device (such as with a
printer). All late-model Z/H-89s have three ports: one DTE
and two DCE—allowing the simultaneous connection of a
modem and two serial printers.

a time through a wire, is a simple way of making sure that
theyaliget to theirdestinations. No matter how restrictive
the wire maybe (a restrictive wire—sometimesreferred to
as "thin"—will only carry limited amounts of data at one
time), the data will eventually get to its destination. This is
serial transmission.

Telephone lines are very thin; in a house or office they
are made of two wires (a complete circuit) wound around
each other in a double helix for strength and to reduce
electromagnetic interference. In the telephone industry,
theyare knownasa “twisted-wire pair.”" Sending data over
atelephone line requires serial transmission because the
wires have a limited capacity. A chain is only as strong as
its weakest link, and that link in a telephone network—
despite satellite relays, microwave towers, and thick
undersea cables—is only as “wide" as a single twisted-
wire pair.

The Z/H-19 terminal and the Z/H-89 and Z/H-100
series computers communicate externally by serial
signals transmitted through the multi-pin DB-25 plug
connector(s) on the back of the machine(thereareparallel
communication boards available forthe Z/H-89, but serial
transmission is standard). This is often called an RS-232C
serial port, and it is one of the few standards (with some
variations) in the microcomputerindustrythatis observed
by most major manufacturers.

To establish a communication link between two
elements (e.g. to connect the Z/H-89 to a serial line
printer—see chapter 7 for details of printer interfacing) a
multi-wire cable with DB-25 connectors on each end is
used to interconnect the RS-323C ports of the two
communicating elements. Both elements must be de-
signed forserialcommunicationsandbothelements must
be synchronized to send and receive data at the same
speed (see below, baud rate).
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A parallel port (arrows) simultaneously tranemits all eight
bits of a byte on eight parallel wires. Parallel communication
Is usually much faster than serial communication, with data
rates up to 3000 characters parsecond(equivaientto 30,000
baud). Paraliel communication is supported on the Z/H-89
with the Z/H-88-11 multi-mode parallel interface upgrade
{(and appropriate software). Note the difference In the
appearance of the parallel-port (lower) and the serial-port
{upper) connectors. This configuration for a parallel port is
common, but not universal.

PARALLEL TRANSMISSION

Thealternative tosending onebitatatime overasingle
wire is to transmit eight bits—one entire byte—simul-
taneously, over eight parallel wires. In this way an 8-bit
byte, is transmitted and received during each com-
munications cycle. This is parallel transmission.

Serial interfaces must contain a buffer, or memory, to
hold each of the first seven bits until the eighth has been
received; thentheycanall be passed alongasacomplete
byte, makinguponedatacharacter. Parallel trafficis much
faster, does not need a buffer, and thus is widely used for
“dumping” data from one machine to another.

Parallel transmission is limited by distance. All the
wires must be the same length, and because of electrical
and magnetic “noise,” the wires usually can notexceed a
few hundred feet. Parallel transmission isimpossible over
standard telephone wires, however, it is often done over
channels that are “wider” than a twisted-wire pair. Using
special hardware at both ends, parallel transmission can
be sentalong whatare called broad-bandcircuits, suchas
coaxial cables, microwave or other radio links.

All Z/H-90s and Z/H-89s shipped after November,
1981, have three RS-232C serial ports; they can be
modified to accommodate a parallel port also. The Z/H-
100 hastwo serial and one parallel port. The physical size
and shape of a parallel port plug is different from that of a
serial plug, and the two are not in any way compatible.

THE BAUD RATE

Two communicating elements must agree on the
speed with which they will exchange information. If not,
data may be lost when one element loses track of whatis
going on. Inthe computerworld, the rate of data exchange
is measured in the number of transmitted bits persecond,
and is commonly called the baud rate.

Some serial communications elements take care of
this automatically. The signal from the transmitting
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element (e.g. a terminal) will arrive carrying a ceriain
number of initial data bits. If the software in the receiving
element (e.g. a host computer) is able to communicate at
several different baud rates, it can be configured to
interpret and lock onto the incoming data baud rate and
reply at that speed. Otherwise, the two must be pre-set at
the same baud rate before transmission is attempted. The
latter is most often the case when using Zenith/Heath
computers for communications.

The slowest rate at which the Z/H-19 and Z/H-89 can
communicate seriallyis 110 baud (bits/sec); the fastestis
19200.The Z/H-100 will operatefrom45.5 t0 38,400 baud.
Generally, the higher rates of transmission are limited to
communications with printers, hardware spoolers and
similar localized elements (see chapter 7). Micro-
computer data communications to remote elements is
also possible over telephone lines, but the baud rate of
such transmissions is usually lower.

An external device—called a modem (see below)—can
be used to establish computerdata communications over
telephone wires. The modem must be compatible with the
desired rate of data transfer. In ordinary telephone
networks, the rate of data transmission is usually very
slow—300 baud is the most common. Higher baud rates
can be as just as reliable, but they place a greater demand
onthe system; andfastercommunicationrequiresuseofa
more rugged, expensive modem. Nonetheless,ahigh-rate
modem uses the telephone link forcorrespondinglyfewer
minutesand the extracost maybe recoveredinthe form of
lower telephone and timesharing charges.

In the Z/H-19 and Z/H-89 the terminal baud rate (the
rate of communications between the terminal sectionand
the main CPU) is set manually. A switch (S401) on the
terminal logic board can be adjusted to produce baud
rates of 110, 150, 300, 600, 1200, 1800, 2000, 2400,
3600, 4800, 7200 and 9600 (an undocumented 19,200
baud is also possible but not recommended). The baud
rate may also be selected through software control;
however, aftera SHIFT-RESET thecomputer/terminal will
return to the baud rate selected by switch 401.

COMMUNICATION WITH OTHER COMPUTERS

A Z/H-19 or a Z/H-89 (operating under software that
emulates terminal communications) can only understand
keystrokes, display characters and transmit or receive
data, but when itis connected to a computer, ithasaccess
to the entire power of that computer, no matter how big or
small. A terminal can easily be connected with remote
computers that have been designed to accept telephone
data communications. In such a case, communication is
made over great distances through a telephone circuit, in
much the same way that voice or telex communications
are made. Additional hardware is required—and when
using a Z/H-89 or Z/H-100 computer, some inexpensive
software is also necessary—but the rewards are usually
great; extending one'sreach isafundamentalhuman trait.

MODEMS

Amodem letsyousend and receive computerdataover
telephone lines. It is 80 called because it modulates and
demodulates sound waves in a manner that computers
can interpret. A modem is generally connected to the
terminal/computerthroughthe RS-232C serial portwitha
cable similar to the one used to send data to a printer.
Modems are available in two different forms: acoustic
coupled and direct coupled.



ACOUSTIC COUPLING

When you use a telephone, you talk into one end of the
handset and listen through the other. A modem is built to
do the same thing—to talk into the microphone end and
hear through the speaker end.

An acoustic modem produces audible sounds that the
microphone in the handset can receive and pass along.
This sound is like a high-frequency buzz, but well within
the range of frequencies that the telephone is capable of
transmitting. It is an acoustic representation of the data
being transmitted by the computer. A tone with a certain
frequencyrepresentsthe presenceofahighbitandatone
with a different frequency represents a low bit. By
transmitting these frequencies, the modem is sending
overthetelephone, bitbybit, arepresentation ofeach byte
of computer data.

DIRECT COUPLING

The acoustic-coupled modem isfairly Inexpensive, but
not considered entirely reliable as a conveyor of infor-
mation. Whenever data is converted from digital (electri-
cal bits) to analog (audible signal) form, some noise is
introduced, and an acoustic coupler can pick up en-
vironmental sounds and transmit them through the
telephone line, along with the data. This often results in
scrambled and inaccurate data transmission.

Analternative isadirect-coupled modem. Inthisdevice
there is no microphone and no speaker. The computer
data is converted to an analog signal in the same manner,
but there is no speaker, and no soundis produced thatthe
usercanhear.Thetelephonehandsetis notusedbecause
a direct-coupled modem is like a telephone unit itself: it
plugs directly into a modular telephone jack.

Direct-coupled modems are more expensive than
acoustic-coupled modems, but they are more nearly
noise-free. They often are capable of carrying data
faster—at a higher baud rate—and may have optional
features. Some models can even answer the telephone
automatically and respond (under software direction) if
the caller is another computer. Some modems can be
connected to clock-like timers and set to initiate calls, for
example, to send data to a remote computer late at night
when long-distance rates are lowest. Theycan also be set
up to share the telephone circuit with ordinary voice
traffic. One manufacturer calls this kind of product a
“Smartmodem.”

The Z/H-19 terminal can be coupled to a modem and
used to communicate with a remote computer, however,
the communication will be limited to the visual display on

the video screen: The user will type commands on the
screen and the computer will respond with data that is
displayed on the terminal screen. However, it is also
possible to buy software that will allow the Z/H-89
computer to emulate a terminal. (The Z/H-89 has all of the
terminal hardware built in, but this hardware is dedicated
to communicating with the onboard CPU; the emulation
software will,ina manner of speaking, bypass the onboard
CPU and allow the terminal section to communicate with
the remote computer.)

Using the Z/H-89 as a “smart terminal” has a big
advantage. Though the software forces the terminal
section to communicate with the external computer, the
rest of the Z/H-89 hardware is still available for the
software to use. Specifically, the disk drive can be used to
record information as it is received from the remote
computer. Therefore, with the proper software (discussed
inchapter8)andaZ/H-89itispossibletocontactaremote
computer system and "download” even very large files of
information from the remote system and store themon a
disk.

Some consumer-oriented remote computers (see
below) also have large software databases (a database is
computer jargon for a large collection of data) that can be
examined by a computeruserwith a modem. The usercan
download these programs and add them to his or her
software collection.

If the user wants to use only one database, suchasa
commodity-trading service, he will not need complicated
or expensive hardware or software. If, however, he or she
wants to communicate with a variety of computers,
terminals, and data-bases, or to send text files back and
forth in a large network, then the software should be more
sophisticated. The specific software may also vary,
depending on the baud rate of the terminal and the
modem.

REMOTE DATABASES

Any Zenith/Heath computer user with a modem can
dial into several nationwide information networks. All that
is required is a computer, an operating system, and a
program that will convert the computer into a “smart’
terminal (REACH and CPS are such programs, see
chapter 6).

According to Cheryl Rhodes, who writes for DataCast
Magazine (for CP/M users), “REACH turns a Z-89
computer into a transmitting/receiving terminal., The
network thinksthe Z-89 isjustanother‘dumb’ terminal, but
the REACH software can actually ‘listen’ and capture on
disk all information sent and received. | stored the results

An acoustic-coupled modem (right) has flexible cups to
accept the telephone handset. Incoming and outgoing
signals are acoustically transferred between the telephone
handset and the modem. A direci-coupled modem Is con-
nected directly to the telephone line with standard tele-
phone modular jacks.
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Large telephone-accessible subscription
databases—such as Dialog, The Source etc.—
are maintained in a mainframe computer (ora
series of interconnected mainframes) which can
store huge quantities of data. Using a small
computer or terminal and a modem, subscribers
can call the database mainframe to search
through the indexed data ordownload data{copy
the data into the user's computer). The
subscriber simply calls a telephone number
linked to the database mainframe and
establishes a communications link through his
modem. As the subscriber types commands on
his keyboard, the ASCIi codes are converted by
the terminal into a digital signal; which is
transmitted by the RS-232C serial portinto a
modem; where it is converted to asynchronous
analog signais. These signals are transmitted by
telephone land-line or microwave-satellite links
to a modem at the database mainframe, where
they are converted back into digital signals—
Identical to the ones that left the terminal. When
the request reaches the database mainframe,
the big CPU searches through a series of
Information files stored indisk “packs’ (muitiple
hard-disk drives) to find the requested infor
mation. These packs are updated regularly by
personnel who maintain the database. When the
requesteddatafile Is located, itiscopledintothe
mainframe RAM, and as the user requests
specific Information, it Is transmitted back over

of several searches on one single-density, single-sided 8-
inch floppy disk. REACH...can also ‘spool' the information
to a printer... Perhaps the most useful feature of REACH is
the ability to send text from a disk file as if | had typed it. |
can save my information search strategy in a disk file
rather than pay the network to store it on their disk file.”

The Heath Users Group operates a bulletin board
(HUGBB)which any Zenith/Heath usercanreadbydialing
into a networkcalled MicroNet(see page 73 foradditional
information on CompuServe's MicroNet). Terry Jensen,
who runs HUGBB from Heath's headquarters in St
Joseph, Michigan, says users dial into MicroNet and can
access the Heath Users Group and a number of other
Special Interest Groups (SIGs). Amenu will guide the user
to the options for reading bulletins, scanning message
headlines, and leaving or retrieving individual messages.

To participate fully in the message services, a user
must be a member of the Heath Users Group, but non-
members may examine a short version of the menu, and
leave messages for the system operator (known on the
networkas“SYSOP"). Non-membersare alsoencouraged
to read option “M" (membership information) before
leaving a message or exiting from the bulletin board.

Additional information about joining MicroNet can be
obtained from local Heath Computer Centers and from
Zenith Data Systems dealers.

There isalso a HUG bulletin board on The Source. The
Source is probably the largest microcomputer network in
the U.S. It offers not only message/bulletin board service
(several of them, for different computer user groups) but
alsogames, educational and computational software,and
other programs.

Based in Virginia near Washington, D.C., The Source
was in financial trouble only a few years ago, during the
early days of the microcomputer boom. It was rescued by
none otherthan the Readers’ Digest: the giant publishing
company bought The Source and kept it afloat. Though it
has not yet offered any part of the Digest’'s enormous
inventory of printed materials over the network, there is
speculation that eventually The Source may become a
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the previously-established communication path.

pioneer in “electronic publishing.”

Itcosts $100 (a one-time fee) to join The Source, plus—
asall networks have—there isafee perminute orhourthat
the userisconnectedtothe system, with ratesdetermined
by the time of day. Generally, local time is applied, and the
rates are highest during local business hours, with
proportionally lower rates during the evenings and nights.
Like telephone calls, connect-time rates favor night owls
and insomniacs.

Additional information about The Source is available
from practically every microcomputer retailer, or from
advertisements in personal computer magazines.

DIALOG is a scientific and technical research service
operated by Lockheed, the military aircraft manufacturer,
in California. DIALOG holds databases on agriculture and
food sciences, business and economics, energy and
environment, government publications, humanities and
the arts, law, medicine, physical sciences, social sciences,
and engineering. These are assembled by computer-
trained librarians who comb through conference papers,
abstracts, professional journals, newspaper and mag-
azine articles in every field.

DIALOG operates seminars for new users, and offers
some free“search time” asanincentive to make useofthe
system. As with any large database, finding something in
DIALOG depends on the user's familiarity with the
material. This is not a place to go browsing because
DIALOG contains only the abstracts or bibliographical
references. After a source is discovered, the user can
request that a professionally reproduced hard copy of the
referenced document be sent from DIALOG's document-
supply service. Search time is billed at different rates,
depending on the specific part of the database used.

Up to now, we have described the functioning of a
terminal and the important communications link between
a terminal and a computer. But the real power of a
microcomputer lies in the abilities of the CPU micro-
processor to run a vast array of software. In the following
three chapters we will closely examine the CPU hard-
ware and compatible software for the Z/H-89 and 100



microcomputers.

THE ZENITH ZT-1

The Zenith ZT-1 is a terminal designed primarily for
remote communications with data networks. It is of a
unique design and does not share any major hardware
with the Z/H-19 terminal.

The ZT-1 is a specialized terminal, designed with a
built-in “smart” modem. And though it is not a computer
system, itcan be programmed to perform up to 26 specific
terminal-like tasks, and it will retain these instructionsina
permanent memory. For instance, it can be programmed
to automatically (at any predetermined time) establish a
telephone hookup, dial a remote computer telephone
network, enter a password, and begin to send or retrieve
information, all with no assistance from a user.

Firmware within the ZT-1 displays a list of user-
selectable tasks for the user to view. These tasks can be
coordinated to work with the special requirements of a
remote database. The software uses English-language
phrases and instructions, and responds to special keys
like HELP (display the menu of instructions) and QUIT
(end this session). “A terminal like this is more dependent
oninternal programming than on hardware,” said a Zenith
executive when the ZT-1 was unveiled, in March, 1982.

The ZT-1 also includes a parallel port for a printer. This
allows data that is retrieved by the ZT-1 to be transmitted
to the printer and output as hardcopy, even while the user
is absent. The CRT screen is a standard Zenith ZVM-121
green-phosphor monitor—widely used with computers
that have no built-in video display.

Thisterminal is an outstanding choice foran individual
who is interested only in remote communications: itis an
inexpensive and very powerful terminal. Users may also
encounter the ZT-1 under other brand names: Zenith is
selling this smart terminal to companies that want to
establish private Intra-company communications net-
works and databases. Commercial “information-pro-
viders,” such as the Videotext network, mayalso make ZT-
1s available to their clients on a rental or purchase basis.

ELECTRONIC MAIL

Automated computer-to-computer communications
makes it possible to transmit “electronic mail” during the
late evening hours, when the cost of telephone traffic is
the lowest. This interesting subject can only be treated

The Zenith ZT-1 isasophisticated communicationsterminal
with many features that make it ideal for remote “electronic
mail’ message transfer. Because of extensive built-in
firmware, the ZT-1 can be “programmed” to perform
automated tasks selected bythe userfrom a menudisplay.

briefly here, but to give the reader some idea of the future
potential for remote computer communications, we will
look at the innovative system established by Zenith to
transmit electronic mail to its many authorized dealers
and distributors.

The system, called ZGRAM, beganin 1982. It permitsa
dealer to use a Z/H-89 or Z/H-90 for conventional word
and data processing and as a sophisticated commu-
nications center. Using the proprietary ZGRAM software,
the Zenith computer gains access to Telemall, a data
communication network service of GTE. Messages are
prewritten using Magic Wand, a word processing program
(see chapter 6). These messages are then encrypted
before transmission (for security) and addressed to a
specific recipient who is also a member of the Telemail
network.

At night, the unattended computer automatically dials
the main Telemail computer at a predetermined time, and
transmits each encrypted message to the “address” for
which it is intended, and the main computer stores these
messages under each specified recipient's address. This
message may be addressed to one recipient, to several
recipients sharing certain characteristics (such as geo-
graphical proximity), or to all Telemail users. The Telemail
computer then returns to the calling-computer any mes-
sages that may be waiting in its address space. These
return messages are stored on a floppy disk and, in the
morning, the user examines the floppy disk to “read the
electronic mail.” Messages can later be printed out fora
permanent record.

Alternative approaches to electronic mail include the
concept of "computer conferencing,” which requires a
large "host” computer. One such system, called EIES,
permits many users to share the same message file. For
example, a group of researchers in different parts of the
country can collaborate to write an article which in-
corporates all of their respective findings. They work at
their own terminals, but the text and messages they send
to the master file remain for all their colleagues to see.

Anotheruse forthiscapabilityiscalled“Delphi” polling,
named for the Greek oracle. When several people are
trying to reach a consensus on a difficult issue, group
dynamics and strong leadership may interfere with some
members' impartiality. To overcome the effects of these
pressures, group members enter their responses to the
issue individually, at remote computerterminals. The host
computer, or its operator, tallies the responses and
releases the findings to all the group members si-
multaneously.

35



Designed from the desktop up as a powerful, high-speed
business computer, the Z/H-100 series offers the best of
existing 8-bit technology and the ability to upgrade with 18-
bit software. The Z/HF-120 (pictured here) is an all-in-one
microcomputer with two main microprocessors (8-bit and
186-bit), 128 Kbytes of RAM, one or two high-density 5.25-
inch disk drives, and a black & white display. An external
color display can be attached with a minor upgrade.

THE 8-BIT/16-BIT Z/H-100 COMPUTER SYSTEM

The Z/H-89 system was designed in 1977 forwhat was
then predominantly a hobby market. However, the new
Z/H-100 system has been designed from the desktop up
for business applications. Zenith's self-proclaimed target
markets for this new system are: (1) small business
applications—accounting, database management, word
processing, etc,; (2) large businesses interested in using
the Z/H-100 as a “smart" terminal for a multi-user
mainframe computer system; (3) and computer “pack-
agers” who want to customize Z/H-100s for special
applications.

The purpose of this chapteris to acquaint the user with
the features of the Z/H-100 system. At times we will make
comparisons with the Z/H-89 system. However, the Z/H-
100 was designed with a different set of criteria and the
benefit of more mature microcomputer technology. As a
result, it is a more capable and more expensive machine.
The comparisons have little validity, therefore, except to
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help the prospective user understand the extended
potential of the Z/H-100.

The Z/H-100 is irrefutably a more powerful, faster, and
more “expandable” system thanthe Z/H-89,so a potential
buyer may be tempted to assume the Z/H-89 is obsolete.
Not at all truel Spokesmen for Zenith and Heath
vigorously claim that they will continue to manufacture
and support the Z/H-89 system in the “forseeable future.”
They also indicate that the pricing of the Z/H-89 will
become “increasingly competitive.” A reasonable inter-
pretation of these two statements would lead one to
believe thatthe Z/H-89 isgoing tobe sold forat leastafew
more years and that the price is going to decline
significantly.

There is currently an abundance of software and
hardware accessories available for the Z/H-89, and it is
ungquestionably a“proven machine.” This isample reason
to carefully consider the capabilities of the original all-in-
one. For many day-to-day applications it is, and will
continue to be, a very useful, efficient, low-cost personal
computer.

SYSTEM CONFIGURATIONS

The Z/H-89 system was designed as an “all-in-one
microcomputer,” and the Z/H-100 retains this self-
contained philosophy. There are two basic system
configurations. A model designated as the Z/HF-110—
and often referred to as the “low-profile” model—is a two-
module design: with the keyboard, CPU, floppy disk and
support elementsin one enclosureandaseparate display
(monitor). Thiscomputer hasfull colordisplaycapabilities.
A second basic system configuration is designated as the
Z/HF-120—and is often called the “all-in-one.” A stand-
alone system with all of the elements incorporated in one
enclosure, it has a monochrome (non-color) display, and
without modification, it does not have the capability to
produce color displays.

One might assume from appearances alone that the
two models are dissimilar, but internally they are almost
identical. The non-colorZ/HF-120 canbe easilyupgraded
to gain the color graphics capability of the Z/HF-110. It
only requires the addition of a few integrated circuits (ICs)
to the main printed-circuit board (the sockets are already
provided). With this modification, and a separate color
monitor, the all-in-one will perform exactly like the color



Z/HF-110. Conversely, in a black-and-white mode, the
low-profile model functions similarly to the all-in-one.

The stimulus for producing two different models came
from the increasing—but somewhat specialized—
demand for high-quality color graphics. There remains
littie doubt that color graphics is useful in certain
instances, but some applications will gain only modest
benefitfrom colordisplays. Forexample, word processing
and accounting applications have little need for brightly
colored displays. A user might find them distracting or
tiresome—though accounting programs, spreadsheets,
and even word processors and spelling checkers that will
use color displays are currently under development. To
reduce the cost of systems used primarily for business
applications, Zenith decided to produce an all-in-one
modelwith astandard green-on-blackdisplay(duringlong
periods of viewing, a green display can be less tiresome
than a white-on-black display).

The low-profile Z/H-110 color computer incorporates the
latest colorgraphics technology available In a micro-
computer. It uses a remote color monitorto reproduce high-
resolution color graphics, with up to 144,000 points of light
(pixels), displayed in any one of eight colors. This capability
(with the proper software) will allow the Z-110 to perform
advanced functions, including full-coior reproduction of
intricate three-dimensional structures{atechnique suitedto
computer-aided design applications).

When Zenith introduced the Z/H-100 system, their
engineers also discussed plans to offer an additional
hybrid model—tentativelydesignatedthe Z/HF-130. Itwill
have the low-profile color hardware in the all-in-one
enclosure. This combination should appeal to users who
wantthecolorcapabilitybut donotdesire a separate color
monitor. In effect, it will be an upgraded and more
expensive (because of the additional color hardware) all-
in-one.

In the forseeable future, Zenith will offer both colorand
monochrome systems, even though they will have many
overlapping capabilities, and as we shall soon see, the
ZDS engineers have opened the door for virtually
unlimited expansion of both models.

THE CPU AND MEMORY

When the Zenith design group considered the criteria
for a new computer, one of the highest priorities was to
increase the capacity of the CPU microprocessor. This
could readily be achieved by switching from the Z80
processor used in the Z/H-89 to a faster and more

The main circuit board
Is “home” for the
8085 and 8088 pro-
cessors, the keyboard
proceasor, several
ROMs (containing
system Instructions),
and considerable sup-
port circultry. Both the
main board and the
video board will be
supplied fully assem-
bled and tested in all
kit versions of the
Heath H-100. This
greatly reduces

the complexity of the
kit and ensures the kit-
builder a high degree
of success (Heath has
a proven history of
generous support for
kit buliders).

powerful 16-bit processor, but the final decision wasnota
simple one.

Let'sgobackforasecondandlookatthe8-bitZ80.The
term 8-bit refers to the length of each byte of data
processed during one machine cycle. In other words, the
8-bit byte is the most elementary meaningful instruction
or data element that an 8-bit processor (like the Z80) can
recognize. Butwhen the Z80 is storing and retrieving data,
it assigns each data byte a 16-bit (two-byte) memory
address. This address is a “pointer” to indicate the
location of each and every byte of data stored in RAM
memory. Consequently, the maximum size of RAM is
limited to 65,535 memory locations—as this is the
maximum number of locations that can be represented by
the two-byte Z80 binary address. (For details of binary
numbers and 8-bit technology see chapter 8.)

Some of the restrictions created by this memory
limitationare: (1) programscannotbe largerthanabout 50
Kbytes; (2) the size of a document that is being edited in
memory is often limited to about 20 Kbytes or less (about
the size of the longest chapter in this book); (3) the speed
of processing is slowed because complex programs must
be broken into segments and “chained” in and out of
memory (for example: often there is not enough room for
all programs in an accounts receivable package to reside
in memory simultaneously, so the program is broken into
utility modules and a master module selects and loads
these utility modules into memory as needed). On the
positive side, however, is the availability of existing
software for the Z80: there are hundreds of reasonably
inexpensive programs available for this processor.

Onthe other hand, a 16-bit processoris more powerful
and faster because it can “process” more bits percycile of
operation. As a result, it has increased data-handling
efficiency and it can utilize larger binary numbers to
address many more memory locations. However, even
though the 16-bit processors have been around for quite
some time (relatively), they were not practical in the
microcomputer—because of high cost—until 1881. And,
though these processors are undeniably powerful, when
the Z-100 was designed, there wasn't much 16-bit
software available for the microcomputer market.
(Unfortunately, existing 8-bit software can not be used
on 16-bit processors unless the programs are rewritten in
16-bit code.)
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As Zenith engineers considered the new design, the
situation was clear: 8-bit processors are limited by the
constraints of memory addressing and throughput (how
fast a job can be completed), but benefit from a large pool
of available software; 16-bit processors are faster and
capable of addressing much more memory, but there is
limited software currently available. The solution: build a
system with two main processors; one thatallows the user
to run most (if not all) of the current 8-bit software, and a
second processor that can run the new 18-bit micro-
computer software asitbecomesavailable. Ineffect, build
a hybrid—providing an effective transition between the
existing 8-bit technology and the more powerful 16-bit
technology of the future.

However, we wish to make one thing clear. although
the Z/H-100is a hybrid, itis nota“kludge.” The Z/H-100 is
a significant advance over the Z/H-89 in some important
aspects. For 8-bit compatibility, the Z/H-100 uses an Intel
8085 microprocessor that will run software writtenforthe
B080 processor (the predecessor of the Z80). For 16-bit
operation, the Z/H-100 uses an Intel 8088 micro-
processor that will execute program instructions more
than seven-times faster and can address 16-times more
memory than the Z80 in the Z/H-89.

THE 8-BIT INTEL 8085

“Compatibility” was unguestionably the overriding

The standard Z/H-100
Is equipped with 128
Kbytes of RAM. An
additional 84 Kbytes
may be added by
plugging memory
chips Into available
sockets on the main
circuit board. Still
more user RAM can be
galned by plugging S-
100 memorycardsinto
the expansion buss—
up to a maximum of
768 Kbytes. However,
plugging new 256-Kbit
RAM chips (Instead of
the standard 64-Kbit
chips) into the 24 DIP
sockets on the main
board allows expan-
sion to 768 Kbytes of
onboard memory with-
out using the $-100
expansion buss.
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Internally, the Z/HF-110 and Z/H-120 are virtually identical,
though the 110 lacks the necessary hardware to support a
colormonitor. Two“coprocessors” (indicated byarrows) are
used: an Intel 8085 handles the 8-bit processing, ensuring
compatibility with CP/M-80 and Its enormous software base;
while an Intel 8088 allows the Z/H-100 to run powerful 16-bit
software under elther the CP/M-86 or MS-DOS 16-bit
operating systems. The high-density main board (lying flat
on the bottom of the cabinet), video loglc board (above the
main board, leaning toward the rear), and the S$-100
expansion Interface (at the rear of the main circuit board)
were all arranged by Zenith engineers to put the maximum
computing power In a compact package.

concern throughout the Z/H-100 design. Akeyexample is
the selection of the Intel 8085 to handle 8-bit processing.
it is compatible with programs written for the 8-bit Intel
8080 (and it is electrically compatible with Intel 8088 16-
bit co-processor, see below). This will allow a significant
portion of the existing 8-bit 8080-coded software to runon
the Z/H-100.

(Note: most of the assembly- and machine-language
programs available for the Z80-equipped Z/H-89 are
actually written with the Intel 8080 instruction set. Forthe
most part, these programs were intended to run on both
the Heath H-8, which used an 8080, and the Z/H-89, which
used a Z80. As stated earlier, the Z80 is a more capable
processoranditisdesignedtobefullycompatiblewith the
8080 instruction set—the Z80 was selected for the Z/H-
89 because of this fact. However, the full Z80 instruction
set is more extensive than the 8080 sel, and programs
written forthe extended Z80 instructionswillnotrunon the
8080. Consequently, existing 8080-coded programs
should be compatible with the 8085 used in the Z/H-100,
but not all Z80-coded programs will be compatiblel)

Compatibility, however, is far from the whole story. The
8-bit side of the Z/H-100 is substantially faster than the
Z/H-89, The speed comesfrom severalimprovements: (1)
At 5 MHZ (mega-hertz) the master system clock (which
controlstherateatwhichdatais“processed”)ismorethan
twiceasfastasthe Z/H-89 clockrate(2 MHZ),allowingthe
8085 to execute 5 instructions for every 2 in the Z/H-89;
(2) The 8-bitoperating system usesan enhanced “disk de-
blocking” routine (de-blocking refers to the way blocks of
data are read from and written to a disk storage device),
providing faster data storage and retrieval; (3) The 8085
uses additional instructions, beyond those for the 8080,
that are more efficient—when a program is written using
these instructions, execution time is reduced. The sum of
all these enhancements on the 8-bit side of the Z/H-100
allows as much as a three-fold performance improvement
over the Z/H-89 system.

THE 16-BIT INTEL 8088

On the 16-bit side, compatibility is once again the
keyword. An Intel 16-bit 8088 processor was selected to
gain overall compatibility: the 16-bit 8088 and the 8-bit
8085 are electrically compatible, and, therefore, they can
be interfaced readily to the same support components.
But the story doesn't end here.

Software is also important Tom Dornback, Vice
President of Software Development at Zenith, insisted on
using the 8088 processor because it is—first of all—an
excellent 16-bit processor. However, in private dis-
cussions headmits there was a second consideration: itis
the same processor used in the IBM Personal Computer.
At first it may seem strange that he would favor the same
processor used by a competitor; but the strengths and
limitations of a computer are determined to a great extent



by the availability of high-quality software, and with
hardware and software compatibility, Zenith and IBM
users will be able to share an extensive and diversified
software pool!

The 16-bit 8088 takes the Z/H-100 one step closer to
the power and computational capabilities of the main-
frame computer. The 8088 uses a sophisticated data-
handling architecture that speeds program execution,
and it has the ability to address huge amounts of memory.
This means that word processing, accounting, data
management, and other programs written for the new
processor, will be very fast and powerful. The 8088, with
16-bit software designed to take advantage of these
features, will operate about seven times fasterthana Z/H-
89.

RANDOM-ACCESS MEMORY

By utilizing the 8088 processor, which has a 20-bit
memory address, the Z/H-100 can access up to one
miltion memory locations! The standard system is cur-
rentlysupplied with 128 Kbytes of RAM memory(twice the
maximum in the Z/H-89). There are extra sockets on the
main processor board to allow expansion to 192 Kbytes
(using 64-Kbit chips). By installing additional memory
cards in the expansion buss (see system expansion,
below), the RAM can be extended to a maximum of 768
Kbytes. However, higher density memory chipsare under
development, and when these 256-Kbit chips reach the
market, the Z/H-100 isdesigned toallowthe usertoinstall
a full 768 Kbytes of system RAM on the main processor
board, without using any of theexpansion siots. According
to a Zenith/Heath spokesman, there are plans to offera
Z/H-100 model configured in this fashion as soon as the
chips are available.

GRAPHICS

The Z/H-100 series computers are truly leaders in
high-resolution c¢olor graphics—far surpassing the
graphic capabilities of the Z/H-89. In fact, the Z/H-100
does not have a non-graphics mode; the normal display of
alphanumeric characters (letters and numbers) are gen-
erated by bit-mapped graphics. Bit-mapping allows the
programmer to address each and every one of 144,000
points of light, called pixels, on the screen. When
alphanumeric or graphics characters are displayed in a
normal mode, theyare formedfroman8 x9 pixelblock,and
inthe colormode each of the pixelscanbeswitchedtoone
of eight possible colors: red, green, blue, white, black,
cyan, magenta, and yellow.

The Z/H-100 is a “software definable” machine not
only in the variety of operating systems and applications
programs that can be run, but also because many internal
functions of the system are controlled by programs and
data tables recorded in ROM chips. Thisis also true of the
graphics. Normally, the system displays640 pixels perline
on 225 lines per screen, but by re-programming the
graphics ROM (a 6845 IC), the system display can be
“interlaced” (double-density scan line) to gain a high-
resolution mode of 640 pixels by 500 lines (black & white,
with eight levels of gray).

This high-resolution mode will permit the display of
pictures that are “TV-like” in appearance and indis-
tinguishable from normal television displays of still
pictures. These computer-generated pictures can be
stored ondisk and recalled as desired. Theycould alsobe
intermixed with conventional graphics displays to extend

the interactive nature of the computer into areas not
previously possible with a microcomputer.

The graphics capability of the Z/H-100 will be usefulin
many industrial, scientific and educational applications;
however, Zenith and Heath have indicated that they have
no immediate plans to support this option because of the
complex and special nature of the programming required.
Nonetheless, the hardware capability is there, and
independent suppliers are sure to develop many useful
graphic applications. We suspect that hobbyists will also
pursue these capabilities, and eventually graphics soft-
ware and accessory hardware will be available for
reasonable prices.

THE KEYBOARD

Along with the display screen, the keyboard completes
the vital communication link with the user. A good
keyboard—one that is well designed, smooth and com-
fortable—will reduce operator frustration and speed
overall throughput. Toward this end, the Z/H-100 system
has incorporated several advances over the Z/H-89
system. The newkeyboard usesasculpted keydesignthat
fits the fingertips, and each key has a smooth, stick-free
action. All of the keys produce an auto-repeat signalwhen
they are held down for longer than one second. The
keyboard also has a FAST-REPEAT key that will increase
the speed of the repeat mode (for extremely fast cursor
movement, etc).

The keyboard layout is conventional, with no unusual
or distracting key placement. The 13 keys in the top row
are designated as special-function keys, and can be used
by the applications software to ease and speed user
control. There is a separate 18-key numeric keypad with
cursor-control, decimal point, minus (-), and ENTER keys.
Inaddition, the main keyboard hasa HELP key, which most
of the new Zenith/Heath software packages will support.
When the user presses the HELP key, a variety of helpful
information will be displayed (the specific contents will
depend on the program in use at the time). The keyboard
also incorporates a power-on indicator and an enlarged
RETURN key.

The keyboard uses its own processor (an 8035) and,
like the rest of the Z/H-100, is software controlled (by
instructions in ROM). The standard programming pro-
duces three modes of operation. The first is the standard

The keyboard Is logical, functional, and very powerful. The
design centers around a conventional typewriterlayout, and
the auxiliary command keys will not hinder a touch-typist.
Each key produces an auto-repeat If held down, and a fast-
repeat key can step up the repeat rate to speed cursor
movement. Thirteen special-function keys are included on
the top row of the main keyboard and an auxiliary 18-key
numeric keypad eases data entry and cursor positioning.
The keys are nicely sculpted and have a smooth, positive
action.
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The main keyboard has people-sensitive features. The
enlarged RETURN key—common on top-of-the-line electric
typewriters—will be appreciated by fast typists; note the
large SHIFT keys and the elimination of any auxillary keys
between the central array and the SHIFT keys (some
computerkeyboarddesignsplaceauxiliarykeysinside ofthe
SHIFT keys, a source of constant irritation for operators
familarwith conventional typewriterkeyboards). AHELPkey
(arrow) Is also Included; pressing it will cause some software
to display helpful “menus” or other information.

ASClImode, in which each key—including all the function
and numeric keys—produces a unique 8-bit code. This
code generation simplifies programming and ensures that
programswillbe able tointerpretoraddresseach key. The
second mode isa Z/H-19 compatibility mode (once again,
note that word compatibility). This mode assures that
software written for the Z/H-19 terminal and Z/H-89
computer will work on the Z/H-100. The last mode is an
“up-down"” mode. In this mode each key produces an 8-bit
code when depressed and a different 8-bit code when
released. This special mode will find its application in
games and educational programming.

Because of the software control of the keyboard, the
keyboard ROM maybe programmed toredefineanykeyto
perform any desired function. This feature may be useful
to system “packagers” if they wish to reconfigure the Z/H-
100 keyboard for special requirements).

MASS STORAGE

Both the all-in-one and the low-profile models are
equipped with a single 5.25-inch floppy-disk drive. As an
option, a second drive can be installed in the system
enclosure. The standard drive is a double-side, double-
density unit, with a 48tpi (track-per-inch) configuration.

The numaeric portion of
the auxiliary keypad is
laid out the same as
a conventional 10-
key adding-machine
keypad. The ENTER
key Ils supported by
many software pack-
ages and is enlarged
for easler use.
CURSOR keys and a
HOME key complete
the functional layout.
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Theall-in-oneandthe low-profilesupportone ortwoonboard
high-density5.25-inch floppy-disk drives. A usermaywishto
replace one of the onboard floppy drives with a 5.25-inch
hard-disk (left), providing 5 megabytes (5,000,000 bytes) of
fast-access storage. With one 320-Kbyte floppy and one 5-
Mbyte hard-disk mounted inthecabinet, a Z/H-100 hasmore
than 52 times the storage capacity of a Z/H-88 with a
standard disk drive (hard-sector).

This format will store up to 320 Kbytes, about three times
the storage provided by each disk in the standard single-
side, single-density Z/H-89 disk system.

The electronics that control the floppy disk drive(s) are
mounted on a circuit card that plugs into the expansion
buss provided in the Z/H-100 (see system expansion,
below). This disk-controller card will support four 5.25-
inch drives and four 8-inch drives, in any combination of
densities (single or double) or sides (single or double).
Since the main enclosure will only hold two 5.25-inch
drives, all additional units must be mounted in accessory
cabinets.

Zenith and Heath offera hard-disk drive that willmount

The disk-controller card supports Zenith/Heath 5.25- and 8-
inch disk systems and most specialty systems, like this dual
8-inch Remex package from Data Compass. The controller
uses the standard 50-pin SASI (pronounced “‘sass-ee”) buss
that is another standard in the microcomputer industry.



within the Z/H-100 cabinet (in place of one of the floppy
drives). The hard disk requires a controllercard that plugs
into one of the expansion slots. In addition, the hard-disk
drive contains a data-separator circuit card that is
poweredbythe Z/H-100 powersupply. Apowerconnector
for the data separator is built into all Z/H-100 computers,
making the hard-disk installation simple—just plug it in
and turn it on. The hard disk will add 5 Mbytes of
extremely-fast-access, onboard mass storage. Combined
with 320 Kbytes of floppy storage, the hard-disk/floppy
system will give the Z/H-100 system more than 16 times
the storage that can be mounted within the cabinet of a
fully upgraded Z/H-89.

This is an especially significant capability. Mass
storage is important in many business applications.
Virtually all database management software needs a lot
of space to store component programs and utilities, and
theycan quickly fill the remaining storage with the several
databases that are usually required (records of customer
addresses, etc.). Accounting programs also use a lot of
storage toaccumulate the amount of dataassociated with
financial records. Advanced word processors are also
large, complex programs, and in an office environment
they are used to produce and store large numbers of text
files (letters, contracts, manuscripts etc.). The more an
individual or business uses a computer, the more
important disk storage becomes. If the system can notbe
easily upgraded as the storage requirements increase, it
will become a liability.

The Z/H-89 is easily upgraded (see chapter 7), but the
expandability of the Z/H-100 is remarkable. The Z/H-100
system was designed for applications that require a lot of
computer power, and without question, a user who
foresees the need for substantial storage expansion
should consider the Z/H-100.

INPUT/QUPUT

A computer system must communicate with the
“outside” world. Printers, modems, and otherinput/output
devices provide essential functions and enhancements
for the computer. In this respect, the Z/H-100 design is
outstanding. The standard system includes two RS-232C
serial ports that are capable of both synchronous and
asynchronous communications (the synchronous mode
is compatible with IBM-system protocol) at baud rates
from 110 to 38,400 bits per second. A parallel port
configured for a Centronics printer is also standard. All of
the hardware to drive these communication elements is
located on the main circuit board. As a result, none of the
expansion slots is required to use the standard ports.

For applications requiring additional serial ports (such
as a multiple-user environment), Zenith/Heath will offera
multi-port serialboard tofitallZ/H-100 models. Thisboard
isdesigned to pluginto one of the expansion slots, and will
permit as many as eight additional serial devices to be
connected to the Z/H-100. To support this expanded
capability, pre-punched knockouts are provided on the
rear panel to accommodate up to eight auxiliary DB-25
(RS-232C) connectors.

There is also a light-pen port on the rear panel. It is
supported by hardware on the main circuit board. Though
Zenith/Heath have no immediate plans to support light-
pen operation, this capability will provide interesting
potential for independent programmers. Software to
support this I/O device could include creative graphics
(drawing pictures), education (interactive communication
with young students), word processing (rapid cursor

The 5.25-inch disk drives used in the Z/H-100 are Tandon
soft-sector, double-sided, double-density units, that will
store 320 Kbytes on each disk.

movement, blockdefinition,etc.),and much more. Thelight
pen is designed to have sufficient resolution to address
each of the 144,000 pixels on the display screen.

SYSTEM EXPANSION

The success of the Z/H-89 was, in some repects, a
stroke of luck. It was first offered as a modest hobby
computer (cassette tape storage, limited memory, HDOS,
etc.), but when the market for a compact, full-feature
computer came into exisitence (almost overnight) the
engineers at Zenith and Heath expended considerable
effort and ingenuity to “patch” the Z/H-89 to handle more
RAM, better disk drives, CP/M, etc,

The memory of these troublesome expansion prob-
lems must lingerin the minds of Zenith/Heath engineers,
because it is safe to say that the Z/H-100 system will

The Z/H-100 series computers can be connected to per-
ipheral devices through expansion ports on the rear panel.
The standard system is supplied with two RS-232 serlal ports
{one for a printer and one for a modem), a Centronics-
compatible parallel (printer) port, and a light-pen port. Eight
additional punch-outs are provided for RS-232C (input/out-
put) serial ports. The Z/H-100 can be upgraded to support
multiple users with auxillary terminals connected to these
expansion ports. The remalining slots are for external mass
storage, special instruments, etc.
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Perhaps the most unusual
feature of the Z/H-100 series is
the S-100 expansionbuss. The S-
100 buss has evoived Into a
recognized standard in the
microcomputer industry (one of
the few). Though the Z/H-100 is
not a true S-100 computer
{(because the main components
are not mounted onS-100 cards),
the expansion buss allows the
2Z/H-100 computers to accept a
wide variety of auxiliary S-100
cards.

The S-100 expansion buss has
five slots, butone ofthem is used
for the disk-controller card—re-
quired to link the disk drives with
the CPU. So four slots are open
for system expansion. The disk-
controller card will support four
5.25-inch disks and four 8-Inch
disks, but extra drives tham-
selves—beyond the two
onboard—will require an exter
nal cabinet. if a hard-disk drive is
installed, one of the $-100 buss
sockets must be used for the
hard-disk controller card.

readily accept high-density memory, laser-scanned op-
tical disk storage, and anyotherfuture technology. In fact,
the engineers included a feature that will allow the user
almost unlimited upward expansion: they opted to
incorporate an S-100 expansion buss into the system.
In simple terms, a buss can be defined as a connection
between two or more computer elements. In some
computer designs, a buss is used to connect several
circuit boards that are mounted in a series of slip-in slots,
Each slot supports one board, and a built-in, multi-
terminal, female connector strip at the bottom of the slot
makes contactwith maleconnectors onthecircuitboards.
The slip-in circuit boards can accommodate a variety of
hardware (e.g, RAM boards, video boards, voice-recog-
nition, interfaces to scientific test equipment, specialized
mass storage, etc.). No modification is required within the
system hardware to accommodate these boards: the
circuitboardissimplyslippedintothebussandthe system
is ready to go(provided, of course, the usercan acquire or
currently has software that will recognize and support the
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capabilities of the board).

There are different types of busses used in the
computer industry; however, the S-100 is one of the most
widely used standard busses. Early microcomputer
designs were not integrated onto one or two high-density
circuit boards (as are most contemporary designs).
Instead, they consisted of several modular boards. To
connect them all together into a workable system, the
boards were typically mounted in a centralized buss
structure. Many early microcomputers (including the
pioneer Altair microcomputer, one of the first “usable”
micros) were based on a standard that eventuallybecame
known as the S-100 buss. These computers were often
known genearically as “S-100 buss computers.” In the
ensuing vears literally hundreds of expansion and up-
grade boards were designed tofitthe S-100 buss,anditis
still used in many multiple-board microcomputers.

The S-100 expansion buss chosen for the Z/H-100
may be the most innovative feature incorporated into the
system. (In fact, Zenith designer Barry Watzman's in-
sistence on incorporating an S-100 buss in the system
was one of the primary factors behind the Z/H-100
designation.) The buss allows any userto readily upgrade,
customize, and configure a system to suit virtually any
requirement. In practice, the basic Z/H-100 has so much
onboard power (in the main circuitry) that most users will
find little immediate need for expansion, but the potential
is there, and specialty manufacturers are certain to
develop many special-application boards for the Z/H-
100.

To make certain that users can plug in existing S-100
boards, the buss structure meets the accepted IEEE-696
manufacturing specifications for S-100 circuit cards.
However, to avoid confusion, it must be noted that this is
an auxiliary buss—the primary hardware of the Z/H-100 is
contained on the main circuit board, separate from the
expansion buss. In other words, the Z/H-100 is not a so-
called S-100 computer. The Z/H-100 is a stand-alone
computer that can function entirely without the buss; but
for expansion purposes, all access that can be performed
with a true S-100 buss computer, including direct memory
access (DMA) to the system RAM and the video RAM, can



be accomplished with the expansion buss

Zenith and Heath will offer a hard-disk interface and a
multi-port serial interface forthe expansion buss. Asound
generator board with digital-to-analog and analog-to-
digitalconversioncircuitsisalsoplanned. Thiscard will,no
doubt, find an eager market with those users involved in
education or interactive computer games. Beyond these
Z/H cards, independent suppliers offer a multitude of
cards, including:

Memory expansion, with up to 256 Kbytes per card

Non-volatile CMOS memory

Multi-purpose serial and parallel I/O

Erasable/Programmable ROM programmer boards

System clock/calendars

Modem data communications card

Home controllers (to turn on/off lights, etc.)

Various floppy/hard-disk (fixed and removable platter) controllers
Nine-track and/or reel-to-reel tape storage interface

Prototyping boards

How does the S-100 buss affect a buyer's decision
betweenthe Z/H-89 andthe Z/H-100?The Z/H-89isbyno
means a limited system; however, the S-100 buss gives
the Z/H-100 unlimited expansion potential. Nonetheless,
the Z/H-89 is ideal for applications that do not need the
expansion capability.

SOFTWARE FOR THE Z/H-100

When Intelintroduced the 8080 microprocessorinthe
mid-'70s, the microcomputer was born almost overnight.
The evolution of microcomputer software was “somewhat
slower.” Even today, the micro-chip giants (Intel, Zilog,
Signetics, Motorola, etc.) are producing ever-more-
sophisticated components faster than programmers—
who must spend thousands of hours developing special-
ized code for each chip—can produce the appropriate
software. But the software shortfall is much diminished
today, especially for the 8085 and the 8088—the
processors used in the Z/H-100 system.

OPERATING SYSTEMS

The 8085 will run software developedforthe 8-bit8080
microprocessor. This has assured the Z/H-100 system
continuing compatibility with many existing operating
systems and applications programs.

Each Z/H-100 will be shipped with CP/M-85. This 8-bit
operating system (really CP/M 2.2) supports one of the
widest software followings in the computer industry, with
thousands of programs able to run under its control (for a
description of operating systems, see chapter 5).

The Basic-85 interpreter—a MicroSoft Basic-lan-
guage interpreter for CP/M-85—is also supplied with the
Z/H-100. This interpreter is identical to the Basic-80
interpreter (available for the Z/H-89), except the Basic-
.5 “looks” at the operating environment to verify it is
running on a Z/H-100, while Basic-80 is designed to look
for a Z/H-89 system.

Zenith and Heath will continue to support HDOS—a
popular operating system among Heath computer
users—by supplying an updated version for the Z/H-100.
The new HDOS version 3.0 release will be fullycompatible
with the Z/H-100. (And, by utilizing 3.0, Z/H-89 users will
be able—for the first time—to use the Z/H-67 Winchester
hard disk/floppy disk upgrade: see chapter 7.)

The standard operating systemforthe 16-bitside of the
Z/H-100 will be Z-DOS. This operating system is identical
to MS-DOS (the operating system used on the IBM

All Z/H-100s are supplied with Z-DOS, an operating system
that is compatible with the wide variety of software devel-
opedforthe IBM Personal Computer,and CP/M-85, aslightly
modified version of the standard CP/M-80 (CP/M-80 Is
identicalto CP/M 2.2 used on the Z/H-89). In addition, CP/M-
86 willbe availableas aninexpensive option. Thatsuperfast
16-bit operating system is optimized for the Z/H-100
hat%t;are, resultingindisk /O speeds upto300% fasterthan
Z-DOS.

Personal Computer), and suggests virtually 100% com-
patibility with the IBM PC software.

A 16-bit Basic interpreter, called Z-Basic, will be
supplied with the Z/H-100 system. (This interpreter is
virtually identical to the Basic-language interpreter
supplied with the IBM PC). Z-Basic also supports the
capabilities of the Z/H-110 with many powerful com-
mands thatcandrawcircles, lines, squares, orovalsonthe

The dual-processor design of the Z/H-100 series ensures
that the system will have extremely broad “usabllity.”
Conventional 8-bit CP/M-80 programs (8080 code) can be
used with the system, as can a number of enhanced 16-bit
software packages. For example, an 8-bit version of the
popularWordStarword processing program (supporting the

_cursor-arrow and special-function keys) will be offered by

Zenith, and an all-new 16-bit version of WordStar (version
3.4) will provide advanced word processing features not
previously implemented on a microcomputer.
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As an option, Z/H-100 owners will also be able to
purchase CP/M-86, a “high-performance” operating
system forthe 8088. CP/M-86 hasbeen“souped-up” with
disk de-blocking techniques that increase data transfer
speeds up to 300%. Many programs will be available for
CP/M-86, and in applications where IBM compatibility is
not a factor, it will provide a substantial performance
improvement over Z-DOS.

APPLICATIONS SOFTWARE

The Z/H-100 system will not only benefit from the
software compatibility provided by the 8-bit 8085 and the
IBM-compatibility provided by the 16-bit 8088, but also
from a number of advanced programs available from
Zenith and Heath (a detailed look at some of these
programs, Iin their 8-bit configuration, is provided in
chapter 6). Word processing will be supported by
WordStar version 3.4, a 16-bit “word cruncher” that runs
on the 8088. Accounting chores will be supported by a
new Peachtree series, also 16-bit for the 8088.

Business programs for the Z/H-100 include:
SuperCalc, a color version of the popular spreadsheet
program for Zenith/Heath computers; Multi-Plan, an
expanded business forecasting program that has been
warmly accepted by many users; an expanded version of
the Condor database management program (a more
detailed and user-oriented manualis also provided);anda
new version of the excellent modem communications
program CPS (Computerized Phone System) that will
extend the “reach” of the Z/H-100.

With all of the hardware capability in the Z/H-100, it
seems certain that aftermarket developers will continue
toproduce adiversityof useful specialtysoftware. Inshort,
Zenith has taken several important steps to ensure that
there will not be a software shortfall for the Z/H-100.

AND A HEATH H-100 KIT

One ofthe mostamazing factsin the computerindustry
is rarely discussed in the trade press or seriously
considered by a computer user: You can build your own
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computer from a kit, and you can be sure that it will work
when the project is completed!

Who in their right mind would attempt to build a kit
computer? Thousands of individuals with little or no
electronics experience, that's who! Amazing? Perhaps,
but when you take note of the superb assembly and
operating manuals that accompany the H-100—the
Heath kit version of the Z-100—and you further consider
the many Heath Electronic Centers around the country
that can provide on-the-spot support, the idea is
believable.

The H-100, the H-89 computer, and the H-25 printer,
like all electronic kits sold by Heath, can be readily
assembled by anyone with a modest mechanical back-
ground and the ability to read and follow instructions
precisely. Moreover, a person with absolutely no aptitude
can tackle the job with a high probability of success. The
cornerstone of Heath success is a commitment that
states, in effect, "a Heath kit-builder will not fail,” and they
back this commitment completely. Heath has a long and
well-documented history to prove it.

Thejobisreallynotasdifficultasitsounds: Atleastone-
half to two-thirds of the primary assembly is already
completed by Heath before the kit is sold.

Compared to the H-89 kit, the H-100 will require more
time to complete (some details of an H-89 assembly are
shown in chapter 10). In the H-89 assembly, the builder
must put together a small power-supply board and the
video board, and “bolt” the primary system assemblies
into the enclosure. The H-100 kit requires the builder to
assemble the video-rasteranddisk-controllerboards,and
mount the primary components in the enclosure. In both
kits the important computer boards—the terminal-logic
and CPU boards—are assembled and tested at the
factory, taking much of the "tricky” work out of the kit. This
almost assures the scrupulous builder of immediate
success.

Butwhatisthe benefitof all thiswork? Adedicated user
can learn a lot about computer operation from the
excellent assembly manuals. But for someone that is
interested onlyinthe bare operational essentials, thereis
one other thing to consider: building a kit computer can
save roughly30% of the cost. Take alookatchapter10and
judge for yourself if it's worth the effort.



HDOS AND CP/M: THE OPERATING SYSTEMS

A disk operating system is the most fundamental
microcomputer program. It performs the elementary
machine-oriented functions. For example, in a disk-based
system, such as the Z/H-89 and Z/H-100, the operating
system permits the user to change disks in the disk drive,
read the file directories of disks and load applications
programs from the diskinto RAM. The operating system is
different from an applications program: the operating
system is largely concerned with general computer
operation, it is not directly responsible for specific tasks
(e.q., word processing, accounting, data management,
etc). Although it is not an accurate description, an
operatingsystemcanbedescribedrathersimplisticallyas
a “program loader.”

Computers began to need elaborate operating sys-
tems when disk drives were developed. In the beginning,
each manufacturer had a slightly different way of storing
data on a floppy disk, but computer and disk drive
designers eventually agreed to standardize certain
functions. These standards developed into disk opera-
ting systems, or more simply “operating systems.” (The
two terms are not quite identical, but are comfortably
synonymous for our discussion.)

Two primary operating systems are available for
Zenith/Heath computers: HDOS and CP/M. HDOS (pro-
nounced “H-doss") is an acronym for Heath Disk
Operating System and CP/Misanacronym forthe Control
Program for Microprocessors.

THE CHAIN OF COMMAND

The difference between the operating system and an
applications program becomes increasingly obvious as
the user gains experience. WordStar and Electronic
Typing, for example, are applications programs (specif-
ically, the application of word processing), but the
computer must have a functioning operating system in
memory before either of these programs can be suc-
cessfully executed.

Applications programs generally do not include
instructions forgeneral disk-based tasks, such asreading
from or writing to a specific track on the rotating floppy
disk. These tasks are essential to every program, but to
repeat them inside every applications program would

The Heath Disk Operating System (HDOS) was originally
designed to fulfill the needs of early hobby-oriented H-8 and
H-89 users, butmuch creditmustbe given to Gordon Letwin,
the chief writer, because HDOS has remained a powerful,
user-friendly, very-reliable operating system. Heath makes
the internal code of HDOS available to users and program-
mers (the code for many other DO8s Is considered pro-
prietary) and Heath providesawealth of valuable information
for programmers and software designers. Though HDOS is
not as popular as some other operating systems, it is a very
capable product that Zenith and Heath have supported with
updates and new releases.

make programming unnecessarily tedious. Each appli-
cations. program would also be very long and cumber-
some. Programmers have opted, instead, to group the
most common general functions into the operating
systemandfree the applications programstoconcentrate
on specific tasking.

Whentheuserisworkingwith anapplicationsprogram,
the operating system is stillin RAM, butitistransparent to
the user. The user is primarily communicating with the
applications program, however the applications program
can callonthe operating system, if need be, toaccomplish
functions that are normally the responsibility of the
operating system. The user will not be aware of this
interaction because the instructions are sent from the
applications program, through the CPU, directly to the
operating system.

UTILITY PROGRAMS

Some system-oriented tasks may be accomplished
with ulility programs. These programs may be considered
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part of the operating system, because they perform
essential system functions, but they are executed in-
dependently. For instance, in most operating systems
utility programs are used to format new disks so they will
acceptdata; copyfiles from one diskto another; liston the
screen a directory of disk files; erase or delete unwanted
files from the disk; etc.

Some utilitiescan be executed by a usercommand but
others may be linked directly to the operating system. The
beginner is often not aware when a utility is being
executed by the operating system, because the operation
is transparent to the user. But the user should be aware
that some of the programs on a system disk maybe utilities
that are essential for the operating system to function
properly. Any one of these utilities may be called up and
executed from within the operating system, and once the
specific task is completed, the utility returnscontroltothe
operating system. This sequence may take place with a
single user command and no further user interaction.

There is a variety of programs that can be generaily
categorized as utilities. The Zenith/Heath version of
CP/M includes a utility that enables the user to, in effect,
modify or configure the operating system to accept new
peripheral devices, such as printers and disks. Another
type of utility can examine a disk for files that may have
been accidentally deleted from the directory listing, and
allow the user to restore them to active service. There are
also utilitiesthatdisplay on the screenall of the active disk
drives in a system, with their respective capacities, sizes
and assigned letters or numbers. The list could go on and
on.

Many important utility programs are provided on the
disks supplied with the operating system, but it is also
possible to acquire additional utility-type software. As the
user becomes more familiar with system operation, these
accessory utilities can be helpful to“fine tune” the system
to the user's specific needs.

HDOS

“HDOS was designed to be maximally flexible, up-
wardly expandable, and user-modifiable,” says its chief
designer, Gordon Letwin. “I didn't think | could design a
system that would be the ultimate operating system,
because | knew that microcomputers were just starting
out—it was then 1977—and | felt they shouldn't be
restricted in what they could do by the limitations of the
software.”

At that time, he says, Heath wanted an operating
system that would control the disk drive in its yet-to-be-
introduced new computer, the H-89. HDOS was de-
veloped by Heath with a terminal connected to a DEC
(Digital Equipment Corporation) computer. It made use of
the usual key strokes and control-sequences, but HDOS
providedforadditional special-functionkeysthatcouldbe
used by an applications program to implement complex
operations with a single keystroke. HDOS was one of the
first successful disk-operating systems, and it is still
extremely popular with many Zenith and Heath
customers.

WORKING WITH HDOS

When a computer is first switched on, the first order of
business is almost always the bootstrap operation. The
expression “bootstrap” implies doing something without
help—as in “lifting oneself by ones own bootstraps.” This
term, though somewhat inaccurate, is widely used to
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describe the process through which a computer loads an
operating system into RAM. After the power is on, a disk
containing HDOS must be placed inthe disk drive,and the
usertypesthe letter B. The computerresponds with ootto
form the word Boot—short for bootstrap—indicating that
it is ready to load the operating system. (This form, where
the computer completes a word after the user types the
first one or two letters is a kind of computer “shorthand”
implemented in some software.)

When the user presses the RETURN key, the CRT
displays the word: ACTION? (BOOT). The command
inside the parentheses will be executed when the
RETURN key is pressed again. This is called the "default
option"—the command or reponse that will be performed
automatically, unless it is overridden by a different user
response. When the Boot command is executed, the
computer boots (loads) a duplicate of the operating
system from the disk to a location in RAM that is set aside
specifically to hold the DOS.

During the boot operation the computer announces
the following:

SYSTEM HAS 48K OF RAM

HDOS Version 2.0 (or other versions)
Issue #50.06.01

Date (DD-MMM-YY)

The date must now be typed on the keyboard in the
exact form shown (e.g., 15-FEB-83). The computer will
then store this date for further reference after the user
touches the RETURN key. Then the CRT will display this:

Volume 000, Mounted on SYO
Label: HDOS 2.0 Issue #50.06.01

>

Here, the > symbolisa“prompt” to indicate to the user
that the operating system is ready to accept the next
command. At this point the usercancommunicatedirectly
with the operating system, and must issue another
command to load an applications program or perform any
operating-system task (If desired, there are ways to
command the computer to proceed automatically after
the boot process and load a specific applications program
from the disk Further information on this technique is
available in the manuals that accompany operating
system software.)

CAT—THE HDOS FILE CATALOG

When the > system prompt is displayed, there are
several operating system tasks that the user can
command. Forinstance, the user may wish to see a listing
(orcatalog) of allfiles on the systemdisk(the diskcurrently
in the disk drive, from which the operating system was
booted).

The user types CAT (short for “catalog”) followed by a
RETURN, and the operating system will display a
catalog—also called the directory—of disk files on the
screen. Systems files (primary HDOS and utility files) are
“suppressed” and will not be displayed unless the user
types CAT/S. When this command is given, alf the files
residing on the disk will be displayed. If there are more
than 24 files onthe disk, the displaywill scrollupand some
of the listing will disappear at the top of the screen (the
screen can normally display only 24 lines of text at one
time). If the userwishesto stopthescrollingtoread whatis
currently displayed on the screen, simply hold down the
CTRL (CONTROL) key and simultaneously press the §



key. This generates a control-S sequence and stops all
terminal activity {and computer activity) until a control-Q
sequence is typed.

HDOS also permits the user to see the catalog of files
by typing DIR (short for "directory”) and pressing
RETURN. CAT was the original HDOS directory com-
mand, but after CP/M became popular, HDOS was
modified to accommodate the DIR command—the same
one CP/M uses—for the convenience of users who may
have both operating systems.

FILE DESIGNATIONS

HDOS file designations have a three-part structure:
first, a prefix that directs the computer to the specific disk
drive containing the floppy disk with the file recorded on it
(or to be written on it); second, a filename, which may
consist of up to eight characters; and third, an extension,
which may consist of up to three characters to further
describe the file. For example, the file designated
SYO:EDIT.ABS is on the disk in drive SYO;, its name is
EDIT and .ABS is the file extension.

The disk is used to
permanentiystorefiles
of software and data.
When the userisatthe
operating system level
the catalog (CAT) or
directory (DIR)
command can be used
to view a listing of flles
currently on the disk.
Note that the size of
the file is displayed in
sectors (a segment of
disk space), along with
a date indicating when
the file was last
accessed.

Each portion of the file designation is important. The
prefix addresses a file to a specific disk drive. In a system
with more than one 5.25-inch drive, each drive is given a
specifier. The primary (boot) drive is called SYO0: and
auxiliary drives are numbered in sequence: SY1:, SY2:,
SY3:, etc. (8Y Is short for “system”).

If no drive specifier is given, HDOS assumes that drive
SYO:isthe defaultoption(afile designation withoutadrive
specifier will be presumed to have an SYO: specifier). In
systems with more than one disk drive, any command to
manipulate a file must include a drive specifier to indicate
where the operating system will find or place the file
(though SYO: is still a default). For example, if EDIT.ABS
was on the disk in drive 8Y2:, the file would have to be
designated as SY2:EDIT.ABS. And don'tforget the colon
(:), it must be present to indicate that the prefix is a drive
specifier.

The filename (e.g., EDIT) can be as short as one
character or as long as eight, but the first character must
be a letter of the alphabet and not a number; the other
seven characters may be either letters or numbers, as
desired. The user may select and change filenames as he
desires (though some operating system and auto-linked
files cannot be changed).

The file extension may be one, two or three letters or
numbers long, or they can be eliminated entirely, if
desired. Extensions are useful to indicate a general

categoryforafile, orthey maybe usedtoindicate different
versions of data files that may have the same filename.

The extension begins with a dot (.)—usually spoken as
“dot” rather than “period” or"point” (thus, “edit dot A-B-8"
would be a spoken reference to EDIT.ABS). In this case,
the .ABS extension indicates that the file is written in
absolute binary source—i.e., the program instructions are
directly executable by the microprocessor.(Occasionally,
programs written inabsolute binary source arereferred to
as machine-language programs). Other common ex-
tensions are: .BAS for programs written in a version of the
high-level language called Basic;.SYS for programs that
are part of the HDOS operating system;.TXT for data files
that contain text material; and .DOC for text files that
explain (or document) programs.

Filedesignations mayseemcryptictothe beginner, but
they will quickly become familiar. Software designers
usually select unique and descriptive names for their
programs. However, a utilitythatallows the usertochange
any filename and extension is provided in the operating
system. It is possible, then, for the user to change
filenames and extensions (though it is generally better to
stick with some of the accepted conventions).

For example, suppose the user obtains word process-
ing software that is named WORDPROC.ABS. If the user
finds typing this complete designation tiresome, he can
shorten the filename to WP or any other unique name
that he prefers. Now, when the user sends the command
WPtotheoperating system, the word processing program
will be loaded into RAM and executed.

Note that the .ABS extension has been dropped
altogether. This is acceptable if the user doesn't need to
know or care that this is an absolute binary source file. It
mustbe remembered, however, thatthe operating system
assumes the .ABS extension is a default for directly
executable programs, if the user assigns a different
extension to such a program, it must be included in the
execution command.

Choosing meaningful filenames will make computer
files easier to remember and locate. The guidelines for
naming files (as explained above) must be observed
whenever the user wishes to rename afile, but the useris
generally free to name files as desired—except for
interiinked operating system files, which must always
retain their original filenames (otherwise the operating
system may not function properiy).

ABOUT DISKS

So far, we have discussed one general type of disk: a
system disk. A system disk is a “bootabie” disk, meaning
that it contains several system files which, together, make
up the HDOS operating system. Another general type of
disk is the data disk. This is a “non-bootable disk" It is
physically identical to a system disk but does not contain
the operating system files (therefore, it cannot be used to
bootthe operating system into RAM), but since the system
files are not on the disk, there is more free space to store
files. A data disk is used primarily in a system with more
than onediskdrive. Inthisinstance, a systemdisk mustbe
used in drive SYO: to boot the operating system into RAM
and data disks can be used In the auxiliary drives to store
programs and data files.

When disks are purchased they are generally “blank”
and are unusable. To make a blank disk usable, the user
must record data tracks on the disk surface with a system
utility program (see below, INIT). After this process is
completed, files can be recorded to the disk and retrieved
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Before a blank 5.25-inch disk can be used to store programs
or data flles, It must be Iinitialized (HDOS) or formatted
{CP/M). These procedures putinformationonthediskthatls
required before the disk drive (and disk-controiler) can write
data on the disk surface In an orderly manner. All 5.25-Inch
disks can be protected from accidental data loss bycovering
the notch (1) with a write-protect tab (2). When the adhesive
tablsfolded and placed overthe notch, datacanbereadfrom
thedisk, butitlsimpossible towrite orerase dataonthedisk.
The tag can be easlly removed when the protection Is not
neaded. Adhesive disk labels (3) can be used to record the
Identifying number, disk name and other useful information
on each disk.

by the operating system (see below, PIP). But at this point
the disk is only usable as a data disk. To make it into a
bootable systemdisk, acopyofthe operating system must
be transferred to the disk (see below, SYSGEN).

INIT—DISK INITIALIZATION

Imagine a new suburban housing tract. Before the
developer can start building houses, a crew of workers
must lay out and name the streets and assign each house
a number. In essence, either formatting a CP/M disk or
initializing an HDOS disk is an analogous operation. The
computer records on the blank disk information that will
be used as a guide by the operating system to place or
locate new data or files on that disk.

It is generally necessary to format or initialize a new
disk only once, though used disks can be reformatted or
reinitialized if the user, for some reason, desires to
construct a “new” disk from scratch. It must be re-
membered, however, that during this process any data or
file that was previously recorded on the disk will be
destroyed. It is also important to know that a “CP/M
formatted” disk cannot normally be used by the computer
whenitisunderthecontrol of the HDOS operating system,
and vice versa. Also, the process consumes a few
thousand bytes of a disk’s potential storage capacity: as
much as 10 Kbytes in what would otherwise be a 102-
Kbyte disk.

Once a disk is initialized or formatted, it is ready to
accept any files that the user may wish to copy onto it.
Since it does not contain the operating system files, it is
not bootable (though it can be made bootable by coping
the necessary system files onto it, see below). However, if
the user has a multi-disk system it can now be used as a
data disk

To use the INIT utility to initalize a disk with a Z/H-89
system that has only one disk drive, proceed as follows:

1) Boot an HDOS system disk as described above.
2) When the > prompt appears, type INIT and touch RETURN.

3) The system asks: PROCEED (YES/NO) ? where NO is the default
option. To proceed, type YES and touch RETURN.

4) On instructions from the program, remove the system disk from the
disk drive and touch RETURN.

5) The screen will display: Device (8Y0:)? This offers the user the
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default option disk drive (i.e., drive SY0:). Touch RETURN to accept the
default

8) On instructions from the computer, insert a blank disk into SY0: and
press RETURN.

7) For a few moments, the drive will spin the disk. If the disk has been
previouslyinitialized, the screen will display the existing label and number.
If not, it willdisplay none. Answer the inquiry or press RETURN, depending
on the computer prompt.

8) Thedisplaywillaskforanewdisknumber, tmustbe betweenoneand
255 (HDOS will not accept any number outside this range). Selact a
number, using either the keypad orthe numberkeys on the main keyboard,
and touch RETURN.

9) The display will then ask for a label (a general name) for the disk. For
practice, type SAMPLE, and then touch RETURN. In normal work, the disk
may be labeled with a more useful name, suchas ACCOUNTS PAYABLE or
LETTERS.

10) The digk drive will spin the disk inside and initialize it, a process
which takes approximately 30 seconds. HDOS permits the user to make
use of partially damaged disks by asking If any sectors on the disk are
damaged. (See chapter 8 for details about disk sectors). Assuming,
however, that the new disk has no bad sectors (which is aimost always the
case), when the CRT asks: Sector? touch RETURN.

11) The drive will spin the disk for a few more seconds and the
Initialization process will be compiete. Remove the initialized disk. The
HDOS program will automatically return to the point at which anotherdisk
may be loaded into the drive for initialization (step six, above), or a system
disk must be inserted in drive SYO: and the boot process must be
completed before the user can go on to a different task.

Some usersinitialize all new disks immediately; that s,
they open a box of disks, execute the INIT program, and
consecutively initalize all of the disks. The only drawback
to this technigue is that one must predetermine the
number and label of all the disks. However, utilities are
available to rename and renumber disks after they have
been initialized.

SYSGEN—SYSTEM GENERATION

System generation is a technique used to transfer
operating system files from one disk to another. This is
accomplished with the utilitycalled SYSGEN.The process
will also transfer non-system files, although there are
separate utility programs that do this more efficiently.

itis helpfulto keepthe operating system on extradisks,
asaprecautionagainstdamage oraccidental erasure. Itis
alsoconvenienttohave HDOS utilitiessuchas ONECOPY



SYSGEN is the utility
program that is generally
used to produce a “boot-
able" system disk. Norm-
ally, SYSGEN will transfer
the entire operating system
and some Iimportant system
utllity programs to the blank
disk. If a user wishes to
transfer the minimum boot-

able system (minus the HDUSAVLL. 5V8
utility programs) he may use -l
the “/MIN” feature of St LW
SYSGEN. This is the direc- BT L5Y8
tory produced after a min- o L
imum system generation. Al/ :
of these files must be present
on the disk or the boot o
operation cannot be
successfully completed.

RFTER SYSGEN/NIN THE FOLLDVING FILES
ARE RECORDED ON THE BOOTASLE SISk
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onthe currentdisk(see below) so thattextordatafilescan
be copied withouthaving to replace the disk with a system
disk.

In the following SYSGEN example, only one disk drive
is needed:

1) After booting an HDOS disk and recelving the > prompt, type
SYSGEN and touch RETURN.

2) The program will ask: Destination Device (SY0:)? where the default
option is drive SY0.. Touch RETURN to select drive SYOQ..

3) At the direction of the program, displayed on the screen, remove the
HDOS disk from SYO: and touch RETURN.

4) Re-insert the HDOS disk and touch RETURN. (Steps three and four
allow the use of a systemdisk thatisdifferentfrom the disk used to loadthe
SYSGEN program.)

5) The program will read a portion of the HDOS system disk and tell the
user when to remove it, and to substitute a blank initialized disk. I1 s not
necessarytotouch RETURN afterinserting the new disk. The program will
write the HDOS system files onto the new disk, calied the destination
disk, having read these files from the sowurce disk in step four.

6) Steplive will repeat itself severaltimes, soitcan read all of the various
HDOS system files from the source disk. When the SYSGEN program is
complets, it will display: 13 Flles Copied.

7) The system can now be booted with the new disk. Ensure itisin drive
SY0: and touch RETURN.

8) All HDOS disks, when they are first SYSGEN'ed, need to record the
baud rate at which the terminal has been set (see chapter 8 for details, but
disregard it here). No prompt will appear, but after a few seconds the disk
will stop spinning. Touch the SPACE barafewtimes, this records the baud
rate on the disk, then the normal boot routine will begin, and when
completed, the > prompt will appear.

9) To verify that files have beentransterred to the new disk, type CAT/S
and touch RETURN; this displays the extended catalog, including system
files.

There are two additional ways to use SYSGEN. By
following steps one through six, buttyping SYSGEN/MIN
at step one, the computer will transfer only the minimum
number of files necessary to make the new disk bootable.
By following steps one through six, but typing SYSGEN
* * the computer will transfer all files from the source disk
to the destination disk.

COPYING FILES

Forsystemswith one diskdrive, the ONECOPY utilityis
used to make copies of files onto another disk. The steps
resemble the SYSGEN stepsin that the files are read from
a source disk, held temporarily in the main memory, and
written onto a destination disk when it is inserted in the

3 Files, Using 135 Seclors (250 Free)

ONECOPY Is an HDOS utility program
that will allow users of systems with only
a single disk drive to copy one {(or more)
flles from one floppy disk to another.
When ONECOPY is called up, it will give
some simpleinstructionsanddisplayan
“OC:"” prompt. At this prompt the user
types the name of the flle{s) that he
wishestocopy. ONECOPY willthenload
the file(s) from the source disk into
computer RAM, prompt the user to
instalithe destinationdisk, and writethe
file from RAM to the disk. Several disk
swaps may be necessary to complete
the transfer of a large file (or several
small files).

Reapve he Disk(s), Wit RETURN when ready:

ONECOPY
Versiont 2.0
Issue:  050,06.00

ONELOPY 15 used o copy files for systems with only cae
{loppy drive, Read Lhe approprizte msnuil before uiing.

Inserd Lhe initis]l source disk. Wil RETURM vhen resdy!

iBie. 0

Inserl Bestinabliont
Inserl Source!
Insert Destinationt

Insert Source!

13 Files Copied
i

disk drive. The source disk need not be a bootable disk,
and ONECOPY can not be used to transfer system files.

After the command ONECOPY is typed and the user
follows the instructions on the display, the program
prompt :0C: appears. At this prompt the user types the
name of the file thatis to be copied. Itis possible tocopyall
files from the source to the destination by typing *.*—
when manipulating multiple HDOS files the * symbol can
be used as a “wildcard” designator to save typing effort
(details about wildcard file designators are includedinthe
HDOS manual).

In many casesthe usable storage space in RAM willbe
smaller than the amount of file material to be copied from
onediskto the other. When this happensthe copytransfer
willbe accomplished inmultipie steps. During thisprocess
it will be necessary to switch back and forth between the
source and the destination disks several times as blocks
of copy are transferred to the available RAM space and
then onto the destination disk (ONECOPY will prompt
when this is to be done). In addition to copying files,
ONECOPY will display a catalog of the current disk by
typing a/Latthe :0C: prompt. Also, the source disk maybe
changed by typing /MOU—at which point ONECOPY will
instruct the user to remove the current source disk and
install another.

MULTIPLE-DRIVE HDOS SYSTEMS

Heath, Zenith and severalindependent manufacturers
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CP/M is a very popular microcomputer
disk operating system that can support
many different kinds of peripheral
equipment (disk drives, printers, etc.).
Though CP/M is not parfect, it is ex-
tremsly flexible because Is uses a sep-
arate BIOS {Basic Input-Output Syatem)
module inthe operating system. Thatis,
whenever the DOS must communlcate
with peripheral hardware, it first con-
sults the BIOS to determine the ‘“‘con-
figuration” of the system (hardware). As
the user adds or upgrades peripheral
equipment, the BIOS can be altered to
reflect changes. The Zenith/Heath ver
sion of CP/M has a special BIOS that
“fits” CP/M to the Z/H-89, but no other
modifications were required to adapt
CP/M; as a result, most of the applica-
tions programs written for standard
CP/M can be readily used with the
Zenith/Heath version.

Learning all of the
CP/M commands and
utilities is not an easy
task. However, Digital
Research and
Zenlth/Heath supply a
handy reference card
to heipthe novicekeep
things straight. Since
all commands (and
many variations of
them) must be
structured according
to specific conven-
tions, the reference
card ls a handy way to
check detalis that may
be confusing.

offer accessory disk drives that are compatible with the
Z/H-89, Z/H-90 and Z/H-100 computers. Some of the
manufacturers suppysoftware modifications thatallowup
to four additional drives, in addition to the onboard drive.
Instruction for configuring add-on disk drives and other
components of a computer system are given in chapter
7. All of the HDOS programs described here will also
work on multi-drive systems, if the steps described are
maodified slightly.

For example, in SYSGEN'ing disks, it is not necessary
to remove the source disk from the drive (SYO:) if the
destination disk is mounted in a second, accessory drive
(SY1:). In this case, at step two, when the screen display
asks for the destination drive and offers (SY0:) as the
defaultoption,type SY71:and thentouch RETURN. This will
tellthe systemtocopythe SYSGENfilestothediskindrive
Sy1..

If you have a single-drive system, the ONECOPY
program is the only way to copy files from one disk to
another(hence the name), butif the user has a multi-drive
system it is far easier to use the program called PIP to
transfer files between disks.

PIP—THE MOST IMPORTANT UTILITY

HDOS would not function properly without the utility
called P/P—an acronym for Peripheral Interchange
Program. It is the utility HDOS uses to transfer data from
one place in the computer to another.

Whenausertypes CATtolookatthedirectoryofadisk,
HDOS actually calls upon the PIP program to transfer a
copy of the directory from the disk to the terminal. Instead
of the normal CAT directory command, try typing PIP
TT:=/L at the system prompt. The effect is the same
because the PIP portion of the command invokes the PIP
transfer utility, the TT: portiontells PIPto transferthe data
totheterminal,and/Lisanabbreviatedfile designationfor
the catalog (directory) listing.

Note the structure of the command and the use of the
(=) symbol. In all cases PIP commands must conform to
this structure. Specifically, note that the source (usually a
filename)listed afterthe =istransferredtothe destination
device listed before the = symbol. In effect this structure
says “to this destination, send this source.”

PIP is used mainly to copy files from one disk drive to
danother. The filename—with extension—and the drive
specifier must always be included. A PIP command Is
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structured in this way: PIP DESTINATION
DRIVE:FILENAME.EXTENSION=SOURCE DRIVE:
FILENAME.EXTENSION. For example, to use PIP to
transfer the file EDIT.ABS from drive SYO: to drive SY1:,
type: PIP SY1:EDIT.ABS=SYO:EDIT.ABS and touch
RETURN.

If the user wishes to change the name of the file while
making the transfer, it is possible to enter a new
destination filename. Using the example above, PIP
SY1:NEWEDIT.ABS=SYO:EDIT.ABS would produce a
copy of EDIT.ABS (from SYO:) on SY1;, but it would now be
named NEWEDIT.ABS. During the transfer it is often
helpful to use the HDOS wildcard designators. Again
using the example above, PIP SY1:*.*=SYO:EDIT.ABS
would produceacopyof EDIT.ABS(fromSY0:)onSY1:and
would retain the same name because of the use of
wildcards in the destination filename.

Tothebeginnerthismaysoundlikedoubletalk, but with
a little practice the methods (and shortcuts) for using PIP
quickly become second nature. We present these ele-
mentary examples to show the basic operations of PIP,
and we recommend that every user study the detailed
explanation of PIP in the HDOS manual.

ADDITIONAL HDOS COMMANDS

Besides INIT, SYSGEN, ONECOPY, CAT(DIR) and PIP,
there are at least a dozen system commands that HDOS



understands. The following is a partial listing; the HDOS
manual explains all system commands in detail.

HELP—Prints a list of helpful instructions

BYE—Dismounts all disks for re-boot

DATE—Display or (followed by new date) set date
STATUS—Display the status of files on a disk (default SYO:)
DELETE FILENAME—Delete a file called FILENAME

RENAME NEWNAME=0LDNAME—Rename a file to NEWNAME
from OLDNAME.

RUN FILENAME—Run a program called FILENAME

TYPE FILENAME—Type contents of file called FILENAME on the
screen

MOUNT SY(X:)—Mount disk on drive "X"

DISMOUNT SY(X:)—Dismount disk on drive “X"

CP/M

While he was working for a computer manufacturer,
Gary Kildall developed the CP/M operating system as a
way of linking the then-new 8080 microprocessorwith the
also-new floppy disk. His employer wasn't interested in
the idea, so Kildall bought the rights and started his own
company with them. Today, Digital Research can claim to
have sold more copies of CP/M than any other operating
system for 8080/Z80-based computers. CP/M is—de
facto—an industry standard.

Like HDOS, CP/M was conceived as a way to link the
three important microcomputer elements—the terminal,
the CPU andthediskdrive—together. By some standards,
CP/M is not considered particularly efficient, but by sheer
numbers, there seems little doubt that CP/M will remain
the dominant operating system for 8-bit microcomputers
for many years to come.

WORKING WITH CP/M

CP/Mworksbestwith systemsthathave morethanone
disk drive. CP/M boots very much the same way HDOS
does, except that the user has fewer steps to perform.
Simply insert a CP/M disk into a disk drive (most people
use the onboard drive in the Z/H-89 or Z/H-90 as the boot
drive). When the H: prompt appears, type the letter B and
touch RETURN. The system completes the word Boot by
adding the oot, and in a few seconds CP/M is “up and
running.”

CP/M indicates its readiness to perform by displaying
a system prompt that looks like this: A>. It means that the
booted disk is mounted in drive A: and that control of the
computer is centered in the disk mounted in drive A:—in
effect, it is the default drive.

If a bootable disk is mounted in another drive, and the
user wishes to transfer system control to that disk (e.g., to
run one or several programs residing on a disk in drive B:
without having to always include the drive specifier), type
the letter corresponding to that disk drive, followed by a :
and touch RETURN (e.g. B: RETURN). After a moment,
CP/M will respond by issuing a new prompt: B>. Drive B:
will then be the default drive until the user either
designates another default (by typing A: or another valid
drive specifier) orrebootsthe computer. The computerwill
assume all files reside on the default drive unless
instructed by the user to look elsewhere (e.g. C:
PROGRAM).

Disk initialization under CP/M is called formatting, and

PIP—HOW IT WORKS

Copying a file named “Letter” on disk B to disk C

COMMENTS
CP/M default disk is A

COMPUTER TYPES | USER TYPES
A> w—r |

A> PIP e——

User runs PIP to “teach" computer how to
copy liles

**

PIP gives Asterisk prompt; means “ready to
proceed"”

C:=B:LETTER®Copy "letter" from disk B into RAM, when
finished, write “letter from RAM onto disk in
drive C (also add “letter” to directory on disk
(=} >

Ready to copy something else

Control-C =il Forget PIP and goto default CP/M disk (A),
relearn CP/M—load it into RAM

CP/M is ready to accept next command

A> e—

The peripheral interchange program (PIP) is an integral
utility of CP/M and HDOS that transfers files from one source
toanother. Thatisoneofthe mostimportantfunctionswithin
the DOS.

Atthe CP/M system prompt(in this case the A> indicates
drive A: isthedefault) the usertypes PIP. Thecomputerloads
the PIP utilityfromthediskinto RAM, anddisplaysanasterisk
(*) on the screen to indicate PIP is ready to begin the copy
routine.

The user enters the transfer command in the following
format: the destination drive, an equals sign, the source
drive, and the filename (e.g., C:=B:LETTER) and presses
RETURN. The computer checks the directory on the disk in
drive C:, to make certain the destination disk can accept a
copy of the file (LETTER), then a check is made of the
directory on the disk in drive B: to ensure that the source
filename is valid. After these tests, the computercopies the
filefromthediskindrive B: into RAM; and whencompleted, it
writes the file from RAM onto the disk indrive C:. Finally, the
new filename and the size of the file are recorded in the
directory on the disk in drive C:.

Afterthetransferiscomplete, thescreendisplaysanother
asterisk to show that PIP is ready for another task. If the user
(not wishing to copy any more files) touches RETURN or
CTRL-C, the computer will essentially “forget” the PIP
routine, and go to the CP/M system disk (in drive A:) and
“ralearn” CP/M by reloading it into RAM. When the A>
system prompt is displayed, CP/M is again in control and
ready to accept another command.

If the system has only a single disk drive, PIP will work
(much the same wayas the HDOS ONECOPY program does).
Allofthe above stepsare followed, exceptthatdrive B: andC:
should be thought of as disks B: and C:. PIP will prompt the
user to PLACE DISK B IN DRIVE A, AND PRESS RETURN.
When the source disk is again needed, PIP will request
PLACE DISK C IN DRIVE A, AND PRESS RETURN.
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isaccomplished with a utilityprogramcalled FORMAT. Itis
necessary to format any 5.25-disk before it can be used
with CP/M. To format a disk, follow these steps:

1) Boot a CP/M disk (which includes the FORMAT program). When the
A> prompt appears, type FORMAT and touch RETURN.

2) The program will ask the user whether or not to proceed with the
FORMAT program and ask fora(Y/N) response. To proceed, type ¥ (for yes)
and touch RETURN.

3) The program will ask the user to identity the destination disk If the
disk you wish to format is in drive B, type B and touch RETURN.

4) Make sure the blank disk Is in drive B: and touch RETURN, as
prompted by the screen display.

5) Formatting takes approximately 80 seconds; when one diskisdone,
the program will display. INSERT A NEW DISK AND PRESS RETURN.

8) Since itiseasytoformat a whole box of newdisks atonce, remove the
formatted disk and replace it with a fresh disk. Repeat steps four, five and
six until all disks have been formatted.

7) Some versions of CP/M (particularly the Zenith/Heath version) ask
theuser: Do youhave more diskstoformat?(Y/N).|fthatpromptappears,
youmay end the FORMAT program by typing N. In otherversions FORMAT
can be stopped by just pressing RETURN. At this point, CP/M will return
with the A> system prompt.

CP/M comeswithan extensive documentationmanual
that is widely regarded as being inadequately organized
for novice users. There are several excellent introductory
texts which do a better job of explaining CP/M than the
system manual does, and any new user is advised to read
at least one of them. The information presented here is
only a brief overview of a few major CP/M system
operations.

COPYING CP/M AND COPYING FILES

At all times, the operating system must know what
computer hardware it is expected to control. Under CP/M,
thereisa“systemimage” thatthe operating system keeps
“in mind” while it is working. The system image includes
the capacity of the computer memory (RAM) and the size
and configuration of the disk drives (whether 5.25-inch or
8-inch, etc.).

One of the features that makes CP/M so flexible
(usable on many different computers) is the ease with
which the system image can be changed. The system
imageiscreated through a process known as"“configuring
CP/M." This is accomplished with a utility program called
CONFIGUR. After the program is called, the user simply
answers questions and fills in blanks as the program
displays various configuration options on the screen. At
the end of the process, the system image is formed and
storedinthe operating system.{Detailed directionsforthe
use of CONFIGUR are outlined in the Zenith/Heath
addendum to the CP/M manual).

Once CP/M is set to your system configuration, it is
wise to make backup copiesfordailyuse. Keeptheoriginal
in a safe place and use it only as a source for copies; use
the copies for day-to-day work with the computer. This is
very important, since disks can be damaged or lost.

Creating a bootable system disk is similar to the
process discussed in the HDOS section.

To copy a CP/M disk (i.e,, to make a bootable copy),
follow these steps:

1) Boot a CP/M disk (which contains a copy of SYSGEN) in drive A;, and
place a blank, formatted disk indrive B:. At the A> prompt, type SYSGEN.

2) The program will issue a sign-on message, and then request the
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source drive. At this request respond A,

3) After a few seconds, the program will request the destination drive.
Press B. This writes the boot information to the boot tracks on drive B.

4)When this operation s complete, SYSGEN will ask: COPY BIOS.8YS
(Y/N)? At this prompt, reply ¥ to write the CP/M system image to the diskin
drive B:.

5) This completes the operation. Press SHIFT-RESET to re-boot.

The PIP utility under CP/M operates in virtually the
same manner as that for HDOS and may be used to
transfer files selectively from one disk to another. The
syntax for CP/M PIP commands is: PIP DESTINATION
DRIVE:=SOURCE DRIVE:FILENAME. For example, to
transferafilecalled EDIT.COM todrive B: from A:, type: PIP
B:=A:EDIT.COM and touch RETURN. Note, however,
one significant difference between the HDOS and CP/M
copy commands: in the CP/M command, the filename
does not have to be included in the destination address
if the user wishes the destination file to retain the same
name as the source.

CP/M FILE DESIGNATIONS

The CP/M manual and ancillary references explainfile
designations, filenames, drive specifiers and extensions
in great detail, though the designation structure is
somewhat similar to that of HDOS. When copying, it is
possible to simultaneously transfer several files which
have similar names or extensions. The * is a wildcard
designator for filenames or extensions. Thus, *.COM will
designate all files with a . COM extension (all CP/M utility
and application files have the .COM extension, the
equivalent of .ABS in HDOS). In a similar fashion,
REPORT.* will designate every file named REPORT,
regardless of itsextension. Acombinationisalso possible.
The *.* (star-dot-star) is a wildcard designator for any file
with any extension (in effect, all of the addressable files on
the disk).

Another CP/M wildcard file designator is 7. It is used
when several files share a few common letters in their
names. For example, if the user has written nine letters,
each filed consecutively (e.g. LETTER1, LETTER2 . ..
LETTERS) and wishes to copy all of them, it is possible to

type:
PIP B:=A:LETTER?

and every file that fits the filename (with wildcard) will be
copied. Obviously, then, CPF/M does not allow an “?" or“*”
as part of the ordinary filename.

The DIRcommand is used to examine the directoryofa
disk. Typing DIR and touching RETURN will produce the
directory of the currently-used drive: i.e,, if the A> prompt
appears, drive A: will be accessed. To examine the
directory ofanotherdrive, type DIR (drive): (e.g. DIR B: will
display the directory from drive B:).

The STAT command is used instead of DIR when more
information is required; DIR merely liststhefiles. Tolistall
disk files with STAT, type: 8TAT=*,*. STAT places them in
alphabetical order(bythe firstletter orletters of eachfile's
name), gives the file size in terms of the number of records
(a disk-management reference thatis not of greatvalue to
the average user) and also in terms of the number of
kilobytes (Kbytes or groups of 1024 bytes) each file occu-
pies. Thisindication of size isextremelyvaluable. The user
can examine the size listing to see if afile may be too large
to fit on a disk with limited free space.
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CP/M hasa bullt-in utilitythatdisplaysthefllesrecordedona
disk. Typing DIR will generate an abbreviated directory
listing (photo1). Noinformation onthe sizeofeachfileorthe
remaining space on the disk is displayed. The “status" of
those files can be obtained by using the utility called STAT.
Typing STAT *.” will produce an alphabetized listing of all
files on the disk, along with their individual file sizes (photo
2). The remaining free space on the disk is also given. Many
independent programmers have also developed “custom”™
directory listing programs. A disk directory listing produced
by one of these programs is shown in photo 3.

Forexample, some word processing programs routine-
ly maintain backup copies of every file to prevent
accidental data loss. The backup files are listed in the
directorywiththe extension.BAK andcanfillupadiskvery
quickly. Forinstance, let'sassume the userhasa12-Kbyte
document called REPORT already existent on the disk,
but there is less than 12 Kbytes of free space left on the
disk. A copy of REPORT can be read from the disk and
loadedinto RAM by the word processorforediting, but the
original copy will be left on the disk. (This is a precaution
against data loss: if there is an accidental destruction of
the RAM files—perhaps due to a power failure—the user
still has a version of the file resident on the disk, evenif it
isn't the very latest) When the user wishes to write the
edited version of REPORT back to the disk, there will not
be enoughroomforitalong withthe original version, which
has remained on the disk with a .BAK extension.

In this instance, the user would be in a jam. He would
have to lose the updated RAM-file copy of REPORT and
start from scratch with a disk that has more available free
space. However, there is one exception to this. If the word
processor is designed to link with the CP/M ERASE
command, it would be possible to erase the backup file
from the disk, freeing up enough space to write the RAM
file to the disk. This is not possible with all word
processors, therefore, before editing (loading) a file, the
wise user should check STAT to ensure that ample free
space exists (on a crowded disk) to accept the updated
version when it must be written back to the disk.

Besides ERA, other CP/M commands include REN—
torename afile; TYPE—totype the contentsof afileontoa
screen or a printer (depending on previously-set con-
ditions); and SAVE—to store a block of data, text, or a
program from RAM as a disk file.

HDOS AND CP/M COMPARED

It is not fair to compare these two operating systems
feature by feature. Although HDOS and CP/M are
approximatelythe same “age," havingbeencreatedonlya
few years apart, they are not comparable by criteria of
value toan average user. More applications programs run
under CP/M than under HDOS, though people who use
them both have said that HDOS is more “"user-friendly”
and forgiving of mistakes after certain kinds of errors are
made.

HDOS, however, will only run on Zenith/Heath com-
puters, while CP/M has been modified to run on virtually
every microcomputer in some form or other. This means
that applications programs written to run under CP/M
outsell those for HDOS by an enormous margin. Formany
users, the variety of available applications software is a
strong reason for using CP/M.

In the next chapter, we will look at some of the most
popular HDOS and CP/M applications programs.
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The Zenith/Heath user can choose from a wide array of
operating systems, computer languages, applications soft-
ware, communications packages, countless system util-
ities, and more.

Local computer clubs and users’ groups can provide
valuable help for enthusiasts. At club meetings members
discuss mutual problems, trade software, and in general
have a good time sharing a common interest. The national
Heath Users’ Group (HUG) sponsors yearly meetings that
draw enthuslasts from all over the U.S.
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SOFTWARE FOR MANY APPLICATIONS

Once an operating system has been booted into
system RAM, a Zenith/Heath computerisreadyto run(ex-
ecute) an applications program: the software that ac-
tually does something “useful” for the user. This applica-
tions program may be one of the many pre-written “pack-
aged" programs (available from a variety of sources) ora
special program that the advanced user hasdeveloped to
answer a particular need.

Theinformationinthis chapterprovidesageneralover-
view of software for Zenith/Heath Z/H-89 and Z/H-80
computers. Although some of the specific programs dis-
cussed will not operate on the Z/H-100 series, they are
representative of the packages that will soon be released
(many with enhanced features) for the Z/H-100 compu-
ters.

It is Impossible to include an evaluation of every avail-
able program, but we will explore major types of applica-
tions software, and we will review some of the popular
programs in each category. However, programs vary
greatly in quality and cost, and we caution all readers to
carefully examine sales literature and all available doc-
umentation before buying any software.

Some widely advertised programs are not compatible
with Zenith/Heath computers (VisiCalc is a good ex-
ample) because they are not designed to work with the
microprocessor used in Zenith/Heath systems. But,
similar programs (in this case, SuperCalc or Zencalc) are
designedforZ/H systems, and theywill performatleastas
well, if not better in some ways, than the better-known
software.

Much of the software discussed here is designed for
small business applications. A microcomputer can bring
powerful capabilities to any business, and Zenith/Heath
computers can be readily employed to satisfy the require-
ments of nearly any small business. Zenith is obviously
responding tothese needsbyincluding two programsdis-
cussed here—Basic-80 and SuperCalc (both for CP/M)—
with each new Zenith computer. This provides the user
with a package of hardware and software suitable for
spreadsheet projections (SuperCalc) and the support of
accounting programs or user-oriented special-applica-
tions programs (Basic-80).

On the other hand, many computer users, and espe-
cially hobbyists, find little appealinbusiness software, and



prefer to explore the intricacies of programming lan-
guages or recreational computer games. There is wide
variety of programs—available for both CP/M and HDOS
operating systems—to satisfy these interests.

The Heath Users’ Group (see appendix), The CP/M
Users’ Group(see appendix), local CP/M or Heath compu-
ter clubs and other local computer clubs are excellent
sources for new software—some sources may even
supply software free of charge or make programs avail-
able for just the cost of a blank distribution disk. These
programs may be useful, but not all of them are recog-
nized by Zenith/Heath as being fully-tested and free of
bugs. If such software does notrun correctly, the usercan-
not assume that Zenith/Heath will fix the problem. There
are, however, many experienced users and skilled inde-
pendent programmers who monitor the HUG-sponsored
bulletin board on the CompuServe telephone network.
These users are usually willing to give advice for debug-
ging minor program problems.

The professionally-written software discussed here
are examples of some of the best programs available for
Zenith/Heath computers. A novice user can be assured of
their quality, and though no software is guaranteed com-
pletely free of quirks, these programs are at least nearly
error-free. Most of them are available from authorized
Zenith or Heath dealers. However, Heath dealers, the
Heath mail-ordercatalog, and the Heath User's Group are
the primary sources for HDOS programs (programs writ-
ten for HDOS are generally more popular with Heath
computer users). Some of the programs are available only
from independent suppliers and, whenever possible, we
have listed the source so readers can obtain additionalin-
formation.

SPREADSHEET PROGRAMS

The spreadsheet program is directed at the very heart
of business management. For example, by placing all of a
company's monthly salesrecordsin a row, above acolum-
nar listing of all sales personnel and their individual con-
tributions to the total, a sales manager can see how
productive each salesperson was during the year, and
what percent of the company’s business was directly at-
tributable to each individual.

The problem with doing this type of analysis by handis
that, even with the help of a calculator, each computation
requires many minutes of record analysis; in a large com-
pany, the manager will spend hours atthe task. Also, if any
additions or changes are made, they affect many of the
otherfigures. Evenwithasoftpencilandagooderaser, the
spreadsheet quickly becomes a mess.

Inthe early 1980s, a computer program converted the
paper spreadsheet into a screen display, and performed
the calculations at each cell (where a row and column
meet). This time-saver, called Visicalc, became a best-
seller, but the original was not written for CP/M or HDOS
and could notbe used with Zenith/Heath computers.Inde-
pendent programmers have now developed spreadsheet
simulators that are compatible, and a leading example is
SuperCalc.

SUPERCALC

TorunSuperCalcina single-drive system,boota CP/M
disk, then remove it and insert the disk on which Super-
Calc resides. With 8-inch or double-density 5.25-inch
drives, itis possible toinclude SuperCalc onthe same disk
as CP/M and switching disks is not necessary. After CP/M
is loaded, SuperCalc is invoked by typing SC and touch-

ing RETURN.

At any time the user can get help—by touching the 7
key—and a list of possible commands appropriate to the
user's current place in the program will appear. Initially,
when nodatahasbeenentered, the help menuwillgive in-
structions for creating a spreadsheet. Pressing any key
takes the user out of the help menu and back to the
“spreadsheet” screen.

BRKEVN—A SUPERCALC SAMPLE PROGRAM

Breakeven analysis is a sample program that comes
with SuperCalc to demonstrate the capabilities of a
spreadsheet analysis. The cost of producing an item can
be broken down by category and compared against
demand, price fluctuations, quantity discounts, returns,
and so on. These comparisons will help predict how many
items must be sold ata given price or cost before the com-
pany breaks even on the products sold. To run the
demonstration the user types BRKEVN and SuperCalc
willdisplayamatrixcomparing productioncosts(downthe

One of the most popular uses for the small computer is the
analysis and projection of business or personal expenses,
profits, and growth. An “electronic spreadsheet” puts
sophisticated and powerful monetary planning tools in the
hands of every microcomputer use.

left column) with factors affecting sales (along the top
row).

Each “cell” is identified by the intersection of a
column (letters A thru Z, AA thru ZZ, and BA thru BK, fora
total of 63) and row (to a maximum of 254). The cellin the
upper left is A1, while the extreme bottom right would be
BK254. In practice, it is rarely necessary to use so many
cells, and computer memory limitations generally prevent
the use of allcelisinasingle spreadsheet. The width of the
columns can bechanged by the user, solongtitlesornum-
bers with many decimal places can be accommodated.
The cursoris areverse-video box thatfills the cell in which
itislocated; its size willvary according to the width of each
column.

At each cell in the BRKEVN demonstration, a calcula-
tion has been made according to a pre-defined formula,
but these are easily modified by the user. The “factor” for
each calculationcanbe aconstant(suchas“10 percent”)
or a formula (for example, “multiply the number found in
cell A6 by the number found in cell T47 and display the
product here”). Virtually anything that can be run on a
programmable calculator can be emulated in SuperCalc.
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The SuperCalc spreadsheet can be used to analyze many
typesofdata. Inthisexamplethe userhascreatedabusiness
ledger with assets and liabllities for a 12-month period. The
data for February through September have been moved off
the screen, so the usercan view the cost of materials for the
month of October.

THE SUPERCALC WORKSHEET

The SuperCalc worksheet occupies 20 of the 24 lines
displayed on the screen. Line 21 tells the user which cell
the cursor is currently occupying, what's in that cell, and
whether the information there is a formula, text, or data.
Line 22 describes the width of the cell, how much memory
(in Kbytes) the program is currently using, and the current
extent of the matrix—the column and row of the bottom-
rightcell.Line 23 displays userenteredcommandsand/or
data. Line 24 provides labels for the red (HELP) and blue
(KEYPAD SHIFT) special-function keys.

The cursor (current cell) is moved with the keypad
arrow keys, one row or column at a time for each press of

ZenCalc, from the Software Toolworks, is nearlyas powerful
as SuperCalc, and sells for under $100. This inexpensive
program uses the special-function and arrow keys to speed
data Input. Itis supplied with a detailed manual and sample
spreadsheets.
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the key. Forlong-distance moves, however,itispossibleto
key in the column and row of a desired cell and the cursor
will jump there directly.

Completedspreadsheetdisplays maybe savedondisk
forfuture reference or foradditional evaluation. Tosave a
display, the user types SAVE and enters the desired
filename with (optionally) the extension .CAL toshow that
it is a SuperCalc file. Thus, to save a sales chart called
“SALES"” on disk drive B:, the user would type SAVE
B:SALES.CAL To retrieve it, type LOAD followed by the
disk and filename: LOAD B:SALES.CAL

Someadvancedfeaturesof SuperCalcaretheabilityto
“lock” tities in place while the columns are scrolled; to
create display "windows" (for example, to keep totals or
sub-totals in view), and to insert new or “blank” columns
anywhere in the worksheet. The usercan also ask Super-
Calc to dispiay the formulas defining each cell, instead of
the data contained in them. The order in which the for-
mulas are applied can also be modified (e.g., to have cal-
culationsintherowscomputedfirst,instead ofthoseinthe
columns).

REQUIREMENTS: SuperCalc requires at least 48K of
RAM to operate properly. It is distributed on 5.25-inch
disks; both hard- and soft-sectored (see chapter8),andon
8-inch disks. It is available from Zenith and Heath.

ZENCALC

This spreadsheet package supports up to 255 lines
and 52 columns, and contains most of the features of Su-
perCalc.ZenCalcisalsodesignedtotakefulladvantage of
all the cursor arrow and special-function keys of the Z/H-
89. Adding ordeleting rows orcolumnsis performed much
like the popularword processor PIE (discussedinthe next
section); making ZenCalc a powerful “math-processing”
program.

The latest revision of ZenCalc—2.0—includes a num-
ber of enhancements over earlier versions; more func-
tions are permitted and additional format options for dis-
playing numbers and column (or row) labels are included.
A wide variety of "pre-programmed” math functions are
available,andalimaintain 13 decimaldigits of precision. In
addition to the usual “add, subtract, multiply, divide" are:

exp(x)—Compute e (2.718281828) to the x
In(x}—Compute natural log of x

log{x)—Compute log to base 10 of x

sin{x)—Compute sine of x

cos(x)—Compute cosine of x

atan(x)—Compute arctangent of x

abs(x)—Compute absolute value of x

int(x)—Compute integer of x

sqri{(x)—Compute square root of x
sum{range)—Compute sum of rows/columns over a range
avg{range)—Compute average over a range
Isr(x,y)—Compute lesser of x and y

gtr(x,y)—Compute greater of x and y
min{range)—Compute the minimum of rows/columns
max({range)—Compute the maximum of rows/columns

Each of these functions can be performed on a fixed
number or on the value of another cell. This is nota com-
plete list of the functions that ZenCalc provides, but it is
clear that there are few computational constraints.

Zencalc is accompanied by a 56-page instruction
manual that includes a glossary, a command summary,
and a section titled: “Doing your income taxes with Zen-
Calc.” In addition, seven tutorial worksheets are provided
on disk, including a personal monthly budget with cash-
flow analysis and a real-estate investment spreadsheet.



Plus, five sample data files are included that act as
templates for the IRS forms 1040, schedule A, and the tax
computation schedules.

Electronic spreadsheets are perhaps the most ver-
satile business programs available for microcomputers,
and the value of aspreadsheet is only limited by the needs
and imagination of the user. ZenCalc is an excellent
spreadsheet calculator and should be considered by an-
yone in need of business or scientific number-crunching
capability.

REQUIREMENTS: ZenCalc requires CP/M or HDOS
and at least 48K of RAM, though 64K is recommended to
take full advantage of this program. A printeris required if
you wish to generate a hard-copy record of the spread-
sheet. ZenCalc is distributed on 5.25-inch hard-sector
disks for both HDOS and CP/M, and on 8-inch disks for
CP/M. Itis available from the Software Toolworks (see ap-
pendix).

WORD PROCESSING PROGRAMS

Word processing is often cited by users as the primary
reason for purchasing a microcomputer. In fact, word
processing has, perhaps, the best chance of finding at
least some application in every computer installation.
Writing letters, contracts, invoices, reportsand resumesis
considerably easier using a word processor than a con-
ventional typewriter because corrections and changes
are very easy to make. Some of the features that word
processors provide are:

1) Text is displayed on the computer screen before it is
printed, so the user can modify, rewrite, insert, delete, and
rearrange any part of the material before committing it to
paper.

2) Return addresses, "boilerplate” sections of con-
tracts, standardized salutations and closings, and other
repetitive material need be written only once, stored on
disk, and then called up to drop into new text, without re-
typing.

3) The word processor can “reformat” material (e.qg.,
make a wide paragraph narrow, etc.) without retyping any-
thing.

4) Incorrect material can be changed automatically—at
everyoccurrence of the error, if required—atthe touch ofa
key, and the tedious tasks of indexing, page numbering
and footnoting can all be performed by the computer.

Not all word-oriented programs are true word proces-
sors: some word programs are categorized as fext editors
or line editors. The differences between these types of
word programs are not distinct, and the terms can cause
considerable confusion for the novice, but for our pur-
poses we make the following general definitions:

A word processor is a program designed primarily for
the creation of ordinary text documents (e.g., memos, let-
ters and manuscripts). This type of program offers a full
range of text-handling features, including text formatting
(see below). A text editor usually (but not always) offers
feweradvancedfeatures,andgenerallydoesnotinciudea
full formatting capability. Text editors are often designed
to write and edit computer programs. Advanced text
editors (like PIE, see below) can approach the power of
word processors, but most of them are not well suited for
writing or editing complex text.

Some advanced text editors and virtually all word
processors are cursor-oriented. The screencursorcan be
positioned anywhere within the text, and words can be
dynamically inserted, deleted or moved at will, using the
cursorasa“pointer’ toindicate where the wordswillbe in-

Versatile software can turn a Zenith/Heath microcomputer
into a powerful word processor. Such a system is often
cheaper than a dedicated “electronic typewriter,” yet it can
do much more.

serted, deleted, etc. Editors with this capability are some-
times refered to as “screen” editors. Some editors,
however, are not cursor-oriented. Instead, they are line-
oriented and are generally called line editors. In this type
of editoreach line of text is assigned a sequential number
(as is common in computer programs), and the user can
only rewrite one line (or a group of lines) at a time by issu-
ing structured commands to the editor. This is a cumber-
some and much slower method of editing.

FORMATTING

Formatting commands are used to rearrange text so
that it may be printed in an orderly manner—within preset
margins, with page numbers, with page-header titles, etc.
Forinstance, as a result of extensive copy editing, a piece
of text may be dissected into many short and long lines. If
this text is then sent to a printerin literal form, the printed
copy will also have an uneven appearance, with a very
jagged right margin (in a literal format the computer will
consider every blank space on the screen as a valid
character and send corresponding blank spaces to the
printer). To give this text a right margin that appears
smooth and even, the words must be rearranged from line
to line tofillthe blank spaces. If the software has a format-
ting capability, this can be done swiftly with a few com-
mands.

At other times, the user may want to move the entire
block of text to the right or left on the page (shifting both
margins an equal amount) or the user may want to make
the block of text wider or narrower. All of this, and much
moare, can be accomplished with formatting software, and
flexible formatting is generaily considered mandatory in
advanced word processing applications.

Formatting can be accomplished in one of two ways.
Some word processing software will allow the user to
dynamically format the text—the words will be rear-
ranged to fill the empty line space and immediately dis-
played on the screen in reformatted form. Another type of
software, a text formatter, “processes” the source text
from a disk file and creates a new, reformatted text file,
which is then transmitted to the disk orto a printer. In this
case, the user does not see the formatting take place on
the screen because the program does the formatting in
RAM without presenting a direct video display of the ac-
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tivity. The usercan only review the results by calling up the
newfile with the editing software to see whatitlookslikein
reformatted form or, if the formatted file was transmitted
directly to a printer, he can review the printout.

Either type of formatting software can be used to
produce professional-looking text printouts (and some
software will do both types of formatting), but dynamic for-
matting is preferred by many writers because the results
can bereviewedimmediately. it shouldbe noted, however,
that word processing software which incorporates dy-
namic formatting is generally more expensive.

Text editors that do not have built-in formatting fea-
tures are usually smaller (they take up less disk and RAM
space), and they are less complicated than full-feature
word processors (because the user has fewer commands
to learn). These editors are primarily intended for writing
program listings and complex formatting is generally not
required for this type of work. But the value of some text
editors can be extended by combining them with stand-
alone text formatters (see below, PIE and TEXT). In this
way a text editor can also be used to produce letters,
memaos or simple text material (though it still won't be as
powerful as a full-featured word processor).

ELECTRONIC TYPING

Zenith's word processing program, called Electronic
Typing, runs under HDOS. It is considered easy to learn
and use, and comes with a self-teaching tutorial. Elec-
tronic Typing is a simple word processing program that
takesthedrudgeryoutof typing andintroduces manytext-
handling features to the office. These include: automatic
carriage return (“wrapping” text to the next line without
hitting the return key); inserting and deleting words, sen-
tences or paragraphs; automatic reformatting when the
page length or margin settings are changed; movement of
blocks of text anywhere in a document; and the ability to
print documents on a letter-quality printer.

Electronic Typing stores textondiskina manner thatis
not readable by most other word processing orformatting
programs. So, if the text must be compatible with other
equipment or software (e.g., if it will be typeset from the
original disk file, or transmitted by telephone to other
systems, etc.), one of the “literal-file” word processing
packages—discussed later in this chapter—will be a bet-
ter choice.

REQUIREMENTS: Electronic Typing runs only under
HDOS and requires 48K RAM; it will run with one, two, or
three disk drives, and comes on a 5.25-inch hard-sector
disk. The price is$195.00. A letter-quality printerisrecom-
mended but not necessary. Available from Zenith or
Heath.

MAGIC WAND

Magic Wand is a command-driven word processing
program: a powerful method of text manipulation. Magic
Wand,assuppliedforthe Z/H-89 and-90, makes use ofthe
special-function keys for forward and backward text
scrolling, and shifts the numeric keypad to allow cursor
positioning—Ileft, right, up, and down—and inserting or
deleting text. In this respect, Magic Wand is somewhat
easier to learn and use than word processors that use
multiple-key control-sequences, because many Magic
Wand functions can be invoked with a single keystroke.

Magic Wand will respond to over 100 commands;
some of the more often used are: characterandline insert
or delete; move to the top or bottom of the current screen
or file; move (copy) or delete blocks of text; search fora
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Zenith’s Electronic Typing software (also called Autoscribe)
Is designed for office workers who lack computer exper
lence. It Is a self-prompting program that guides the user
through the creation, editing, printing and storage of
documents. Though popular when it was first introduced,
more sophisticated word processing programs are now
avallable.

word or letter; display the disk directory; insert partorall of
another file into the current file; print text in almost any
conceivable form; use variables and conditional com-
mands to vary the form of the printout when certain condi-
tions are met. Several commands have been added to the
latest version (1.1) that allow easier handling of files that
are larger than the memory can hold, writing blocks of text
to disk, concatenatingfiles, counting the number of words
currently in text, proportional-space and bi-directional
printing, printing mailing labels or envelopes, and more.

Magic Wandisa powerful word processor,anditmakes
efficient use of disk space, but it does not produce a literal
text file on the disk (see below). However, a Magic Wand
file can be reformatted and written to a separate disk file
instead of (or simultaneous with) output to a printer. This
will produce a literal file—though it will only be literal if
Magic Wand isinstructed to not use bi-directional or other
special-feature printing.

Although very versatile, Magic Wand—by its very na-
ture—does have some drawbacks. For example, the text
displayed on the screen(unformatted) does notappearas
it will on a formatted printout, and the page breaks are not
shown on the screen until the printing function is invoked
to send the file to a printer or to display it on the screen.
Magic Wand commands take the form of symbols em-
bedded in the text, which are prefaced by a flag character
(in this case, a backslash) to indicate that they are com-
mands. The specificcommandsare unique to MagicWand
and are “transparent” during normal output, that is, when
thefileis senttothe printer,theembedded commandsare
executed by the computer but the command symbols do
not appear on the printout.

A good step-by-step instruction manual and a handy
quick-reference card for text-manipulation keyboard
commands are included with Magic Wand. The manual
guides the user through the numerous commands and
their variations, and though detailed, it does not include
generalinformationto helpthe beginnerunderstand what
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Some word processors use the computer screen to emulate
paperinatypewriter: the screen is a literal representation of
thewordfile. Butthiscanlimitthe powerofaword processor.
Magic Wand, for example, does not use a “what you see is
whatyouget'” approach, butreliesonembedded commands
to manipulate—format—the text when it Is transmitted to a
printer, This approach may be too complex for simple letter
writing, but is very helpful in professional applications that
handle extensive documents.

the computer is doing while the program is functioning.
This targets the manual toward the experienced compu-
ter user, and encourages a “push the button and don’t
worry about what it does" attitude—an approach thatcan
lead to a lot of frustration for the neophyte.
REQUIREMENTS: Magic Wand requires CP/M, at least
one disk drive, and 48K RAM, although having 64K RAM
enables the user to write longer documents. It is supplied
on a hard- or soft-sector5.25-inch or standard 8-inch disk.
Available from Zenith or Heath. The price is $295.00.

LITERAL-FILE WORD PROCESSORS
PIE

PIE is a “full-feature,” cursor-oriented text editor that
has many of the features of a full-blown word processor,
and though limited in capability (it does not have a built-in
formatter), it is powerful and suitable for many general
text-editing tasks. Itis a cost-effective piece of software (it
does a lot forlittle money), and forall practical purposes it
can be considered suitable for either manuscript or
program editing.

With PIE the user can create and edit text with several
powerful commands—most of which can be imple-
mented with a single keystroke. When thefile is stored on
the disk, it is literal (without embedded command codes)
and can be transferred to another computer or sent
directlytoaprinterwhereitwillappearin exactlythe same
form as it was displayed on the computer screen.

PIE isveryeasytolearn, providesa goodarray of built-
in editing commands, occupies very little disk or memory
space and is designed to work with the special keyboard
features of the H/Z-89. But if you must have an editor that
can handlefileslargerthan the free spacein memory(fora
48K system, a file larger than about 120 sectors or
30Kbytes), or one that has built-in text formatting (rejoins

lines after editing, alters margins, automatic pagination,
etc.), oradvanced featureslike merging ordissectingfiles,
then you may want to consider one of the more powerful
word processing programs.

Some of the features of PIE are: characterand line in-
sert and delete; move and copy lines; “insert mode” to in-
sert words within displayed text; forward and reverse
scrolling of text on the screen; move cursor quickly for-
ward (tab) and backward (reverse tab); jump to beginning
orend of file; automatic carriage return atend of line(word
wrap); and search foraword or phrase. In addition, there is
a versatile "macro” feature that allows the user to
“program” a series of functions, which PIE will then per-
form in rapid succession (e.g., search-and-replace a
misspelled or incorrect word, etc.).

Most cursor movement and text scrolling commands,
and some advanced PIE commands are invoked by the
special-function keys and the numeric keypad onthe Z/H-
89. This is not a tremendous advantage, but it does make
learning and using PIE easy.

Even though PIE does not have flexible formatting fea-
tures, it can be substantially expanded by using itin con-
junction with a suitable formatting program. (Unlike
Electronic Typing, Magic Wand, Text Processor and
WordStar, PIE does not have a built-in formatter.) A stand-
alone formatting program that nicely complements PIE is
called "TEXT." After the documentis created with PIE and
writtentothe disk(where itbecomesa“sourcefile”), TEXT
is invoked and directed to make a copy of the source file,

~ ; T PIE is a powerful lit-
= eral-flle “text editor.”
For letters, program
writing or other tasks
that do not require ex-
tensive rewriting and
reformatting, this in-
expensive editor Is an
ideal cholce. PIE isde-
signed to use the
special features of the
Z/H-89 keyboard,
providing single-key
commands for many
common functions.

reformat it according to prescribed commands, and send
the formatted file to a destination device—eithera printer
or a separate disk file. (The source file remains in its
original form on the disk.) By writing the reformattedfile to
adiskfile, itis possible to review the results before thefile
is sent to the printer. TEXT has a wide variety of com-
mands, and is capable of performing most advanced for-
matting functions. Together PIE and TEXT provide effec-
tive and relatively inexpensive editing and formatting
capabilities similar to a full-function word processor.

REQUIREMENTS: PIE and TEXT are available for
either HDOS or CP/M, and are provided on hard-sector
5.25-inch disks. Memory requirement for PIE is 32K,
however, 48K or more is recommended. This software is
available from Zenith/Heath as a “Full Screen Editor’ and
“Text Formatter,” or as “PIE" and "TEXT" from The
Software Toolworks (see appendix) for about $50.00
each.

TEXT PROCESSOR
All of the features of PIE, plus a good deal more, are in-

corporated in Text Processor. This editor uses more than
50 commands to edit and format text on the screen,
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For less than $50 Text Processor provides remarkably
powerful editing capabillities. It has flexible formatting,
search-and-replace functions, the ability to handle files
larger than memory, and a feature that allows material from
another file to be added to the current working file. The
cursor-arrow and speciai-function keys of the Z/H-19 and
Z/H-89 are employed.

yetitisalmostaseasytouseasPIE. Thisadditional power
doesn'tcome without a trade off, however, as Text Proces-
sorismore than three times as large as PIE(PIE is 22 sec-
tors, Text Processoris 74). But, unlike PIE, Text Processor
is able to work with files larger than free RAM space, by
first reading into memory only a part of the source file, and
then, atthe usercommand, this first portionis writtenback
to disk and the remaining portion is loaded into RAM (and
displayed on the screen) for editing.

Some additional functions that can be performed with
single keystroke sequences are: split and merge lines;
reformat text to any margin, paragraph by paragraph;
search and search/replace functions (capable of recog-
nizing spaces and carriage returns); insert another file
from disk into the current file; automatically center titles;
display helpful information on the screen when desired
(sometimes easier than going to the manual); and a very
handy “O0OPS" key to undo the last command.

REQUIREMENTS: Text Processorisavailable for both
HDOS and CP/M, and is available on hard-sector 5.25-
inch disks. The minimum memory requirement is 32K. It
can be purchased from many Heath Electronic Centers or
from Newline Software (see appendix) for under $50.00.

WORDSTAR

WordStar is a versatile and powerful word processor,
and it is possibly the most widely used word processing
software for microcomputers. The preface to the users’
manual describes WordStar as a visual experience,
similar to that of an aircraft cockpit. This description is
quite appropriate because various menus and helpful dis-
plays guide the user through the operation of WordStar,
and the useris put in complete control of the text or docu-
ment. Text may be entered, edited, and extensively refor-
matted; paragraphs can be copied, moved ordeleted; and
text maybe senttoaprinterordiskfile, oraddedtoanother
disk file. In addition, disk directories can be listed from
within the program, and other programs can be executed
from within WordStarand upon completion, command will
automatically be returned to WordStar. This comprehen-
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sive word processor does all of this and, if youcan belleve
it, much more!

The first-time user of WordStar is assisted by “help
menus” that are displayed on the screen along with the
text file. These displays guide the user through the many
functions available within the program, and the user may
selectthe"level” of heip he desires."Level three” provides
the most extensive help display (and, consequently, dis-
plays the least text on the screen), while "level zero”
provides no help screens, allowing the greatestamount of
text to be displayed. This programmable help feature en-
sures that the novice can make full use of the functions.
Selecting from the menus is like ordering food in a res-
taurant—but the experienced user, like a steady patron,
will not be bogged down by unnecessary promptsfromthe
“waiter.” WordStar is user-friendly, and help is always
available.

WordStarhas somanyfeaturesthatitcanbeintimidat-
ing forthe first-time user, butif one is willing tospendafew
hours reading the manual and taking WordStar on a “test
flight,” it can be readily mastered. The manual that
Zenith/Heath supplieswasrecentlyrewrittenandisanex-
cellent, complete, and easy-to-understand reference.

OfWordStar's many features, the display of text on the
screen just asit will look when printed (i.e., with allline en-
dings and page breaks shown) is one of the most con-
venient. One need not guess where page one ofalonglet-
ter will end and where page two begins. As words or sen-
tences are entered or deleted, the indicated page ending
{called “dynamic page break display”) is modified accord-
ingly. Another advanced feature is the ability to print one
file while simultaneously editing another. Although edit-
ing is somewhat slowed during printing, review or minor
corrections can be performed.

Despite the liberal use of help screens, the most cum-
bersome aspect of WordStar is the approximately 120 dif-
ferent control-sequences used to invoke the commands
{the control key must be held down while the userpresses
one, two, orthree additional keys). WordStarwas writtenat

WordStar is one of the most powerful and complex word
processing programs avallable today; and the step-by-step
instruction manual produced by MicroPro Inti. (the program
authors) and Zenith Is an excellent and thorough reference.
it provides helpful information on basic computer func-
tioning, working with the operating system, creating new
files, producing backup flles, and other Important working
procedures.



WordStar uses a portion of the screen to display functional
Information for the user. Because this extensive program
has over 120 text commands, it can be confusing for the
beginner, butthe “help' screens make familiarization much
easier. WordStar is a very professional program, and is
widelyconsidered to be notonly powerful, butalsooneofthe
most reliable software products avaiiable.

a time (late 1970s) when few microcomputers had spe-
cial-function keys, so it makes use of the one key which all
microcomputer keyboards have—the CTRL key: as a
result the cursor movement and special-function keys of
the Zenith/Heath keyboard are not supported. Some
peoplefindthis objectionable, but once the mentaladjust-
ment is made, most of the control-sequences become
second-nature.

An additional technical note: WordStar is listed here
under literal-file word processors because it has two edit-
ing modes. The “non-document mode” produces a literal
file, but in this mode the program is limited in power
(paragraphs cannot be reformatted, etc.). The “document
mode” brings all the power of WordStar to bear, but the
resultant file is not literal (the line endings are carriage
returns with the high-order bit set). However, some users
may like to know that a WordStar file with non-literal car-
riage returns is easily converted to a literal file by using a
little-known option in the CP/M PIP utility. If the file is
copied using the “2” flag (explained in the CP/M manual),
the high-order bit is stripped and the file can be edited or
manipulated by other literal-file software.

WordStar is part of an extended family of powerful
MicroPro software products that includes: MailMerge, a
file-merging program that can produce “personalized”
form letters; SpellStar, a program to help eliminate
misspelled words; DataStar, a data-entry and database
program that will handle invoices, shipping and receiving
forms, address lists, etc.; and SuperSort, a sorting and
merging program that allows the conversion of files to a
different record type, changing record lengths, merging
up to 32 files at 560 records per minute. Some of these
MicroPro products are discussed later in this chapter.

REQUIREMENTS: WordStar is available from Zenith
and Heath or from MicroPro International (see appendix).
It requires CP/M and a minimum of 48K RAM. WordStar
and all compatible MicroPro programs are distributed on
hard- or soft-sector 5.25-inch or standard 8-inch disks.

WORDSTAR UPGRADE FOR Z/H SYSTEMS

As mentioned, WordStar uses numerous control-key
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The universal design of WordStarusescontrol-sequencesto
initiate text-handling commands, and it does not, therefore,
support the cursor-arrow and speclal-function keys on the
Z/H-89. However, a modification program called 89/Star
“patches” WordStar to support these useful keys. This
simplifies the familiarization process for beginners, and
veteran users who are accustomed to the powerful Z/H
keyboard will enjoy the added convenience.

sequences. This may not be bothersome for experienced
users (particularly those who have become very familiar
with and primarily use only WordStar), but the new user, or
the individual who uses other editing software on
Zenith/Heath computers, may find the control-key
method cumbersome, especially for the movement of the
cursor.

Thislimitation can be overcome with "89-Star,” a set of
unique programs that readily customize WordStar (and
the overlay files) to support the cursor-arrow and special-
function keys on the Z/H-89 (or any CP/M system using a
Z/H-19 terminal). These programs are “self-installing
patches.” Alithe userhastodoiscopythe appropriatefiles
to a disk containing WordStar (multiple disk drives make
the job easier). Then type: SUBMIT WSPATCH, and after
a few minutes type SUBMIT MNPATCH. When both
program patches are complete, the customized WordStar
program is ready to run.

The modified WordStar will now acknowledge 30 com-
mands that make use of the special keys on powerful
Zenith/Heath keyboard. Cursor movement and screen
scrolling is performed by the numeric keypad (shifted).
And the number of commands sent by the keypad is in-
creased by pressing a “quick prefix" key—the () on the
keypad—that extends keypad control of the cursor (send-
ing it to the top or bottom of the file, etc.) and invokes
search-and-replace functions. The special-function keys
are programmed (and labeled on the screen—see photo)
to perform eight functions. They are: interrupt the current
command, find-and-replace again, insert mode, “hard”
carriage return, erase word, erase line, block prefix,
onscreen prefix, and print prefix. In addition, the carriage
return key on the main keyboard is reprogrammed to call
“help.”

89/Staris part of a series of software products that in-
clude: EP/Star, an Epson printdriverforWordStar, Graph-
It, a graphing system that will plot data from SuperCailc,
Condor, dBasell, MBasic, or other programs; and a Flight
Simulator, that is said to be a “real flight simulator” not a
game (much harderto learn, butitdoes not have acanned
“flight plan”).

REQUIREMENTS: 89/Star is designed to modify
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WordStar version 2.2 or higher, and runs under CP/M ver-
sion 2.2.03 (the 2.2.02 version will not work). It is dis-
tributed on a hard-sector 5.25-inch disk, and the cost is
$19.00 ($2.00 for the manual only) from Patrick McNalily
(see appendix).

SPELLING/PROOFREADING PROGRAMS

Computers are extremely suited tojobsthatare repeti-
tive and require a high degree of accuracy. A task that fits
this description perfectly is proofreading a document for
spelling errors, a chore that willbring out the "human” ele-
mentin even the best editor. Well, computer proofreading
programs are not perfect either, but they're close!

A computer “proofreads” a document by comparing
every word in the text with a file of correctly spelled “dic-
tionary words.” After the comparison process, all words
from the text that are not matched with words in the dic-
tionary are displayed for the usertoreviewand, as neces-
sary, correct. (Obviously, not every word in the document
will be found in the dictionary; for example, proper nouns,
technical terms and unique words will probably not be
matched in the comparison, even if they are correctly
spelled))

Depending on the design of the particular proofread-
ing program, the unmatchedwordswill eitherbe markedin
the document or a list of unmatched words will be dis-
played for review. In the former case, a word processing
program can be used to locate the marked words (in con-
text) and correct them or, in the latter case, the program
may provide some sort of internal correction feature tore-
place orselectively markunmatched words thatareinfact
misspelled (for laterlocation and correction by a separate
word processing program). And with some programs, ifan
unmatched word is found to be correctly spelled but it
does not have an equivalent in the dictionary, it can be
automatically added to the main dictionary.

In this section we will review four spelling (proofread-
ing) programs: SpellGuard, SpellStar, Spell, and Word
Plus. Each program is reliable and of professional quality,
however, they function somewhat differently. Since the
cost-effectiveness of these programs is realized by mini-
mizing the amount of time the user must interact with the
software, your specific application should be considered

After a document is created with word processing software,
“proof reading’’ software can be used to check for spelling
errors. The spelling programs shown above represent three
different approaches: SpeliStar is designed specifically to
work with WordStar; Word Plus is extremely comprehensive
for general use; and Spell is an inexpensive, but capable,
program.
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carefully before you make yourchoice. Forexample, if you
are using MicroPro's version of WordStar, youmay wish to
consider SpellStar, as it can be invoked without leaving
WordStar (the version of WordStar sold by Zenith/Heath
does not support this feature).

If complete accuracyisaprimaryrequirementand disk
storage space is not a restriction, a spelling program that
utilizes a literal dictionary is the best choice: some
programs “compact” the dictionary by using a pattern of
commonly used suffixes, prefixes, and roots, instead of
literally comparing every word in the document with every
word in the dictionary—occasionally, though rarely, the
non-literal method can be faulty. However, the reader
must realize that no proofreading program will find a cor-
rectly spelled word that is incorrectly used within the text.
Forexample, if the word “from” is used in place of the word
“form,” the mistake will not be identified byany proofread-
ing program. Only human eyes can detect this kind of
transmutation. Spelling programs are a useful aid for
secretaries, editors, and all those who deal with words, but
they have definite limitations!

SPELLGUARD

SpellGuard is a fast and accurate menu-driven proof-
reading program. It is accompanied by a detailed and un-
derstandable operating manual that is well suited to a
professional environment.

The standard dictionary that accompanies SpellGuard
is a literal 20,000-word file that is compressed into 53
Kbytes. A larger, optional dictionary containing 30,000 to
40,000 words and specialized dictionaries for the medi-
cal and legal professions are under development, and a
British spelling version (occupying 62 Kbytes) willalso be
available soon.

Once the filename of the document to be proofread is
entered, SpellGuard checks all words against the diction-
ary. Words that do not match are listed one by one (or, op-
tionally, all at once), permitting the operator to decide
whether each word is to be ignored, marked forcorrection
in the document, or added to the dictionary. If the useris
working with a large document (10-20 pages) and the
original 20,000 word dictionary, the program may gen-
erate a long list of unmatched words. However, a typical
list can be diagnosed in just a few minutes (or seconds if
the user is a comnetent speller) and dissipated with com-
mands that only require a single keystroke. With addi-
tional use, the dictionary may be expanded by the user
(the size of the dictionary is limited only by capacity of the
disk), and the resultant list of suspect words will generally
be smaller.

When misspelled words are identified, the user marks
the errantwords in the text. SpellGuard accomplishesthis
byreplacing the lastcharacter of the misspelled word with
a flag symbol. After proofreading and flagging is com-
pleted, a word processing program is used to locate all of
the flag symbols (using the search mode of the word
processor). The user must then delete the flag symboland
restore the last character of the word, and correct the
spelling error. Replacing the last character adds some
time tothe correction process, butdoes notdisturbthefor-
mat of the document file (no characters are added).

SpellGuard handles hyphenates by displaying both
segments of the group and indicating if the hyphen oc-
curs within the line (compound word) or at the end of aline
(hard-hyphenated word). This allows verification not only
of spelling, but also hyphenation. However, there is one
drawback: SpellGuard will display a/f hyphenates in the



file. This will slow the proofreading process considerably,
especially in a technical manuscript with many com-
pound words, unless these hyphenated word-pairs have
been added to the dictionary.

Thisisaveryprofessional software package. Ifthe user
needs a proofreading program with extensive documen-
tation—especially important if it will be used by non-com-
puter-trained personnel—SpellGuard is a good choice.

REQUIREMENTS: SpellGuard requires CP/M and is
available on a double-density 5.25-inch or a standard 8-
inch disk. At least 32K of RAM and one drive is required,
however, a second drive will allow much easier operation.
It is available from Sorcim (see appendix) for $295.00.

SPELLSTAR

ThisisaCP/M spellingcheckerthatisdesignedtowork
within the MicroPro version of WordStar, and is executed
by choosing the “S” option from the WordStar main menu
(the “S” option and the ability to run this program are not
supported by the version of WordStar sold by
Zenith/Heath). SpellStar is a menu-driven program using
a 20,000 word, compressed, literal dictionary. Sup-
plemental dictionaries can be created, and SpeliStar will
proofread a file using the main and one supplemental dic-
tionary on each “pass.” SpellStar allows additions to the
main and any supplemental dictionaries, with the only
limitation on size being the amount of free space on the
disk.

The literal dictionary incorporated in SpellStar means
that this spelling checker does not“build” words from suf-
fixes, prefixes or roots. Thus, all marked words are
misspelled, typographical errors, or not in the dictionary.
The user can have confidence that ALL the words not lo-
cated in the dictionaries (main and supplemental) will be
flagged.

Perhaps the most powerful feature of this spelling
checkeristhe use ofan enhanced WordStaredit mode for
review of suspect words—using a WordStar overlay file.
Thereviewprocessallows the userto: bypassthe word, ig-
nore the word, add the word to main dictionary, add the
word to the supplemental dictionary, or “fix” (correct) the
word using the edit mode.

The bypass option holds the word in abeyance, so that
after the initial review is complete, words that must be

SpellStar was developed by the same company (MicroPro)
that created the WordStar, and Is designed to proofread
documents created by WordStar. This relationship is quite
permanent, because SpellStaris invoked from within Word-
Star and will not function otherwise.

looked up in a dictionary can be checked at one time. The
ignore option will cause SpellStar to remember the word
(inatemporary memory that will store the latest 20 words)
and not stop at any other occurrence in the file. When
words are added to the main or supplemental dictionary,
they can also be placed in the temporary memory, guard-
ingagainstduplicate additionsto the dictionary. However,
if a word is misspelled and is “fixed” with the last option, it
must be corrected at each occurrence throughout the
file—no global correction is performed; although the
search-and-replace function of WordStar may be invoked
for this purpose.

SpellStar is "married"” to WordStar because it must be
invoked from within WordStar and it uses the editing fea-
tures of WordStar to correct the document. But itis an ex-
cellent marriage. WordStar is a capable editor that gives
SpeliStar the most powerful editing features available
within any proofreading program (although other spelling
programs are designed to delegate the correction pro-
cess to an external editor, i.e, WordStar or any other
editor).

REQUIREMENTS: SpeliStarrequiresCP/Mandanon-
Zenith/Heath version of WordStar. It is available from
MicroPro (see appendix). All Zenith/Heath disk formats
are supported.

WORD PLUS

The Word Plus is a revised version of a spelling
program—originally developed by Oasis Systems—called
The Word. The early version rivaled the very best
proofreading programs on the market, but the designers
did something that is unusual in the world of computer
programming: they encouraged users to comment on the
original version of their program, and incorporated the
best of these suggestions in a completely revised
program. As arresult, The Word Plus, isalmostin aclass by
itself!

The Word Plus utilizes a literal 45,000 word dictionary
that has been compressed to occupy only 160 Kbytes.
Thislarge dictionary greatly reduces the number of words
that are flagged as suspect. The dictionary can be ex-
panded by selecting the “update” function during review
of the flagged words. This does not add words to the
original dictionary, instead, words are added to an "up-

Larry #therton Director, Zales &

1ght 1381 - Oasis Systeas

Word Plus is possibly the most extensive spelling software
currently avallable for microcomputers. This CP/M program
allows the user to locate, view in context, and correct “in
place” or mark (for later correction) suspect words that are
notfound Inthe 45,000-word Internaldictionary. The screen
Indicates that the word “LARRY"” (lower part of screen) was
not found In the dictionary. The user then selected the
“yiew” option to display the line in which the suspect word
was located (top line). The suspect word may now be dis-
carded, or added to the dictlonary (an appropriate cholce
if the word “LARRY” is often used In letters, contracts, etc).
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datedictionary,” towhich the proofreading programrefers
after it searches the main dictionary. This allows not only
the use of different update dictionaries for specific ap-
plications, but also the incorporation of new versions of
the main dictionary (as they are made available by Oasis
Systems), without losing all of the special words that have
been added by the user.

The"review" portion of the programdispiays each word
in the suspect list one at a time, permitting the user to
make several decisions about its disposal. If the word is
identified as correctly spelled, it may be added to the up-
date dictionary or discarded. If it is misspelled, an error
flag—normallyan (*) symbol, butthe user maychooseadif-
ferent flags symbol if desired—is placed before the
misspelled word in the document file, permitting fastloca-
tion by word processing software. The errormark does not
replace any charactersin the document, ratheritisadded
to the file.

However, ifthe readerisuncertainaboutthe spelling or
usage, a powerful feature of Word Plus will help. With an
additional command the program will display a line of text
from the document file with the suspect word centered,
providing an “in context” view. If you are still uncertain
about the word, another command will tell Word Plus to
lookupanddisplaythe correct spelling. If the programcan
find a close match, a list of these "possibles” will be dis-
played. If the suspectis now determined to be misspelled,
the user can insert an error flag (for later reference by a
word processor) or another powerful function may be in-
voked: “in context correction.” This command will cause
Word Plus to automatically correct the misspelled word
with spelling chosen either from the main dictionary or as
entered by the user. It's hard to imagine any useful im-
provements that could be added to this superb program,
but there are even more features included with Word Plus.

Three interesting utility programs are included in The
Word Plus package. The first is called “"Dicsort;” a high-
speed alphabetizing program that will sort a disk file con-
sisting of a list of words (in the format of one word on each
line). Word Plus requires the update dictionary (the list of
words added to the main dictionary) to be alphabetized,
and this is automatically done by “review” when new
words are added to the dictionary from the list of suspect
words. However, if the userwishes tocreate adifferentup-
date list, or if the update dictionary is modified (by using a
word processor or text editor), the list must be processed
by Dicsortbefore the proofreadercan properlyaccessthe
file. Thisis an extremely useful feature because it permits
the user to go directly into the update dictionary to add
words or to correct misspelled words that may have been
inadvertently added to the dictionary (with many spelling
programs, words can only be added to the dictionary from
a list of suspect words created after a file is proofread).

Anotherutility provided withWord Plusis"WC."Thisisa
program thatwillcounteverywordinatextfile. Publishers
andcopyeditorswillfindthatthe easeandlightning speed
of this program may make “estimating” the words in a
manuscript a thing of the past.

Another utilityisavailable to insertdiscriminatory soft-
hyphens in a text file. Soft-hyphens indicate where legal
breakpoints exist between the syllables of a word: this is
not the same as a hard-hyphen, which must be used be-
tween compound words orwith certain prefixes. Whenthe
“soft-hyphenated” text file is formatted by a word proces-
sor (or typesetting equipment) capable of recognizing
soft-hyphens, a multi-syllable word thatfallsattheendofa
line will be broken apart at an indicated soft-hyphen and a
hard-hyphen isinserted at the end of the line. By introduc-
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ing as many soft-hyphens as possible in a text file, the for-
matted (or typeset) text will have a smootherright margin.
(Some word processors, such as Magic Wand and
WordStar, also incorporate a soft-hyphen feature.)

REQUIREMENTS: The Word Plus runs under CP/M
and is available on a standard B-inch disk (a soft-sector
5.25-inch version is supposedly under development). 32
Kbytes of RAM are required, and formaximum utilization,a
word processing program and a second disk drive are
recommended. The Word Plus is available from Oasis
Systems (see appendix) for $150.00.

SPELL

If the user has a single-disk system, or the proofread-
ing is primarily limited to letters and short manuscripts,
this inexpensive spelling checker might be the answer.
Spell is available for both HDOS and CP/M, and will
operate in a system with only one 5.25-inch single-den-
sity disk. The minimum memory requirementis 48 Kbytes,
but a largerdictionaryfile isincluded forusers thathave a
full 84 Kbytes of memory available.
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Spell is an excellent and inexpensive general-purpose
spelling checker. Every word in the document is compared
to a 50,000-word dictionary and unmatched (suspect) words
are presented in sequence, allowing the user to select:
IGNORE (a correctly spelled suspect word that happens to
notbe in the dictionary), ADD(to include the suspectwordin
the dictionary), or MARK (to replace the last letter in the
suspectword withan errcrcharactersoltcanbelocated later
and corrected with an editing program).

Despite the modest appearance and price of Spell,
there is little tradeoff in performance. Spell uses a non-
literal 20,000 dictionarythatincorporates a prefixand suf-
fix table to build thousands of additional word combina-
tions. The result is a dictionary with an effective size of
over 50,000 words. Spell reads this dictionary file into
RAM, and sincethe accesstime of system RAMisveryfast,
Spell can look-up about 2000 words per minute (ina Z/H-
89 or -90).

As suspect words are located, they are presented one-
at-a-time for disposition. The user can choose to add the
word to the dictionary, add a portion of the word tothe root
table (e.g., add “store” as a root in “restore”), ignore the
word, or mark the word in the text file (Spell replaces the
last letter in the word with an error flag).

If the word is added to the main dictionary, Spellusesa
unique technique to expand the dictionary without in-
creasing the size of the file (it cannot grow larger or it will
notfitin system RAM). A method of “graceful degradation”
is employed to compress additional words into the same
space. Theresultofthiscompressionistheincreased pos-
sibility that Spell will let error words slip by without detec-



tion. Forexampleif 3000 additionalwordsareaddedtothe
dictionary, Spell will miss about two error words for each
1000 located, obviously adding only a few thousand
words (the average user will probably add less than 2000)
has only a slight effect on the reliability of Spell.

Since Spell uses a prefix and suffix table to construct
words, it will occasionally allow misspelled words to pass
undetected. For instance, the word “bater” might be ac-
cepted (correct spelling is “batter”), as a simple suffix rule
allows the addition of “er” to a legitimate root (in this case
“bat"). However, the correct algorithm—also included in
Spell—is to double the final consonant before the addi-
tion of the suffix. Nonetheless, there are certain times
when this technique recognizes a misspelled word as
legitimate.

During execution, the main Spell program, the diction-
ary, and the list of suspect words are all resident in RAM;
and the RAM can get crowded. As a result, a long docu-
ment may fill the suspect word list and cause Spell to ter-
minate the proofreading phase. After the suspect words
are disposed of (and presumably some are added to the
dictionary), the checking phase must be re-run from the
start. This will normally not be a problem with short docu-
ments (like letters), but with long text files, Spell may be
cumbersome to use.

Another minor drawback of Spell is the “one-shot”
presentation of suspect words. Unfortunately, once the
user has selected a disposition for a word on the review
list,itisnotpossibletochange the option(i.e.,ifthe userac-
cidentally hits the wrong command key while reviewing
words, there's no way to undo the command).

REQUIREMENTS: Spell is available for both HDOS
and CP/M. A minimum memory of 48 Kbytes is required,
but 64 Kbytes will improve performance. It is distributed
on a hard-sector 5.25-inch disk for HDOS and CP/M oran
8-inch disk (for CP/M only). Spell can be purchased from
The Software Toolworks (see appendix) for $49.95.

BUSINESS ACCOUNTING SOFTWARE

Large businesses have been computerized for years,
but with the development and popularity of microcom-
puters, even the smallest business can benefit from
automated general ledger, accounts receivable and pay-
able, inventory control, etc.

Most of the following applications programs are writ-
ten in the high-level computer language known as Basic
(see below: programming languages). Unlike word pro-
cessing or most database management programs (which
are usually written in directly-executable assembly-lan-
guage or machine-code) this type of software requires
thatasuitable“interpreter’ programresidein RAM before
the applications program will execute. (In effect, the
program communicates with the computer CPU through
the interpreter program.) However, the language inter-
preter is not commonly supplied with the accounting
programs (except for the Peachtree series), but must be
purchased separately.

Experience has shown that, although computerized
accounting can save the small business an enormous
amount of time, manual record-keeping should be con-
tinued for at least two months after the implementation of
any business accounting program. It is very tempting to
immediately set aside the stacks of paper and ledger-
books; but,aswithanythingthatisnewandcomplex, there
is always a chance that something can go wrong. This is
especiallytrue during thefamiliarization period,and thisis
the time when the useris leastcapable of correcting what

Computers were
originally developed
to perform fast and
accurate numerical
calculations; as a
result, business
accounting became
one of the most useful
applications for early,
expensive computer
systems. Today, full-
feature microcompu-
ters, like those from
Zenith/Heath, can
provide any small
business with effi-
cient, accurate and Iin-
expensive accounting
assistance.

may be only a minor problem, or is most likely to increase
the damage by trying to improperly “save” the situation.

Most problems spring upduring the firstfewweeksthat
a new system or new software is in operation. During this
period aglitch canleave the usertotallyinthe dark, unless
manualbackuprecordsare available tosetthings straight.
Fortunately it isn't common, but some errors can have a
wide-ranging catastrophic effect on important computer
files, perhaps wiping out every trace of who-owes-who-
what; this is a nightmare that most businesses probably
don'tneed! Inthelongrun, itis wise to be patientand make
certain that all operators are thoroughly familiar with the
computer and the software before important records are
dedicated totally to the computer (although up-to-date
“hard-copy” printouts of accounting records should al-
ways be maintained).

SOFTSTUFF GENERAL LEDGER Il

This accounting package (written by Clark Systems,
Corp.) is directed at the professional person and small-
business owner. The limitation on the number of transac-
tions that can be processed, or the number of accounts
thatcanbe maintained,issetonlyby memorycapacityand
the number of disk drives. For most small businesses, all

As a result of efforts to encourage software development by
independent programmers, Heath’s “Softstuff’ department
offers many useful and Inexpensive programs for the
hobbyist or general user. These user-written programs are
tested (though only on a limited basis) and are provided with
helpful documentation.



records for an entire fiscal year can be kept on one soft-
sectored disk. Larger businesses may have to use multi-
ple disks—each dedicated to a shorter fiscal period (per-
hapsaquarter). Atthe end of the fiscal period, the program
will “close the books.”

General Ledger |l is manipulated by two main menus;
one c...trols the creation of new accounts and the print-
ing of financial statements, and the other guides the user
throughtheroutine tasks of dataentryand the selection of
reportstobe printed. Mostkeyboardinputismade withthe
entry of single letters or numbers, and the program is
equipped with several automatic error-detection and cor-
rection features. As a safety feature, only authorized per-
sonnel can utilize the ledger, because the program is
locked to anyone unaware of the system password. This
can prevent the loss (either intentional or accidental) of
important financial and tax records.

The manual that accompanies General Ledger |l is
written for a person who is experienced in computer
operation and knows how to use CP/M to copy files,
“sysgen” disks, etc. Further, the manualassumesthe user
is already familiar with general-ledger accounting prac-
tices. Little help is provided for those that may be im-
plementing a general ledger for the first time. Numerous
sample printouts are provided to help the user under-
stand the general structure of the ledger.

The program automatically allocates debits and
credits, so the user need not remember to enter a minus
sign before debit account entries. Accounts, headings,
subtotals, and totals may be added or changed after the
ledger is set up, to allow for initial oversights or business
expansion.

REQUIREMENTS: General Ledger Il is available from
Zenith and Heath, and will run under CP/M or HDOS
(depending on the version that is ordered). It requires the
MBasic interpreter (called Basic-80 under CP/M), a
minimum of 48K RAM, and a 132 column printer. It is dis-
tributed on hard- or soft-sector 5.25-inch disks.

SOFTSTUFF INVENTORY

This program is a companion to the General Ledger |l
discussed above and is aimed at the same small-busi-
ness market. Most businesses that have a need foranin-
ventory program will find this program an excellent start-
ing point. The program will store up to 300 inventory items
onasystemwithasinglediskdrive (H-37),and if twodrives
are used (one for programs and one for data) 1000 part
numberscanbe manipulated. In addition, the program will
support multiple data disks, allowing an almost unlimited
number of inventory items.

Softstuff Inventory will allow up to 12 letters and num-
bers in the inventory part numbers. Spaces are also al-
lowed, as long as they are not used as the first character.
Upperandlowercase lettersare read as separatecharac-
ters, and the user must be careful to enter them correctly.
The program requires that all part numbers be the same
length (up to 12 maximumy), so shorter part numbers must
be entered with leading zeros.

The program generates three data printouts: aninven-
tory status report, listing current quantities, prices, and
usage; an abbreviated version of the inventory status that
highlights inventory items that need reordering; and an
abbreviated report showing part numbers and prices (in
effect, a catalog of products and prices).

The manual is short but somewhat more understand-
able than the general ledger documentation, although in
all fairness, the inventory program is inherently more
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simple than the ledger. Once the program is mastered,
only an occasional reference to the manual is required.

REQUIREMENTS: Softstuff Inventory runs under
CP/M or HDOS (depending on the version that is or-
dered), and requires the MBasic interpreter (called
Basic-80 under CP/M). It requires a minimum of 48K RAM
and a 132 column printer, and is distributed on a hard- or
soft-sector 5.25-inch disk.

PEACHTREE SERIES 5

Peachtree business programs are designed to provide
a turn-key system of accounting and data-storage mod-
ules that will work together to exchange information oras
independent programs. These programs are very user-
friendly and the operator need not have any knowledge of
computers or operating systems. Once a program disk is
inserted and the boot sequence begun, the user invokes
all functions through the menus displayed from within
each program,includingdiskformattingandfile backup.In
order to accomplish this, each program disk is supplied
with a fully-functioning system, including CP/M, utilities
and Basic-80 (where required).

Data integrity is a vital part of any professional ac-
counting system, and a computer accounting system
must have reliable backup and security procedures to
minimize the chance of losing non-recoverable account-
ing data. In this respect, the Peachtree series has several
outstanding features.

Securityis provided by a password lockout, and most of
the programs use muliiple passwords—the correct pass-
word must be entered before the program will begin to
operate and an additional password is required to enter
portions of the program that will alteraccountamounts or
delete transactions. The controller and operator pass-
words are established during program set-up and in-
itialization. Further security is provided by validation of
each keyboard entry before new data is passed to the
system files. Most programs contain mandatory file
backup procedures to prevent data loss in the event of
software orhardware failure. Asalastresort, ifallcopies of
a system file are damaged and the data cannot be ac-
cessed through normal procedures, a program called
“File Fix" can be used to recoveras much data from thefile
as possible.

All of the programsinthe Peachtree series canaccom-
modate large numbers of transactions, accounts, part
numbers, etc. For example, if 8-inch disks are used, the
general ledger will maintain up to 500 accounts with over
10,000 transactions in the holding file, and the inventory
program will maintain over 5500 items. The Peachtree
programs will certainly satisfy the requirements of most
small-size businesses.

The extensive documentation takes the user step-by-
step through familiarization. The manuals effectively ex-
plain computer terminology and provide exceilent guid-
ance for initializing the programs. And the programs are
supplied with dummy data files that can be used to try out
the examples presented in the manuals. The usermayadd
to these files, delete entries, print reports, etc. and—in ef-
fect—become familiar with all functions of the software
before entering real business data. This makes it easy to
learn how the system works, and it gives realistic practice
without the risk of losing actual records.

A short description of each program in the series fol-
lows. This synopsis can only provide the prospective user
with a cursory feeling for the package. Each program in-
cludes manyfeatures that we do not have the space to ex-



Zenith and Heath support their computers with software
suitable for professional applications. The Peachtree-
developed accounting packages are flexible in design, very
thorough, and are totally Integrated with Zenith/Heath
hardware to produce a “turn-key” package (the disks are
complete with operating system, MBasic interpreter, source
code, initlalized data files, etc.). Comprehensive, easy-to-
read manuals accompany all professional software, and a
telepihane“hotilns" is providedtoanswerspecificcustomer
querles.

plore,

The Peachtree “"General Ledger” includes programs
for creation, maintenance and updating of files, and a
report-generator for income statements and balance
sheets, departmental reports, transaction reports, and
depreciation schedules. With soft-sector 5.25-inch disk,
the General Ledger System will handle approximately
300 accounts and 6500 transactions in the holding file.
With 8-inch disks, it will handle up to 500 accounts and
over 10,000 transactions.

“Accounts Receivable" produces invoices and
monthly statements, and also maintains files of cus-
tomers' names, addresses, telephone numbers, order
numbers, balance due and other status information. It will
post journal entries to the General Ledger, as needed.

“Accounts Payable” keeps track of currentand late ac-
counts, cash flow, and vouchers, and can alsobe setup to
print checks automatically on the system printer. Like all
programs in this series, operations are invoked through
menus, and it caninteract with the other programs(in this
case the General Ledger).

“The Inventory Management” package maintains
details of part numbers, descriptions, vendorand re-order
data, item activity, costs, pricing and sales data. A 5.25-
inch soft-sectored disk willhandle approximately3500in-
ventory items; an 8-inch disk approximately 5,500.

“Sales Invoicing” can be used with the Accounts
Receivable and Inventory Management programs to ac-
cess and update both receivables and inventory during
the invoice printing procedure. Its many uses include
verification of a customer’s credit limits, or ensuring an
adequate supply of a product before a sale is completed.

“Property Management” is a multi-property account-
ing system with three modules: file maintenance, transac-
tion processing, and report generation. Charges, collec-
tions adjustments, and other changes are entered from a
menu of options. Property management ledger entries
can be passed along to the General Ledger, if desired.

“Multiple General Ledger”’ is a specialized program for
CPAs and companies that maintain ledger accounts for
several business. This program will allow an unlimited
number of general ledgers, with a maximum of three per
disk. This program, like the Property Management soft-

ware,isanincome-generationsystemandispricedhigher
than the other packages in the series

REQUIREMENTS: All of the Peachtree programs are
provided with CP/M and Microsoft Basic (where neces-
sary). Z/H-89s must be equipped with 64K RAM and at
least two double-sided, soft-sector, 5.25-inch disk drives
(H-37-2). A printer is virtually a necessity, and it must be
able to print 132-column wide output, as most reporisare
generated in this format. The cost of the packages vary
from $295.00 to $995.00.

DATABASE MANAGEMENT SYSTEMS (DBMS)

A database is a collection of data that is organized
along predictable lines. This data can thenbe retrieved or
sorted to isolate certain portions of the database that may
have specific characteristics in common. A familiar ex-
ampleis atelephone directory: all of the customersforma
general database. This database includes the names, ad-
dresses and telephone numbers of all telephone sub-
scribers. Inan ordinarytelephone directory, thisdatabase
is sorted alphabetically by subscribername. But there are
other specialized telephone directories that are sorted
differently. Cross-reference directories are organized by
consecutive house numbers on a street, with the streets
themselves in alphabetical or numerical order. News-
paper reporters may use these to call neighbors at the
scene of afire, toget theireyewitnessreports. Otherdirec-
tories have every telephone number in the city listed
numerically; sales people rely on these tocalleveryonein
acertain neighborhood, irrespective of their names orad-
dresses.

Very few businesses have a database as large as the
telephone company, but nearly every business has some
sort of database that it uses regularly. It may be the
records of employees, a list of suppliers, dealers or cus-
tomers, or something as simple as a list of files and docu-
ments. If this information can be selectively sorted to iso-
late all records that have a specific traitincommon, the in-
formation becomes more useful to the business. For ex-
ample, there is limited value in a list of employees ar-
ranged in the chronological order in which they were
hired, unless the only required information is “who has
seniority.” It would be far more valuable to be able to ex-
tract from this list a ranking of allemployees by salary,ora
grouping by department, age, sex, or social security num-
ber.

A database management system is designed to allow
the user to review a large data source and isolate seg-
ments that have common characteristics. The data must
be structured insuch awaythatitcan be retrieved inmany
different ways, but once the basic structure of the data is
established, the database can be sorted or probed and
datacanbe selectivelyretrieved to supplyinformation that
relates one data item to another, perhaps revealing facts
that would otherwise be unavailable.

Every business can profit from valuable database in-
formation, and the potential applications for the profes-
sional person orsmall businessare manyand varied. Afew
of the most obvious uses are: specialized accounting
(receivables, payables, ledger), customer information
files, inventory and backorder files, employee records,
salesperson contact and followup files. Many database
systems also allow existing data files (no matter what the
current format) to be reorganized into a specialized
database that can be probed to gain unique information.
This makes it possible, for example, to convert an existing
computerized accounts-receivable file into a database
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DATA BASE MANAGEMENT
HIERARCHICAL DATA ORGANIZATION

WITH THE DA‘I'A ALREADY HIERARCHICALLY
ORGANIZED, LOCATE EVERY RECORD FOR
SEATTLE WITH A ZIPCODE OF 58108 THAT
RESIDES ON MAIN STREET.

RELATIONAL DATA ORGANIZATION

WITH NO IMITIAL DATA ORGANIZATION,
BEAACH ALL RECORDS AND LOCATE EVERY
OCCURRENCE OF SEATTLE RESIDENCY WITH

A ZIPCODE OF DB103 AND A MAIN STREET
ADDH!SS.

There are two common types of database management
systems: An organized (hierarchical) database Is composed
of data that Is entered and stored according to a pre-
determined structure. With this type of DBMS, data can only
be retrieved in ways that conform generally to the mannerin
which the data was entered. Iina relational database the data
Is not organized In a strict fashion, but the software allows
data to be “selectively” withdrawn in a variety of ways. The
following exampiles further illustrate the differences be-
tween organized and relational databases.

it Is easlest to imagine the data in an organized (struc-
tured) database as being contained Inside a complex series
offilefoldersthatare nested one withintheother. Thedatais
retrieved by “digging into the files.” For example, to find
everyone in Seattle, who has a 98105 zip code, and lives on
Main Street, an organized database will go to the “file
drawer”’ marked Seattle, locate the file marked 88105, and
extract every index card with the heading Main Street. Note
the hierarchical structure of the data storage, if the data is
not put into the file according to this specific structure, it
cannot easily be recovered with a conventional sorting
procedure.

A relational database search is more complex because
the desired information I8 not highly structured. Using the
same example, Imagine that the Index cards are randomly
stored In the file drawers. To perform a sortaccording to the
samecriteria, arelational databasewilllfirstsearchtheentire
file {all drawers) for any Seattle residents. When it finds a
Seattle resident, itwilllookatthe restofthedataonthecard,
and If the zlp code is 98105, it will look further to see if the
resident lives on Main Street. If all the criterion are met, the
record Is pulled from the file.

Sorting a relational database may not seem as efficient—
compared to the hierarchical sort—butarelational database
Is tremendously versatile. Data does not have to be entered
according to pre-selected criteria—as it must in a hier
archical database—and the data can be sorted in nearly any
manner. For example, using the same database as above,
the relational system can easily find any records In the file
that have the name Smith; however, a structured hier
archicaldatabase organized bycity(asinthe sample) cannot
be readily sorted by name (to find the Smiths).
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that can be sorted to find all receivables in a particular
state or region that are 30 days (or later) pastdue. This in-
formation could then be supplied toalocal salespersonor
representative to help the company collect past-due pay-
ments. Without much effort, most business people can
think of similar ways to make a database management
system beneficial to them.

The programs discussed in the following section dis-
play database items as they “relate” toone another—asa
telephone user's interest in the British economy may re-
late to the frequency of his calls made to England, or an
employee's interest in retirement plans may relate to her
age. These programs are called "relational” databases.

CONDOR SERIES 20 DBMS

If you associate the term “database” with programs
thatonlysort namesandaddresses orprint mailing labels,
you will have to re-define the term before you can fully un-
derstand the Condor DBMS and otherrelationaldatabase
systems. Through the use of more than 50 commands, the
Condor DBMS user can manipulate data in almost any
conceivable fashion. The powerof Condor(ordBasell, dis-
cussed next) doesn't come without a tradeoff, however.
the user must be intimately familiar with each command
and how it affects the file records and data output. This is
not an impossible task, but for the first-time user thisisa
major undertaking.

As explained in previous chapters, an operating
system (like HDOS or CP/M) allows the user to manipu-
latefiles, directthe computertorunvarious programs,and
in general, control the overall operation of the computer.
The Condor DBMS uses a “higher-order operating
system,” which is In many respects patterned aftera con-
ventional operating system. For example, when the Con-
dor system is running, the computer issues the prompt
A>> (similar to the CP/M prompt A>), identifying which
disk drive is the default unit (the default drive is the disk
that the computersearchestofind programs andfiles, un-
lessspecificallyinstructed tolook elsewhere). The default
drive may be switched to drive B: by typing B: (just as with
CP/M) and the DBMS will display B>>. This feature of
Condorsimplifies command syntax, forif the databasefile

The Condor database management system uses language-
like commands—similar to high-level language state-
ments—to create, sort and retrieve information from a
database. The Condor ‘‘language” is very flexible, allowing
wide-rangingaccessto the database, and a newstep-by-step
manual Is under development to help the beginner learn to
use this unique language.



is on drive B, the drive label need not be specified each
time the database is referenced(e.g., DATABASE.DAT is
easier to enter than B:DATABASE.DAT).

Most of the commands in the Condor repertoire direct
the system to create, access, modify, or extract informa-
tion from a database file. A series of commands, arranged
bythe userinalogical sequence(ineffect, alistof program
commands), can direct the computer to perform exten-
sive functions: for example, to search a customer data file,
locate all customers residing in California, build a new
database with this information, sort the new database by
zipcode, andfinally print mailinglabelsforallcustomersin
the database that have invoices exceeding $100.00. This
hypothetical example illustrates the broad range of
capabilities that are possible in a flexible and sophisti-
cated database program.

As the user becomes familiar with the command struc-
ture of the Condor system and develops useful command
sequences, these commands can be stored in a file (com-
mand file) so that they can be rerun without re-keyboard-
ing the entire series. The command RUN filename tells
the DBMS to locate acommand file(in thisinstance called
“filename”) and execute the instructions listed in this file.
Command files may be created with most word process-
ing programs (as long as they are of the literal-file type). In
addition, the system operatorcan set up the Condorcom-
mand files so they can be called from a screen menu dis-
play, which allows inexperienced office personnel to ex-
ecute complex manipulations by simply selecting op-
tions on the menu.

Each record in a Condor database file may include five
types of data: (1) alphabetic—a (or A) through z (or Z),
space, single quote, period, and hyphen; (2) alpha-
numeric—all of the above plus the numbers 0 through 9
and special symbols, i.e. (*), (/), etc.; {3) numeric—upto 10
digits with values between +/-2148373647; (4) dollar—
up to 8 digits plus two decimal places between the values
of +/-21474836.47,; (5) calendar date—a date repre-
sented as mm/dd/yy. The Condor system compresses
numeric data when writing files to disk (this is the reason
for the strange maximum and minimum numeric values). It
will store a ten digit number in only 4 bytes, or a calender
date in only 3 bytes. This feature can substantially reduce
file size if a large portion of the database is comprised of
numeric data.

In the Condor system each data file can contain up to
32,767 records. Each record may contain up to 127 fields
(or categories), but the total record size (sum of all fields)
must not exceed 1024 characters (bytes). Each record is
entered in a format (a desired appearance on the compu-
ter screen) that is defined by the user at the time the
databasefileisopened,anditmaybechangedatanytime.
The format dictates how the data in each record is
presented to the user on the screen; it may represent an
invoice, or a malling label, or take any imaginable form.

The Condor Series 20 DBMS is a very powerful
package, but it has one weak point: the documentation.
The current manual is too brief, lacks details, omits impor-
tant background information, and it does not illustrate
sample responses to each command. This means that the
new user will probably have to spend considerable time
learning to use the system. A new manual is supposedly
under development, and this may alleviate some of the
shortcomings of the existing documentation.

REQUIREMENTS: Condor DBMS requires 64K RAM
and two double-sided, double-density 5.25-inch disk
drives or a single double-density 8-inch drive. A printer is
required for data printout, mailing label generation, etc.

DBasell is also based on a ““high-order ilanguage’ concept,
however, the dBasell language commands are more dis-
crete. The command sequences are, therefore, longer and
more complex, but the user has precise control over
database manipulations. A comprehensive manual makes
learning the powerful dBasell language a relatively straight-
forward task.

The Condor Series 20 is supplied by Zenith and Heath on
soft-sector 5.25-inch or 8-inch disks.

DBASE-II

Dbase-ll is very similar to the Condor package, be-
cause it also uses a unique form of computer “language”
to perform tasks, but dBase-ll operates in a much dif-
ferent manner. The Condor system uses commands that
manipulate the entire database (usually); a number of
commands produce “result” databases that contain the
needed information. DBase-ll on the other hand, uses a
very concise, Basic-like language. Database records can
be manipulatedindividually,and manyfeaturesthatarein-
corporated in a full-scale computer language are avail-
able in dBase-Il.

These language differences canbe illustrated bycom-
paring a typical data extraction from each of the systems.
Assume that an identical database of names, addresses,
and occupationsis manipulatedbyeach ofthe DBMSs. To
print a columnarlisting, with headings, the Condor system
requires the command:

PRINTDATABY NAME ADDRESS CITYSTATE ZIPOCCUPA-
TION

Toaccomplishthe samelisting, dBase-ll mustbegiventhe
following commands:

SET PRINT ON

?' NAME ADDRESS CITY STATE ZIP OCCUPATION'
?

DO WHILE .NOT. EOF

DISPLAY OFF NAME ADDRESS CITY STATE ZIPOCCUPATION
SKIP

ENDDO

SET PRINT OFF

This listing requires a more complex dBase-ll com-
mand (because, among other things, the Condor PRINT
command is pre-programmed to produce a columnar list-
ing); however, if you would like to reproduce on pre-printed
forms the name and address data (without the occupation
field) from our example database, the Condor system
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A dBasell database file is divided Into groups of related
information called records. The contiguate data entries
(bytes) in each record must be contained within fields of
designated lengths. However, the dBasell user is relatively
free to predetermine the numberand size of each field when
thedatabase isinitiallyformed. Inaddition, afterthe datafile
isformed, fields maybe added, deleted or modified, and the
record format may be readily emulated in a new data file to
craate an identical field structure.

would require generating a new screen format file, then a
new “result” database. In addition, the pre-printed forms
could not be larger than 80 columns wide and 24 lines
long, since format files are limited to the computer screen
size. DBase-|l has none of these restrictions. Forms print-
ing is only slightly more complex than columnar listing. For
example:

SET FORMAT TO PRINT
DO WHILE .NOT, EOF

@ 3,25 GET NAME

@ 4,25 GET ADDRESS

@ 5,25 GET CITY

@ 5,45 GET STATE

@ 5,48 GET ZIP

SKIP

ENDDO

SET FORMAT TO SCREEN

This command will print information on lines 3 thru 5,
and in columns 25 thru 48 on the printer. By just changing
the line and column specifiers in the “@" commands, it is
possible to print anywhere on the form.

Taken as a whole, dBase-ll language is very powerful,
precise, and versatile, but most applications require com-
mand programs with several steps. However, even this
drawback can be circumvented in some instances by a
special command feature called REPORT. This command
will generate a columnar listing just about as easily as the
Condor system, plus the user can select right and left mar-
gins, page length and page width—all with one command.

And dBase-{/ has the additional ability to use key-or sort-
files for rapid data access. DBase-ll will either search
through the database records sequentially to find a
selected item, or it can construct a special sort-file—based
on data from the records (e.g., name, or city, or occupation,
etc.)—that provides a “key-link” to the records in the main
database file. Specific data is then located by first search-
ing the sort-file (which is usually smaller than the main
database) and then jumping directly to the record in the
main database to retrieve the desired data. With large
databases this technigue can significantly decrease the
time required to find specific information (using sort files,
most records can be located in less than three seconds,
even for database files several thousand records long).
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DBase-Il will perform both types of searches—sequential
or sort-file—depending on the specific requirements.

The extra effort required to learn the complexities of
dBase-ll is partially offset by the extensive documentation
and numerous programming examples provided (both in
the operator'smanualand ona“sample program” disk). The
manual is divided into three sections; a first-time-through
approach, a detailed look at all the commands, and 80
pages of program examples. In addition, over 30 pages of
additional programming examples (a checkbook balancer,
an accounts payable program, and a mailing system with
form letter capabilities) are provided on the sample
program disk The disk examples are complete with ready-
to-run sample databases, command files, etc.

Each dBase-ll datafile cancontain upto65,535 records.
Each record maycontain up to 32 fields, but the total record
size cannot exceed 1000 characters (bytes).

DBase-ll is sold in the form of two system disks: one
sealed in a plastic jacket, containing the full program, and
the other packaged in a paper sleeve, containing a
demonstration program with a maximum capacity of 15
records perdata file. The customer mayexamine the limited
system first, and if not satisfied, return the unopened full-
functioning disk for a refund. According to the publisher of
dBase-ll, only three percent of its sales were returned in
1981.

REQUIREMENTS: Although dBase-ll will run with 48K
RAM, a full 64K is suggested. Two disk drives are required
forallbutthe smallest databasefiles; aprinterisrequiredfor
data printout, mailing labels, etc. The software is available
from Ashton-Tate (see appendix) on hard- or soft-sector
5.25-inch or standard 8-inch disk formats.

HIGH-LEVEL PROGRAMMING LANGUAGES

This is not a book about computer programming. The
subject is too broad to cover in the space available, and
there are already many books that discuss various
microcomputer programming languages in detail. The
background information included here is presented only
to help novice users grasp the general distinctions be-
tween the various high-level programming languages
available for Zenith/Heath computers.

The individual instructions in a high-level program are
not actually written in the cryptic syntax of machine code.
Instead, the instructions are usually made up from con-
ventional words or phrases that are given very specific
definitions within the overall structure of the language
(e.g., words like “READ,” “WRITE,” “GOTO” and “PRINT").
When a high-level program is executed by the user, each
instruction is processed by a program called an inter
preter or compiler. These programs transform the word-
like instructions into machine-language instructions that
the computer can understand.

Programs written in high-tevel languages that use an
interpreter execute more slowly than programs written
with directly-executable machine-language instructions,
but it is much easier to write a high-level language
program. After a few hours study a beginner can write
simple high-level programs, and with continued practice, it
is possible for the diligent student to write and debug com-
plex programs. However, it takes many months (often
years) of study to reach the same level of proficiency witha
machine language.

The most popular high-level language is called Basic.
(Within this general class there now exists numerous
derivations that share the overall characteristics of the
original Basic, but each of these offshoots have their own



peculiarities) The original Basic was conceived at
Dartmouth College in 1960 as a simple programming
method for people who needed to use the large and com-
plex computers of those days, but didn't have time to learn
intricate machine-language programming. It was an im-
mediate success, and it has proven ideal for many applica-
tions.

In recent years many other high-level languages have
been developed. The most notable examples are Fortran,
Cobol and Pascal. These programming languages share
some of the principles of Basic, but each has its own com-
mand definitions and structure. Some of the advanced lan-
guages even approach the power of operating systems,
controlling the total computer environment.

In the following sections we will discuss the charac-
teristics of the major high-level languages available for
Zenith/Heath computers. The reader is encouraged to re-
search this subject in much greater detail before commit-
ting any resources to a specific language.

BASIC-80

In 1976 two young software writers developed a work-
able microcomputer version of Basic, and they estab-
lished Microsoft, Inc, a software company that would be-
come one of the major forces in microcomputer program-
ming. Their original high-level language is called Micro-
soft Basic, or just MBasic. It has grown into one of the most
widely used interpreter languages in the industry, and
Microsoft Basic-80 (a CP/M version of MBasic) is sup-
plied with all new Z-89 and Z-90 computers.

MBasic and Basic-80 are “interactive” languages—
that is, they allow program writing, error detection, edit-
ing, and execution from within the program (this is an ad-
vantage because the user does not have to keep jumping
back and forth between a program editor and the Basic in-
terpreter while writing a new program). Basic-80 is a con-
ventional interpreter language: during execution the
program statements are interpreted one by one into
machine-language equivalent instructions. The machine
instructions are then executed by the Z80 microproces-
sor. This intermediate “interpretation” slows down the
rate of execution.

Basic programming is relatively easy to learn. The
program statements (instructions) are written in words
and symbols that are virtually self-explanatory. For ex-
ample, a program that will add up all the numbers from 1 to
100 looks like this:

10 R=0

20 FOR X=1TO 100
30 R=R+X

40 NEXT X

50 PRINTR

60 END

Statement 10 sets the variable “R" (for Result) to zero.
Statement 20 sets up a repeating loop with statement 40
(a FOR/NEXT loop) so that a 100 time repetition of the
statements between the “FOR" and "NEXT" will occur.
Statement 30 performs the math; it adds the value of “X”
(which increments by one from 1 to 100) to the previous
value of “R" and assigns this new value to “R." After the
addition is complete, statement 50 will print the value of
“R” on the terminal screen.

This is not a very useful program, but it demonstrates
the logical statements used in MBasic. More than a hun-
dred statements similar to these allow MBasic to control
program and data flow, and when organized in the proper
sequence, MBasic can function as a general ledger,
handle accounts receivables, or put into practice what-

High-level computer “languages’ consist of structured
English-like words or phrases that the user can arrange Into
program statements to accomplish specific tasks. These
statements are easier for the user to understand than the
detailed, cryptic syntax of assembly-language or machine-
language instructions, but before a computer can perform
tasks defined in a high-level program, the individual state-
ments in the program must be converted—by either an
interpreter or compiler program—Into a series of discrete
instructions that the CPU can understand. Interpreter or
compller programs for most popular languages—Basic,
Fortran, and Cobol—are available for Zenith/Heath
computers.

ever the mind of the programmer desires.

Some of the more advanced features of MBasic are:
"PEEK" and “POKE,"” for reading and writing information
directly to specific memory locations; “IF THEN" a state-
ment to modify program flow if certain conditions are met;
“RND(X)" generates a random number; and an error-trap-
ping routine called "ON ERROR GOTO"—and a great deal
more. In addition, numerous mathematical functions are
available, including algebra, trigonometry, and floating-
point arithmetic.

MBasic has a built-in line editor that will insert, delete,
or change any character anywhere within a program line
without having to rewrite it. The editor is invoked by typing
“EDIT" and the desired line number.

REQUIREMENTS: Basic-80 (MBasic), Version 5.2, re-
quires CP/M and at least 48K of RAM. It is distributed on
hard- or soft-sector 5.25-inch disks or standard 8-inch
disk. An HDOS implementation (Version 4.82) is also avail-
able on hard-sector 5.25-inch disk. However, MBasic for
HDOS does not support all of the commands available in
the CP/M version. Available from Zenith or Heath

BASIC-80 COMPILER

The Basic-80 compiler produces a directly-execu-
table machine-language program from a source program
written in MBasic. Once the MBasic source is converted
(compiled) to a machine-language program, it executes
exactly like any other machine-language program (ie,
each statement does not have to be interpreted), and the
overall speed of the program is faster than a Basic source
program executed through an interpreter. The disad-
vantage in using a compiler, particularly to a novice
programmer, is that the “interactive,” error-displaying and
“friendly” services of the interpreter are absent.

To gain the advantages of a fast-executing compiled
program while still being able to debug and modify with an
interpreter, programmers often develop programs with an
interpreting Basic; then, when the program is functioning
as desired, they use a compiler to generate a machine-lan-
guage version of the program.
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REQUIREMENTS: Versions of the Basic-80 compiler
are available for both CP/M and HDOS. A minimum of 48K
RAM and at least two disk drives are required. It is sup-
plied on hard- or soft-sector 5.25-inch disk or standard 8-
inch disk Available from Zenith or Heath.

CBASIC-2 INTERPRETER/COMPILER

CBasic-2 is nearly as popular as MBasic. It was
developed in the mid-1970's by a Navysubmariner, and for
technical reasons, it is very popular among professional
software writers and publishers who use CP/M. It differs
from MBasic in that it is not an interactive language.
CBasic-2 allows a free-form statement construction, re-
quiring line numbers only on GOTO, GOSUB, ON, or IF
statements. In addition, CBasic-2 utilizes a slightly dif-
ferent approach in the use of variable names, internal
program comments, and other functions. It is considered
by some programmers to be a more sophisticated lan-
guage than MBasic, and it is reportedly more accurate in
mathematics involving lengthy decimal numbers.

CBasic-2 operates as both a compiler and an inter-
preter. The compiler portion converts an ASCII statement
file (generated by an editor or word processing program)
to a machine-language intermediate disk file; the second
program, a “run-time” monitor, directly executes the inter-
mediate instructions. A third program is supplied with
CBasic-2 that generates a cross-referenced listing of all
the variables used in the source code program.

REQUIREMENTS: CBasic version 2.0 runs with CP/M
and at least 48K of RAM. Program development can be
done with one disk drive, however, two or more drives are
suggested. It is supplied on hard- or soft-sector 5.25-inch
disk or standard 8-inch disk Available from Zenith or
Heath.

PEARL-III

Pearl-lll is a program generator that can be very helpful
for serious programmers, especially those who develop
software for custom applications. It creates applications
programs in CBasic-2 by interacting with the programmer
through menus. After the data type and length, etc,, is ac-
cepted by Pearl-lll, it can generate programs to produce
custom reports, perform computations, sort or update files
(as might be done in a general ledger when transactions
files are used to update the master file).

Although Pearl-lll can shorten a large programming
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Basicisthe mostpopularcomputerianguagebecauseltwas
designed to be easily understood and readily learned. It
breaks down elementarycomputertasksinto simple, logical
program steps. This is a portion of a Basic program that
analyzes stock market price data and selects investment
possibilities.
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project by literally hundreds of hours, it will not (usually)
produce code thatis “ready-to-run.” The usershould havea
firm grasp of CBasic-2 programming because it is often
necessaryto hunt through lines of programming code to lo-
cate bugs or make modifications.

REQUIREMENTS: Pearl-lll requires CP/M and CBasic-
2. A full 64K of RAM and Z/H-37, Z/H-47 or Z/H-67 disk
drives(atleasttwodrives)areanecessity. ltisdistributed on
soft-sector5.25-inch orstandard 8-inch disk. Available from
Zenith or Heath.

FORTRAN-80

Fortran (an acronym for Formula-translator) is one of
the oldest high-level languages, and was developed by
scientists for use on large mainframe computers. It is still
enormously popular for research and technology be-
cause of its ability to handle complex formulas. The ver-
sion available for Zenith/Heath computers was devel-
oped by Microsoft and uses a compiler to generate
machine-executable instructions.

A program file of instructions is written in ASCIlI by a
word processor or text editor, and then compiled into a
relocatable module. This module file is then translated by
another compiler-type program, called a linking loader,
into an executable machine-language program. This
somewhat complex series of steps says a lot about
Fortran-80: thisis not alanguage for the first-time compu-
ter user to jump into. However, the familiarization proce-
dure can be made easierby using the tape-cassette learn-
ing tutorials offered by Zenith/Heath. (There are instruc-
tional coursesinthisseriesthatalsocover MBasic, Cobol,
CP/M, and assemblylanguage, and they are all excellent).

Since Fortran programs are "fitted” to a particular
computer system when compiled, the Zenith/Heath ver-
sion of Fortran-80 is compatible with many Fortran ap-
plication programs. This fitting process is performed by
the compiler and other special programs that are in-
cluded with the Fortran-80 package. The exact function of
these special-purpose programs is beyond the scope of
this book; additional information can be obtained from
local Zenith or Heath dealers.

REQUIREMENTS: Fortran-80 version 3.4 needs a
minimum of 48 K RAM and two disk drives. This CP/M ver-
sion is supplied on hard- or soft-sector 5.25-inch or stand-
ard 8-inch disk. An HDOS version (Fortran 3.35) is sup-
plied on hard-sector 5.25-inch disks.

COBOL-80

Another Microsoft product, Cobol80, is a microcom-
puter version of the widely used Cobol business lan-
guage. Common business applications include general
accounting and database management. Cobol was one of
the first languages to handle disk files, and is generally
considered “user-friendly” for clerical people who have
had little experience with computers.

Cobol is unique in its division of program functions into
four groups: identification, configuration, data, and proce-
dures. This highly-structured language is less hardware-
oriented and more “job-oriented.” That is, each division
addresses a particular partof accomplishing a task. Cobol
is notas easytolearnas Basic, butis probablymore widely
used in large businesses than any other language.

REQUIREMENTS: Cobol-80is available forboth CP/M
and HDOS. A minimum of 48K RAM is required and two
disk drives are recommended. It is supplied on hard- or
soft-sector 5.25-inch or standard 8-inch disk.



UCSD P-SYSTEM (PASCAL)

Thislanguage is generally known as Pascal/(named for
the 17th century French mathematician and mystic). Itis
popular with many programmers, and incorporates a kind
o:’gp;arating system, working with pseudo-code (called p-
code).

The developers of the p-System, Softech Micro-
systems, of San Diego, California, say that programs writ-
ten with it will run on virtually any other microcomputer.
Programsare translated automaticallyintoa made-uplan-
guage foran “imaginary” CPU chip, then a fast translating
program converts that language into the one appropriate
to the CPU which is actually being used. Thus, no matter
what kind of machine a program was developed on, it can
run on anyothercomputerthatisalsosetuptoacceptthe
p-System.

REQUIREMENTS: A Z/H-89 with 48K RAM; the p-
Systemisdistributed on a hard-sector5.25-inch disk (only
supports hard-sector media) or a standard 8-inch disk
Two disk drives are recommended.

COMMUNICATIONS SOFTWARE

A Zenith/Heath computer is capable of gathering in-
formation from over 1000 mainframe computers located
all over the world. These remote computer systems offer
their services toanyone who iswilling tosignupand paya
charge, usually on a per-minute basis, forinformation that
istransmitted to them overthe telephone. Billions of bytes
of information, everything from computer games to
sophisticated applied-science data, can be placed at the
user's fingertips through the use of a program that turns a
conventional microcomputerinto a powerful communica-
tions terminal.

A Zenith/Heath computer, operating underthe control
of communications software, has several advantages
over a simple terminal (like the Z/H-19). The most sig-
nificant advantage is the built-in disk drive, which can be
used to permanently store incoming data. Furthermore,
because the terminal section of the computer is software
programmable, the user can select software that provides
the most efficient data transfer from the remote compu-
ter. With communications software, a Zenith/Heath
computer becomes a powerful communications system.
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Microcomputers can readily communicate over vast dis-
tances with conventional telecommunications methods.
Software to support computer communications is widely
available. One of the most powerful packages is Com-
puterized Phone System (CPS), which supports file trans-
fers, output to printer or floppy disk, various baud rates, and
automatic log-on to remote systems.

COMPUTERIZED PHONE SYSTEM

This program for Z/H-89 and -90 computers is usually
referred to as CPS. Itis best suited to two specific applica-
tions. First, CPS is designed to provide easy log-on to the
Compuserve/MicroNet computer system; MicroNet is a
portion of the Compuserve information network designed
for microcomputer users. With CPS, the remote Z/H-89
can transfer messages and programs to and from Com-
puserve and other database systems. MicroNet can
provide the user with free software (some of which is
remarkably good) by downioading a program from the
main system librarytothedisk systemoftheuserscompu-
ter. A second, important application for CPS is com-
munication with another Z/H-89 (also operating under
CPS). This interconnection of two CPS-driven systems
provides fullerror-checking andinsures 100% accuracyof
all transmitted data.

MICRONET COMMUNICATIONS AND
FILE TRANSFER

CPS has an “auto log-on” feature for MicroNet. All the
user has to do is dial the appropriate phone number, ac-
tivate the modem, and push the red special-function key—
the restisautomatic. CPS will send the unique numberand
password (issued to the user by CompuServe) in the cor-
rect sequence and display the sign-on message from
MicroNet as itis received. If the ID number or password is
changed, CPS can be easily reprogrammed to accom-
modate the changes.

Asinformationisreceived froman outside system,data
canbe savedondisk. CPS will store in main memory(RAM)
all data that is received after the fa special-function keyis
pressed. When all of the desired data has been received,
the user presses the fs key, and CPS will request a
filename and write the file from RAM to the disk. The Com-
munication link is not broken during the disk-write opera-

Compuserve and The Source are two of the largest remote
computer database systems avaliable to microcomputer
users. Compuserve has a personal-computing area called
MicroNet, a shop-at-home service called Comp-U-Star,
newspaper summaries, weather information, travel ser-
vices, stock-market information, and thousands of “pages”
of general information.
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tion and the normal display of data will resume as soonas
the write is completed. However, there is a limit to the
amount of information that can be stored in RAM before it
must be written to disk; for a 48K system this is about
30,000 characters, and fora 64 K system about 45,000 (or
about 117 and 175 disk sectors, respectively).

File transmissions to a remote system are also easy
with CPS. Three methods of transferare supported: trans-
mission to MicroNet (with protocol defined by MicroNet);
send file with no protocol; send file to another Z/H-89 run-
ning CPS with full handshaking (discussed in next sec-
tion).

The first choice will send files to MicroNet without the
need to manually enter R FILTRN (required by MicroNet)
to initiate the transfer. After each line is successfully sent,
a{.) willbedisplayed on the screen, a (/) willbe displayed if
aline mustbere-transmitted. |fa re-transmissionis neces-
sary, CPS will handle it automatically. The second choice
sendsafilewithnoprotocol. Thismeans that CPS willsend
information without verifying that the receiving system is
getting all of the data. A non-protocol transmission
method is used for communication with most remote
databases and computers, since most systems, unfor-
tunately, do not supportany method of errorcheckingand
re-transmission if an error is detected.

CPS-TO-CPS COMMUNICATIONS

Ifa Zenith/Heath userneedstotransmitdatawithcom-
plete accuracy, CPS is the answer. This software will send
an ASCII file to a remote system, which must also be run-
ning CPS, with guaranteed integrity. Ifan erroroccursdur-
ing transmission, CPS will resend the data until the
receiving system verifies to the originating system that
the received data exactly matches the original file data.

Thisis very important when the nature of the data (e.g.,
accounting records, critical text files, program listings,
etc.) cannot tolerate errors that may be generated by ran-
dom “noise” in the communications link. Forexample, the
publishers of this book regularly use CPS-to-CPS com-
munications to send large volumes of text from the
editorial office to theirtypesetting facilitylocated 60 miles
across Los Angeles. These transmissions have totaled
several million characters, and not one error has been
traced to communications problems.

REQUIREMENTS: CPS is available from Zenith or
Heath on hard-sector 5.25-inch disk for both HDOS and
CP/M, and on soft-sector5.25-inch diskfor CP/M. The cur-
rent price is under $50.00.

REACH—REMOTE TERMINAL EMULATOR

Communication with a remote computerisbecominga
common business tool. Most major companies utilize
large computers for accounting, word processing, or
database management routines, and most of these
systems use the telephone network to communicate with
outlying offices. As a result, authorized employees can
useaZ/H-89 andaprogramcalled Reachtoemulate ater-
minal for communicating with the company computer.
Once the telephone link has been established (as
prescribed by company operating procedures), Reach
can transmit, receive and manipulate data within the
remote system, andit candirectincoming datatoa printer
that has been connected to the Z/H-89.

Reach is a versatile terminal emulator. It can be
modified (patched) to transmit and receive data with al-
most any type of telephone-linked computer system.
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Another popular communications program for Zenith/
Heath computers Is called Reach. Here a Z/H-89 running
Reach is being used as an “intelligent” terminal to tranamit
data to a Cromemco business computer.

Transmission speeds up to 9600 baud, various protocol
techniques, and numerous printerconfigurationsare sup-
ported. Reach is a powerful tool, but it requires some
knowledge of computer data transmission techniques.
The documentation is not written for a beginner.

REQUIREMENTS: Reach is available for HDOS or
CP/M on a 5.25-inch hard-sector disk from The Software
Toolworks (see appendix) for $19.95.

PROGRAMMING TOOLS

Most of the following utility programs are available
from Zenith and Heath. These special “tools” make
programming easier or the operation of a program more
convenient

SID/SZID is an advanced version of the CP/M utility
called DDT (Dynamic Debugging Tool) that has all the fea-
tures of DDT and more. SID/SZID allows the use of names
atthe sourcecode level, instead of addresses, indumping
and modifying memory, setting breakpoints, and making
patches to a program in assembly language. It can also
produce histograms showing the frequency of a group of
subroutines,anditmustbe usedwithalinkage editor—the
MAC Macro Assembler from Digital Research or
Microsoft's Link-80. Available from Zenith or Heath on
hard- or soft-sectored 5.25-inch disks or standard 8-inch
disk, and requires CP/M with at least 48K of RAM.

Super Zapisan extremely powerful “disk dump” utility
that can examine and modifythe contents of adiskfile. Itis
used primarily to modify (patch) machine-language pro-
gram files, however, text files can also be examined. Each
sector of the program file is displayed on the screen (in
either hex, octal or ASCII format), and the usercan modify
the program bytes with an editing function that operates
very much like an interactive word processor. The cursor
can be moved throughout each sector using the cursor
keys, and the bytes are changed by typing a new value
over the existing byte. The keyboard function keys allow
stepping sector-by-sector forward or backward through
the file. Super Zap can also remove flags from files, print
the contents of afile or a sector to alisting device (printer),
list a disk catalog, search a file or entire disk for a
hex/octal/ASCII string, or save a sector to afile. Available
for both HDOS and CP/M from The Software Toolworks
(see appendix) for $24.95.



MAC Macro Assembler (produced by Digital Re-
search) converts assembly-language programs (under
CP/M) to machine-language files. It offers conditional as-
sembly operators, title and page pseudo-operands, and
Intel-compatible macro definitions. Supplied on the dis-
tribution disk, also, are macro libraries useful for perform-
ing disk IO and other tasks. Available from Zenith or
Heath on hard- or soft-sector 5.25-inch disks or standard
8-inch disk; requires CP/M and at least 48K of RAM.

Macro-80 is an assembler that claims to handle over
1000 lines of code perminute. Nesting of macrosislimited
onlybythe size of memory. Link-80, a programwithin it, will
function with relocatable libraries or modules produced
by Macro-80 or other languages and compilers. Available
from Zenith or Heath on hard- or soft-sector 5.25-inch
disks or standard 8-inch disk; requires CP/M and 14K of
RAM.

Despool is a multi-tasking printer driver that lists files
on a line printer while the useris free to use the computer
for other operations. By typing CTRL-F, when Despool is
loaded in memory, a prompt appears; entering the ap-
propriate file name sends that file to the printer while the
computer is “returned” to the user. Available from Zenith
or Heath on hard- or soft-sector 5.25-inch disks or stand-
ard 8-inch disk; requires CP/M and 48K of RAM.

SPECIAL-PURPOSE EDITORS
ED-A-SKETCH

Ed-A-Sketch is an editor that allows the creation and
modification of graphic displays on the Z/H-89 or -80
computer (or a computer using the Z/H-19 terminal). The
cursor-control keys allow rapid movement within any
screen display, and the function keys permit displaying
regular or reverse-video graphics characters, drawing
vertical or horizontal lines, recovering from mistakes with
an “oops” key, and saving a picture to disk. Saving or
moving portionsofanimage(blocks)isalso permitted. The
most powerful feature of Ed-A-Sketch is the capability to
save a graphic image in any of seven formats, including:
picture format (picture can be copied (on screen) for dis-
play or re-edited; Benton Harbor format (picture is saved
asaprogramlistingin Heath’s proprietaryversion of Basic,
which theycall Benton Harbor Basic); Microsoft Basic for-
mat (picture is saved as a program listing in MBASIC); As-
sembly Language format (picture is saved as an as-
semblylanguage program); relative cursorpositioningfor-
mat (this selection modifies the above program listings to
introduce positioning control of a portion of an image for
placement anywhere on the screen, allowing the gener-
ation of moving images, etc). Ed-A-Sketch is available for
both HDOS and CP/M on hard-sector 5.25-inch disk or
standard 8-inch disk (for CP/M only) from The Software
Toolworks (see appendix) for $29.95.

EDIT-19

Edit-19ismuchmore than justan editor; it should really
be called a “universal editor for HDOS.” It is probably the
most powerful general-purpose editor currently available
for HDOS.

Edit-19 isa programmable program—similarto dBase-
llandthe Condor DBMS (discussedearlier), Edit-19 hasits
own language. The language evolved from the extensive
instruction set (over 100 commands) contained in the
program. These instructions can be written inacommand
file thatis executed by Edit-19; in effect, thiscommandfile
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Experienced programmers and advanced enthusiasts can
sometimes modify programs to suit thelr own needs or
desires by “patching” (altering) bytes within the program
instructions. Super Zap, a utllity program from the Software
Toolworks, gives the sophisticated user access to the bytes
stored oneachdisk sectorand aliows simple modification of
individual bytes; it is avallable for both CP/M and HDOS.

becomesasource programforthe Edit-19interpreter. The
most common use for command files is to configure the
editor to suit specific user requirements. Virtually every
feature can be modified: the “functions” of the special-
function keys, the margin settings, tab stop positions, etc.
And a plethora of technical “states” can be configured: the
number of drives to be included in a search for files, the
condition of the terminal upon leaving Edit-19, whether to
start the editing session in the screen or command mode,

Ed-A-Sketch produces graphicimages onthe Z/H-89 screen
in much the same way that a word processing programs
creates and alters text. Simple commands allow the user to
draw a picture on the screen with graphics and text
characters, and the user can “save’ the picture to disk as
either a Basic-language listing or a displayable file {one that
can be “typed” to the screen).
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tasks to be handled “auto-

matically” by chained I folloued one of Lhe above comsands for more help with thai comsand.

commands. Edit-19 is ac-
companied by well written
operation and tutorial
manuals.

WordMaster is a substantial enhancement over the cum-
bersome line editor provided with CP/M. Itinciudes all of the
conventional commands found In the CP/M editor, however,
it has additional features and a convenient full-screen
editing mode. WordMasterisafavoriteamong programmers
because of its fast search-and-replace ability (especially
helpful during the development of extensive programs).

and more.

Edit-19 is accompanied by an 85-page operating
manual, that—although terse—provides a useful intro-
duction and excellent details about each command. Also
available Is a tutorial manual and disk that provide a clear,
in-depthlookatthe powerof Edit-19.The tutorialisaccom-
panied by severalexample files,and the usercanrun mac-
ros (command files) to learn their operation. One of the
macros will prepare twocolumns of text from a normal text
file. Another macro will construct boxes around comment
paragraphs used in programming Basic, Fortran, etc.

This is, obviously, acomplex editor. However, the care-
ful selection of default values and the ease with which the
user can attain help—several help screens are available
and there is a help file that will display additional informa-
tion about any command—all contribute to its user-
friendly operation.

it is an excellent general-purpose editor for someone
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who does a variety of work under HDOS (i.e., creative writ-
ing and program editing). But, if conventional word
processing is the only requirement, a standard word
processorwill probably be easiertouse. However, Edit-19
can be used to augment a word processor. It can rapidly
reformat an entire text file with one command, it has a
lightning fast search-and-replace, and it contains many
powerful features that may be useful to a professional
writer or editor.

In summation, itis safe to say that manyserious HDOS-
users will consider Edit-19 a “must-have” tool. It was
developed by Steven Robbins, a data-processing instruc-
torin SanAntonio, Texas,anditcanbe purchased from Mr.
Robbins (see appendix) for $80.00. The tutorial disk and
manual are an additional $20.00. There are discounts
available for HUG groups (quantity purchases). Edit-19 is
distributed on hard-sector 5.25-inch disks. Two disks
drives (with high-density storage) and 56 Kbytes of RAM
are recommended.

WORDMASTER

Inthe earlydays of microcomputing the only word-edit-
ing programs were of the “line-oriented” type. These
editors are designed primarily to create and debug the
text (instructions) of a computer program, and theydo not
operate on the interactive cursor-oriented principles
common inadvanced word processing software. They dis-
playthe lines ofa program ortextfile (usually oneatatime)
for verification and/or modification, and to change the
text, the user must type a complex command to direct the
editor to remove a certain portion of the line and replace it
with new text. For word processing (and for many opera-
tions in program editing) this method is slow because the
user must learn a complex, structured command syntax.

However, line editors have some powerful features.
They typically have very fast search-and-replace func-
tions because they are not required to display and scroll
large blocks of text on the screen. And most line editors
can make “conditional decisions” during global editing
tasks. They are also small in size and, therefore, permit
large files to be loaded into RAM and edited without split-
ting the file into smaller blocks.

When MicroPro designed WordMaster they took the



the powerful features of a line-oriented editor and effec-
tivelycombinedthem withthe interactivefeaturesofacur-
sor-oriented (screen) editor. This is an excellent editor for
programmers working under CP/M. The ease-of-opera-
tion and speed of WordMaster permit rapid global
searches, while still allowing easy single-character re-
placement. The version for Zenith/Heath computers also
implements the foliowing commands on the special-func-
tion keys:

fi—duplicate of delete key
fa—jump to beginning of file
fa—jump to end of file
fa—copy file to disk

Andall ofthe special-function keyscanbe redesignated to
perform any function that the user desires.

Anothervaluable feature of WordMasteristhe ability to
editfiles larger than memory by using chained floppy-disk
1/0 todynamically move forward or backwardin the file. As
the user moves through a large file, the section being
edited is read into RAM, while the overflow is removed
from RAM and written to a temporary file on disk. In addi-
tion, WordMaster will allow the user to read in other files
(merge) and write out portions of the current file to disk
(split up files).

WordMaster is a CP/M editor, written for 8080/8085
systemswith 32 Kbytes of RAM ormore. Itisavailableinal-
most any format compatible with Zenith/Heath systems.
For price and availability contact MicroPro International
(see appendix).

GAMES AND OTHER ACTIVITIES

The total number of special-interest and recreational
programs available for Zenith/Heath computers is un-
known. Whatever the exact amount, itis large. The pool of
CP/M software is practically bottomless, and more be-
comes available every day. Game programs tend to be
inexpensive (and many can be obtained free-of-charge
from public-domain software pools); so even if they turn
out to be less than spectacular, they are usually worth a
few hours of enjoyment. The few examples mentioned
here are available from Zenith or Heath, and each should
provide enjoyment for avid game-players.

Word Search Puzzle is a “locate-the-hidden-word"”
game. A grid is displayed on the screen hiding 12 to 32
words in 30 different subjects, including basketball, TV
stars, mysterystories, etc. The Z/H-89 graphiccapabilities
are utilized.

Cassino is very similar to the dice game of the same
name. The dice are displayed on the screen using compu-
ter graphics, and the user may select the dice to be
“thrown” by pressing the special-function keys.

Munchkin is a game that resembles the popular ar-
cade game. A moving, circle-shaped Munchkin works its
waythroughamazedevouring thedelectable dotsandad-
ding to the score. There are aliens that pursue our munch-
ing hero, but they, too, can be gobbled up if the Munchkin
consumes an energy pellet just before the alien is en-
countered.

The 15 Puzzle looks a little like Rubik's Cube, but it is
based on a puzzle made up of numbered tiles. A group of
sixteen squares—fifteen contain numbers and one is
blank—are moved, within constraints, to a preselected
consecutive-number sequence.

Invasion is anotherarcade game look-alike. The aliens
are descending from space, ever closer and ever faster.
Take careful aim, because they shoot back!

Air Traffic Controller “tests your control skills by put-
ting youin the tower."” It requires 32K RAM, one diskdrive,
and either HDOS or CP/M. “Run your own airport!”

Mychessis a chess-playing program that won a playoff
at the 1980 West Coast Computer Faire. While not the
most sophisticated chess player, Mychess will certainly
challenge casual players. Several levels of difficulty are
selectable, and range from beginner to “how to be in-
timidated by a computer.” Mychess is available from
Zenith or Heath, and also from The Software Toolworks
(see appendix) for $34.95.

Computer Chef may be the program that saves some
marriages from destruction by rampant microcomputer
mania. This clever program provides a method of storing,
retrieving, and scaling recipes for main dishes, desserts,
soups, etc. ComputerChefcomes with over70“family-tes-
ted" recipes, thatinclude preparationand servingsugges-
tions. Each of these recipes—and others that you may
wish to add—can be recalled by title, ingredient, or key-
word (a list of descriptive terms—i.e. sinfully rich, quick,
outdoor, lunch, kids, freezes well, etc.). Once a recipe is
selected, the ingredients may be scaled to any desired
amount. For example: you may wish to make brownies but
have only one egg, Computer Chef will tell you how much
of the other ingredients to use. Or, if a recipe makes two
dozencookiesandyou needfivedozenforyournext party,
Computer Chef will rescale all the ingredients for you.
Recipes (scaled or not) can be printed out for easy use in
the kitchen; the printed copycanthenbe discarded afterit
is covered with fudge, etc. Computer Chef can be pur-
chased from The Software Toolworks (see appendix) for
$29.95, A disk with an additional 100 recipes is available
for $9.95.

RTTY Communications Processor is for ham radio
operators who want to transmit computer-generated CW
(Morse code), ASCII or Baudot code over the radio. The
text of a messageis typed on the keyboard of aZ/H-89 or-
90, and the message appears on the screenasitis trans-
mitted or received. It runs under HDOS (similar programs
for CP/M are available from some sources).

Roots-89 is used to help organize family genealogical
charts and records. It stores and retrieves facts about
family members and computes your relationship to your
ancestors. It requires 48K RAM, one disk drive, and CP/M.

Computer games are an intriguing diversion from “serious”
work. This Zenith entertainment package includes five
games, and may result in hours of “intense emotional
interaction’ with your computer.
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Zenith and Heath
computer systems can
be readily expanded
with disk drive sys-
tems, printers, mo-
dems, extra terminais
and a wide varlety of
speclalty accessories.
The Z/H-89 orthe Z/H-
100 can be configured
to answer virtually any
personal or business
requirements.

AN OVERVIEW

One of the great virtues of Zenith/Heath computer
systems is the ease with which theycan be expanded. The
range of expansion and accessory equipment available
from Zenith/Heath and independent vendors is impres-
sive. By upgrading or adding to the system hardware, the
user can readily tailor the system to suit specific needs;
but at the same time, nothing must be done to com-
promise dependability. In this chapter we will explore
several popular system upgrades. They are not, by any
means, all of the possible upgrades, but they are common
examples of the most useful, cost-effective and reliable
ones.

The most common types of system upgradesare: RAM
expansion, mass storage (disk drive) expansion, and the
addition of accessories to improve system capabilities or
convenience. The value of these enhancements be-
comes more apparent as the user gains more experience
and devises new ways to make a microcomputer useful.

For example, when the user commands the operating
system to “run” a piece of application software, an exact
duplicate of the program is transferred from the floppy
disk (or other mass-storage device) to the system RAM,
and the CPU begins executing the program instructions.
As a consequence, the amount of system RAM will deter-
mine, o some degree, which programs can be used. If a
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program is too large, it may not fit in the available system
RAM.

The size of system RAM is usually expressed (ap-
proximately) in the number of Kbytes (1024 bytes) of avail-
able space. The Z/H-89 is factory-equipped with 48
Kbytes of RAM; and the addition of 16 Kbytes of memoryis
a very common upgrade. This provides 64 Kbytes of
memory—the maximum possible with conventional Z80
memory addressing—which permits the computer to
handle larger programsandtextfiles.(Anditincreasesthe
speed of some computeroperations.) In the following sec-
tion on Memory Expansion we will look at the detailed
procedures involved in the expansion of system RAM.

Many of the most popular upgrades involve greater
mass storage and increased processing speed. Programs
that repeatedly read and write disk data—database
management is a good example—can operate notably
faster with storage devices that handle data more effi-
ciently. High-density 5.25- and 8-inch floppy-disk drives
canreduce "search” time (particularly under CP/M), while
providing more storage space for datafiles and programs.
Hard disk drives give even faster access to data, and are
able to store considerably more information. The ab-
solute leaderin speed, however, isreallynotadisk, butisa
RAM expansion configured to act like a disk drive. This
product, called a disk emufator, and other storage
upgrades will be explored in the section on Disk Drive Ex-



pansion.

In the section on System Enhancements and Con-
venience Features we will lock at some modifications to
hardware and software that reduce operator fatigue
and/or expand overall system capabilities. Independent
programmers and hardware designers have developed
“patches,” plug-in boards, software tools, and other
“convenience"” items for Zenith/Heath computers. Many
of these accessories reduce confusion and frustration,
and give the user many tangible benefits.

MEMORY EXPANSION

When the H-89 was firstintroduced, itwas soldwith 16
Kbytes of RAM and enough empty sockets on the CPU
board to accept an additional 32 Kbytes, for a total of 48
Kbytes of RAM. For at least the first year of production this
was the memory limit; however, at that time, there were
only a few elementary programs available, and the
memory restriction was not a severe constraint. Today
there are many sophisticated programs that need or can
use a full 64 Kbytes of memory.

Users of Basic-language programs often feel the con-
straints of memory space. Like most Basic languages,
Heath's Benton Harbor Basic or Microsoft Basic must
have the language interpreterioaded in memorybeforea
source program (that actually does the work) can be ex-
ecuted. These interpreters are large programs, and they
donotleave much RAM spacefreeforthe source program.
In addition, the Basic interpreter must set aside some of
the remaining RAM space for variables, matrices, al-
phanumeric terms, etc. Though many Basic programs can
be run with less memory, a full 64K allows the program-
mer to include more computational capability within each
source program.

Systems that are used mainly for word processing can
also benefit from larger RAM space, because larger files
need not be broken up into small segments for editing or
formatting. In fact, after the operating system is loaded,
some of the more powerful word processors consume all
but the last 16-Kbyte bank of memory. Without the full
complement of memory some programs can onlyedit very
small text files.

These are but two examples of applications that profit
fromafull64K memory. There are many others,and as the
user finds more sophisticated ways to utilize the Z/H-89,
the advantage of more memory space becomes increas-
ingly obvious. Fortunately, the installation of the 16-Kbyte
memory expansion is relatively easy.

HOW TO INSTALL ADDITIONAL MEMORY

Early Heath computers were not designed to accept
more than 48 Kbytes of memory; however, all late-model
units will accept the Zenith/Heath 16-Kbyte RAM expan-
sion with almost no modification. Early units are also ex-
pandable, but an upgrade kit called the H-88-7 is required
(this is the same modification kit that aliows the use of
CP/M in addition to HDOS). Units that were sold with the
cassette interface card will also require the H-88-7
modification before the computer will recognize the last
16-Kbyte bank of RAM. Once the H-88-7 modificationisin-
stalled, the Z/H-89 will no longer support the cassette
tape interface.

The instaliation of the 16-Kbyte upgrade requires the
removal of the CPU circuit board (see accompanying il-
lustrations), and an inspection should be made of the IC
(integrated circuit) at location U562. This IC should be a

The Z/H-88 CPUboard willacceptupto48 Kbytesof RAM (the
24 chips within the boxed area), and an additional 16 Kbytes
can be added with a separate plug-in circuit board. This
brings the total RAM memory to 64 Kbytes, the maximum
RAM supported by conventional Z80 memory-addressing
techniques.

745132 (there may be additional letters before and after
thisnumber). /fthe ICisa74LS132 (note the “L" before the
“S"), the system will “crash” (malfunction) during the boot
operation or while executing a program. Most 16-Kbyte
upgrade kits are supplied with a 745132 (in case it is re-
quired), butthereis noneedtoinstallitifthecorrectchipis
already in place.

The next installation step is the removal of the upper-
left memory chip (U549) to make room foran adaptor plug
that must be installed in the same socket. The 16-Kbyte
upgrade will only work properly if the full 48 Kbytes of
memory chips are already installed (i.e., all other memory
sockets on the CPU board arefilled); the 16-Kbyte expan-
sion is designed strictly to add memory to the existing 48
Kbytes on the CPU board. Memory chips can be pur-
chased from Zenith/Heath or from many independent
suppliers (see advertisements in Byte and other micro-
computer magazines). The Z/H-89 uses a standard
memory chipcalled a4118. Make sure you use chips that
are rated at 400ns (nanoseconds) or faster (i.e, 4116-
4).

The expansion board should now be installed on the
pins located on the left side of the CPU board. Make sure
that the board is properly positioned on the pins; not of-
fsettoo high ortoo low by one ormore pins. The plug atthe
end of a short ribbon wire coming from the expansion
board is plugged into the single empty socket at U548,
Some earlier models also required a short jumper wire
(see accompanying illustrations), however, all new
computers have incorporated this jumperconnectioninto
the design of the CPU board.

The final requirement is to reconfigure the jumpers
(small plastic clips) at JJ501 and JJ502 as shown in the il-
lustrations. Duringthe boot process these jumperstellthe
CPU that a full 64K of memory is available. After the CPU
board is reinstalled, the system may be powered up, and if
the computer executes the built-in memory diagnostic
without faults, the system may be put into service. During
boot with HDOS, the computer will display 56K of RAM
available (not 64 Kbytes, because the bottom eight
Kbytes is reserved for system use and only 56 Kbytes are
available to the user). With CP/M you must run
MOVCPM.COM and SYSGEN to generate a 64-Kbyte
CP/M system that will use all of the memory now available
(refer to the CP/M manual for more details).
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(1) The CPU board must be removed before the 16-Kbyte
expansion board can be installed. This is a simple job that
requires only disconnecting the power plugs and acces-
sory circuit boards, and removing the two screws that
support the CPU board.
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INSTALLING 16K RAM €XPANSION

(3) The chip at location “U562” must be a 745132, nota
74L5132. Replace this chip with the correct type—
provided in the upgrade kit—if necessary.

(5) The expansion
board can now be in-
stalled on the pins at
P509 and P503. Plug
the ribbon cable into
the memory chip
socket at U549.

(8) The jumpers at
JJ501 and JJ502
shouldbeconfigured
as shown. If a con-
nector is available at
JJ503, the small
jumper wire should
be installed on the
pinsasshown.(Note:
systems without pins
at JJ503 do not re-

quire this jumper.)

(2) As the CPU board Is lifted out of position, unplug the
interconnecting cable to the TLB.

(4) Before the expansion board is installed, the 24 available
RAM sockets on the CPU board must already be filled with
suitable memorychips. The expansionboardisonlyusedto
provide 18 Kbytesinadditiontothe 48 Kbytescontainedon
the CPU board. The last memory chip at location U549 is
removed to make room for the ribbon interconnect cable
from the expansion board. The removed memory chip is
then transferred to the single empty socket on the ex-
pansion board. Position the chip as explained in the
installation instructions.

Dynamic RAN test

L¥A = 377377
Pass =@206_

(7) After the CPU board is re-installed, the power and
interconnectcable plugs, and the accessorycircuitboards
and support screws are replaced. When the powaer is
switched on, the system should “beep” twice, and the user
should immediately runthe memorytest(type Go 7375—at
the H: prompt) to verify system operation. The screen
should display LWA=377377; indicating that the full 64-
Kbyte complement of RAM has been acknowledged.
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Memory circuits are extremely complex. Each chip
contains more than 32,000 active elements; the entire
computer system memory uses more than one million ac-
tive circuits. But, thankfully, integrated circuits are very
reliable. You may never have a memaory failure in your
system, but it pays to be careful; run the built-in memory
diagnostic occasionally. A faulty memory chip can cause
considerable frustration, but the user can reduce the
likelihood of program faults and/or lost data by regularly
using the memory test routine—Zenith/Heath builtit into
the system, but it's up to the user to take advantage of it.

DISK DRIVE UPGRADES

If there is one element of a computer system thatis es-
sential for performing practical applications, it is the
floppy disk. The fast data access provided by floppy disk
technologyturns the microcomputerintoaserioustoolfor
business, professional, and educational use, but at times
every Z/H-89 user feels restricted by having only one
5.25-inch disk drive. Many complex, applications pro-
grams occupy nearly all of the free space on a single-side,
hard-sector disk This leaves very little free space for stor-
ing/manipulating data or text files. And, copying files from
one disk to another is a slow and tedious procedure with
only one drive, requiring repeated removal and insertion
of disks. For these reasons (and others), the expansion to
multiple drives is one of the most common user upgrades.

Z/H-89 owners can choose from a wide variety of disk
systemsavailable from Zenith/Heath orindependentven-
dors. The basic single-drive system can be upgraded with
a separate enclosure that houses two 5.25-inch drives,
and this, in turn, can be upgraded with a double-density
controllercard. Orexpansionis possible with double-side,
high-density 5.25-inch drives, or 8-inch floppy disk drives,
or the ultimate in speed and storage (at this time) is avail-
able from hard disk drives that can easily be added to the
Z/H-89 system. And these systems can be mixed, provid-
ing a wide range of storage possibilities.

We will take a step-by-step approach tostorage expan-
sions: starting with modest upgrades and proceeding
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Perhaps the most dramatic upgrade—from the user's view-
point—is the addition of one or more disk drives to the
system. Some high-capacity drives, like this 8-inch system
from Data Compass, can expand storage capacitybyafactor
of 10, allowing a million or more bytes of program and data
storage.

toward the more expensive options. At each step we will
attempt to explain what purposes are served best by that
particular upgrade. Since application and software re-
quirements varygreatly, itis seldom possibletosay“thisis
exactly what you need” with any assurance, however, we
hope to provide the reader with a preliminary understand-
ing of the potential capabilities, cost, and installation
procedures for each system.

ADDING A SECOND DRIVE

If the system is a typical Z/H-89 with a single harg-sec-
tor drive (see accompanying illustrations for an explana-
tion of hard-sector disk organization), the first expansion
to consideris the addition of a second drive. The HS-17-1
(Heath part number) is an attractive accessory cabinet
that will house one or two disk drives, and comes with a
single drive installed. This system costs about $600.00
and will double the disk storage space, allowing larger
{(and more capable) accounting and word processing
programs to be used, and making disk file copies much
easier. Many experts consider a storage subsystem with
two 5.25-inch disk drives the minimum acceptable con-
figuration for small-business applications.

The hardware installation of the HS-17-1 isverysimple
and straightforward. (The software considerations will be

To organize the recording and retrieval of information, the
disk-controller system structures the disk surface into ple-
shaped segments called sectors. As information (programs
or data) is deposited along the recording tracks, itis broken
up Into “blocks” defined by the sector limits. When the
information is retrieved, the DOS goes to the appropriate
sector(s) and track(s) to withdraw the blocks of information
and reform them into a continuous program ordata file. The
sectorlimits are determined by the disk-controllerelectron-
icsandthediskdesign. Therecordingdisk haseitheraseries
of sector holes (far right: a hard-sector 5.25-inch disk) ora
single Index hole (right: a soft-sector 8-inch disk) to indicate
the relative positions of the sectors to the disk controller.
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discussed later.) All late-model Z/H-89 computers have a
plug on the rear panel that makes external drive installa-
tionaboutassimpleaspluggingitin. Earliermodelscanbe
modified to accept this plug-in feature by adding a back-
plate modification kit, part number H-88-6, that costs
about $50.00.

Once the drive is plugged in, the “programming plug”
must be configured. This plug looks something like an in-
tegrated circuit, and tells the computer how to “address”
the drive. For example: it is important that the program-
ming plug on the seconddrive inthe accessorycabinetbe
configured to "hardware unit one,” since the original drive
mounted in the Z/H-89 is setfor “hardware unit zero.” The
actual modification to this plug is illustrated inan accom-
panying photo.

Afterthe programming plug is set and the second drive
is properly connected to the main system, both the main
system and the accessory cabinet (which contains a
separate power supply for the second drive) must be
turned on, and normal boot procedure can be completed.
Theseconddrive maynowbeaccessedbytellingHDOS to
look at "SY1:"; for CP/M use the drive specifier “B:” (after
running “CONFIGUR"—discussed later). And that's it..al-
most. Thereis one thing that must be remembered: do not
forget to turn on the accessorycabinet before you boot up
the computer. If there is a disk in the second drive and a
boot is attempted before the accessory power is turned
on, the computer will “corrupt” data recorded on the disk
surface, making the disk unreadable and the data stored
on it unrecoverable by normal methods.

The best way to avoid this problem is to use a multiple-
outletboxthat controls allthe outlets with one switch. This
will ensure that the computer and the accessory cabinet
are always powered up simultaneously. Anadditional note
of warning: mount the outlet box in a safe location. If the
switch is accidentally bumped and the computer loses
power at an inopportune moment, all data in RAM will be
instantly lost; and if powerislost during a disk-write proce-
dure, it is likely that the disk will be rendered unreadable!

Foradditional convenience and flexibility, a third drive
may also be added to the system rather easily. An H-17-1
disk-drive assembly is needed, the programming plug is
configured for“hardware unittwo,” and itisinstalledinthe
remaining slotinthe accessorycabinet(whichisdesigned
to hold two drives). Plugs are provided in the accessory
cabinet for connecting the drive. The cost of adding the
third drive is about $300.00.

Although most programs do not require three drives, a
third disk drive will increase the amount of online storage
and considerably ease many file-handling tasks. This is
especially helpful if the system is used for editing very
large text/data files or for developing complex programs.

Threedrives of onetype(inthiscase, of hard-sectorfor-
mat) are the maximum that HDOS orthe Zenith/Heath im-
plementation of CP/M will support. If more storage space
and/or additional drives are required, high-density 5.25-
inch drives, 8-inch floppies, or a hard disk may be used
along with (or in place of) the existing drives, but no more
than two types of drives may be used at once.

THE DOUBLE-DENSITY CONTROLLER

The nextstepupthe Zenith/Heathstorage ladderisthe
Z-89-37 “double-density” 5.25-inch disk-controller card.
All Zenith Z-80s are equipped with this card; in effect, it
converts standard hard-sector drives to the more-dense
soft-sector format. Under control of this card, standard
drives will store about 60% more data: 160 Kbytes, com-
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Floppy disk drives usually have a simple “programming”
device that the user must configure to tell the DOS whether
the drive is the “first,” or“second,” or“third,"” etc., unit. (In
CP/MthedrivesareformallyaddressedasA:, B:,C:, etc.,and
in HDOS the addresses are SYO:, §Y1:, SY2:, etc.) The
Siemens 5.25-Iinch drive has an insert plugged into a socket
onthedrive circuitboard(arrow1) thatmustbe configured to
establish the address. American Research & Engineering
{aee appendix) makes a low-profile, multi-pin switch (arrow
2) that fite nicely into the socket. With this switch installed,
address programming is simple and can be easilyresetifthe
user wishes to change the address at a later date.

pared to the 100 Kbytes of a single-density, hard-sector
disk

This card also makes it possible to copy existing
programs and data from hard-sector devices to soft-sec-
tordevices, andvice versa. Forexample: in a multi-drivein-
stallation, one drive mayretainthe hard-sectorformatand,
using the Z-89-37 double-density controller card, the
additional drives may be converted to the higher-density
soft-sector format. After giving careful consideration to
specific applications, the user may desire a different ar-
rangement, however, it is generally advisable to select a
configuration that will allow continued use of hard-sector
software (which the user may already have), while gaining
greater storage with the soft-sector controller. The con-
figuration may be modified later, perhaps after all
programs and data are converted to the soft-sector for-
mat, or as the user's requirements change.

A single-drive computer system Is restricted and, at times,
inconvenlent for applications that require advanced pro-
grams and a lot of “data-crunching.” However, extra drives
and additional peripheral equipment can greatly extend the
power and convenience of the system. This typical system
utilizes two drives (one Inthe Z/H-89 cabinetand the second
in an accessory cabinet—arrow) and a Z/H-25 printer.



The Z/H-37 is a
sophisticated upgrade
that uses sofi-sector
storage structure to
increasethe amountof
data that can be re-
corded on a 5.25-inch
disk. If used with
standard drives (re-
placing the hard-
sector controller}, the
storage Is almost
doubled, and if used
with Tandon double-
sided drives, the stor-
age space isexpanded

The Z-89-37 double-density controller is installed
alongside the standard H-88-1 hard-sectorcontroller, but
this is not as simple as it sounds. The installation of this
card removes the Z80 “interrupt control logic” circuits
from the CPU and relocates them on the controller board.
AnewmonitorROMisalsoneeded. Thismeansthatthein-
stallation of the board requires: (1) the removal of five in-
tegrated circuits from the CPU board; (2) installing a spe-
cial plug and connector; (3) reinstallation of three ICs; and
(4) configuring several jumpers onthe CPU and controller
boards. Inaddition, ifthe computerbeing modified is not of
the most recent design, the power supply will require
modification; a rather tricky operation for those who are
not familiar with electronic components.

Frankly, the instruction manual that comes with this kit
is painfully brief. Without careful study, one can easily be-
come confused. The major steps in this modification are
shown in the accompanying illustrations, but the novice
user may wish to have this modification performed by a
dealer or service technician.

After the addition of the Z-89-37 controller, even more
disk storage can be gained byreplacing the H-17-1 stand-
ard single-side drive with the H-17-4 Tandon double-side
drive. The Tandon drive doubles the storage capacity by
writing on both sides of the disk, and doubles it again by
recording on BO tracks, instead of the standard 40. This
“quad" capacity provides over 600 Kbytes of storage, per-
mitting more than one million bytes (about the size of
10,000 average business letters) to be stored on two
drives. The Tandon drives will also read and write in the
single-side, single-density or single-side, double-density
format for compatibility with H-17-1 drives. Each H-17-4
drive costs about $550.00 (although some discount sup-
pliers sell them for $400.00 or less), a reasonable price
compared to the substantial increase in storage space.

Quad capacity drives, however, are not without peculi-
arities. Because of their complexity, high-density drives
(and the electronics that support them) operate on the
fringe of the current technological twilight zone. Zenith
and Heath have done an admirable job with the HS-37
package, but it must be pointed out that a design that
pushes the physical limits of the disk area is more likely to
suffer from reliability problems than a simpler design.
When the recording surface is crowded with data, there is

by a factor of six.

a greater likelihood of recording errors. In fact, the quad
drives should only be used when they are installed in the
accessory cabinet, as RFl “noise” inside the Z/H-89 can
cause read/write problems. In addition, some users have
voiced complaints that disks written by one high-density
drive are unreadable by another drive, however, as a
general rule, the HS-37 drives will provide the greatest
overall reliability if the user treats them with the respect
and care that any complex piece of equipment deserves.

Manyread errors with high-density(or standard) drives
may be traced to the quality of the disk media. Itis veryim-
portant that all disks used in a high-capacity drive be cer-
tified for double-side, double-density, 80-track operation:
i.e,, the manufacturers' specifications must state that the
disk is certified for 80-track data formatting. In the long
run, itisfoolish to save a few dollars on cheap disks, espe-
cially for recording important data. (It is not our intent to
endorse a specific product, but as a point of interest, we
noted during the research for this book that many of
system and accessory manufacturers we spoke with
recommend andclaim thattheyuse Dysanbrand disks ex-
clusively.)

Beyond increased storage capability, high-density
disks can access data as much as 50% faster when the
CP/M operating system is used. However, under HDOS
the access time is increased! Tests have shown that it
takes uptothreetimeslongerfor HDOS toloada program
from the HS-37 because the controller and operating
system take special measures when reading or writing in-
formation. This may not be an important consideration for
some users, but it is important to realize that the HS-37
system has been optimized for CP/M use, and its opera-
tion with HDOS was considered secondary by the
Zenith/Heath designers.

The additional storage provided by a higher-density
5.25-inch controller usually provides enough “elbow
room" for most hobby or small-business users, however,
this may not meet the portability demands of some ap-
plications. There is no universal 5.25-inch disk formatand
it is impossible to know for certain that a disk from one
system will work in another system (though disks are
generally interchangeable if both Zenith/Heath systems
have drives of the same format). However, a standard for-
mat does exist for the 8-inch floppy disk: the IBM 3740

83



INSTALLING A Z/H-37 CONTROLLER

{1) The first step in installing the Z/H-37 double-density (2) Following the steps in the Z/H-37 installation manual,
controller ie to remove the CPU board (details of removing removeiCsatlocationsU516, U518, U550, U558, and U557,
the CPU board are provided on page 80). Carefully remove mark them as shown in illustration 3. Use the IC extraction
the power, and interconnectcable plugs, and the accessory tool provided inthe installation kitand carefullywork the ICs
circuit boards. out of the sockets.

(3) As the ICs are re-
moved, record the
socket number on
them with masking
tape. (If you decide at
some future date to
remove the Z/H-37
upgrade, thiswillallow
you to reinstall these
ICs properly.)

(4) Installthe DIP interconnect cable and the special jumper
plug at locations U557 and U558.

(5&8) This is a before (above) and after (right) sequence to
guldeyouinconfiguring the plasticslip-onclipslocated next
to U518. One clip is removed, and a short jJumper wire is
installed to P508 pin 14.
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(7)Unplugthe cable plugsonthe powersupplycircuitboard.
Remove the four screws that hold the power-supply board in
position. Then, remove the four hex studs that hold the
power-supply heat sink. Lift the power supply out.

(8) Because the Z/H-37 disk-controller card places extra
demands on the power supply, heat sinks must be added
under the regulators, and one reguiator must be replaced
with a heavier-duty model.

(9) After the heat sinks are installed, re-install the power
supplyandthe plugstothe powersupplycircuitboard. Then
turn on the computer and test the voltages at the power
supply to ensure that they are at the proper level before
reconnecting the power plug to the CPU board. Refer to the
installation manual for detaiis. Afterthe voitages are tested,
turn off the computer and re-install the CPU board and
accessory boards (except the Z/H-37 board).

(11) Plug the drive cable(s) and the 18-wire DIPcable into the
controller card, then Install the card on CPU board pins P504
and P510.

(10) Setthe jumpers on the controller board as described in
the installation manual. The Z/H-37 controller board shown
here is configured fortwo outboard 96tpldisks(the Z/H-17-4
Tandondrives) and anonboard hard-sectordrive (controlled
bythe standard hard-sectordisk-controllerboard). Nodrives
are hooked up to P3 on the Z/H-37 card.

1 ool

ZENTTH DATR SYSTERS 237 SUFPORT SYSTER.

ENTER THE WUNBER CORSESFORDING T0 THE TYPE
DF THE PROGRAN YOU WISW TO RuUM.

1. DISK CONTROLLER CMECKDUT
2, GEWERAL DRIVE/CONTROLLER DIRGNOSTIC
YOUR CHOICE => _

{12) Configure the programming plugsonthediskdrivesand
ensure that all cables are properly routed and connected.
Then, turn on the computer—it should “beep” twice—and
run the diagnostic software supplied with the Z/H-37 to
ensure that all is in working order.
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single-side, single-density format. If data portability be-
tween systems is an important consideration, it may be
better and more economical to opt for an 8-inch disk
system, rather than spend money on high-density 5.25-
inch formats.

8-INCH FLOPPY DISKS

IBM developed the first floppy-disk storage unit
several years ago and, as seems to be the case in the
computerindustry, thefirstsuccessfuldesign became the
defacto “standard.” The 8-inch, single-side, single-den-
sity (85/SD) format has been offered on more computer
systems than any other. If a system can read this stand-
ard, the user has access (without conversion) to the
largest pool of software inthe industry, and the IBM stand-
ard allows the greatest data portability from system to
system—an important consideration for many users. The
Z/H-47, Zenith/Heath's 8-inch drive system, will accept
the IBM standard, and it will also record in a double-side,
double-density format, storingmore than one million bytes
on a single disk; mixing formats is permitted.

The 8-inch floppy disk is ideally suited to business ap-
plications. In SS/SD format an 8-inch disk will store about
1/4 Mbyte, usually ample room for most accounting and
word processing applications. In DS/DD format only the
very largest data files (unusually large!) will not fit on a
single disk. The 8-inch floppy provides plenty of storage,
high reliability, and fast data access; and any business
manager considering the purchase of a Zenith/Heath
computerforaccounting, database management,orother
professional work should also give thought to an 8-inch
drive system.

The Z/H-47 uses Remex brand drives—an “intel-
ligent” designthat utilizes an onboard microprocessor. As
aresult, the system requires only a simple hardware inter-
face to the Z/H-89. The Z/H-47 will house one or two
drives, and if both are installed, one drive becomes the
master unit (the one with the microprocessor} and the
second drive a slave under control of the master.

Installing the Z/H-47 isrelatively simple: pluginthein-
terface card, flip one switch onthe CPU board, plug the rib-
bon cable into the interface card, turn everything on and
boot up! Software configuration is covered later in this
chapter.

A system with 5.25-Inch disk drives can accomplish a lot
{especially with 2/H-37 Tandon drives), but dual 8-inch disk
drives are more common in business applications. Theyare
reliable, fast, and can store more than one million bytes per
disk.
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The Z/H-67 storage system combines a 1.2-Mbyte 8-inch
floppy drive with an 11-Mbyte hard disk, resulting in a
powerful, high-speed system. A business that needs large-
scale storage or a professional data-processing service that
services many small-business clients would use a hard disk
system like this one.

THE HARD DISK

All of the storage devices we have considered so far
use floppy-disk technology. The Zenith/Heath Z/H-67
Winchester-type hard disk system does not use floppy
media; instead, the storage surface is a non-removable,
oxide-coated metal platter. The primary advantage of a
hard disk system is the enormous storage capability—
nearly 11 megabytes—but less obvious is the extremely
quick data access—the platter rotates almost ten times
faster than a floppy disk. The disadvantages are the high
cost—currently about $6000, though industry observers
predict that the cost of hard disks will decline as develop-
ment continues—and the non-removable nature of the
storage surface.

With the addition of the Z/H-67,the Z/H-89 takes onan
entirely different character. The system becomes ideally
suited for demanding business and professional applica-
tions. With suitable database software, thousands of cus-
tomer records can be stored and any record may be
retrieved almost instantly, and the time-consuming pro-
cess of sorting records {(by name, by city, etc.) can be com-
pleted in much less time. A hard disk also has enough
power to suit professional data-processing needs. Attor-
neys, doctors, accounting services or business consult-
ants can easily use the space and speed of a hard disk to
produce statements, reports, and ledger information for
many clients; and most—if not all—client information can
reside on the same disk.

Since the hard disk can store a great deal of informa-
tion, a malfunction can be catastrophic. Fortunately,
Zenith/Heath provides a CP/M program to backup (copy)
files from the hard disk to 8-inch floppies. The backup
program will even copy files that are larger than the avail-
able space on one floppy by breaking files into sections
and logging the floppy disks as “one-of-two,” etc. The
program will backup files as large as eight Mbytes—the
largest hard disk file supported by CP/M. Electronics are
very reliable, but failures do occur. Any hard disk user(and
any conscientious computer user) should take greatcare
to maintain backups for all important files!

The installation of the Z/H-87 is simple. Itis controlled
by an onboard microprocessor, and requires only an in-
terface cardforconnectiontothe Z/H-89.Tocompletethe
installation: one switch must be reconfigured on the CPU



O TS

The Data Compass [-47 B-Inch disk system is virtually
Identical to the Zenith/Heath Z/H-47. it uses Remex drives
(as does the Z/H-47), a reliable power supply, and a cooling
fan fitted with an airfilter. Ithas 100% compatibility with Z/H
hardware and software, but the 1-47 is substantially less
expensive than the Z/H-47.

card, the interface card must be installed, and some
cables must be routed between the computer and the
drive. After the software is configured, the system isready
to use.

DISK UPGRADES FROM OTHER SOURCES
DATA COMPASS DISK DRIVES

Data Compass, Inc., (see appendix) is a computer
timesharing company that also sells paper products,
computer accessories, and—of particular interest to
Zenith/Heath users—floppy-disk drives. They became a
distributorforRemexdrivesin 1979,andasaresultoftheir
abilitytobuyandsellinlarge quantities,theyhaveaninter-
esting alternative to the Zenith/Heath Z/H-47.

The Data Compass [-47—based on Remex 8-inch
drives—isanassembled andready-to-rundisksystem, but
an interface card is not included, and all that is needed to
complete the installation is a Zenith/Heath Z/H-89-47 in-
terface card (which costs about $195). Because of the
design of the Remex drives used in both the Zenith/Heath
Z/H-47 and the Data Compass |-47, the two systems are
virtually identical {there is 100% software compatibility),
except that the 1-47 costs about $1000.00 less than the
Zenith/Heath equivalent.

The rugged steel cabinet of the Data Compass 1-47
measures 13.75-inches wide, 23-inches deep, and 11.5-
inches high. (It is about five inches narrower and five in-
ches deeper that the Z/H cabinet) The top is easily
removed for service or reconfiguring the jumper-selec-
table defaults (drives can be individually configured for
SYO: or SY1:., default density, etc.). The power supply in-
cludesan RF!-linefiltertoreduceradiointerference,anda
fused AC input. A cooling fan and air filter are mounted on
the rear of the cabinet. The 1-47 is shipped with Remex
technical manuals (not supplied with the Z/H-47) that il-
lustrate all the jumper defaults and master-controller
programming techniques. The drive schematics are also
supplied. The I-47 will operate with both HDOS and CP/M.

The I-47 has been such a success that Data Compass
plans to expand their line of disk drive accessories for
Zenith/Heath computer systems. They claim that the fol-
lowing products are under development:

The 1-37—a Z/H-37 equivalent. With two 5.25-inch
drives (using the Zenith/Heath Z-89-37 controller board)

Data Compass also offers a system equivalent to the Z2/H-37
high-density 5.25-inch drives. The |-37 houses two double-
side, double-density drives and an internal power supply. A
unique product is the I-37 (shown here) with one 5.25-inch
floppy and one 5-Mbyte 5.25-inch hard disk.

each disk drive will store 640 Kbytes

The |-39—a unique product that uses one 5.25-inch
floppy drive (of the I-37 design) and a 5.25-inch hard disk
that will store 4.4 Mbytes (formatted). A controllercard for
this system will be available only from Data Compass.

The Data Compass systems are based on standard
technology and hardware, and the cost-conscious user
may find these alternatives interesting.

MAGNOLIA MICROSYSTEMS DISK DRIVES

Considered one of the premier sources of specialty
products for Zenith/Heath computers, Magnolia Micro-
systems (see appendix) offers several disk-controller
cards and disk drives that have been designed and
manufactured to their own specifications. Their line of
products includes: (1) a double-density disk controller
card that operates four 5.25-inch and four 8-inch drives at
the same time; (2) a controller card that can interface 8-

Magnolia Microsystems Is one of the largestand best known
independent suppliers of accessories for Zenith/Heath
computers. Their products range from a 16-Kbyte memory
expansion board to a professional business system thatthey
can configure to any user's requirements.
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inch Remex drives(Z/H-47 or1-47),a Corvus 5-, 10-, or20-
Mbyte hard disk, and contains three serial printer/modem
ports;(3)a128-Kbyte memory-expansionboard thatemu-
lates a disk drive, but will read and write data 200 times
faster than a floppy; and (4) a video-output board that
duplicates the computer screen on a remote monitor.

The most popular card in Magnolia's line is their
double-density controller for mixing 5.25- and 8-inch
drives. This card (part number 773186) uses a proprietary
technique to increase the number of I/O (input/output)
ports on the Z/H-89, allowing the userto have up to eight
disk drives at once, in addition to the three drives sup-
ported by the standard Zenith/Heath H-88-1 hard-sector
controller. The Magnolia controller supports both single-
and double-sided drives in both single- and double-den-
sity recording. The 96-tpi Tandon H-17-4 drives are also
supported. The controller is shipped with cables for both
the 5- and 8-inch drive, new monitor and I/O decoder
ROMs (replacement integrated circuits), and Magnolia's
modified version of CP/M.

For serious business and scientific applications, Mag-
nolia Microsystems produces a number of hard disk
storage systems that vary in price from $3185 to over
$14,000. At the low end, a 5-Mbyte system (part number
5MCORV) comes complete with an interface card, case,
power supply, and cables. Another product designed for
the small- to medium-size businessisthe 10M+D8DSDD
system. ThissetuphastwoTandon“thinline” 8-inchfloppy
drives and a 10-Mbyte hard disk mounted in one cabinet.
Allcontrollerand interface electronics are supplied, along
with the cables and CP/M, fora price of $5995. Their high-
end offering is a 51-Mbyte system with a 40-Mbyte fixed-
platter hard disk and an 11-Mbyte removable-cartridge
hard disk. The removable rigid disk can be transported,
stored, exchanged and usedforall ofthe functionsthatare
common and (convenient) with floppy disks—yet it holds
11-Mbytes! It is a very powerful system, the cost is about
$14,000.

Another interesting product from Magnolia is their“in-
visible disk.” It is a 128-Kbyte RAM board designed to
function like a floppy-disk drive. It replaces the original
16K RAM expansion board and gives the Z/H-89 an
upgrade from 48 to 64 Kbytes of RAM and an “invisible
high-speed disk drive” with 112 Kbytes of storage.

Theinvisiblediskisinitialized upon system boot, thenit
can be accessed just like an additional floppydisk, except
thatthe rate of datatransferisupto200timesfasterthana
standard disk drive, but the information stored in the RAM
disk is volatile (lost when the computer is powered down).
Magnolia supports this board with their proprietary ver-
sion of CP/M. The board will also run under MP/M (a Digi-
tal Research multi-user operating system); sothatseveral
users can share the CPU, with each userhaving the equiv-
alent of a single-user CP/M system.

ULTIMETH—HDOS SUPPORT

Magnolia Microsystems makes systems and upgrade
components that are designed to work with CP/M, but do
not support HDOS directly. However, the Ultimeth Cor-
poration(see appendix) offers HDOS software supportfor
some Magnolia products.

Dean Gibson, Ultimeth's chief code-cruncher, has
been a programmer and computer consultant for over 20
years, and he has developed a unique application for the
Magnolia disk-emulator. In addition to providing HDOS
disk operation similar to that produced by MMS's CP/M
version (his HDOS version provides 111 Kbytes of
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MagnoliaMicrosystemsoffersa unique RAM card thataddsa
128-Kbyte “logical disk” to the memory. Accompanying
software tellsthe CPU toview thisdiskemulatorasifitwerea
conventional disk drive, and the user accesses the memory
just like a normal disk, but read and write speeds are more
than 200 times faster.

storage), Gibson has produced software that uses the
disk-emulator as a "cache memory” for programs or data
that are normally stored on a disk but have to be
repeatedly accessed by the user (or RAM programs).

The concept of cache memory is not unique, but it is
relatively new in microcomputers. With certain applica-
tions—particularly program development—it can provide
notable time savings because access time to information
stored in the cache is reduced as much as 40%. With
programs that repeatedly read and write data (e.g.,
database programs) this adds up to a considerable im-
provement.

In addition to supporting the disk-emulator card, Ul-
timeth also sells HDOS support software for Magnolia's
disk-controller card and replacement monitor ROMs that
provide increased HDOS processing speed and debug-
ging capability.

OPERATING SYSTEM CONSIDERATIONS FOR DISK
UPGRADES

One of the main functions of an operating system is
recording and reading information on a floppy disk (or
similar storage devices). However, data is recorded on a
5.25-inch disk much differently that on an 8-inch disk, and
the recording patterns on a soft-sector disk are much dif-
ferent than those on a hard-sector disk. Within each of
these disk formats there are additional variations in track
configurations and recording densities. An operating
system that could read/write to all of these formats would
be huge, but most users need only a small portion of this
capability. As an alternative, the designers of HDOS and
CP/M have given the userawayto“configure” the operat-
ing system for the specific type of storage device in use,
this makes the DOS flexible, yet fairly compact (consum-
ing less disk space).

In the next section we will provide an overview of the
procedures for configuring an operating system for
specific hardware requirements.

BUILDING A BIOS FOR CP/M

CP/M handles the chores of disk input and output



through a sub-program called B8/0S (Basic Input/Output
System). The BIOS is the portion of CP/M that is con-
figured by the user to operate with specific storage
devices. Zenith/Heath CP/M supports the use of uptotwo
different types of disk drives at one time. The options
presently supported are:

H-17 ONLY
H-37 ONLY
H-47 ONLY
H-67 ONLY
H-17 AND H-37
H-17 AND H-47
H-17 AND H-67
H-37 AND H-47
H-37 AND H-67
H-47 AND H-67

The process of modifying the BIOS is normally com-
plex, but Zenith/Heath has removed most of the confu-
sion by incorporating all of the steps into an automatic
“chain of modification.” The user runs a utility program
called MAKEBIQOS, and CP/M will—using a chaining utility
called SUBMIT—execute a series of pre-programmed
steps that complete the BIOS modification.

After the new BIOS is generated, it must be installed
(written to the proper portion of the disk) with the help of
two additional programs called MOVCPM and SYSGEN.
Thiscan be aconfusing processand the userisadvised to
carefully review the manual before attempting the proce-
dure. When the installation is complete, CP/M (with the
new BIOS) will support the new hardware environment.
And CP/M can be remodified at any time—using the
MAKEBIOS utility—to support a different configuration.

THE CONFIGURATION OF HDOS

HDOS 2.0 (issue 50.06.01) is very easy to configure for
any combination of disk drives. The HDOS equivalent of
the CP/M BIOS for disk-drive access is a special program
called a device driver. There is a separate program (driver)
for each type of disk drive, and all that is required to sup-
portthe current combination of drives isto place copies of
the appropriate drivers on the boot disk. HDOS will “look
over’ the disk during boot, and any legitimate drivers
found on the disk will be incorporated into the operating
system. Itis that simple! However, the same combinations
and limitations that apply to CP/M—no more than two
types of disk drives maybe usedatone time—alsoapply to
HDOS.

The modular concept of device drivers is an interest-
ingfeature of HDOS. Thishas encouraged some program-
mers to offer special drivers for unique applications or
drivers that incorporate novel features and enhance-
ments. There is also the likelihood that storage devices
basedon entirely newtechnologies willbe availableinthe
future (e.g., laser-scanned optical disks), and these
devices can be readily supported by new HDOS device
drivers.

CONVENIENCE ENHANCEMENTS

Some enhancements do not really boost the comput-
ing “power” of the system, instead they free the userfrom
repetitive and time-consuming tasks. These “convenien-
ce"” features include software modifications and utilities,
customized hardware, and accessories that increase the
practical value of the system.
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A utility program called CONFIGURE modifies CP/M for a
specific hardware environment. Here the program has
examined the system and determined the number of disk
drives, serial ports, etc. This function is automatic and
requires very little user intervention.

HDOS ENHANCEMENTS

Software enhancements can add “friendliness” to the
computer.One of the most useful of these modificationsis
a utility program called SYSMOD. Developed by Jim
Teixeira, of the SoftShop (see appendix), SYSMOD
modifies HDOS by simplifying existingcommandsand ad-
ding some new features. It is extremely easy to use: the
usertransfersacopyof SYSMOD toabootable HDOS disk
and runs the program by typing SYSMOD. The program
modifies HDOS with virtually no intervention required by
the user. Within a few seconds the modification is com-
plete, and the user may type HELP to get a list of all the
new commands (all the original commands of HDOS are
also supported). A few of the abbreviated or special
SYSMOD commands are:

M1, M2, M3—Mount disk in drive one, two, and three, respec-
tively

DO, D1, D2—dismount disks

CO0, C1, C2—display a disk catalog

RO, R1, R2—disk reset (dismount current disk and then mount
new disk)

LAB newname—change disk label to newname

TY, REN, CO—type, Rename, and Copy files

PR filename—send a disk file to the printer

PC—send a disk catalog to the printer

DOCUM filenameCommand1;Command2;etc.—build a
submit file

ADOCOM or“submit” file is a series of individual com-
mands that the operating system will automatically ex-
ecute in sequence. This allows a single command and to
direct the computer to execute a series of tasks. For ex-
ample: the user could build a submit file containing
M1,M2,C1,C2, and assign it the filename “MOUNT";
then, when the user types the command MOUNT, the
computer will sequentially mount disks on drives one and
two and list a catalog for each of these disks.

SYSMOD is also available in a more powerful version
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Under HDOS, a device driver program Is responsible for
communicating with the system printer. Jim Teixeira’'s Soft
Shop sells a very versatile driver called UD.DVD {(Universal
Device Driver). This display shows the programmable
options of this unique driver.

called SUPERSYSMOD. This package offers alphabe-
tizeddiskdirectories, a powerfulfile managementsystem,
and more.

The SoftShop also offers a unique HDOS printerdriver
call UD.DVD. A printer driver is a short program that tells
the CPU how to send information to a printer. Ordinarily
the driver is configured with the SET program—supplied
with HDOS and explained in the HDOS manual—to adjust
variable featuresinthe driver. If the userchanges printers
or decides to change any of the printing parameters, the
driver can be reconfigured with SET to suit the new re-
quirements.

But the SoftShop universal device driver (UD.DVD) is,
in effect, eight printer drivers in one. Each of the driver
modules may be configured for different printers, or spe-
cial printing situations, and each is addressed separately
as LPO:, LP1;, LP2:,..LP7: (instead of the standard HDOS
printer driver address—LP:). An additional feature of
SYSMOD is the ability to send disk files to any of the eight
drivers by simply typing PRx fllename (where x is the
driveraddress). UD.DVD (and a version specificallyforthe
Z/H-25 printer—H25.DVD) is available for under $30.00.

The Software Toolworks also offers utility programs
that enhance computerusage (see chapter6). One of par-
ticularinterest produces an organized listing of all files on
the userdisks. Aseachdiskisinsertedinthedrive, thedisk
catalog isrecorded in RAM, and when all disks have been
cataloged, a sorted (alphabetical or by disk number) list-
ing of all programs and data files can be produced on the
printer. This utility can be a tremendous aid to users with
extensive disk files.

Handy, inexpensive utility programs are also available
from the Heath Users’ Group (see appendix). Among the
numerous offerings are programs to recover erased files,
renumber disks (different from renaming disks), test
memory, etc. In addition, enhancement programs de-
veloped by independent programmers are often intro-
duced and described in BUSS (a newsletter for
Zenith/Heath owners; see appendix), and Zenith/Heath’s
commitment to support HDOS on the Z/H-100 will ensure
a continued supply of useful HDOS utilities.
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CP/M ENHANCEMENTS

Because CP/M is the most popular operating system
for microcomputers, thousands of CP/M programs are
available, and a large portion of this software is in the
publicdomain(free tobe copied and used byanyone). ltall
started several years ago. Most of the people who first
used CP/M were hobbists, and theywere notinterestedin
selling software for a profit, they just passed copies on to
their friends. Now, most of these programs are con-
sidered part of the public domain (copyright protection
has been forfeited), and one of the largest collections of
public domain software is offered by the CP/M Users
Group (CPMUG) in New York. A recent CPMUG catalog
listed over 50 volumes (8-inch disks), each packed with
programs for producing sorted directories, patching and
examining diskfiles, fastdisk-to-disk copies, memorytest-
ing, and hundreds more. The costis only $8.00 pervolume
(little more than the cost of ablank disk). The programsare
not extensively described in the catalog, but any CP/M
user should find the catalog of interest.

Another source for CP/M (and, to a lesser degree,
HDOS) programs is the growing number of telephone bul-
letin boards springing up throughout the U.S. and over-
seas. Bulletin boards are usually operated by hobbists
who have programmed and equipped their systems for
telephone communications with other computers/ter-
minals. Whenthe useris“logged on" the bulletinboard, he
may read messages leftbyotherusers, leave hisownmes-
sages or comments, and with some bulletin boards the
user may “download” programs (some of which are true
gems of programming). The bulletin-board concept has
become so popular that the National Aeronautics and
Space Administration has set up a system that allows
space enthusiasts to get the latest news on the Space
Shuttle and other NASA missions.

SOFTWARE SPOOLERS

A Zenith/Heath computer, combined with a printer,isa
powerful word-processing or accounting system, how-
ever, when the computeris sending datato the printer, itis
not available for further writing/editing or data process-
ing. With shortfiles thisis not a problem, but with large text
ordatafiles, the system maybe tied upforseveral minutes
while the printeris ploddingthroughthe output Tocircum-
vent this limitation, a type of program called a printing
spooler can be used to “time share” the computer be-
tween printing and another task

Most printers have a small data-storage RAM called a
buffer. Dataisfedfrom the computertothe printeratavery
high rate until the buffer is full; then the computer stops
sending data until it receives a signal from the printer that
the buffer is nearly empty. When the computer receives
this signal, it sends another burst of data to the buffer,and
waits for the next signal. During the periods when the
computeris not sendingdatatothe printer,the CPUisidle,
and a spooler takes advantage of this idle time to use the
CPU for other tasks. The spooler program switches the
CPU between the printing transmissions and the secon-
dary task/program. As a result, the computerand the user
do not have to sit idle while a long file is transmitted to the
printer.

Spoolers are complex programs that use sophisti-
cated programming techniques. Since the CPU is run-
ning two programs at the same time, the overall process-
ing speed is slower, and occasionally there may be con-
flicts with some secondary tasking, causing unpredict-



able results. The user is advised to thoroughly test any
spooler program before committing important data to a
spooler-controlled printing operation.

The Software Toolworks sells an HDOS spoolercalied
SPOOL-N-GO. Zenith and Heath sell a CP/M spooler
called DESPOOL. Either program can be purchased for
under $50.00.

There is another approach to speeding the printing
process,instead of a software spooler,a hardware spooler
—what is, in effect, a very large buffer~—~may be used. This
accessorywill be discussedinthefollowing section,along
with other hardware enhancements.

HARDWARE CUSTOMIZING AND ENHANCEMENTS

For some tasks the user may wish to add specialty
hardware, or customize the system for added con-
venience. There is a wide array of accessories currently
available for the Z/H-89.

ANTI-GLARE SCREENS

The CRT screens on early Z/H-89's had a smooth sur-
face, which reflected ghost images from ambient room
lights. Afewcompanies(see appendix) make anti-glare fil-
tersthatcanbeinstalled overthefrontsurface of thevideo
display. These filters have a matte surface, however, and
some of them may make the display appear slightly fuzzy.
If the user works in an area with strong overhead or side
lighting, an anti-glare screen may be helpful. Zenith and
Heath market an excellent filter—part number HCA-4—
that is available in the Heath catalogandin Zenith/Heath
stores. Most filters cost about $20.00.

Late-model Z/H-89s are equipped with CRT screens
that have an anti-glare front surface. The screen retainsa
verysharpimage andvirtuallyeliminatesreflectedglare. It
isa$30.00 optioninthe Heath H-89 kit, butitisgenerallya
worthwhile investment. All Zenith Z-89 and Z-90 systems
have, as standard equipment, a green-phosphor display
with the anti-glare treatment.

CUSTOM KEYS

If you use a software package that requires many con-
trol-key sequencesinitscommand structure, custom key-
tops can greatly reduce frustration and familiarization
troubles. Replacing the keys on a Z/H-89 is really quite
simple. Grip the edges of the key securely with needle-
nose pliers, and gently pulled upward, separating the key-
top from the keyswitch assembly.

At least one specialty company, The Graven Image,
produces a wide variety of custom and specialty keys. The
proprietor, James Scott, claims that the most requested

Fordedicated applica-
tions, such as the ex-
tensive use of a com-
plex word processor
(like WordStar), cus-
tom keys can make
day-to~-day operation
much easlier for the
user. These custom
keys are from the
Graven Image (see
appendix).

Warning or reminder plaques add a practical custom touch
to any system, and engraving a license number (or other
Identifying number) on the keyboard Is an excellent de-
terrent to theft.

set of specialty keys is for the WordStar word processor.
Special sets for avid game-players are also popular. To
deter theft, Mr. Scott can custom engrave a replacement
spacebarwith the owner's name and/ora unique i.d. num-
ber (driver's license or social security number, etc.).

The Graven Image offers a variety of adhesive-backed
plastic legend plates to complement the front of the Z/H-
89 or the Zenith/Heath accessory cabinets. These plates
can be made in any color, with any lettering the customer
desires. There are several standard plates favored by
users, including: drive labels, “Drive SYQ:,” “SY1.,” etc,;
warning labels, “Warning! Remove disk at power-
up/down” (thisreplaces the Zenith/Heath label belowthe
drive opening in the computer cabinet); and plates that
display company or individual names.

INTERNAL CONFIGURATION SWITCHES

The Z/H-89 contains two large circuit boards that hold
a majority of the electronics: the terminal logic board
(TLB) controls the keyboard and screen, and the CPU
logic board (CPUB) provides the interconnects for the
Z80 microprocessor and support logic. The CPUB is lo-
cated directly behind the neck of the CRT and the TLB is
mounted just behind the CPUB (placing it at the far rear of
the cabinet). Each of these boards contain atleastone DIP
switch (duakinline-package switch), that controls the
system default settings—establishing the "operational
condition” of computer after initial powerup.

Switches 402 and 401 on the TLB control several ter-
minal functions, some of which are beyond the scope of
this book, and the readeris advised to make changes only
after reading the Zenith/Heath operating manual. As a
summary, switch 402:

Selects an underscore or block cursor

Provides or inhibits a click when a key Is pressed
Discards or wraps the right end of lines on the display
Provides or inhibits a line-feed with each carriage-return
Provides or inhibits a carriage-return with each line-feed
Selects Heath or ANSI escape mode

Selects normal or shifted keypad mode

Selects 50 or 60-Hz refresh
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Two switches on the terminal logic board (TLB) set the
configurable characteristics of the terminal section. These
characterisitics can be (and often are) reset by software
commands, but a user need not change the default par
ameters, except in specialized applications (particularly
systems running dedicated custom software).

Switch 401:

Selects terminal baud rate (110 to 18200)
Selects terminal parity (none, odd, normal)
Selects full or half duplex operation

Almost all of the terminal configurations can also be
reset by software commands. Some software packages—
particularlyword processors—expectthe terminaltohave
specific characteristics upon startup, and the maodifica-
tion of these parameters should be done with care. When
the terminal switch settings are modified, all programs
should be tested to determine if they have been adversely
affected.

The CPUB has a configuration DIP switch (switch 501)
that is used, among other things, to tell the system what
kind ofdiskdrivesare installed (hard-sector, soft-sector, 8-
inch, etc.). The exact function of the switch is determined
by the monitor ROM installed at location U518. There are
two common monitors, MTR-89 and MTR-90, and the lat-
ter is required if the system uses the Z/H-37 soft-sector
5.25-inch disks. The system uses the CPUB switch set-
tings, as defined by the monitor, to properly read and write
from/to disks, and to establish whether the secondary
device is a 5.25-inch or 8-inch disk, etc. Switch 501 also
performs other functions:

Boot from primary or secondary disk

Perform or ignore memory test after SHIFT-RESET
Set console to 9,600 (standard) or 19,200 baud
Set normal or automatic boot on power-up

These functions are explained (though not in great
detail) in the system manual. Any switch setting changes
on the TLB and the CPUB should be done with the power
off, both for safety and for the protection of the com-
ponents on these complex boards.

HARDWARE PRINTER SPOOLERS

Earlier we examined software spoolers, and explained
that this type of program “shares” the CPU between a
printing task and a secondaryapplications program. CPU-
sharing iscommon in mainframe computers, where avery
high-speed CPU can handle numerous tasks virtually
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simultaneously. In comparison, the CPU in a microcom-
puter is modest, and when a microprocessor must per-
form two jobs at once, the system may balk (especially
during disk access). But there is another solution; a
hardware spooler is a large memory buffer that can
receive data very quickly, store it, and pass it on to the
printer at a rate that the printer can accept (usually much
slower). The computer transmits text files to the spooler
memory, justasitwould send the file to a printer, but much
faster. Within seconds the transmission is complete and
the computerisfreeforthe nexttask; the textfile, storedin
the spooler,isthen senttothe printeratwhateverspeedit
can handle. This method completely eliminates CPU time-
sharing problems, and ensures rapid, accurate printing,
while quickly freeing the computer for additional work

An excellent hardware spooler is available from Com-
pulink Corporation (see appendix). It is called the Sooper
Spooler, and is equipped with 16 Kbytes of memory (ex-
pandableto62 Kbytes)andanonboard Z80 CPU thatcon-
trols the operation of the spooler and provides some very
advanced printing features. The Sooper Spooler has a
standard parallel port, which is compatible with the new
Zenith/Heath parallelcommunicationsboard,andaserial
option is available that is switch-selectable for baud rates
and handshaking protocols (see below, printer interfac-
ing). The serial option is required with Z/H-89 and -90
systems unless a parallel communications board has
been installed.

A user who produces a lot of printed material can save
considerable time by using a hardware-type print spooler.
When a large file is being printed, the computer can only
transmit a portion of the file to a small (usually) buffer
memory in the printer. When the printer empties the buffer,
another small portion of data is sent from the computer.
During this process the computer must sit idle for long
periods, walting forthe printerto emptythe buffer. However,
a hardware spooler is like a very large buffer memory. The
computer transmits a large portion of data (as much as the
spoolermemorywilll hold) at a veryhigh rate, and the spooler
sends It on to the printer at a slower rate. As soon as the
computer finishes sending data to the spooler (this will only
take a few seconds if the spooler memory is large enough to
hold the entire data file), it s free for another task.

The Compulink Super Spooler (see appendix) is one of the
most capable and sophisticated hardware spoolers avail-
able. Itis controlled by its own Z80 microprocessor, and can
provide advanced features like automatic pagination and
space compression. Adigitalreadoutindicates howmuch of
the internal memory Is filled with data.



The Compulink Sooper Spooler is really a limited
microcomputer system, capable of pre-processing the
textmaterial beforeitis senttothe printer. Some of thefea-
tures supported by this device are:

Space compression: The spooler will convert a series of
spaces in a text file (like left margin spaces, etc.) to a single byte,
thereby reducing the amount of space required to store a file in
spoolermemory. These special byte strings are expanded to their
original series of spaces upon transmission to the printer.

Pagination: Atextfile canbe brokendown intodiscrete pages
of almost any size; page length, lines per page, and line length
may be selected by instructions embedded in the text file.

Formatting: Automatic indenting of carryover lines and a
programmabie left margin can be specified by instructionsin the
text.

Headersand page numbers: A header (title) may be added to
g:::ih page during printout. Afeature allows automatic page num-

ng.

Each of these special features may be enabled or dis-
abled by the user.

The Compulink Sooper Spooler is housed in a metal
cabinet with a built-in power supply. The front panel has a
numeric readout that displays how much of the buffer is
full, and two push-buttons to activate the space-compres-
sion and pagination features. A reset button is also
provided to clear the spooler memoryand stop printing or
for “scratching” a file sent in error. A built-in self-test can
alsobeactivated from the front panel. It willrun a diagnos-
tictestoninternalmemoryand, if an errorisdetected, print
a list of the suspected defective ICs.

If a microcomputer is primarily used to create short
documents, letters or memos, the Sooper Spooler may
save the user onlyafew minutes during each printout, but
if normal operation involves long manuscripts or con-
tracts, the time saved by a spooler can be considerable.
Forexample, a 55-Kbyte textfile (roughly equivalentto25
typewritten pages) can be sent to the Sooper Spooler
througha9600-baudseriall/O portin45 seconds{aparal-
lelconnection willreduce thisto only 16 seconds),andthe
computerwillthen befreeforadditionalwork, but depend-
ing on the speed of printer used, the spooling operation
will continue for approximately 10 to 30 minutes before
the entire file is printed.

The SooperSpoolerserialinterface optionisdesigned
to use a female receptacle for connection to the compu-
ter and a male plug for connection to the printer. Special
cables may be required to connect the spooler because
most American-made printers (e.g., the Z/H-25) use a
female-to-female cable as a connector between the
printer and the spooler, while most Japanese-made
printers (Epson MX-80, F-10, etc.) require a female-to-
malecable.Inallcases, a male-to-malecableisrequiredto
connect the spooler to the computer. Cables are avail-
able from most computer stores. If the serial interface is
used, the spooler expects to see normal (not reverse)
polarity RTS handshaking, and a modified LPH-24 device
driver is recommended (see below, printer interfacing.)

COMPOSITE VIDEO GENERATOR

Magnolia Microsystems offers a Composite Video
Generator(CVG)boardforthe Z/H-89and Z/H-19.Thisisa
long name foran auxiliary circuit board that directs acopy
of the current terminal display to a remote monitor. The
greatest demand for this capability is in the educational
area. By using this board to send the display signal to
multiple monitors ora suitable large-screendisplay, many
students can easily view the screen at once. Signals from

The Sooper Spooler Is, in effect, a limited microcomputer
dedicated to asingle purpose—storing and transmitting text
files to a printer. The basic unit can be upgraded with serlal
communications and additional memory (arrow).

The Sooper Spooler supports parallel communication
(lower plug pair), and with an optional serial board, It will
support RS-232 serial communications (the upper plug/
socket pair). The arfow indicates the two DIP switches used
to configure the system for various printers, etc.

the CVGcanalsoberecorded onavideotaperecorder, for
later replay as an aid in diagnostic testing or to provide
video documentation for ongoing operations.

The CVG is designed to be used with a high-quality
video monitor. Using this board with televisions (through
an RF modulator) yields unsatisfactory results. A video
monitor, like the Zenith ZVM-121, isrequired todisplayall
25 lines of 80 characters. Most inexpensive monitors and
conventional televisions are not designed to “under-
scan” the display, rather they overscan orcrop the image,
preventing the full computer display from appearing on
the remote screen. A 525-line monochrome (black &
white) monitor, with a minimum bandwidth of 10 Mhz, in-
corporating underscan design, is recommended for the

identifying the proper
“sex' of serial cable
connectors is impor-
tant, and fortunately,
rather easy. The plug
on left is referred to as
a female-socket con-
nectorand on the right
is a male-pin connec-
tor. Obviously, proper
connection is only
possible when a
female-socket is ma-
ted to a male-pin.
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The composite-video generator board Is useful In ed-
ucationalenvironments. Itattachestothe rearofthe Z/H-89;
a ribbon cable connects it to the TLB. The BNC connector
(arrow) outputs a video signal that will duplicate on a remote
monitor the computer display.

highest reproduction quality.

The installation of the CVG is relatively simple. No drill-
ing is required if the computer has an unused |IEEE-488
connectorprovision onthe back panel(alllate-model Z/H-
89s are equipped with this provision). If the computer
does not have a hole in the back panel for an IEEE-488
connector, a .50-inch hole must be drilled to mount the
CVG. Normally the user removes the cover plate over the
unused IEEE-488 access hole, and the CVG connectoris
installed through the access. The electrical connection to
the CVG is completed by a 10.5-inch ribbon cable that is
plugged into the terminal logic board (TLB). The TLB and
onelCmustberemoved,andthe plugprovidedononeend
of the ribbon cable is installed in the empty IC socket.
Once the TLB is reinstalled, and the plugs reconnected,
the installation is complete.

The instructions make it clear that the usér is respon-
sible for connecting the CVG to the monitor, and the in-
stallation will be easier if the user has some knowledge of
standard video connections. The user must also acquire
BNC connectors and 75-ohm video-coaxial cable before
the installation can be completed.

EXPANSION INTERFACE

Over the last few years independent manufacturers
have produced a wide variety of expansion, upgrade, and
special-purpose boardsforthe Z/H-89. There are sources
for memory expansion boards, disk-controllers, speech-
synthesizers, serial/parallel interfaces, digital-to-analog
(D/A) converters, music and sound generators, graphic
display systems, and more. The makers of these acces-
sories have devised suitable means to adapt (interface)
them to the Z/H-88 circuitry, however the Z/H-89 was not
designed to readily accept accessory circuit boards. For
most applications this is not a serious constraint, but for
avid computerphiles this limitation is a source of frustra-
tion.

Anexpansioninterface from Kres Engineering (seeap-
pendix) greatly extends the expansion potential of the
Z/H-89. This four-layer circuit board plugsinto the pinslo-
cated onbothsidesofthe CPU board,and provides expan-
sion room for up to seven accessory circuit boards, all
within the standard cabinet enclosure, and without any
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Kres Engineering (see appendix) manufactures an expan-
sion Interface board that piggybacks on the CPU board,
allowing the addition of seven (Instead of three) accessory
circultboards. Itcan utilize capabilitiesofthe ZBO processor
that are not used in the standard design.

modifications to the CPU board. For added convenience
the interface inciudes the 16-Kbyte RAM expansion (the
memory chips are mounted in sockets on the expansion
board), bringing the memory to a full 64K, and leaving all
seven expansion slots free to accept accessories.

Another constraint on the Z/H-89 system is the limited
number of addressable I/O ports(the CPU’sconnectionto
the outside world) supported by the standard circuitry.
(This is the primary reason why only two types of disk
drives may be used on the system at any one time.) The
Kres interface not only supports all standard board
protocols, but also opens the remaining port address
lines, allowing full access to all I/O channels of the Z80
chip. Once this extended addressing is supported by
auxiliary boards designed to work with the Kres interface,
the limitation on interfacing accessory boards will be
eliminated.

The support logic on the Kres interface is powerful
enough to allow installation of two I/O boards at the same
port address. This permits, for example, two serial inter-

The Microflash expansion chassis (see appendix) extends
the standard Z/H-89 buss lines with a four-footribbon cable.
The chassis contains room for nine peripheral boardsand a
power supply. it can use relays for AC power control, and it
has a widerthan-standard buss to “allow extra controlling
signals.”



After the complex electronics for the Kres interface were
laid out, the first working assembly was bullt on a
“prototyping” board. This Is the original Kres design board;
the final design has been extensively enhanced.

The production Kres Interface Is a four-layer circuit board. It
willacceptanyofthe several special-purpose boardsthatare
currently marketed for the Z/H-89 system. In addition, Kres
is now designing advanced expansion boards that will use
many of the special features of their interface.

faceboardstobe used, and undersoftware control, the ex-
pansion interface can “turn on” one board and “turn off”
the other. With this provision two printers (modems, etc.)
can be connected to the computer simultaneously, and
the user can direct serial output to either one, at the same
port address.

All of the special features of the Kres expansion inter-
face can be selected by DIP switches located along the
top of the board. A special card cage supports three cir-
cuitboards onthe right side of the CPU board, and fourare
mounted horizontally in the top of the cabinet with their
front edges tilted up to clear the CRT tube. The four
horizontal boards have connection provisions for either

the right- or left-side electrical signals, and specially
designed Kres boards can access both the right and left
connections plus the additional port address lines, all at
once (prototyping boards are available). This flexible
design promotes almost unlimited future expansion pos-
sibilities.
Kres also has several accessory boards under de-

velopment, including:

A color graphics card using the TMS8918A

A music synthesis system

A system clock

D/A and A/D conversion boards

PRINTER INTERFACING

Printouts of text, data or program listings are impor-
tantin most business or practical applications. This"hard-
copy” is is often useful for general reference or for per-
manent archival storage of important records. And, con-
necting a printer to a Z/H-89 sounds like a relatively
simple process; just plug it in and start printing! Unfor-
tunately, in actual practice thisis not as easyasit sounds.

Many experienced microcomputer users remember,
with winces of pain, theirfirstfutile attempttogeta printer
working. The unhappy events probably went like this: the
neophyte pluggedintheconnecting cable(afterafrustrat-
ing search for the appropriate one), turned on the printer
and computer, commanded the computer to print some-
thing, and watched as nothing happened. Time passed
{(sometimes months) and finally—with some luck and
numerous pleading telephone calls for help—the printer
eventually worked, but the user's hair had turned de-
cidedly gray. In the following sections we will discussand
offer solutionstothe mostfrequently encountered printer
interfacing problems.

There are two common ways for a computer to trans-
mit data: serial and parallel. Serial communication is the
most common method of linking a microcomputer and
printer, particularly those of word processing quality, and
until recently, serial interface boards were the only type
available for the Z/H-89 system. We will primarily discuss
serial interfacing techniques for the Z/H-88, and except
for some software and hardware considerations, most of
this information is applicable to the Z/H-100 system.

THE RS-232 CONNECTION

Communication between acomputerandserial printer
is made through an RS-232C serial interface connection
and acable thatuses plugs and socketscalled DB-25 con-
nectors. These connectors can have as many as 25 pin
connections and the cables can contain up to 25 wires.
Most cables that are supplied with printers or purchased
from computer dealers have fewer than the 25 connec-
tions; typically 9 or 13 connections are all that are re-
quired. For a Zenith/Heath computer to be properly con-
nected to any printer, the following pins must have con-
nections(the pinnumbersare usuallyindicated onthe DB-
25 connector):

Pin #1—A frame ground connection

Pin #2—Data flowing from printer to computer

Pin #3—Data flowing from computer to printer

Pin #4—RTS (Request To Send) handshaking line

Pin #7—Signal ground

Pin #20—DTR (Data Terminal Ready) handshaking line

The following lines may be used by the printerand may
prevent proper operation if not present (but are not re-
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With the HDOS operating system a
short program handles file transfer
froma storage area(e.qg., floppydisk) to
a system peripheral accessory (e.g., a
printer). This special program is called
a device driver and is considered part
of the operating system. Because
there is no “universal” interfacing and
handshaking standard, Heath has
established this convention to allow
Zenith/Heath computers to be used
with nearly any existing peripheral
device. However, a suitable device
driver must be available for a specific
device, and this device driver must
resideonthediskasaseparate system
file (where it can be accessed by the
operating system) before the com-
puter will communicate properly with
the peripheral. If the userwishestouse
a different peripheral device with the
computer, a corresponding device dri-
vermustbe“installed” inthe operating
system to match the new device.

This concept increases the flex-
ibility of the operating system, but it
has a built-in “snag.” A Heath driver
designed for a specific printer will
generally operate only that specilic
printer (more or less) because the
driver often sends special codes to
initialize the printer (e.g., set line
spacing, type style, etc.), and these
codes vary from printer to printer. This
inevitably leads to a situation where a
user may buy a printer for which there
is no suitable device driver. This is not
uncommon. Infact, allofthe printersin
this chapter require a special or mod-
ified driver—except the Epson MX-80,
for which MX80.DVD is available.

When Zenith/Heath released
HDOS 2.0, they decided to supply one
of their popular device drivers,
LPH24.DVD, in source form. This
means that it is provided in an easily
readable and modifiable form (not in
binary machine instructions). In this
section we will guide the reader, step-
by-step, through the modifications
required to make a “universal device
driver” (nearly!). This driver—called
UNIVERSL.DVD—will run any serial
printer with normal-polarity hand-
shaking on the RTS line (pin #4). It is
NOT designed to initialize the special
features of any printer.

In the following steps we will as-
sume that the user has only one disk
drive, but if your system uses multiple
drives, they can be utilized to simplify
the procedure. We will provide per-
iodic hints for multiple-drive users.
They will be preceded by an "mds:" to
indicate that these instructions apply

UNIVERSAL DEVICE DRIVER

to multiple-drive systems.

Thefirst stepisto“build” abootable
working disk under HDOS 2.0 with at
least 225 sectors of free space (mds:
not necessary to have a bootable disk,
just init a data disk). Refertochapter5
and your HDOS manual for INIT and
SYSGEN procedures.

HDOS 2.0 is supplied on three
disks: HDOS OPERATING SYSTEM,
DEVICE DRIVERS, and SOFTWARE
TOOLS. Youwillneedalithree ofthese
disks. Using ONECOPY (mds: use
COPY or PIP), put the following fileson
the working disk—they may be on any
one of the three HDOS 2.0 disks:

ASM.ABS
LPH24.ASM
U8250.ACM
us2s51.ACM
HOSDEF.ACM
ASCILACM
DDDEF.ACM
MTR.ACM
HOSEQU.ACM
DIRDEF.ACM
ESINT.ACM
ESVAL.ACM
ECDEF.ACM
PICDEF.ACM
DEVDEF.ACM
DVDDEF.ACM
SETCAL.ACM
TYPTX.ACM
TBRA.ACM
DVDIO.ACM

After all the tiles are transferred to
the working disk, you will need to
transfer one additional program to the
disk; a line or screen editor. A good
choice is Video Scribe (see chapter6),
or you may use the line editor that
comes with HDOS—EDIT.ABS (mds:
the editor need not reside onthe same
disk). In the following section, we will
only detail the modifications, the
specific editing operations required to
accomplish these modifications must
be determined by the user (see the
instructions for the editor).

The following listing is the last
portion of the LPH24.ASM file. Using
your editor locate the lines marked
with an arrow.
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In the first line marked with an
arrow, change the “JNZ" to"“JZ" andin
the second marked line add the as-
terisk at the beginning of the line.
These two maodifications will change
the driver from RTS reverse to RTS
normal polarity, and will prevent any
specialcodesfromgoingtothe printer,
allowing "universal’ application.

After these two changes are made,
you are ready to assemble the mod-
ified file into machine-readable code.
The Heath assembler (ASM.ABS) will
accomplish this. Type the following
commands and after a couple of min-
utes, you will have UNIVERSL.DVD on
yourdisk(mds: make sure thatyou use
the appropriate drive specifier before
the file names, i.e,, SY1:, 8Y2:, etc):

ASM-—then at the asterisk prompt type:
UNIVERSL.DVD=LPH24.ASM

If all goes well the assembler will
display:

01752 STATEMENTS ASSEMBLED

XXXXX BYTES FREE

NO ERRORS DETECTED

If you do not get this response from
the assembler, make sure that you
have all the needed files (listed above)
on the working disk and that mod-
ifications to the LPH24.DVD were
performed as described—for addi-
tional help, refer to the assembler
operating manual.

When assembly is complete, the
file UNIVERSL.DVD will be on the
working disk. To put the driverinto use
it must reside on the disk in SY0: when
the system is booted up, and it must
have the name LP.DVD (UNIVERSL.
DVD must be renamed to LP.DVD)
before HDOS will recognize the new
driver.

UNIVERSL.DVD is programmable
for baud rate using the SET program.
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quired for most applications):

Pin #5—CTS (Clear To Send) reverse direction handshaking
Pin #6—DSR (Data Set Ready) reverse direction handshaking
Pin #8—DCD(Data Carrier Detect—RLSD) reverse handshak-
ing

HANDSHAKING LINES

Inthefirstgroup, pins #2 and #3 carrythedatatrans-
missions. The remaining pins have special purposes, the
mostimportant onesforthisdiscussionare the handshak-
ing lines. Ahandshaking line is a wire connection from the
printerthat tells the computerwhether ornot the printeris
ready to receive data. It is used principally to stop data
transmission from the computer when the printer buffer
(temporary memory) is full, so that the printer can keep
pace with data transmitted by the computer. When the
buffer empties, the printer sends a signal down the hand-
shaking line to tell the computer to transmit more data.

It may seemthat, since the RS-232C standard connec-
tion exists, there should be noneed toworry about details,
but this is not the way it is. The manufacturers of compu-
ters and printers have not cooperated to establish a
universal handshaking protocol, and several variations
exist. Nonetheless, once the user understands the prin-
ciples of handshaking, it is usually possible to interface
any serial printer to the Z/H-89.

HANDSHAKING WITH HDOS

Depending on the specific situation, Zenith/Heath
computers may support handshaking on either RS-232C
pin#4 (called the RTS line) or pin#20 (called the DTR line),
and the signal to transmit data may be normal (high) or
reverse (low). When Heath releaseditsfirstprinter—the H-
14 dot-matrixprinter—the engineerschose tohave HDOS
“look” only at line #4 (RTS) to determine when the printer
was ready to receive data. They also decided to use
reverse (low) as a transmit signal and normal (high) as a
stop signal.

Reverse-signal RTS handshaking is not common, and
early non-Heath printers would not interface with Heath
systems without some maodification. Currently, most
printers can be used with Zenith/Heath computers be-
cause both CP/Mand HDOS (to a limited degree) will now
support most handshaking conventions. Each operating
system, however, has its own idiosyncrasies. The follow-
ing discussion pertains to HDOS; the CP/M user may find
it of interest, or the reader may wish to refer to the sub-
sequent section on CP/M handshaking.

During the printing process the operating system
monitors the handshaking line, sending data when the
printer can acceptit, and stopping transmission when the
printerbufferisfull. The portion of HDOS that handles this
jobisthedevicedriver. ThisisashortutilityprogramHDOS
uses for communication with the outside world. There are
separate drivers for each “device” that HDOS can com-
municate with: SY.DVD (system device driver) for com-
munication with the system disks; DK.DVD for the secon-
dary disk drives; AT.DVD for an alternate terminal; and
LP.DVD for the line printer. It is the printer device driver—
LP.DVD—that monitorsthe printerportand the handshak-
ing line—pin #4 or #20—to determine if the printer is
ready to accept more data.

Zenith/Heath printer drivers usually monitor pin#4
and transmit data when a reverse signal is detected. Most
non-Z/H printers, however, are designed to handshake on
pin#20andsendsanormalpolaritysignalwhen more data

RS-232C INTERFACE LINES

(PIN |
1 FG  |FRAME GROUND
2 TD  |TRANSMITTED DATA
3 AD  |RECEIVED DATA
a RTS |REQUEST TO SEND
5 €TS |CLEAR TO SEND
s DSR  |DATA SET READY
7 SG  |SIGNAL GROUND
8 DCD  |DATA CARRIER DETECT
° POSITIVE DC TEST VOLTAGE
10 NEGATIVE DC TEST VOLTAGE
1 om EQUALIZER MODE
12 DCD  |SEC. DATA CARRIER DETECT
13 CT8  [BEC. CLEAR TO BEND
14 TD  |BEC. TRANSMITTED DATA

NS |NEWSYNC
15 TC  |TRANSMITTER CLOCK Thesearethecommon
18 RD  |SEC. RECEIVED DATA
DCT | DIVIDED CLOCK, TRANSMITTER| o mes for each of the

17 RC  |RECEIVER CLOCK handshaking lines in
10 DCR  |DIVIDED CLOCK, RECEIVER the standard RS-232C
19 RTS8  |SEC. REQUEST TO SEND
20 DTR  |DATA TERMINAL READY interface. However,
21 sQ SIGNAL QUALITY DETECT squipment manufac-
22 Rl RING INDICATOR
s Bk AT B ERTOR turers may sometimes
24 (TC)  |EXT. TRANSMITTER CLOCK use these lines in

28 susy “non-standard” ways.

is needed. In addition, many Zenith/Heath printer drivers
will send escape-codesto the printerbefore the textfile is
transmitted. When these codes are received by the
specific printer for which the device driver is designed,
theyareinterpretedbythe printerto setthe length of each
page, initialize the buffer, and establish various other
programmable printing conventions. If these escape-
codes are sent to another type of printer, the codes may
cause it to malfunction or print spurious characters (por-
tions of the improperly interpreted escape codes) at the
top of the text.

We have provided a solution to this problem in the ac-
companying box: “How to Make a Universal Device
Driver." If the readerfollows these directions, the modified
HDOS driver will work with most printers, although it will
not send any escape-codes to initialize any special fea-
tures that may be incorporated in “intelligent” models. It
will drive all of the printers described in the following sec-
tions, and we will refertoit occasionally. If there isa better
HDOS driver available for a specific printer, we will bring it
to the reader's attention in the discussion, but this univer-
sal driver is a good “fallback” measure; it will work with
most printers.

HANDSHAKING WITH CP/M
Handshaking with CP/M is somewhat more flexible

than HDOS because the operating system can be
programmed tomonitor eitherline #4 or #20 and respond
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The CONFIGURE program will modify CP/M for various
hardware environments. This portion of the program will
select the appropriate printer characteristics, such as baud
rate, handshaking line, polarity, etc.
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to either normal or reverse handshaking signals from the
printer. Is it difficult? Nothing could be easier! The user
runs the CONFIGUR program and makes selections from
a menu to establish the desired handshaking protocol:
RTS, DTR, normal, or reverse. (An accompanying photo-
graph shows the menu from which the user chooses the
options.) The program then reconfigures both the RAM
and disk versions of CP/M (the disk is modified so that
CP/M will recognize the new handshaking parameters
whenever it is booted). This versatile feature is supported
only on CP/M version 2.2.03 or later; users of earlier ver-
sions can contact local Zenith or Heath stores to obtain
the latest update.

SERIAL INTERFACE BOARD INTERRUPT LEVEL

The serial interface board on the Z/H-89 system hasa
provision for changing the interrupt level—commands
which tell the Z80 CPU to halt current processing and as-
sume a new task. Ajumperis mounted on the bottom-right
edge of the card (when viewing the card so that the print-
ing reads normally). The jumperforthe LP port(port 340Q)
should be set to “off,” as recommended in the operating
manual. However, some communications software re-
quirestheinterruptlevelforboththe LPandthe DTE ports
to be set to level three or higher (REACH is an example,
see the section on installing and using a modem in this
chapter and the section on communications software in
chapter 6). If this type of software is being used, the user
should set the interrupt jumper to the appropriate "non-
off" state (users report that this does not affect the normal
operation of the computer; however, if there are frequent
“strange happenings” during printer usage with this con-
figuration, one remedy may be to set the interrupt jumper
for the LP port to the “off" position.)

LETTER-QUALITY PRINTERS

There are two types of printers generally used with
microcomputers: the “fully-formed” character printer or
the dot-matrix printer. A fully-formed character printer
operates very much like a typewriter, each letteris printed
by striking an ink ribbon with a formed die that contains a
reverse image of the letter. Instead of individual dies on
the end of swinging arms (as is common in a typewriter),

The Qume daisywheel printeris available in several modals,
rated at print speads from 35 to 55 characters per second.
This model incorporates a keyboard and is referred to as a
KSR (keyboard send/receive model). itwas designed tobea
conventional teletype printer, but it can also be used as a
computer printer.
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Normally, the interrupt jumpers on the serial interface
should be set to “off.” However, some program packages
(particularly communications software) may require the
interrup level on the LP and/or DTE ports to be setto “3” or
higher (above: the LP and DCE are “off,"” the DTE is “5").

the typical computer printer uses a die wheel—often
calleda“daisywheel'—thatisrotatedineitherdirection,in
precise increments, by a stepper motor. At the correct
time, a hammer strikes the uppermostdie on the spinning
wheel, forcing it toward the ribbon tocreate a fully-formed
character on the paper.

Text generated by fully-formed character printers
looks very much like that created on a normal typewriter,
as a result, these printers are often classified as “letter-
quality”’ printers. They are favored for business lettersand
correspondence that must have a “formal” look, but be-
cause ofthetimeinterval requiredtorotate the printwheel
tothe proper position, fully-formed character printerscan-
not operate at speeds much higher than about 680-70
characters per second.

THE QUME SPRINT 5/55

Daisywheel printers have been around for several
years, and until recently, there were only two majorbrand
names: Diablo and Qume. The Qume company was
started when one of the principal engineers left Diablo
(the early giantin computer-driven printers) to establish a
separate company and produce a “second generation”
daisywheel printer. This printer is the Qume Sprint 5/55,

The daisywheel-type printer gets its designation from the
characteristic shape of the multi-spoked printwheel. The
wheel is rotated by a stepper motor to position the character
dies. Generally, another stepper motor and some sort of
drive mechanism (in this case a pulley-and-cable arrange-
ment—arrow) controls lateral positioning of the printwheel
assembly.



and when is was first introduced, it offered many ad-
vanced features that were not incorporated in other
daisywheel printers. Many competitive designs are avalil-
able today, but Qume has produced another advanced
design, the Sprint 9, that uses compact electronics and a
Gilmer belt to drive the print head, instead of the more
complex (and costly) cable-and-pulley arrangement.
Qume claims the new Sprint 9 is as capable as earlier
printers, but it is substantially cheaper.

The Qume printer Is capable of bi-directional printing
(when used with appropriate software)—the print head al-
ternately prints left-to-right and right-to-left (eliminating
the time wasted by carriage returns). It uses sophisti-
cated electronics to “look ahead” and determine op-
timum head maneuvering. For example: if the next line of
text begins 10 spaces from the margin, the print head will
not move to the margin and space in 10 columns; instead,
as it prints one line, it will calculate where the next line
begins and move the head directly to the proper starting
position.

Some sophisticated word processors (e.g. WordStar)
take advantage of the many features provided by this
printer, including: bi-directional printing, bold-face char-
acters, double-striking for emphasis, proportional spac-
ing to produce an appearance similar to “typeset” copy,
and more.

The Qume Sprint 5/55 uses handshaking with normal
polarity, and the engineers at Qume have tied the connec-
tions for pins 4 and 20 together inside the printer, allow-
ingeither DTR orRTS lines to be used by the computer. To
gainthe propersoftware configuration with CP/M, use the
CONFIGUR program and:

Set polarity to HIGH
Set handshaking to either DTR or RTS
Set LST: to 1200 baud, port 340Q

And with HDOS:

Use the “universal driver” described earlier (the LPH44.DVD
supplied by Zenith/Heath for the Diablo printer will not work
properly with the Qume)

Set the baud rate to 1200

For both HDOS and CP/M set the printer for (see the
Qume instructions):

A baud rate of 1200

Mark parity

Full duplex

Non-modem communications (for the keyboard model)
Auto LF switch to OFF

The Sprint5/55 daisywheel printer will print 55 charac-

Several operating-mode switchesare located onthe leftside
of the front panel. These should be set for 1200 baud, full
duplex, and mark parity. The two switches under the front
cover (arrows) should be set to the left (1200 baud, and non-
modem communlcations).

ters per second, with very high quality, and is ideal for
professional word processing. The Qume can also pro-
duce accounting and database printouts, etc,, if speedis
not an important criteria. Like any daisywheel printer, it
isn't fast enough for anything more than modest account-
ing requirements.

The Qume is a complex machine, it has nearly as many
electronic components as the Z/H-89, and it is con-
sidered a very reliable printer. It is designed for extended
operation, but a userwho relies on a printer for day-to-day
work should locate a local source of maintenance and
repair. One national service network—The Sorbus Com-
pany—will perform onsite repairs on most major brands of
daisywheel printers—including Qume and Diablo models.
They can usually provide same-day service. Additional in-
formation about local Sorbus repair facilities can be ob-
tained within the continental U.S. by calling 714-991-
0243.

THE C. ITOH F-10 STARWRITER

The Qume is aimed at the business user, and the hob-
byist usually cannot justify the relatively high cost of such
a printer. But there are some daisywheel printers thatare
more modestly priced: the C. Itoh F-10 Starwriteris an ex-
cellent example.

The Japanese-made F-10 is available in two versions:
the Starwriter, rated at 40 characters per second (cps);
and the Printmaster, rated at 55cps. The 40cps Starwriter
is the printer we will discuss in this section, however, the
interfacing and overall characteristics are nearly identi-
cal for both models—except the Printmaster prints faster
and costs somewhat more.

This printer uses an onboard Inte!l 8085 microproces-
sor to reduce the number of individual circuits, and to in-
crease reliability. All of the electronics are contained on
three circuit boards that can be readilyremovedforservic-
ing. Despite its modest cost, the construction of the F-10
is, in a word, rugged. The chassis baseplate is die-cast
aluminum, providing a lightweightand solid foundationfor
internal components. The stepper motors that control the
print head and platen movements are heavy-duty designs
and should provide virtually endless service. Operation is
suspended (without losing data) when the last sheet of
fan-fold paper is detected or the ribbon cartridge (carbon,
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The C. ltoh F-10 Starwriter I8 currently one of the most
popular daisywheel printer. Even though It is a low-priced
letter-quality printer, it has a rugged design that utilizes
state-of-the-art electronics to produce outstanding per
formance and tank-llke reliability.

reel-type) needs to be changed. A self-test is included to
ensure that the major mechanical and electronic com-
ponents are operating properly.

These printers operate in a normal line mode orin a bi-
directional mode. But unlike the Qume, the F-10 does not
need a special bi-directional driver to take advantage of
this feature. The F-10 has a look-ahead logic circuit (very
much like the Qume), but the microprocessorand internal
software perform the calculations necessary for efficient
bi-directional printing. The F-10 can also accept a wide
variety of escape-codes to set printing parameters
through software control.

The F-10 is supplied with a standard pressure platen
for single-sheet feeding, and it, like the Qume, has an un-
usually powerful and fast vertical paper feed. This feature
permits the F-10 to complete a long printing jobas fastas
many printers that have higher ratings (¢cps). The feed
mechanism is strong enough to easily pull fan-fold (con-
tinuous form) paper through the printer. However, it is dif-
ficult to keep the paper tracking straight through the
platen feed, and if the user regularly sends more than 10-
15 sheets of fan-fold paper through the printer, the trac-
tor-feed accessory is recommended.

Serial communication with the F-10 requires normal
polarity handshaking on either pins #4 (RTS) or #20

With the frontcoverofthe F-10 removed, thecoverinterlock
Is visible (hold this switch down to test the printer when the
cover is removed). Access to the configuration switches is
gained through the slot {(arrow).
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(DTR). The proper configuration for CP/M (using the CON-
FIGUR program) is:

Set polarity to HIGH
Set handshaking to either DTR or RTS
Set LST: to 1200 baud, port 340Q

And with HDOS:

Use the “universal driver” described earlier (the LPH44.DVD
supplied by Zenith/Heath for the Diablo printer will not work
properly with the F-10). Use the HDOS SET utility to setthe baud
rate to 1200

The F-10 has two DIP (Dual-Inline-Package) switches
justinside the top cover. These switches(SW-40 and SW-
41) control the interface and print characteristics. The fol-
lowing switch settingswillallow the F-10 toworkwith both
CP/M and HDOS. Refer to the F-10 operating manual for
other variations.

The F-10 configuration switches setthe baudrate, character
length, type style, etc. Though the configuration optionsare
detailed inthe operator's manual, the settingsdetailedinthe
text will help the beginner get the printer into conventional
operation with a minimum of fuss.

Set switch 40:
#1—Closed: baud rate to 1200
#2—0pen: baud rate to 1200
#3—O0pen: character length to 8 bits
#4—Closed: no parity
#5—0pen: no parity
#6—Closed: 1 stop bit
#7—0pen: X-ON/X-OFF protocol
#8—Unused: sets higher baud rate with Printmaster model
Set switch 41, #1 though #10 as follows:
#1—Closed: Line communication
#2—O0Open: CR at end of line
#3—Closed: Auto CR space on
#4—0pen: Elite type (closed for Pica type)
#5—Closed: proportional space off
#68—0pen: form length, see F-10 manual
#7—0Open: form length, see F-10 manual
#8—Closed: form length, see F-10 manual
#9—0pen: form length, see F-10 manual
#10—Open: hammer strike normal (closed for heavy)

These switch setting should get the F-10 up and run-
ning. A close look at the operator's manual will provide
additional information on each of these settings, allowing
the user to modify the printer to suit specific require-
ments.

All models of the F-10 printer and high-quality C. Itoh
dot-matrix printers are available from Leading Edge
Products, the exclusive distributor for C. ltoh products in
the U.S. (see appendix).

DOT-MATRIX PRINTERS

There are many applications where the quality, cost,
and relatively slow speed of a fully-formed character



printer are inappropriate. Printouts of accounting reports
like accounts-receivable listings and general-ledger re-
ports are often used onlyforinternal reference and do not
require “typewriter-like” appearance. Likewise, the most
important consideration when printing invoices and
monthly statements is (generally) how fast and inexpen-
sively they can be produced.

Compared to letter-quality printers, dot-matrix printers
are usually faster and cheaper. They create printed
characters from an array of dots produced by slender
wires that are driven toward the ribbon and paper by
electromagnets. High-speed logic circuits control which
wires are driven forward to create each printed number,
letter, or symbol.

The speed of the electronics, the quality and response
of the printhead, and the capability of the stepper motors
determine the maximum printing speed, but even rela-
tively slow dot-matrix printers are faster than most
daisywheel printers. Dot-matrix printers range in speed
from 50c¢ps to 600cps, and specialized industrial models
can print at even higher rates. (Though not an impact
printer, the Siemens Company manufacturers a dot-
matrix laser printer capable of over 50,000¢cps.)

THE Z/H-25 PRINTER

Heath'sfirst printer—the H-14—was designed for non-
continuous hobbyist use, and it was not suited to the
needs of a small business. But Zenith and Heath now offer
a second-generation dot-matrix printer—the Z/H-25—
that can handle commercial or small-business applica-
tions.

The Z/H-25 is hefty in both size and construction, and
suitable for continuous-duty operation. It is reasonably
priced—considering its capabilities—and it is an out-
standing buy in kit form (see chapter 10). An onboard Z80
microprocessor running a ROM-based program controls
the many sophisticated printing functions available from
the Z/H-25.The CPU board also has twoempty ROM sock-
ets, and since the printer is controlled by firmware, future
upgrades (e.g., special fonts, foreign character sets,
unique graphics, etc.) can be incorporated simply by
modifying or adding to the internal programming.

The Z/H-25 produces characters froma 9x9 matrixata
maximum speed of 150cps. Bi-directional printhead
positioning is optimized with sophisticated logic. Some of
the important additional features are: rapid paper feed-
ing; the capacity to handle six-part forms; paper-out and
jammed-paper sensors to stop printing without losing
data; programmable vertical and horizontal tab stops; and
10,12, 13.2, or 16.5 pitch selection (characters perinch).

Thereis probably no easier printertointerface with any
computer. The Z/H-25 will support the 20ma current loop
(the original teletype standard) and a wide variety of RS-
232C handshaking protocols. The handshaking parame-
ters are set with switches located at the rear of the printer.
These switches select the baud rate, form length, charac-
ter pitch, and a variable skip-over-perforations option. All
of these features, and more, are also selectable by es-
cape-codes that may be included in a printout file.

A CP/M user should select the following handshaking
with the CONFIGUR program:

LST: device at 4800 baud, port 340Q
RTS handshaking
HIGH polarity (normal)

Zenith/Heath supplies HDOS users with a special
driver called LPH25.DVD. This device driver supporis
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Thisisanenlargementof dot-matrixcharacters produced by
the Z/H-25 printer. Each character is formed by seven wire
hammers driven by solencids. As the printhead moves
across the paper, selected wires are driven into the ribbon;
transferring Ink to the paper.

many of the special functions of the printer, however, if un-
available, the “universal driver” (described above) can be
used.

Both CP/M and HDOS require the switches at the rear
of the printer to be properly set. One configuration thatis
known to work is:

From right to left (looking at the rear panel)
Right-hand switch
#0—OFF: Page length to 11 inches
#1—OFF: Page lenght to 11 inches
#2—OFF: Page length to 11 inches
#3—OFF: Page length to 11 inches
#4—OQFF: Automatic line feed
#5—OFF: Skip fold disabled
#6—OFF: Skip fold disabled
#7—OFF: Vertical pitch at 6 lines per inch
Middle switch
#0—OFF: Not used
#1—OFF: Not used
#2—OFF:; Not used
#3—OFF: Discard past end of line disabled
#4—OFF: Limit FF
#5—O0ON: Horizontal pitch to 12¢pi
#6—OFF: Horizontal pitch to 12¢pi
#7—OFF: ETK/ACK handshaking

The Z/H-25 printerisarugged, reliable, and handsome high-
speed printer designed for the business environment. ltcan
withstand continuous-duty operation, and It has a quad-
tractordrive that produces accurate and extremely fast form
feeds.
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The rear panel of the Z/H-25 printer
provides access to 24 switches that set
baud rate, form length, handshaking
parameters, etc. It can be readily con-
flgured for virtually any standard hand-
shaking protocol, making it a versatile
and easy printer to interface with any
computer.

1 activates switched function® 3

Left-hand switch
#0—OFF: 4800 baud
#1—ON: 4800 baud
#2—ON: 4800 baud
#3—OFF: No parity
#4—OFF: No parity
#5—0FF: DC1/DC3 handshaking disabled
#B6—OFF: Busy line (high)
#7—OFF: Not used

A SPECIAL Z/H-25 DRIVER FOR HDOS

Z/H-25 users operating under HDOS may be in-
terested in an excellent specialty device driver available
fromJim Teixeria's SoftShop. The H25.DVD is a multi-part
driver that allows the user to set up to eight unique con-
figurationsforthe Z/H-25 atone time(with onedriver).For
example: by calling LP1:, you can produce double-strike
printingforletters; LP2: may provide paginationand multi-
ple copies; LP3: double-space printing; etc. Each of the
eight drivers can be individually programmed to suit your
requirements. The programmable features are:

PORT: between 300 and 377Q

BAUD RATE: 110 to 19200

FORM: lines per form, O to 255

PAGE: lines per page, O to 255

CPI: characters per inch, 10, 12, 13.2, 16.5
LPI: lines per inch, 6 or 8

RMARG: right margin, 20 to 220

LMARG: left margin, O to 220

PAG: printout is paginated with titles, if desired
MUC: produce multiple copies, if desired
OVP: overprint for enhanced appearance
TAB: allows transmission of TAB characters
DBL: double line spacing

FFF: send a final form feed

ASC: send an ASCIlI ESCAPE string

The H25.DVD uses DC1/DC3 handshaking, and the
DC1/DC3 switchattherearofthe printermustbesetto“1”
for this driver to function properly. The driver is supplied
with over 50 Kbytes of thoroughly documented source
code, making custom modifications easy (for a qualified
programmer). Anyone with a Z/H-25 printer running under
HDOS should consider this unique driver. It is priced at
$29.95. Contact Jim Teixeria at the Soft Shop (see appen-
dix) for more information.

THE EPSON MX-80 PRINTER

The MX-80 is perhaps the most popular dot-matrix
printerin the U.S. It was the first printer tofill the need fora
high-quality, small-systems printer that cost less than
$700. When the Japanese-made MX-80 was first intro-
duced, comparable printers were selling for well over
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The Epson MX-80 is unquestionably one of the most popular
printers sold in the U.S. (and probably the world). This
popularityis easyto explain. The Epsonisinexpensive, butit
has gained a reputation forrugged reliability. Itisacompact
and attractive design that produces high-quality print, and it
has several advanced features not generally found on
comparable printers.

$1000 (though the low-cost printer market is currently
more competitive), and it became an instant hit. In addi-
tion toits attractive price, itis small, relativelyfast,and has
atractor-feed thatcanbeadjustedupto9.5incheswideto
accept fan-fold paper or continuous-form mailing labels.
Following theirinitial success, Epson produced two addi-
tional models: the MX-80FT, which has a standard platen
feed (to accept single sheets) but can be fitted withan op-
tional tractor-feed accessory; and the MX-100FT model,
whichisfunctionallyidenticaltothe comparable MX-80FT
model but has a 13-inch wide carriage.

These Epson printers have become a standard by
which other low-cost dot-matrix printers are judged. They
operate at 80cps, with bi-directional head movement op-
timized by microprocessor logic. The print quality is ex-
ceptional, and different print fonts—including con-
densed and extended styles—can be selected by send-
ing the appropriate initializing codes. Two of the styles—
double-strike and emphasized—produce results suitable
for most correspondence or business purposes.

Epson printers are supplied with a standard parallelin-
terface, however, Epson offers a serial interface board—
Epson part 8141—asan option, and when thisisinstalled
in the Epson, communication can be established with the
Zenith/Heath serial port. The serial interface has several
jumper-selectable handshaking options. Normal or re-
verse polarity is supported; normal is the factory setting. If
you do not alter any of the factory jumper positions, the
serial board will function as described below. The serial
board also has an 8-segment DIP switch to select opera-
tional parameters. Set the switches as follows:
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This Is the Epson serial interface board (PN 8141). The
jumper selections can be left ““as is” (see text). The DIP
switch selects baud rate, parity, etc. (for operation as
described in the text, set them as shown here). The top
portion of the enclosure mustbe removed to instalithe serial
board.

#1—ON: baud rate to 4800
#2—OFF: 7-bit word length
#3—ON: baud rate to 4800
#4—0OFF: baud rate to 4800
#5—either ON or OFF: not used
#6—OQFF: no parity

#7—OFF: baud rate to 4800
#8—either ON or OFF: not used

Note: There are two other DIP switches on the main circuit board
(below the serial board position). These switches need not be al-
tered from their factory setting.

For operation with CP/M use CONFIGUR to setthe fol-
lowing:

LST: to 4800 baud, port 340Q
Handshaking polarity to HIGH
Handshaking line to DTR (pin #20)

For operation with HDOS (2.0), use the Zenith/Heath
LPMX80.DVD driver. It supports several special features
of the Epson printer, and is designed to work with the
standard MX-80 switch settings. If this driver is not avail-
able, use the “universal driver” described above, however
this driver expects RTS (pin #4) handshaking (the Epson
uses pin #20). To solve this problem, jump the handshak-
ing lines on the Epson serial board (see illustration). The
handshaking line swap (pin #4 and #20) can also be ac-
complished at the serial-board plug (see accompanying
photos). There is also a third way to accomplish the same
effect: a special computer-to-printer cable that has the
handshaking lines swapped so that the #20 pin on the

Instead of installing a jumper on the Epson serial board, the
handshaking lines may be swapped at the serial board plug
in the Z/H-89. The upper plug on the serlal-interface board
(photo 1) isconnected to port340Q (the normal printer port}.
Remove the plug and label the wires as shown (photo 2). By
gently pushing in the metal retaining clip (arrow), the wires
canbe removed from the plug. Switchthe twowiresmarked4
and 20 (photo 3). Reinstall the plug on the serial board (the
brown wire should be positioned up). This swaps the DTR
(pin 20) and RTS (pin 4) handshaking lines, which will
provide suitable operation with all HDOS device drivers that
monitor pin 4 for handshaking signals.
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For proper operation with HDOS 1.8 (or when the special
LPMX80.DVD is not used with HDOS 2.0) the printer
handshaking line—pin 20—must be connected to the RTS
handshaking line—pin 4—on the Z/H-89. This is accom-
plished by installing a jumper as shown above. This will not
affect normal operation with other drivers or with CP/M.




printer end is connected to the #4 pin on the computer
end. For both CP/M and HDOS operation, an interface
cable with male plugs on each end is required to connect
the Epson printertothe Z/H-89 computer(the Z/H-100 re-
quires the same cable, but the software requirements are
different.

AN EXTENDED BUFFER FOR THE EPSON

A hobbyist may not need the features of an advanced
print spooler (like the Compulink Sooper Spooler), but a
simple, self-contained modestly-priced spooler with
about 8-16 Kbytes of memory is perfect. This is exactly
what Practical Peripherals Inc. (see appendix) offers for
the Epson.

The Practical Peripherals MBS-8K is an 8-Kbyte
“buffer board" that contains a serial interface and enough
storage for about 8000 characters (roughly 4-5 typewrit-
ten pages). The buffer board mounts inside the MX-80, in
place of the Epson 8141 serial board, and when con-
figured properly, it will interface similarly to the Epson
board.

First, set the MBS-8K jumpers to the following
specifications:

Switch S1:
B—JUMPED: Normal polarity handshaking
B(minus)—OPEN: Reverse polarity
X—OPEN: X-on/X-off software handshaking
W—JUMPED: Hardware handshaking
Switch S2:
WL—OPEN: Word length to 8-bit
EP—OPEN: Not used
SP—JUMPED: One stop bit
PI—OPEN: Parity disabled
Switch 33:
Pins #1 thru #6—OQOPEN: baud rate to 19200
Pin #7—JUMPED: baud rate to 19200

For CP/M operation use CONFIGUR to select the fol-
lowing:

LST: to 19200 baud, port 340Q
Handshaking polarity to HIGH
Handshaking to DTR (pin #20)

ForHDOS operation,usethe“universaldriver'and use
the HDOS SET utility to set the baud rate to 19200. Since
the buffer board is designed to handshake on the same
line as the Epson board (DTR, line #20), a small modifica-
tion mustbe made to the MBS-8 K board before it will work
with the universal driver. There is a solder pad on the bot-
tom side of the board (non-component side) that must be
connected. Directly under the DB-25 plug there isa small,
round pad with a slit through the center (marked “RTS").
Scrape the varnish off this pad, and join the two halves of
the pad together with solder (see accompanying photo).
This will tie pin #4 to #20.

An additional note for HDOS users: do not use the
LPMX80.DVD device driver with the MBS-8K board. This
driver expects to see the exact hardware environment of
the Epson, and this is not found on the Practical
Peripherals board—as a result data will not be trans-
mitted. However, Practical Peripherals claims to be
developing a new version of this buffer board which will
provide additional memory capacity and completely
"Epson-like" interfacing. (Apparently the MBS-8K was
designed to be used with Apple computers, and the inter-
face features are not identical to the original Epson serial
board).

USING THE EPSON WITH WORDSTAR

The popular WordStar word processing program (see
chapter6) cancontrol manyspecial features of the Epson
MX-80, throughan enhancementpackagecalled EP/Star.
This program, developed by Patrick McNally, modifies
WordStar, and allows commands within the text file to call
up the special features in the MX-80. In addition, if the
Graftrax option is installed (an Epson upgrade that allows
the MX-80 to print graphics characters), EP/Star will gen-

>
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o

The Practical Peripherals MBS-8K accessory board for the
Epson MX-80 is a serial interface and extended buffer that
mounts in place of the Epson serlal board. It operates like a
mini-spooler, holding Incoming data in the 8-Kbyte memory,
and freeing the computer foradditional tasking. The jumper
configurations shown are properly set for operation with
either HDOS or CP/M at 19,200 baud.
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Forthe MBS-8K to operate properlywith HDOS2.0(using the
universal device driver), the RTS line—pin 4—must be
strapped tothe normalDTRhandshakingline—pin20. Thisls
easily accomplished by soldering the small pad (arrow)
marked “RTS” on the bottom of the board.



The Siemens ink-jet printer is an in-
novative bit of engineering that pro-
duces high-qualitydot-matrix printing at
the remarkable speed of 270 characters
' per second, and with almost no noise.

The printer “sprays” ink at the paper
{(under microprocessor control) to pro-
duce all of the standard ASCII charac-
ters plus several unique graphics
characters.

| ——

The ink-jet assembly (arrow 1) of the
Siemens printer is moved with a stepper
motor (arrow 2). The platen is also
moved by a stepper motor (arrow 3).
Both are controlied by microprocessor
based logic mounted below the me-

erateanitalic typefontineitherstandard, bold, orwide ver-
sions.

EP/Star costs $19.95. For further information on
EP/Star and other unique CP/M program contact Patrick
McNally (see appendix).

THE SIEMENS 2712 INK-JET PRINTER

Daisywheel and dot-matrix printers are noisy! In a
crowdedbusinessenvironmentthe staccatobarkofanim-
pact printer can become quite annoying, and in the home
environment it can aggravate an otherwise placid family
relationship. There is, however, an alternative: the
Siemens 2712 ink-jet printer. The operation of this unique
printeris, to say the least, impressive. It produces virtually
no noise, other than a low-level hum from the print-head
stepper motor, and the print speed is rated at a very quick
270cps.

The 2712 generates characters within a 9x12 dot
matrixthatisformed by 12 tinyink-sprayjets mountedona
moving printhead. A droplet of ink forms each dot in the
character matrix, and under the control of the built-in
microprocessor, the droplets are “fired” at the paper by
the ink jets. There is a tubular piezoelectric transducerin
each ofthe 12 passagesfeedinginktothejetnozzles,and
when one of the transducers is stimulated with an electri-
cal charge, it produces a shockwave that dispels an ink
droplet (about .004-inch in diameter) from the nozzle.
Eachnozzlecanshootupto2500inkdroplets persecond.
The piezoelectric crystal is the only “moving” part in the
system, and the print-head life is claimed to be more than
10 billion {not millicn) characters.

The ink jets do not clog with ink or dirt because the ink
neverdries and dirt cannot getintothe ink supply. The ink
is a special formula that includes a hygroscopic agent
similar to automotive antifreeze. The ink does not dry im-
mediately, but it is smearproof because it is absorbed by
the paper.ltissuppliedinasealed plasticbladder, whichis
replaced as a unit. Each bladder contains enough ink for
about ten-million characters, and when the ink supply is
low, anindicatorflashes onthe front panel before the print
quality degrades.

Although the type is not as dense or dark in ap-
pearance as that of animpact printer with a fresh ribbon, it
is easy to read and just as permanent. The best print
quality is obtained by using Siemens’ own brand of paper,
however, the 2712 will print on conventional paper with
only a slight loss of quality due to the dispersion of the ink
by the larger “grain” of the paper.

Interfacing the 2712 is fairly straightforward. The
printercontainsaparallelport,an RS-232Cserialconnec-

chanical print mechanism.

The ink-jet nozzles receive ink from areservolr{arrow) thatls
sealed to protect the ink free from contamination. Ink is
supplied to the print head through a small needle that
punctures a rubber bladder within the reservoir housing.

tion (discussed here), and a 20ma current-loop (teletype)
interface. This printer was designed for the "world
market,” and ratherthan force a compromise by choosing
one serial handshaking convention, Siemens put the
handshaking line on pin #25, a pin that is rarely used. The
accompanying photos show the two wires that must be
swapped in the plug on the Siemens printer logic-control
board. This modification moves the handshaking line to
pin #4 (RTS), which is compatible with Zenith/Heath
computers. The modification is easy todo, since the 2712
provides easy access to the logic-control board. The logic
board also contains several DIP jumpers. They should be
configured as follows:
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Strapping plug W28:
#1—Jumped: form length 66
#2—Jumped: CR only with CR & LF
#3—Jumped: No CR with FF
#4—Jumped: No CR with VT
#5—Not used
#6—Jumped: Elite type
#7—0pen: Elite type
#8—No control character printing
Strapping plug W29:
#1—Jumped: No parity
#2—Jumped: No parity
#3—Jumped: 9600 baud
#4—Jumped: 9600 baud
#5—Jumped: 9600 baud
#6—Jumped: select handshaking convention
#7—Jumped: select handshaking convention
#8—0pen: Xon/Xoff disabled

For CP/M operation use CONFIGUR and select:

LST: to 9600 baud, port 340Q
Handshaking polarity to HIGH
Handshaking line ta RTS (pin #4)

For HDOS operation, use the “universal driver’ dis-
cussed earlier, and use the HDOS SET utility to set the
baud rate to 9600.

The Siemens ink-jet printer has many additional fea-
tures, including:

Built-in self test modes

Very fast form feeds

Optimized logic-seeking head movement
Downloadable character sets

Proportional spacing

A full graphics mode

Vertical and horizontal tabs

10, 12, and 16.5 characters per inch (pitch)
Built-in foreign language character sets

The 2712 can only be used with single-weight paper;
since nothing strikes the paperwith a measurable impact,
nocarboncopiescanbe madeduring printing. ltalsohasa
somewhat high price. Depending on the configuration—
8.5- to 15.75-inch widths, with or without tractor feeds—
the price ranges from about $3200 to $3650. For further
informationcontactthe SiemensCorporation(see appen-
dix).

SWITCHING RS-232C SERIAL PRINTERS

Many computer installations require both the speed of
a dot-matrix printer and the print quality of a daisywheel
printer. Specialized applications may even require two
printers of the same or similar type for data output. For ex-
ample: a large mail-order warehouse may need two high-
speed printers, one set up for continuous invoice forms
and the other for mailing labels, bills of lading, etc. For
these situations, a device that will switch computer out-
put between two serial devices is useful.

Giltronix, of Palo Alto, California, manufacturers an ex-
cellent line of low-priced, high-quality RS-232C switches.
One model (part GRS 232-S8ABC) allows switching be-
tween three printers, computers, terminals, etc. Each
model can be ordered to switch eight, 12, or24 (of the 25)
lines. The eight-line switch (identified by the 8" inthe part
number) works well with Zenithand Heath equipment. The
model illustrated here has six indicators to display the
status of all the handshaking and data-transmission lines,
a helpful feature during installation and diagnostics.

Giltronix also offers a programmable model (part ASU)
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The Siemens printer must be modified slightly before it will
handshake properly with the Z/H-89. The twist-lock screws
must be released and the print mechanism can be raised to
gain accessto the electronics. Locate the serial port plugon
the left side of the main electronics board (photo 2, arrow).
Bend the plastic retaining clips outward on the two wires
shown—the6thand 7thwiresfrom therightedge(blacktab),
on the rear-facing length of the plug, and swap these leads.
This movesthe handshakingline from pin25to pin4. Setthe
two strapping plugs (W28 and W29) as indicated, and then
follow the Siemens manual and the guidelines in the text to
complete the configuration.



The Giltronixswitchbox(ontop ofthe Z/H-89) canswitchRS-
232 serial data transmission between any of three devices.
This system can send data to eitherthe Z/H-25 on the leftor
the Siemens ink-jet printer on the right. The switch will
operate with CP/M or HDOS.
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Giltronix (see appendix) also has a programmable 3-way RS-
232 switch. Upon receipt of an escape-sequence from the
computer, the switch will connect it with the appropriate
device, and indicate that selection on a digital readout
{arrow).

instead of troublesome individual or ribbon-wire inter
connects, the Giltronix design utilizes high-quality printed
circuits and gold-plated contacts in the switch assembly.
This ensures a reliable, noise-free data path through the
switch. The rear panel has female-socket plugs for the
computer input (on left) and peripheral output (three on the
right).

that will switch the computer output from one channel to
the nextwhenthe appropriate escape-sequenceistrans-
mitted by the computer. This unit aliows full automatic
control of up to seven printers, and includes a switch that
will override automatic operation and allow manual selec-
tion of any single device. The front panelincludes a digital
display that shows which device is active.

In the standard configuration, all the interface plugs at
the rear panel are female DB-25 sockets; therefore a
male-to-male cable is required to connect the computer
printer porttothe “data-in" port of the Giltronix switch. The
“data-out” ports on the selector switch are identical—
female-pin—to those on the rear of Zenith/Heath compu-
ters (LP port 340Q on the Z/H-89, not the modem port).
Therefore, male-pin plug connectors are required on all
the cable ends that connect to the selector switch. If the
printerisfittedwithamale-pinconnector(e.g., the Z/H-25),
afemale-to-male cable will be needed for printer connec-
tion to the Giltronix switch. However, if the printer is fitted
with a female-pin connector(e.g., the F-10 and the Epson),
a male-to-male cable will be needed. And, if the printeris
equipped with a built-in cable (e.g.,, the Qume and the
Siemens), it is probably a male-pin plug which will plug
directly into the Giltronix switch.

All of the RS-232C switches manufactured by Giltronix
have printed circuit boards, not point-to-point wiring. This
reduces production costs and increases reliability. The
main switching elements are sealed, and use gold-plated
contacts to eliminate electronic “noise,” acommon cause
of data loss. All switches include a 5-year warranty. For
more information contact Giltronix, Inc. (see appendix).

INSTALLING AND USING A MODEM

Inchapter3 wediscussed basiccomputercommunica-
tions and in chapter 6 we described some of the software
that turns a Zenith/Heath computerinto a powerful com-
munications terminal. In this section we will show how to
configure the serial interface board for modem com-
munications and install acoustic and direct-connect
modems.

AllZ/H-89sand 90sare currently supplied with a serial
interface thatcontains three ports through which the CPU
can communicate with the outside world. Two of the ports
are designed for printers (the top two) and the third is
designed to function as a modem connection.

The serialboard is normallyinstalled at the center posi-
tion of the three buss connectors on the right side of the
CPU board (seeillustration), at plugs P505 and P511.The
serial board has three sets of interrupt jumperslocatedin
the lowerrightcorner(when the board is positioned sothe
printing on the component side reads correctly). Modem
communication software usually requires that these

AL LI
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The very popular CAT acoustic modem is one of the many
models made by Novation (see appendix). A modem con-
verts digital signals (data) into ““tones” that are transmitted
over telephone lines just like voice communication. When
these tones are recelved by another modem, they are
converted backintodigital signals and senttotheterminalor
computer.

jumpers be set to level three or higher on the LP and DTE
ports (refer to the software documentation for details).
However, if there is trouble while sending data to a printer
(when communication software is not being used), set-
ting the LP port interrupt level to "off” may solve the
problem (it will have to be reset to the proper level when
using the communications software).

THE CAT ACOUSTIC-COUPLED MODEM

The acoustic-coupled modem is virtually universal. It

The slide switches on the CAT modem select half- or ful™
duplex operation and answer ororiginate modes. One of the
switches also activates a self-test mode that can check for
proper operation of the modem {helpful in tracing com-
munications problems).
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has rubber muffs to isolate the telephone handset from
ambientnoise while the modem“talks” and"listens” tothe
transmitter and receiver in the handset. There are many
manufacturers of acoustic modems, but one of the most
popularmodelsisthe CAT, made by Novation, Inc.(seeap-
pendix).

The installation and operation of the CAT (and similar
modems) is quite simple. The modem is powered by a
modular transformer that plugs into an ordinary wall out-
let. This design prevents any hazardous voltages levels at
the modem or at any connections to the phone line. The
modemdraws only three watts of powerandthe userneed
not remove the wall unitwhenthe modemis out of service.

Data connection to the computer or terminal is made
with an RS-232C cable. The modem has a female-pin con-
nector and the modem port in the rear of the Z/H-89
(designated as port 377Q) has a male-pin connector.
Therefore, a male-to-female cable is required, and it may
have the nine standard wires(pins #1,2,3,4,5,6,7,8,and
20), although onlysixare usedbythe modem. The CAT has
two switches that control the originate/answer mode and
set the modem for full- or half-duplex operation.

THE ANSWER-ORIGINATE SWITCH

The originate mode is used when the user calls a
remote computer. When aremote system“answers”anin-
coming call, it sends a continuous tone over the phone,
alerting the user that the system is ready to complete the
communication link. When the user's modem is setin the
originate mode, it “listens” for this tone from the remote
system before sending a response. Conversely, when the
user's modem is switched to the answer mode, it gen-
erates a continuous tone for a remote to acknowledge.

For a successful communications link to be estab-
lished between two modems, one must be inthe originate
mode and one mustbe inthe answer mode. The important
thing to remember is: if you hear a tone from the remote
system, set the modem to originate mode, and if the
remote system does not produce a continuous tone, set
the modem to answer.

THE FULL- OR HALF-DUPLEX SWITCH

When a key is depressed on the terminal, the charac-
ter is transmitted through the modem to the remote
system. In the ful-duplex mode, the remote system
echoes the character back to the sending terminal. The
terminal displays the character on the screen only after it
receives this echoed character. The full-duplex mode is
the most common form of telephone data communica-
tions. If the connection is poor and the remote receives
“garbled” data, erroneous characters will be echoed back
to the users screen, alerting him of transmission dif-
ficulties.

Inthe half-duplex mode, the modem transmits charac-
terstothe remote systemandsimultaneouslydisplaysthe
character on the terminal screen. This mode should be
used when the remote system can not echo received
characters back to the sender. If the modem is set to half-
duplexwhentheremoteisinthefull-duplexmode, charac-
ters willbe displayed twice on the terminal screen(lliikkee
tthhiiss).

THE SELF-TEST MODE

The CAT has a self-test mode that checks the internal
electronics and the acoustic transmitter and receiver in



the modem; to a limited extent, the telephone headset is
also tested. In the test mode, data sent to the modem is
converted to acoustic signalsandtransmittedtothe hand-
set. The modem "listens” for the transmitted signals, and
since anormal telephone handset echoes sound from the
transmitter to the receiver, the data echoed by the hand-
setis converted back to the equivalent ASCIl code by the
modem, and sent back to the terminal. If the characters
that are typed on the terminal are correctly displayed on
the screen, the modem is functioning properiy.

The telephone must have a “quiet line” for the test to
work properly; there should be no dial-tone or other back-
ground noise. Dialing only one or two digits will normally
provide a quiet line for 15-20 seconds before the
telephone switching equipment takes over the line and
transmits arecorded message toindicateadialing error. If
more time is needed forthe test, itisalso possible tocalla
friend, and have him or her cover the transmitter of the
handset to keep the line quiet during the self test.

USING THE MODEM

Once the modem is properly connected to the compu-
ter,and the modem switches are in the proper positions—
usually originate mode and full duplex—the useris ready
to establish communication with a remote computer. (If a
Z/H-89 is being used, software will be required to convert
the computerinto an intelligent terminal—see chapter 6;
with a Z/H-19 terminal, software is not needed.) The user
dials the telephone number of the remote computer.
When it respondstothe call, it will send the “answer” tone.
As soon asthe user hears thistone, the handset should be
placed in the modem (as indicated by the modem instruc-
tions), and the “ready light” on the modem willgo on when
the communication link is established. A few seconds
later, the remote computer will send a sign-on message to
the user's terminal, and some prompt will generally be
provided by the remote to indicate what commands must
be used to gain access to the computer/database. If a
sign-on message is not received, the user should press
the Return key a few times; the remote will then usually
respond with the sign-on.

{(Novation provides a modem-accessible computer
that can be contacted at 213/881-6880. It primarily
provides promotional information about CAT products,
butitis a typical remote computer, and may be of interest
to beginners who want to experiment with modem com-
munications. After the sign-on message is received, type

CAT and RETURN to get a list of available information.)

Occasionally there will be communication difficulties.
This usually results from a bad connection somewhere
along the telephone network The first course of action is
to hang-up and redial the remote, totrytogainacleanline.
If trouble persists, try dialing another remote computer{a
listing of public-access “bulletin boards” is provided on
the Novationcomputer). If clearcommunicationsisstillim-
possible, the modem self-test should be run.

Inthe eventthatthe modem passesthe test, butwill not
communicate properly, an additional test can verify if the
trouble is in the computer/interface or the modem.
Remove the RS-232C connectorfromthe modemanduse
a short jumper or piece of wire to connect pins #2 and#3
together. Type a message on keyboard; the message
should be properly displayed on the screen. If the
problems persist during this test, the malfunction exists
somewhere in the computer/interface or the software,
and not in the modem. Verify that the communications
software is functioning properly, and inspect the interrupt
jumperontheserial interface boardtoensure thatitiscor-
rectly positioned. If these tests do not turn up any faults
with the computer/interface, the modem may, in fact, be
the source of the trouble, and will requireingpection byan
authorized repair service.

The CAT modem is available at many computer stores
and through many mail-order supply houses. For addi-
tional information on this and other modem products con-
tact Novation, Inc. (see appendix).

Adirect-connect modem operatesinthe
same general manner as an acoustic
modem, however, data is not converted
into audibie tones and transmitted into
the telephone handset. The data signals
are Introduced directly into the tele-
phone line, reducing dlistortion and
nolse, and improving data rellabllity.
This compact direct-connect modem ls
manufactured by the Kesa Company
{see appendix).

The Kesa modem is connected to the
telephone line with standard modular
jacks. The phone is plugged into the PH
socket, and a short cable connects the
LN socket to the wall. A switch (arrow)
activates either the voice or data com~
munication mode.
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THE KESA DIRECT-CONNECT MODEM

A direct-connect modem is wired directly into the
telephone line, and because there is no audio link, distor-
tion is reduced, ambient noise is no longer a factor, and
data-transfer reliability is generally improved. Direct-con-
nect modems offer a few features not available with
acoustic modems and they are generally more expen-
sive. The Kesa company, locatedin Sunnyvale, California,
offers a direct-connect modem that is relatively inexpen-
sive and small in size. It is easily connected to any stand-
ard (rotary or touch-tone) telephone that uses modular
jacks.

The Kesa O/A-300 DataSpeak modem uses a “phase-
locked loop” design that supposedly increases its im-
munitytonoiseandimprovesdata transmission reliability.
Poweris supplied to the modem by a low-voltage modular
transformer that plugs into a wall outlet (similar to the
CAT), and both originate and answer modes are provided,
as well as a self-test feature. Three switches are provided
to control the DataSpeak: an answer/originate mode
switch; a normal/test switch, which activates the self-test
feature; and a phone/modem switch that disables tele-
phone communication and enables modem communica-
tion. There are two indicatorlamps on the modem: the one
marked “Carrier” indicates that communication is estab-
lished with the remote system, and the one marked “Off-
Hook"” indicates that the phone is being used by the
modem and that incoming callers will hear a busy signal.

The DataSpeak modem is easily connected to any
phone with modular jacks. The telephone line is un-
plugged from the telephone and plugged into the modem
atthe "LN”(line) jack. An auxiliary connecting cable (sup-
plied with the modem) connects the modem jack marked
“PH" (phone) to the modular jack in the telephone.
This connection installs the modem in series with the

The interior of the Kesa modem reveals the simple and
compact design of a direct-connect modem. The com-
ponents convert digital signals to audio and back again,
while retaining compatibility with the normal telephone
voltages, signal strengths, etc.
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telephone.

Using the Kesa modem is easy. After the computer or
terminal is properly connected to the modem—a male-to-
female RS-232C cable is required—and the communica-
tions software is running (if required), the user usually
switches the DataSpeak to the originate mode, sets the
function switch to“Norm," and dials the remote computer.
When the tone from the remote system is received, the
DataSpeakis switched from “"Phone" to“Modem" and the
telephone handset is returned to the cradle. The “Off-
hook™ light will come on, and within a few seconds, the
“Carrier” light will also come on, indicating that a com-
munications link has been established. When the useris
finished communicating with the remote and ready to
break the communication link, the DataSpeakis switched
from“Modem” to“Phone.” This breaks the link and hangs
up the telephone line, and the “Carrier” and "Off-hook”
lights will go off.

An interesting capability that a direct-connect modem
providesistheabilityto"answer’incomingcalls. The Kesa
modem does not support this capability, but some direct-
connect modems, like the Hayes Smartmodem, can be
used for unattended E-mail operation (see chapter 3),ora
hobbyist can use a direct-connect modem to establish a
local computer “bulletin board.” Of course, suitable
software is needed to support these operations.

The Kesa DataSpeak is an ideal modem for home or
business use, but it can not be used on commercial multi-
line telephones or any type of telephone that does not
have a modularjack at the telephone end of the incoming
line. It occupies very little desk space; itis extremely easy
to use; it is reliable and virtually immune to both ambient
and electrical noise. For more information contact the
Kesa Company (see appendix).

SOLVING INTERFACING PROBLEMS

Although the problems aren’t readily apparent to the
neophyte, establishing communication between a com-
puter and an accessory component can be tricky, at best.
Thedifficultiesare minimized if the accessoryalsocarries
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Sooner or later nearly every computer user confronts
interfacing or data communication problems with per
ipheral accessories. Without some reliable means to ac-
curately determine the state (on or off condition) of the
handshaking lines, the user is completely in the dark. The
only sure-fire solution is a line monitor like this “blue box”
from International Data Sciences (see appendix) It can
prevent hours of frustration when coordinating communi-
cation between unfamiliar hardware.



the Zenith/Heath brand name, because the system ac-
cessoriesaredesignedtoworktogether,andadequatein-
formation is generally provided to help the usercomplete
the hookup. However, the situation gets much more com-
plicated if the useris trying to interface non-Zenith/Heath
components with the system.

To successfully complete a communication interface,
the user must determine: which I/O line(s) the computer
uses for handshaking; which /O line(s) the accessory
uses for handshaking; what polarity (normal or reverse)
the computer observes on the handshaking line(s); what
polarity the accessory observes on the handshaking
line(s); and what sort of software is required (CP/M “con-
figuration” or HDOS device driver).

Finding accurate answers to these questions can be
frustrating, especially for the beginner. Unfortunately
there are no universal handshaking standards, and as
much as the manufacturers or distributors would like to
help, they can not provide much assistance, because it is
simply not practical for each of them to test their equip-
ment with every other product on the market. Often the
onlycertain solutionis to get first-hand advice from some-
one who has already solved the problems (if you can find
such a person), oradetermined usercan learn to solvein-
terfacing problems with the aid of some useful test equip-
ment.

Toexperienced computertechniciansthe “bluebox”is
one of the requisite tools-of-the-trade. Manufactured by
International Data Sciences, Inc., the Model 60 Monitor
and Breakout Panel (fondly known as the “blue box” be-
cause it is enclosed in a blue plastic carrying case) is a
portable, self-contained testerthat allows monitoring and
cross-connecting (if desired) of all 25 linesin the standard
RS-232C interface connector.

The blue box is installed in the RS-232C communica-
tions line between the computer and the device to be in-
terfaced: ithasabuilt-in DB-25 female-socket—called the
DTE connector—to allow the cable from the peripheral to
be plugged into the box, and a short ribbon cable with a
DB-25 male-pin plug—called the DCE connector—tocon-
nect the boxtothe computerserial port(the LP porton the
Z/H-89). The box contains switches (see illustration) that
permitthe usertoswitchororoffeachofthe 24 signallines
(pin #1 is a universal ground and is not switched). In addi-
tion, aslip-pin connector is provided on both sides of each
switch. The pins are labeled with the RS-232C line num-
berto which they correspond and, by using short jumpers
(supplied with the box), the user can cross-connect sig-
nals from one line to another.

The box also provides a series of twelve (pius two)
LEDs that monitor the conventional RS-232C handshak-
inganddata-transmissionlines. These LEDsare usefulfor
reading the “state” of each line during communication.
Each LED lights up when the particular line it monitors
“goes high” (indicating it is carrying a small positive
voltage). However, itisimportantforthe usertorealize that
the LEDs in the box always monitor the conventional
source of the signal; and if the DTE and DCE sides of the
line are separated (“opened”) by one of the switches, the
LED does not directly indicate which side of the line—the
computer-side or the peripheral-side—is high or low (one
must refer to the line chart supplied with the box).

The lines in an R8-232 connection do not carry bi-
directional signals. Each line is controlled—driven high or
pulled low—only by the peripheral or the computer, not
both. Forexample, under normal conditions, line #2 isthe
“transmitted-data” line and is called the TD line. This line
only carries a signal from the peripheral to the computer

In this example the IDS line monitor is used to test a cross-
connection between handshaking lines 20 and 4 {a mod-
iflcation that Is often required when interfacing Zenith/
Heath computers to serial printers). This technigue will
quickly identify what alterations are required to establish
proper communication with peripheral accessories.

and the LED on the TD line only monitors the peripheral
side of the line. When it lights up, it indicates that the DTE
side of line—andthe correspondingjumperpin—hasbeen
driven high by the peripheral. Conversely, line #3 is a
“received-data” line and is called the RD line. It only
carriesasignalfromthe computertothe peripheral. When
the monitor on this line lights up, it indicates that the
computer has driven the DCE side of the line—and the
jumper pin on the DCE side—high. Therefore, in order to
completely understand the information provided by the
LEDs, itis essential to know whetherthe line is controfled
by the computer or the peripheral. The conventions of RS-
232 communications are explained in the documenta-
tion supplied with the blue box.

Once the concept and conventions of handshaking
(and the operation of the blue box) are understood, most
interfacing problems can be readily resolved. For in-
stance, suppose the box is connected between a printer
that is transmitting handshaking signalsonline #20 anda
computer that is “looking” for handshaking on line #4.
First, the switches on lines #4 and #20 are turned off
(creating open circuits) and a jumper is installed from the
pin on the DTE (printer) side of line #20 to the pin on the
DCE (computer) side of line #4. This jumped connection
directs the handshaking signals coming from the printer,
online #20,tothe computer, online #4; and the computer
and the printer should be able to communicate correctly.
(The switches are turned off to prevent shortcircuitstothe
printerorthe computerthat might occurwhenpins#4 and
#20 are jumped together—the open switchesisolate pins
#4 and #20 onboththecomputerand printerside;andthe
signal from the printer is directed only to the computer).

Eventhoughthe blue boxmakesinterfacing easier, itis
not likely that every microcomputer userwillwanttobuya
box just to connect one printer to a computer. However, if
the reader has problems of this sort, the easiest solution
may be to find a local computer technician who has a box
and is willing to help. The box will answer your guestions.

The Model 60 Monitor and Breakout Panel is only one
of many useful testing and switching instruments man-
ufactured by International Data Sciences (see appendix);
additional information is available from |DS upon request.
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Microcomputer systems contain sensitive electronic and
mechanical components. These devices are normally very
rellable, but one of their worst enemies Is dirt. Many
electromechanical problems can be traced to accumula-
tions of dust, lint, hair, fingerprints, oreven airborne smoke
particulates. Aharddiskdrive isespeciallysensitive tothese

troubles because there is an extremely small gap between
the read-write head and the disk surface.

There are many reasons why electronic and mechani-
cal thingsfail, and fail they willl As rugged andreliableasa
Zenith or Heath computeris, it may one day require repair.
This chapter will help a user understand what can go
wrong, give some simple trouble shooting advice, and
provide some suggestions for implementing practical
preventive maintenance.

THE SOURCES OF TROUBLE

Three enemies of computer equipment are around us
every day: dust, water and static electricity. Of these, dust
is the most common, and the component most suscep-
tible to the ravages of dust is the disk drive. A disk drive is
an electromechanical system that must function with
precision, but dust accumulations can interfere with the
operation, increasing disk read/write errors and reducing
media life. High-density drives are manufactured to even
closer tolerances, and are more susceptible to the effects
ofdirt Toalesserdegree,circuitboardscanbeaffectedby
airborne contaminants—if a circuit board is covered
with a layer of dust, random errors or lost data may resuit.

Another source of dust—believe it or not—is smoke
and ashes from cigarettes. Leaving an ashtray next to the
computer is like putting a compost pile in the kitchen.
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Ashes are chunks of dirt, and smoke particles, though
smaller, are large enough to seriouslydamage a hard disk
drive. This is why a hard disk is sealed and cooling air ad-
mitted to the drive cabinet is thoroughly filtered.

Zenith and Heath computers do not use a filter for in-
coming air. The manufacturer places the responsibility of
providing a “computer room environment” on the user.
Surgical cleanliness is not necessary, however anything
that can be done to provide clean, cool air to the system
will increase reliabiiity.

TOO WET

Water and other liquids, such as coffee and soft drinks,
are found next to computers more often than ashtrays.
Sugar or milk in coffee, or the syrup from a cola drink, can
be “the kiss of death” to any electromechanical connec-
tion. The most common repair procedure for a keyboard
inundated with such a liquid is simple: itis replaced at the
owner's expense.

Other than from a leaky roof, water rarely enters the
computer (except through the keyboard), so elementary

Some early Z/H-89 systems were plagued with keyboard
encoder|ICfailures. Static electriccharges, transferredfrom
the user’s fingers to the keyboard, would occasionally zap
the silicon circuitry in the chip, but this was eliminated by
adding a wire to ground the static charge before it reached
the chip.



caution is all that is necessary to avoid trouble. Watercan
also spill onto disks or into printers, and the effects are
worsened if the water has anything else mixed into it. Be
alert. Nobody's saying: “Don’t drink coffee while you
work." Just be very careful or, better yet, keepthecupona
separate table. Make sure that any other user is made
aware of the effects of coffee on computer electronics—
first-hand experience is not always the best experience.

ZAP

Static electricity is a killer. It is the hardest to control,
because it is generated so quickly and so quietly. A liquid
spill is usually accompanied by a loud human exclama-
tion, and prompt action can often restore what the liquid
threatens todestroy. But when static electricity strikes, its
effects are devastating and there is often no recovery—
other than replacing parts.

One of the most common problems with Z/H-89s and
Z/H-19s manufactured before 1981 was a failure of the
keyboard encoder chip on the terminal logic board. Many
chipswerereplaced, andthefailed oneswere sentbackto
Zenithforexamination. Qualitycontrolwas apparently not
to blame. What had happened was that accidental dis-
charges of static electricitythrough the users’ fingers had
“zapped” the tender chip. A simple grounding circuit was
installed in new machines to absorb the shocks, and the
problem abated.

Some of the effects of static electricityare: loss of data,
a confusion of displayed characters, temporary or per-
manent loss of components, and a painful sensation both
atthetip of thefingerandinthe mind of the userupon con-
templation of the damage.

There are several ways to reduce static electricity,
though none of them is foolproof. There will always be
some risk, butif a useris careful, it will be a negligible risk.

Humidify the room, if you can do so without causing
dampness (see the problems of water, above). People in
humid or tropical climates almost never encounter static
electricity because water vapor is a natural conductor,
and it will “damp out” static electricity. In climates where
the air is naturally dry, static electricity is a fact of life.

During winter, heating systems tend to make interior
air dry, and people tend to wear wool clothing—a well-
known staticgenerator. Sothe problem maybeatitsworst
during those times. If a clothes dryer is nearby, the static
will probably be impossible to counteract. A user whocan
not eliminate static electricity from the computer environ-
ment should seriously consider moving the machine to a
more suitable location. The inconvenience may be offset
by not having to put up with the frustration (and expense)
caused by static discharges.

ANTI-STATIC MEASURES

There are "anti-static mats” for installation between
computers and desks or on which the user's chaircan roll.
These usually have wires which are grounded to cold
water pipes or other good earth grounds. Mats are priced
according to size, and should cure most static problems.

Successfully keeping an entire room free of static
electricity, however, is a mammoth task; it is better as-
signed toa professional electrician orcomputerhardware
consultant who has experience with this problem. Zenith
technicians suggest one "home remedy” for static. if you
have carpeted floors, gently spray them with a plant
sprayer, using plain water to dilute some laundry fabric
softener. Fabric softeners are usually sold to “reduce

Special mats that sup-
press static electricity
can reduce static elect-
ricity problems. A small
mat can be Installed
underthecomputer, ora
larger one can be used
under a desk or chair.
These mats are con-
nected to an earth
ground, draining static
charges away from the
computer and operator.

ANTISTATIC MATS

static cling,” and they will have the same effect on the
computer room carpet.

GROUND WIRES

Your Zenith computer or terminal comes with a power
cord that has a plug with three prongs. The flat ones carry
the current, and the tubular one is a ground. If there were
no ground wire, static electricity could build up, and in the
event of an electrical short, a serious safety hazard could
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If you are installing a new system, it pays to provide your
computer with a “clean” source of power. The power line
should be a functional three-wire system (the third wire is a
ground). If possible, itls wise to provide “dedicated” power
to the computer. This means that the line is routed directly
from the fusebox to the computer system, with no other
appliances, lights, etc. on the same circuit. The best
arrangement has both a dedicated line and a separate earth
ground. These measures will isolate a small system from
most external disturbances, and provide the best data
protection (other than employing an expensive line con-
ditioner and “non-interruptible” power supply).
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result. The best connection for your computer is a three-
hole, grounded socket, which is common in practically
every office building and in most modern homes.

If you do not have a three-hole, grounded wiring
system, you have a two-wire system in which one of the
wires doubles as a ground. This is not good for sensitive
electronic devices, so you have two choices: ignore it or
adaptit. If youignore it, (i.e., plug three-pronged plugs into
two-pronged adapters and plug them into your wall sock-
ets), you may risk electrical shock and/or damage to your
computer. But you can adapt your wiring in three ways:

The best way is to use a “dedicated line” to the compu-
ter with a special earth ground. Adedicated line isa single
circuit run just to the computer, with no other appliances
connected on that circuit. The ground for the system
should be a“dedicated” ground: a ground wire connected
to a copper (or thickly copper plated) ground rod, sunk in
moist soil at least six feet. This will provide the most reli-
able power for your computer system (called a “quiet
line”). It is standard practice in commercial buildings. (All
such installation work should be done by an experienced
electrician.)

If you cannot use a dedicated line, the next-best
method is to run a separate ground wire from the socket
feeding yourcomputerto awaterpipe (agroundrodisbet-
ter, as most modern plumbing now uses plastic pipe), and
you will have a suitable installation for most applications.

The cheapest, and the most risky, way istouse a three-
to-two-prong adaptor. If you must use this method, at least
ensure that there is nothing eise on that circuit, including
lamps and especially any motor-driven appliances (use a
multiple-outlet box for all of the computer equipment).
What you will have, then, is a system with a common
ground. While the possibility of faulty grounding and
electrical shock still exists, the common connection will at
least keep all the computer components “together.” This
may help the system withstand electrical “noise,” al-
though in some installations, a printer can introduce suffi-
cientinterference to affect the computer. If atall possible,
install an earth ground to the multiple-outlet box. The
result will be a much “quieter,” and safer installation.

POWER OUTAGE OR LOSS

Ifa computerloses power, it will stop. A severe storm or
natural disaster, of course, may interrupt electric utility
service for minutes, hours or even days, so it is unwise to
begin a major computing project when violent weatheris
forecast. Any computer that is running when the power
goes off will suffer unless some provision hasbeen made
for immediately switching to an alternate power source.
But backing up the source of electricity is generally im-
practical for a home or small business. In large com-
panies, and in communication industries, where voice and
data traffic must not fail, rooms full of batteries are kept at
full charge all the time, to take over if the powergoes out.
This backup capability is expensive, and requires not only
batteries, butalsoasensitive electronicdevice thatrecog-
nizestheloss of powerandswitchesin the batterieswithin
a very small fraction of a second. “Uninterruptible” power
supplies are available for small (personal) computer
systems, butthe costisstillratherhigh. Whencomparedto
the cost of lost accounting records, however, they can be
much less expensive.

If you are working at your computer when the power
fails, you will lose whateverfile you were working on at that
moment, since it will disappear from the main memory
(RAM). This happens because RAM needs to be “re-
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This upleasant message
indicates that HDOS can-
not read a portion of the
floppy disk. The resuit is
almost always a loss of
some disk data, or if the
surface defect is in a
critical area, theentiredisk
may be unreadable. To
avoid this, keep the area
around your computer
clean, use a dedicated
power line, do not operate
your system during severe
weather, and ALWAYS
MAINTAIN BACKUP
DISKS!I

evice Fornal Errer

- Bewice Formal Erver

freshed” every few thousandths of a second. It is done
automatically, without the user being aware of it, but if the
power stops, so does the refreshing, and the orderly pat-
tern of data stored in RAM disappears. The same thing
happens when the user switches off the power inten-
tionally.

However, files that are stored on disk are not usually
lost when power falls, unless the computer was in the
process of writing to the disk; in this case, the disk can be
left in an unpredictable condition and all data may be
unreadable. If poweris lost, remove the disks from the disk
drives immediately. The files which have been stored on
the disk may not have been affected by the power outage,
but they can be damaged when the power returns be-
cause a sudden surge of power can fool a drive into
“writing” spurious data on adisk Then turn the computer
and all the peripherals off.

This advice is familiar to most people who own
refrigerators and other heavy appliances, but for different
reasons: motor-driven appliances demand so much cur-
rent when they are turned on (i.e., when normal power
resumes), that they may overload the fuse or circuit
breaker. A computers internal circuits can also be
damaged by a surge in electrical power. So first iet the
powercome on and stabilize, then turn the computerback
on.

POWER FLUCTUATIONS

A fluctuating supply of electricity is another problem
that plagues computers, and is much more common than
most people think. Electrical fluctuations can have a vary-
ing effect, from no effect at all to approximately the same
effect as turning the power off and then onagain. If youdo
not wish to have your computer randomly RESET, you will
take care to prepare for power fluctuations.

In the U.S., household current comes through wires in
pulses, 60 times per second. (In Europe and many other
regions, itcycles50timespersecond,andequipmentsold
there is designed to work at that rate.) If the power should
skip a few cycles, the all-important internal timing for
“refresh” will be upset, and the computerwill thendowhat
itis programmed to do when power firstcomeson: askyou
to boot the operating system.

A momentary loss of power is unpredictable. It may
come from the utility's grid system, as when a generator
goes down, and another is switched on. More common,
however, it is generated inside your home or business. Al-
lowing a washing machine, refrigerator, or other motor-
driven appliance to share an electrical circuit with a
computerisaskingfortrouble. Did youevernotice howthe
lights flicker when somebody plugs in a vacuum cleaner?



THE SPIKE

Another power problem comes notfrom toolittle power
butfromtoomuch.Justaselectricityissupposedtokeepa
steadyfrequency(60 Hz), itisalso supposed tomaintaina
constant “amplitude.” That means that each pulse of
electricity should be exactly as strong as the last and the
next.

If you look at an oscilloscope display (an electronic
“graph") of 60-cycle electricity, the frequency is shown by
howmany peaksorvalleysfitintoagiventime period: each
cycle can be measured from peak to peak, withavalleybe-
tween. The amplitude is shown by how high above the cen-
ter line (or how deep below it) the wave goes. An interrup-
tion of power is represented by a straight line (no
amplitude). If power hesitates fora moment, the trace will
showaflat segmentbetweenthe peaksandvalleys.When
the power comes back on, however, the amplitude may
take a few cycles to reach its original height. Similarly, ifa
surge of powercomesthrough the line, the amplitude may
jumptoanunusuallyhigh pointbefore settling backto nor-
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These illustrations represent powerline
conditions (as traced on an oscillo-
scope). A normal flow of AC power
produces 80 uniform cycles (Hertz—Hz)
per secoend. {50 cycle is standard in
Europe.) Even if the cycle rate does not
change, problems can arige if the ampli-
tude (height) of the waveform varies
excessively. Undesirable power line
“nolse” canchangethe smooth curve to
a rough one, and upset sensitive com-
puter circuits. A surge is a sudden
increaseinamplitude, andabrownoutis
adecrease in amplitude. Eitherofthese
conditions can overload sensitive com-
ponents in the computer power-supply
circuits, or create Internal voltage
fluctuations that may destroy data
stored in the RAM. A spike is a brief

mal—this is called a “spike.”

A spike is just about the most frustrating electrical
eventthatcanhappentoacomputeruser,shortofapower
outage. The problemisnotthatdatacanbelost{asfroman
outage) but that it can be subtly changed. When a spike
whips through a computer system, it may overload a com-
ponent and cause unpredictable results. If the com-
ponent is a memory chip, its loss may not be immediately
apparent,and the nexttime afile is accessed, datamaybe
erronecus or missing.

Spikes can be smoothed out by placing a special
device betweenthe powersource(i.e, thewallsocket)and
the computer. Some multi-socket outletboxeshaveafuse
thatwill breakif too much powercomesthrough, butthatis
only useful for a very severe condition; spikes are much
more subtle. Some outlet strips, (various models are sold
in Heath electroniccenters), have asurge protector. Aside
from line-conditioning multiple outlet boxes, there are
“black boxes” that plug into the wall socket, and the cord
from the computer plugs into the “black box." Regardiess
of their design, these “watchdogs” detect a spike and
shunt the excess power to ground while keeping the nor-
mal power flowing.

DISK DILEMMAS

So much has been written about disk and disk drive
maintenance that people are tempted to skip a section
like this. Don't. Disk reliability is essential, and we will
present some information here that every computer user
should know.

Thereareseveralthingsthatcanrenderyourdisksuse-
less. Of these, the most common troublemakers are dirt,
heat, and magnets. Dust and fingerprints can be kept off
your disks with one simple caution: don’t grab them
through the access slot. Always replace them in their
protective envelope when not in use. Keep cigarettes,
food, cosmetics, solvents and lubricants far, faraway from
your disks. Do not touch the magnetic media, the coated
disk surface; handle only the protective cover, and then
onlygently. ltmaybe known as a“floppy” disk, butdon'ttry
to find out just how floppy it can get.

The most common form of abuse is writing on a disk
label with a ballpoint pen. Write with a soft felt-tip pen to
prevent damage to the thin mylar media inside the jacket.
Ifanewlabelis needed, putitoverthe old one,anddon'ttry
toremove the old label unless it peels off very easily—you
could damage the disk inside the cover in the process.
Since the disk drive isn’t “concerned” with the cover (only
with the disk inside), a few extra layers of labels won’t af-

increase in amplitude, and can also
affect the power supply or wreak havoc
in the integratedcircuits. Lightningisan
extreme form of a spike—very short in
duration but very powerful in ampli-
tude—that can permanently damage
major components,

The average floppydisk can store more than 2,000,000 bits of data. If youwould like
all of these bits to be there the next time you need it, keep the disk in a protective
envelope when it is not being used, do not bend the disk or touch the magnetic
surface, and never use the disk near magnets or when the ambient temperatureis
unusually hot or cold.
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Disk support rings help “center”’ the floppy disk in the disk
drive. If the disk seats improperly when it Is grasped by the
drive spindle, the recording tracks will not be registered on
the true center, and data read or write probiems can occur.
The user can install accessory rings on unsupported disks,
but this Is not as accurate as rings that are installed by the
disk manufacturer (the rings should be concentric with the
true center of any existing data tracks). Quality disks with
support rings are considered a necessity when using high-
density drives (such as the Z/H-37).

fect normal operation.

Anoften-overlooked source of trouble is heat. Don't lay
disks on the vents in the computer cabinet (there's dust
there, too). Watch out for window ledges, heaters, and
sun-dappled spots on your desk or file cabinet. And don't
store floppy disks in your car on a hot day, and never leave
them where direct sunlight can overheat them.

One source of trouble that is only obvious after it Is ex-
plained is exposure to magnets. Don’t use any magnetic
objects near your computer work area. Magnets are used
in paper clip dispensers, small tools, certain types of bul-
letin boards, etc. A magnetic object will erase data the in-
stantittouchesthediskjacket(orcomesveryclose). Don't
get caught by this potential problem—such surprises you
don't need!

Be verycarefulwheninserting orremovingadisk from
adiskdrive. Make sure the power is on before youinserta
disk, and never turn off the power with a disk inside the
drive. Handle the disks gently, but seat them in the drive
with a firm pressure before closing the door. If youfeelany
resistance whenclosing the door, stop: you may be pinch-
ingthedisk(ithappenswhenthediskisnotinsertedallthe
way).

The very best preventative measure is to get in the
habit of making backup copies of all your disks. Besides
ensuring that the working copies of software are reliable,
backup copies of important files can be time- (if not life-)
savers when the “horror’ message appears on your
screen: “BIOS Error on B: Bad Sector.” This problem is
usually irreversible, in CP/M, and means that for some
reason—usually a magnetic/physical discrepency in the
disk—your file can not be read, and is therefore no longer
available to you.

Zenith technicians recommend against trying to make
“flippies” out of single-sided disks by cutting an addi-
tional write-protection notchand“flipping” thediskoverto
record onitsreverse side. Thisis a hobbyist trick thatdoes
work, but disks which have been manufactured for single-
sided recording are generally not quality-controlled on
thereverseside,i.e., the qualityof recordingonthereverse
side is not guaranteed by the manufacturer.

Whatever your disk drive’s specifications, it is wise to
buyonlythe appropriate and corresponding disks. Forex-
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ample,if you have adouble-side, double-density5.25-inch
drive (the Z/H-37), be sure to purchase disks which are
certified for operation at 96 tpi (tracks per inch). They are
more expensive than those for single-track density
recording (48 tpi) but they are essentialforreliable opera-
tion at high track densities. In addition, disks that have a
reinforced ring around the center drive hole are usually
more accurately “centered” by the drive when installed,
and are worth the money (this design is essential when
using the Z/H-37 drives).

UNDERSTANDING THE TECHNOLOGY

This section willcover more technical materialthanthe
rest of the book does; none of it is essential (though it is
helpful) for operating the Z/H-89 orZ/H-100 systems suc-
cessfully. Those users who have built their computers
from kits may already have learned much of the following
information. However, this technical information is pre-
sented in a non-tutorial manner, addressed at anyone in-
terested in understanding more of what goes on behind
the CRT screen.

Therearediagnostic tests that professional Zenithand
Heath service people use to verify the proper operation of
the internal electronics in Z/H computers. Some of these
canalsoberunbyusers, partlyfortheirowneducationand
enjoyment, but also as a way of learning more about the
workings of their computers, or ensuring that their
systems are functioning properly. Before running those
tests, however, a user should have a clear idea of what is
being tested, and how the test results may be interpreted.
To dothis requires a basic understanding of computerjar-
gon, which will be summarized here, as it relates to the
Zenith/Heath computers.

The concepts that must be understood are: bits and
bytes, binary and split-octal number systems, dynamic
RAM, the memory map, and the monitor. Where diskdrives
are involved, the concepts of disk I/0, tracks and sectors
are also needed.

Diagnostic programs are very important troubleshooting
tools. Some diagnostics are extremely complex, requiring
extensive knowledge of electronics and test equipment,
others produce results that are easy for the ordinary userto
analyze. With a basic understanding of binary and split-octal
numbers, a Z/H-89 usercan compatentlytestthe CPU, RAM,
and disk drives.



BITS AND BYTES

There are two electrical states: on and off. If something
is“on,” itis like writinga number”1;” if itis off, itis like a“0”
(zero). Each distinguishable “on” or “off” state (1 orQ) isa
bit of information. If a computer can absorb and act on
eight bits simutaneously (as the Zenith/Heath compu-
ters do), it is said to have an “eight-bit byte.” The word
“byte" Is something of a pun on “bite,” as when a person
can eat eight beans in a single mouthful (in the same
genre, four bits are called a “nibble.”).

BINARY NUMBERS

The number systems that modern civilizations use are
based on the idea that the position of a number deter-
mines its value. The common base-10 number system
uses this notation. The number 22, for example, tells the
reader than there are two "ones” and two “tens:” (2 X
10)+H2 X 1)=22. The “tens place,” “hundreds place,"
“thousands place,” etc. are familiar words from our
childhood, and their meanings are well-understood. Each
“place” is a power of 10:

100=1

10'=10

102=100 (“10 squared")
103=1,000 (“10 cubed")

109=1,000,000,000

Moving digit by digit to the left, each "place” increases
in value by one power of ten, and in each position—or
place—a number can take on any one of 10 values
(0,1,2,3,4,5,6,7,8 or9) The “nature” of the base-10 number
systemrunsintens: 10 possible valuesforeachplace,and
the next higher place being ten times greaterinvalue. For
example: the number “5,794” is understood as (5 X
1,000)H7 X 100)H9 X 10)+(4 X 1).

Inthebinarynumbersystem(base 2), thereare onlytwo
possible values for each place: 0 or 1. Therefore, each
place represents a power of 2 (2 multiplied by itself, com-
pared with 10 multiplied by itself in the base-10 system).

20=1

21=2

22=4 (“2 squared”)
23=8 (“2 cubed")

216=65,536

The binary number“1” equals 1, but the binary number
11 equals 3 (one"two" plus one “one”); the binary number
111 equals seven: (1 X 4)+(1 X 2)+1 X 1)=7. Now let's
breakdown a more complex binary number step-by-step.
The binary “11011"” can be expressed as: (1 X 24+(1 X
23) 40 X 22)+H1 X 2')+(1 X 29 or, in simplified terms: (1 X
18)+H1 X 8)H0 X 4)H1 X 2)+{1 X 1) is equal to
(16)+H8)HO)H2)+1)=27.

In computers that use eight-bit bytes, binary numbers
are eight “places” wide—even if some of those places are
filled with zeros. Thus, the number10101010z(tothebase
2)isnumericallyequalto 1700 (tothebase 10). Butitisnot
the same to a computer. The number 170 is meaningless

DECIMAL| BINARY |DECIMAL| BINARY
b) 00000000 32 | 00100000
1 00000001 a3 ooiooco1| Thisisthe relationship
2 00000010 ® between decimal and
: ooooo?;; : binary numbers. Note
s |0o0ocoo101| 63 |oo111111 tg’: the decimal zero
6 ooooo11iol es |otooooco| (O) Is represented by
7 00000111 85 o1ooo001| the binary number
8 00001000 - 00000000, and the
% |oenis] sk lostiiaes] Mot decingl nume
11 |ooootot1| 128 |1o0o0c000| Der thatcan be repre-
12 |oooot100| 128 |10000001| Sentedbyaonebyte(8-
13 |00001101 N bit) binary number is
14 00001110 ® 255, which is the
15 00001111 . binary 111117117. A
16 100010000 . two-byte pair (a 16-bit
LI il - binary numbercalled a
° e “word"”) can represent
- 254 |[11111110] decimal values from
31 00011111 255 [11111111] zero (0) to 85,535.

to the logic of a computer because it can only “think™ in
terms of electrical states being either “on” or “off,” which
are represented as “1" and “0," respectively. So the num-
ber 10101010, in binary notation, is very meaningful to a
computer. Reading right-to-left, itrecognizes that the first
position is off, the next is on, the next is off, the nextis on,
etc. Each position is “understood” from an “on” or “off”
electrical state, with the extreme right-hand position
known as the "least-significant bit" (LSB), and the ex-
treme left-hand position known as the “most-significant
bit” (MSB). The significance of “significance” is that the
MSB has the greatest place value in the byte, while the
LSB has the least place value. Additional meaning to LSB
and MSB will be developed later, as we explore the
“memory map” of the computer.

SPLIT-OCTAL NUMBERS

A split-octal number is a shorthand commonly used
with Zenith and Heath computers. It uses decimal
numerals to express binary values. The split-octal nota-
tion represents a 16-bit number in the form of two 8-bit
bytes of information. For example:

3-7-7 3-7-7

is the split-octal representation of 65,535. But before we
get too far ahead of ourselves, we we must look more
closely at binary notation.

The largest binary number that eight bits can repre-
sentis11111111(128+4+64+32+16+8+4+2+1) 255. By
adding eight more bits to the left, making a 16 bit “word,”
the binarynumber1111111111111111equalsthe same
255 (for the right eight bits plus (32,768+16,384+
8,192+4,096+2,048+1,024+512+256=65,280) for the
left eight bits. Therefore 65,280 (for the left eight) plus 255
(for the right eight), equals 65,535—the base-10 number
that represents the largest 16-bit binary number.

Split-octal notation breaks down each “half” of a 16-bit
binary number into three base-10 numbers. The upper
eight bits are displayed as thefirstthree decimal numbers
and the lower three decimal numbers represent the lower
eight bits (see the above example). In each of these eight-
bit groups (the lower and the upper eight-bit bytes), three
decimal numbers represent specific portions of the bi-
nary number as follows:

One digit for the 1st, 2nd, and 3rd places

One digit for the 4th, 5th, and 6th places
One digit for the 7th and 8th places
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if we divide the 16-bit binary number up so that each
“group” isrepresented by one decimal number, it will take
on the following form:

11-111-111 11-111-111

Notice that each “half’ has two groups of three bits and
one group of two bits. In split-octal notation, each groupis
treated as an individual binary number, and listed by its
decimal equivalent. Thus, the binary number 00-100-
000 10-101-011 is broken down into decimal groups
(from left to right for the upper eight bits): 00=0, 100=4,
000=0; (and now for the lower eight bits), 10=2, 101=5,
and 011=3. Thus, equivalent of the binary:

00-100-000 10-101-011
is the split-octal number:
0-4-0 2-5-3

The highest binary number (11111111 11111111)
thus becomes 377 377 in split-octal form (11-111-
111 11-111-111=3-7-7 3-7-7).

DYNAMIC RAM

The random-access memory chipsin a Z/H-89 or Z/H-
100 are packed with thousands of tiny circuits. Each can
be "on” or"off," therefore each circuit is capable of repre-
senting a “1” or a “0."” But the computer must electroni-
cally“refresh” the memoryusedin Z/H computers. Thatis,
it must reestablish the current state {(a “1"” or a “0") by
“recharging” each memory cell every few clock cycles (a
clock cycle is one two-millionths of a second); if it did not
do so, the memory cell would lose track of the bit it was
storing. Because each cell requires constant refresh, the
memory is known as “dynamic” RAM. (There are other
RAM technologiesthatdonotrequirerefresh; one of them
is called a “static” RAM, but itcannot be manufactured as
dense—withasmanybits perchip—orasinexpensivelyas
dynamic RAM.) The refreshing requirement of dynamic
RAM explaines (in part) why, when power is switched off,
the data in RAM is lost.

MEMORY MAP
The Z/H-89 uses 24 dynamic RAM chips (on the main

CPU board) which are each capable of holding 16,384 bits
of information. 1K=1024 and 16K=16,384. Therefore,

STEP | KEY ENTRY | KEY CODE COMMENTS
of ral LBLB initilize
02 42,34 CLR REG
03 48 . Separate high & low orderbytes
04 ] (4]
05 ] u]
08 1 1
o7 20 X
08 38 A
09 43,44 INT Isolate integer
10 44,2 STO 2 Store high order byte
11 33 L
12 42,44 FRAC isolate fraction
13 1 1
14 o (o]
15 o o
16 o o
17 20 X
18 44,1 STO 1 Store low order bﬁ.
19 3 3 cimal place position
20 44,25 STOL Store decimal place position
21 1 1 Digit vaiue
22 44.3 8TO 3 Store digit value
23 32,4 GSB 4 Analyzing subroutine
24 B8 8 Digit value
25 44,3 STO 3
26 32,4 GsB 4
27 6 ] Digit value
28 4 4
29 44,3 STO 3
30 32,4 GsSB4
31 45,2 RCL 2 Analyze high order byte
32 44.1 STO1
a3 3 3
34 44,25 STOI Store decimal place position
35 2 2 Digit value
38 5 5
a7 (-] ]
38 44,3 STO 3 Store digit value
39 32,4 GSB 4
40 2 2 Digit value
a1 [+ 0
42 4 4
43 ] 8
a4 44,3 STO 3
45 32,4 GSB 4
48 1 1 Digit valus
47 6 -]
48 3 3
49 8 8
50 4 4
51 44,3 §TO 3
52 32,4 GSB4
53 45,4 RCL 4 Recall the result
54 42,7,0 FIX 0 Display the resuit
55 43,32 RTN END
56 42,21,4 LBL4 Analyzing subroutine
57 45,1 RCL 1 Recall byte for analysis
58 48 . Isoclate individual digit
59 0 o
80 o o]
61 i 1
62 20 X
63 45,25 RCLI Recall digit place position
84 13 10
85 20 X
68 43,44 INT
a7 48 .
68 1 1
a9 20 X
70 42,44 FRAC
Fal 1 1
72 0 o '
73 20 X End of digit isolation
74 45,3 RCL 3 Recall digit value
75 20 X
78 44,40,4 STO +4 Add to total
77 42,5 DSE Decrament place counter
78 43,32 RTN
79 43,32 RTN

A programmable handheld calculator is helpful to an
advanced user who regularly works with computer number
systems (binary, split-octal, etc.). With the program listed
here, the popular Hewiett-Packard HP-11C can convert any
split-octal number (up to six digits) into its decimal equivai-
ent. The user simply enters the split-octal number (the
program does not check for an illegal entry) and selects the
label-B function.



These are the three 16-Kbyte banks of RAM on the Z/H-89
CPUboard. Becausethe bottom8 Kbytes of the memorymap
contains special system RAM and the monitor (in ROM), the
rowsofchipsdonotcorrespondtothefirst, second, and third
16-Kbyte banks of system RAM; instead, they are the first,
sacond, and third 16-Kbyte banks of user-available RAM.

these chips are called “16K RAM chips." They are ar-
rangedinthree“banks" (rows)ofeightchipseach,soeach
bank is responsible for 16,384 8-bit bytes, or 16K bytes.
The three rows of 24 (total) chips combine to provide 48
Kbytes(49,152) of RAM memory. An additional 16 Kbytes
can be added—for a maximum of 64 Kbytes—with a plug-
in circuit board containing eight more 16K chips. With this
addition, the eight additional 16K RAM chipsare, concep-
tually, a fourth “bank,” bringing the total to 65,536 bytes.
However, since the first byte in RAM is the binary number
00000000 00000000, equal to the decimal zero, the
highest decimal number that can be counted with 16 bits
(when zero is the starting point) is given by the formula
(16K X 4)-1=65,535 (an odd number). This is the decimal
equivalent of the highest available memory location, or
“address,” with four banks of 16K RAM.

In common computer terminology, 64K is equal to the
decimal number 65,535. This fact is often the source of
confusion. For example, some computer vendors adver-
tise that their machines have “65K of memory,” and tout
this as being somehow better than those having “only
64K." In reality, however, their system is no different; the
difference is in the nomenclature. A microprocessor (like
the Z80 used in the Z/H-89) that uses a 16-bit address
buss, can notaddress more than 65,535 bytes(remember
thata 18-bitbinary numbercan“count” no higherthanthe

080 041 G132 A0 281 W71
131 ¥

decimal 65,535 when the starting point is zero). The Z/H-
89 and the H-8 computers are fully capable of using all
65,535 bytes. The “65K" trickconfuses“k”(meaning 1000
in metric notation) with “K" which is a computer term for
1024. Strange as it seems at first, 65,535 equals 65.535k,
which equals 64K

The organization of those 49,151 or 65535 ad-
dresses is controlled by a memory-map decoder chip. But
before exploring the organization of RAM and the func-
tion of the memory-map decoder, one additional concept
is required: the system monitor.

THE MONITOR

When the user switches on the Z/H-89, or presses
SHIFT-RESET, the screen clears and the letter “H,” fol-
lowed by a colon, appears in the upper-left corner of the
CRT. Indicating that the system is ready to begin work, the
“H:" (called the “H-prompt”) is produced by a program
stored in the monitor ROM; this program controls the
basic operation of the system (usually until the disk
operating system is booted), and is called the monitor.

The monitor is what the Z/H-89 uses to start every-
thing from scratch. Itis a program, similarin some ways to
othercomputer programs, butinstead of being storedona
disk or a cassette tape, it is permanently stored in the
computer in a ROM chip. The ROM with the Z/H-89
monitor programinitis called MTR-89; theoneinthe Z-90
is MTR-20 (which is also supplied with the Z/H-37 high-
density disk upgrade kit). When power is switched on (or
the SHIFT-RESET is pressed), the monitor “tells” the ter-
minal logic board to clearthe screenanddisplays the “H:."
Then the monitor waits for the user's instructions.

MONITOR COMMANDS

“Booting” an operating system from a disk is a familiar
job, evenfornovice users, so manypeople are notaware of
other operations that can be performed at the ap-
pearance of the “H.." There are four commands that the
monitor MTR-89 can execute for the user, they are:

B (boot) is used to “bootstrap” the disk operating
system (DOS) into computer RAM and then transfer
operation of the computer to the DOS. When the user
presses"B,” the monitor program completesthe word with
“oot” and waits for the user to press RETURN. This tech-
nique of word-completionis awayofbeing"user-friendly,”
but it also serves as an unambiguous indicator of the ac-
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These photos illustrate some of the new commands that have been incorporated In
MTR-90, the monitorforthe Z/H-37 soft-sectorcontroller. The left photo shows the
resultof the “VIEW” command; itwill display the contents of memory in eitheroctal
or hex. The “RADIX” command Is shown in the middle; it will select between the
octal or hex mode. On the right is the “CONVERT"”’ command, a bulit In number
converter; split-octal is converted into either octal or hex. In addition, MRT-90 will
accept “IN” and “OUT” commands (communlication with ports) and will enter the
memory test routine by pressing “T"' for “TEST MEMORY.”
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tion to be performed. When the return key is struck, the
monitor directs the CPU to begin reading the DOS from
disk and transferit to a specific locationin RAM. When the
initial transfer of DOS is complete, the monitor directs the
CPUto“jump”to the starting location of the DOS (in RAM).

S (substitute) is used to examine and modify the con-
tents of any location within the range of the CPU (all
64Kbytes). When the user types “S,” the monitor com-
pletes the word with “ubstitute” and waits for the user to
enter the desired memory location, which must be written
in split-octal form. The user enters an address and then
presses RETURN. The monitor will then display the con-
tents of this location. The contents may be changed by
entering the new data or, if the SPACE bar is pressed, the
contents of the next location (in numerical sequence) will
be displayed. If the “-" (minus) key is depressed, the
monitor will display the previous location; pressing the
RETURN keywill send the monitorbacktothe“H:” prompt
again. If any of the memory locations that are addressed
with the substitute command are in ROM (such as the
monitorlocations) they can onlybe read from and not writ-
ten to.

P (program counter) tells the monitor to remembera
particular location in memory; usually this location is the
beginning of a program to which the userwishes to trans-
feroperation. When“P" is entered, the monitorcompletes
the word with “rogram counter" and waits for the user to
enter the memory location. The user can change the
programcountervalueatthispointbyenteringanewnum-
ber, orcanleaveitunaltered bypressingthe RETURN key.

G (go) is used to start running a program. When "G" is
typed, the monitor completes the word with an “0” and
waits for the user to type the address (in split-octal nota-
tion) where the programisto start. If noaddressisentered
and the user presses RETURN after the “Go,” the monitor
will transfer the CPU to the memory location stored in the
program counter (which has been set with the “P” com-
mand).

There are two additional monitor commands which
may be found in Heath's MTR-88—a monitor program for
computers with cassette tape storage devices. These
commands are: “L” (load), which loads programs from a
tape into RAM, and “D" (dump), which sends the contents
of RAM back to the tape. These commands are not found
in MTR-88. If you are not sure which monitor program your
computer has, enter“D"” after the “H:"” prompt comes up; if
theword“DUMP" appears, youhave MTR-88.The MTR-88
will allow the use of cassette tape (a marginal value), but
will not allow more memory than 48 Kbytes or the use of
CP/M. Your machine can be upgraded simply by remov-
ing the MTR-88 EPROM chip and replacing it with the
MTR-89 chip, available from authorized Zenith and Heath
dealers. The MTR-89 will allow 84 Kbytes of RAM and the
use of CP/M, but it will not allow the use of the high-den-
sity Z/H-37 5.25-inch drives. If the Z/H-37 upgrade is in-
stalled the system must use the MTR-90 (which accepts
all the MTR-89 commands plus four more—see accom-
panying illustrations).

DIAGNOSTIC TESTS

Aseries of testsisusedbyHeath/Zenithtechniciansto
determine if all the systems are functioning properly and
working together harmoniously. If you are careful, youcan
run these tests yourself, although you may not be able to
correct problems without professional assistance. These
tests will merely confirm that everything is running cor-
rectly. They do not necessarily diagnose specific causes
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of failures, since this requires test equipment.
THE ASCII DISPLAY

This test is actually a short program, written in the
“machine” language that the computer understands. It
uses monitor commands to load the program into RAM,
and then transfers CPU operation to that portion of RAM
containing the test program. The ASCII test program
produces a continuous display of characters on the CRT
screen. Itis a very simple test to determine if the terminal
logic board (TLB) is displaying every ASCI| character cor-
rectly, but the Zenith/Heath service manual says the test
is “primarily intended to reassure the customer that their
(sic) computer is working properly.”

The display test is performed by the following steps:

1) SHIFT-RESET the computer and, when the “H:" prompt ap-
pears, type 8

2) Enter the memory location 040100 and press RETURN

3) When the computer echoes “040100" plus a a three-digit
number representing the current byte at that address, type 076
and then hit the SPACE bar.

The ASCII-display CPU test (described in the text) produces
this result. The test reassures the user that the CPU and
terminal section are functioning properly.

4) When the computer displays the next memory location and
its contents, enter the rest of the numbers in the same way:

011 SPACE
315 SPACE
302 SPACE
003 SPACE
074 SPACE
3768 SPACE
155 SPACE
312 SPACE
100 SPACE
040 SPACE
303 SPACE
102 SPACE

040 SPACE RETURN (i.e,hitRETURNafterthe SPACEbar.)

5) Now go back, using the “S" command to check your work.
Enter the starting address (040100) and then one by one check
the contents of each address; if the contents are correct, use the
SPACEbartogoontothe next lftheyareincorrect, change them
by typing the correct number and then pressing SPACE togo on.

6) Now SHIFT-RESETand, whenthe“H:” promptappears, type
Gandthe number040100. Press RETURN. This telisthe monitor
to begin running a program that it will find, starting at memory
location 040100. That program was written by you in the form of
the numbers you entered.

7) If all goes well, the computer will display all the ASCll charac-
ters on the screen, scrolling them over and over again until you
stop them. You may do this by pressing SHIFT-RESET.



THE "WALKING-BIT” RAM TEST

The built-in memory test for the Z/H-89 and -90 (initia-
ted by typing Go 7375 at the H prompt) can detect faulty
memory cells, and with proper interpretation of the test
results, the user can determine exactly which integrated
circuit (IC) memory chip is defective.

“RAMTEST” FOR A SLEEPING STUDENT

THE PLACARD CHEERING SECTION
DOES NOT DISPLAY WHAT THE
CHEERLEADER EXPECTS TO SEE.

BY COMPARING THE DESIRED "GO" DISPLAY WITH

DS, IT 1S EASILY DETERMINED THAT THE

THE +
STUDENT IN ROW 8, BEAT 8 15 ASLEEP

The arrangement of memory chips can be likened to a
series of students in a college flash-card cheering ses-
sion. The students are arranged in rows and columns (like
the memorychipsonthe CPU board), and the studentsare
given flash-cards that are lettered on one side and white
the other. Each student is given instructions, telling him
whether to hold the lettered or white side up when in-
structed. Suppose, however, that the designated pattern
spells the word “GO,” but when the cheerleader calls for
this pattern, one student fails to display the proper card
and the pattern is faulty. A seat-by-seat comparison is
made with the cheerleader's diagram to find the row and
column location of the sleeping student, and when lo-
cated (row B, seat 6), he is "gently awakened.” This is
roughly the same pattern of events used to find a bad
memory chip.

The memory test writes a specificcode(eithera1 ora0)
to each memory cell in each row (bank) of memory chips,
and sequentially reads the memory cells and compares
the retrieved code with the written code; any discrepancy
indicates a faulty memory element.

THE MEMORY-MAP DECODER
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16-8BIT ADORESS FROM THE CPU AND DIRECTS DATA
FLOW TO AND FROM THE APPROPRIATE MEMORY CHIP.

THE MEMORY-MAP DECODER CIRCUIT INTERPRETS THE @

When the memory test program reads or writes data to
individual rows of memory chips, a circuit called the
memory-map decoder ensures that the flow of data is
directed to the appropriate bank, chip, and memory cell.

The 16 memory-address lines trom the Z80 CPU (capable
of addressing up to 64 Kbytes) carryanindividual address
fromthe CPUtothe memory-mapdecoder, which provides
access to the specific byte of data stored at that memory
address.

48 Kbytesof memoryare located onthe CPUboardina
three-row deep by eight-column wide “block” of ICs, and
16 Kbytes of additional memory is available on a plug-in
expansion card. The memory expansion contains, in ef-
fect, one row of eight ICs (although the chip arrangement
onsome accessoryexpansioncardsisnotthisstraightfor-
ward). Theaccompanyingillustrationsshowthe 48 Kbytes
of memory on the CPU board as the lower block of 24
chips, and the 16K bytes on the expansion board as a
separate row of eight chips above the CPU board.

TYPICAL BANK OF MEMORY
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INCREMENTING BINARY TEST BYTES

The memory test routine writes abit(a 1 ora0) to each
memory cell by sending an 8-bit byte—with each bit as-
signed to one of the eight chips in the row (one bit per
column)—starting with 00000000 and incrementing by
oneuntil 1777171711 is reached. This constantly changing
pattern of bits ensures a thorough test of every memory
cellineverychip, since after"filling” of memory,atestcom-
parison (readout) is made to determine that each and
every cell has properly retained either a high (1) or low (0)
bit.

Referring to illustration #3, for simplicity let's con-
siderjustone row(bank) of RAM chips. (However, allbanks
are tested as agroup, justlike the one in thisexample.) On
the first test pass, the computer writes a 00000000 test
byte to all of the 16 K memory locations in the row (bank),
then it reads back the data byte-by-byte, and the results
are compared with the original test byte (i.e., 00000000). If
the results match, the test byte is incremented to
00000001 and rewritten back. On the second pass, each
byte location isread and checked against 00000001, and
if it matches, the test byte is again incremented, and a
00000010 is written. If no errors are detected, this
process continues until, at the last pass, the incremented
test byte reaches 11111111. The memory test will then
repeat, starting again with 00000000.

Note in the drawing that the rows of chips are divided
up into three groups. The right-most group is three chips
wide, the middle group is three wide, and the left-most
group is two chips wide. The right group represents the
right-hand octal number value (that is, in the octal number
XYZ, “Z" is the right-hand octal number, with its value
represented by the right-hand group of three chips). The
middle group represents the next octal digit (“Y”), and the
left group equals the left-hand octal digit (“X"). For ex-
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ample, on the last pass of the memory test (the test byte is
11 111 111) the right-hand and middle groups each
total*7"(1 plus2 plus4) andthe leftgroup totals“3" (1 plus
2)foranoctalvalue of“377." The least-significantbitof the
binary test byte is stored in the right-most chip location
(right column) and the most-significant bit is stored in the
left-most chip (left column). Armed with this information
and the memorytestroutine(plus a knowledge of the split-
octal number system), it is possible to determine which
chip contains a defective memory cell.

LOCATING THE COLUMN CONTAINING
THE BAD MEMORY CHIP
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Let's assume that during a memory test the binary test
byte was successfullyincrementedto00 0710 100.This
is equivalent in value to the octal number 024, indicating
that the octal value 024 was written to all memory loca-
tions. Let's further assume that the read-after-write por-
tion of the memory test read an 004 instead of an 024 at
memoryaddress140 000 (split-octal natation). The CRT
screen would display this error message:

DATA WRITTEMN TO mAM CHIPS

EAMOA 1N READARTER-WRITE IN THIB POLTION
g{ﬁ‘l:: THAT THE DEFECTIVE Ill MORY CHIP 13 1M Yilll
u

Dynamic RAM test
LWA = 377377
Pass = 024
ERROR @ 140000 = 004

The second line in the display indicates that the
highest address of memoryis 377 377 (when64 Kbytes
of memory are installed). The third line gives the octal
value of the binary byte written to all memory locations,
and the lastline indicates thatanerror occurred at the ad-
dress 140 000. The byte read at that location was 004
(should have been 024).

Referring to drawing #4, notice that when the error
byte (004 octal) is converted to binary, the 1 in the fifth
column (from the right) was read backas a0 (it was written
as a binary 1 in the octal byte 024). This indicates that a
chip with a bad memory cell is located in the fifth column.

LOCATING THE ROW (BANK) CONTAINING
THE BAD MEMORY CHIP
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Now that the column containing the defective memory
chiphasbeenlocated, the row(bank)mustbelocated. This
can be determined by the relationship between memory

addresses and the physical location of those addresses
on the CPU board {and the expansion board).

Drawing #5 illustrates the memory map of the Z/H-89
and-90 computers. The bottom 8K of memory(zero to 8K)
is occupied by the system monitor located in ROM (the
memory test we are running is part of this monitor). The
bottom rowofchipsonthe CPU boardcontainsthenext16
Kbytes inaddress space; from 8K+1 to 24K (or040 001
to 140 000 insplit-octal). The nextrowoccupiesthe next
16K blockandsoon. The errorwe are looking foroccurred
atthe split-octal address of 140 000. Thisisthe verylast
byte addressed by the botiom row of memory chips. The
defective chip isthereforein the bottom row, the fifth chip
from the right

If the memory test locates a defective memory chipin
the last8Kbank of memoryonthe expansionboard, it may
be difficult to pinpoint which chip is faulty because of the
physical arrangement of chips on thatboard. The simplest
solution may be to swap all the memory chips on the ex-
pansion boardwith thoseinbank 2 or3 andthenrerunthe
memory test. When the faulty chip is located in those
banks, it is easily isolated.

The highest address on the CPU board is 56 Kbytes or
340 000 split-octal. When the 8K address space of the
monitor is subtracted from this high address, the result is
48 Kbytes; the maximum useraddressable memoryonthe
CPU board (the 8K monitoris not considered user space).
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There is another interesting point to consider. Since
the Z80 can only address 64 Kbytes and the highest
memory address on the CPU board is already 56K, there
are only 8 Kbytes more that can be added to the memory
map. And, of the 16 Kbytes that reside on the expansion
board, only 8K are accessible to the Z80 (remember the
bottom 8K of memoryis occupied by the system monitor).
This means that the upper8K of the 16K expansion board
cannot be tested by the built-in memory test, but since itis
not addressed by the ZB0D, does it matter whether it is
tested or not? When running HDOS, no! But when the
computer is booted up with CP/M, things are different.

Under CP/M the system monitorcannotbe apartofthe
memory map, because CP/M is designed to run at origin
zero. That is, it expects to have continuous memory start-
ing at location 000 000. So Zenith engineers have
designed a special memory-map ROM that switches out
the monitor upon CP/M boot-up and uses the upper 8K
block of the memory expansion board as the replacement
for the previously ROM-addressed lower 8K block.
However, since this upper 8K block on the expansion
board is not tested by the built-in memory test, the CP/M
user should consider running a more sophisticated
memory test program (one that relocates itself as the
memory test is underway) to ensure trouble-free opera-
tion.
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THE “WALKING-BIT” TEST

It happens, though not very frequently, that one of the
RAM chips can fail. This is a very subtle failure, because it
affects only a tiny part of the whole, available memory.
Nonetheless, it must be isolated and replaced. The textin
theaccompanying box takesa close look at a built-in RAM
test that is included with all Z/H-89 computers.

This RAM test is one of the very first that Zenith and
Heath technicians run when a user brings in a misbehav-
ing computer. The user may, of course, run the test, butin-
terpreting the resulis is not always straightforward. Ac-
cording to Mark Groeger, technical training manager at
Zenith's training center in Chicago, “This test will detect
some 80 to 90 percent of memory failures. But it will not
necessarily reveal a ‘slow’' or intermittent chip. A more
vigorous test, like the ones discussed next, can detect up
to 98 percent of failures. Even so, no single test can find
every defect.”

The most difficult faults to locate, of course, are inter-
mittent or pattern-fault problems. These mayshowuponly
once in a while, or only after the chips grow hot from long
periods of use. Some faults occur only when a particular
bit-pattern sequence is read into the chip, but not other-
wise. These are frustrating even to a professional service
technician.

“Generally,” Groeger says, “we run this test before
checking any other part of a Zenith computer. However,
even a perfect set of memory chips may fail this testif the
memory-map decoder chip is faulty. But if the problem
continues, despite a memory-map decoder chip swap,
then the problem is usually in the chips themselves.”

THE MOST COMMON HARDWARE PROBLEMS

Hereisalistof the mostcommon hardware problems of
the Z/H-19 terminal, and the Z/H-89 and 90 computers, as
they have been reported to Zenith's technical training
center. In running diagnostic tests, Groeger and his staff
have learned two important lessons: “Never use the cus-
tomer's software for troubleshooting” and “If a machine
passes the tests on our diagnostic disk, then—as far as
Zenith is concerned—the hardware is OK and the cus-
tomer has a software problem.” If the user is running
Zenith Data Systems' software, it will have come with a
telephone number for help. Most professional-quality
software comes with similar “hotlines.”

Some 80 percent of all hardware malfunctions can be
attributed to failures located on the video board, the ter-
minal logic board, and the serial IO board.

THE VIDEO BOARD

Within the video board, the horizontal output transis-
tor, the 53-volt regulator transistor and the vertical-out-
put transistors account for most of the failures. The in-
dividual components can be replaced, but the fastest
remedy is to replace the whole board. This is the usual
procedure at most Zenith Service Centers and Heath
Electronic Centers.

THE TERMINAL LOGIC BOARD

As was mentioned in the previous chapter, static
electricity is notorious for causing chips to fail. The key-
board encoder chip, mounted on the terminal logic board,
was—until 1981—very susceptible to static discharge,
usuallyfromausersfingeronthe keyboard. Asimple addi-

The video board con-
trols the “television-
like"” functions of the
terminal CRT. It regu-
lates focus and bright-
ness; places the dis-
playinthecenterofthe
scresen; synchronizes
the display (a lack of
‘“‘sync’’ causes the
display to roll); etc.
Trouble with any CRT
function can usually
be traced to this circuit
board.

tional ground connection has since been added to new
machines, and retrofitted to older ones that experienced
this problem.

Another terminal logic board failure has been noticed
atthetie betweentheasynchronouscommunicationsele-
ment (8250 ACE) and the converter chips: it is subject to
abuse by improper installation of interfaces. The user
should be forewarned when connecting the system to
“alien,” external equipment. Testing the line with an inter-
face "breakout” box is helpful (see chapter 7).

The CRT controller chip is also on the terminal logic
board, and has a failure rate higherthan some of the other
components on the board.

THE SERIAL IO BOARD

The mostfailure-prone devices onthe seriall/Oare the
ACE converter chips. These circuits directly “see” the out-
side world and can be damaged by the incorrect signal
levels. Proper installation of interface devices eliminates
this problem.

OTHER FAILURES

Most of the remaining 20 percent of failures can be at-
tributed to the CPU board, on which no single component
is more likely than any other to fail. Neither the power
supply, which includes a printed-circuit board with diode
rectifiers, and regulators mounted on a heat sink, nor the
disk-controller board, nor the disk drive itself are prone to
failure. The original-equipment disk drive is not manufac-
tured by Zenith: it is made by an outside supplier under
contract. If it is properly installed, failure of this unit—a
Siemens FDD 100-5B—is virtually unheard-of.

DISK I/O

All floppy disks record and play back digital signals by
selectively magnetizing portions of the specially-treated
metal-oxide surface of a spinning mylar plastic disk. The
head (which is like the record/playback head of a tape re-
corder)recaordsdatainconcentriccircles, calledtracks,on
the disk surface(ratherthaninaspiral,asonaphonograph
record). The computer disk-controller board directs the
disk-drive head to move across the disk surface, “step-
ping” from track to track to record or read data.

The outside tracks are “longer” and would appeartobe
able to hold more data than the shorter, inside tracks.
However, since it takes the the same amount of time to
rotate through one revolution (track) whether that track is
located on the inside or outside, and because data is writ-
ten to the disk surface in equally timed electrical pulses,
the amount of data storage is the same for the inside and
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5.25-inch HARD SECTOR DISKETTES

HEATH/ZENITH| RECORDING | TRACK | READ/WRITE | TRACKS | SECTORS| BYTES KBYTES
CONTROLLER | DENSITY | DENSITY | DISK SIDES | /INCH /INCH se'cqr% . F%&gm:n
37 BINGLE SINGLE ONE 4B 10 258 0
17 SINGLE SINGLE BOTH 48 10 258 180
27 SINGLE | DOUBLE ONE 86 10 258 180
AT SINGLE DOUBLE BOTH w0 10 a58 380
5.25-inch SOFT SECTOR DISKETTES
37 SINGLE SINOGLE oNE 48 10 288 00
zar SINGLE SINGLE BOTH 48 10 258 184
a7 SINGLE | pOuBLE OME o8 10 58 190
z-37 SINGLE | DOUBLE BOTH e 0 258 388
a7 DOUBLE | SINGLE oME 48 1m®e 258 148
237 DOUBLE | SIMGLE BOTH <8 1" 288 304
zar DOUBLE | DOUBLE OME o6 8 258 308
37 oouBELE | DOUBLE BOTH e 18 88 one
zZ-27 EXTENDED | SINGLE OME 48 & 1024 182
Z-37 EXTENDED | SINGLE BOTH 48 5 1024 ang
z-37 EXTENDED | DOUBLE ONE 8 s 1024 388
z-37 EXTENDED | DOUBLE BOTH e s 1024 T8
mnoma DOUBLE SINGLE OME 48 ] 812 143
HME
L) DOUBLE SINGLE BOTH 48 ] 512 347
s DOUBLE | DOUBLE ONE e ] 512 340
1] DOUBLE DOUBLE BOTH L1 ] 512 T00
8-inch SOFT SECTOR DISKETTES
Z47 BinaLE NOLE OME 48 m 128 241
Z-a7 SINGLE SINGLE BOTH 48 20 12 490
4T DOUBLE SINGLE OMNE 48 k] a8 483
47 DOUBLE | SINGLE BOTH 40 ] 268 °80
47 EXTENDED | SINGLE ONE a8 B 1024 508
47 EXTEMDED | SINGLE BOTH 48 8 1024 1208
= (1] SINOLE SINOLE ouE 48 26 128 241
cm&ﬁ DOUBLE BINGLE ONE 48 AL] 512 S04
MMs
MMS DOUBLE | SINGLE BOTH 48 18 512 1710
cmt&n EXTENDED | SINGLE ONE ap B 1024 594
W4T
w47 EXTEMDED | SINGLE BOTH 48 8 1024 1210

from

Floppy disk formats vary according to data densityand track
density, and may be either single or double-sided. Some of
theseformatsare unique to Z/H disk systems, and otherthan
the single-side, single-density 8-inch format (the IBM 3740
format), none of them can be considered “standard.” This
chartillustrates the formatsthata userislikelytoencounter,
with the more common ones listed in bold print.

outside tracks. However, the data on the inside tracks is
more densely packed, with the magnetized spots on the
surface placed closer together.

The disk-controllerelectronicsdivide the diskinto seg-
ments, called sectors. These pie-shaped portions of each
track are defined by the disk controllers in two common
ways: a fixed, hard-sector indexing; or by a soft-sector in-
dexing.

HARD-SECTOR DISKS

A hard-sector disk can be thought of as a pie whose
wedge-shaped sectors are permanently assigned. Their
sizes are uniform and unchanging.

On the Z/H-89 system the standard 5.25-inch disks
use ten hard sectors. To identify the position of each sec-
tor on the disk surface, there are ten (sector) holes in the
disk, spaced equally in a ring that surrounds the central
drive hole. As the disk spins in the drive, a light-emitting
diode (LED) sends a beam of light through the holes, while
a light-sensitive receptor keeps track of the flashes that
result. This hole-positioninformation is used todefineand
identify the sectors.

Between two of the sector holes, an extra hole has
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been made: thisiscalled theindexhole, andittellsthedisk
controller that the “next" hole to appear is the one cor-
responding to“sector one.”" The diskcontrollerneedsthat
information to create a unique "address” on the disk for
the data located at each sector.

On the standard Zenith and Heath disk drive, there are
40 tracks(i.e.,, concentric rings) around the drive hole. The
recording head is positioned to read or write to each of
these tracks through an opening (the head accessslof) in
the protective cover. The 40 track disk is often called “48
tpi” for 48 tracks per inch, but since the effective surface
(that portion of the disk that the drive head can read and
write) is less than one inch in length, only 40 tracks are
available for data). With ten sectors, there are 400 track-
sectors available for data. Each track-sector holds 256
bytes, so the whole disk, when full, will hold 102 Kbytes.
For“housekeeping” purposes, however, the disk-control-
ler needs approximately 12 Kbytes of the available space
for the recording of “index” information, so the actual
storage space available to the user is 90 Kbytes.

Thisapproachtocreating sectorsiscalled hard sector-
ing because the size of the sectors is fixed by the sector
holes in the mylar disk, and can not be changed.

SOFT-SECTOR DISKS

On 8-inch disk drives, and on the Z/H-37 5.25-inch
drives as well, a different method of sectoring is used.
Rather than locating each sector by reading a series of
sector-locating holes, another methaod, called soft sec-
toring, is under the control ot sophisticated software that
resides in a ROM on the disk-controller board. A soft-sec-
tored disk has only one hole—the index hole. Everysector
is created as it is needed by a sensing circuit that calcu-
lates the speed of the disk from the timed appearance of
lightthrough the indexhole. Whileitistrue that soft sector-
ing makes more efficient use of disk space, it is achieved
by a greater reliance on housekeeping—therefore, there
is actually slightly less storage available on a soft-sector-
ed disk than there is on a hard-sectored disk of the same
size and density. After formatting a user can store up to
about 80 Kbytes on a single-side, single-density disk.

Thereisno“standard” for5.25-inch disksasthereisfor
8-inch disks. In the 8-inch size, single-density, soft-sector
recording was standardized by IBM in their 3740 format.
In the 5.25-inch market the most common recording
method is considered to be single-density, soft-sector
recording. One advantage of using soft-sector recording
is the ease with which disks can be transferred from one
system to another (more on this later).

DENSITY

There are ways to increase the storage capacity of a
floppy disk. Besides recording on both sides of the disk
(using a double-sided disk drive, notflipping the disk over),
the most common method increases the density of the
data recorded on each track, and less frequentlyagreater
number of tracks are used. The first method is usually
called double-density recording, and the second method
is called double track density.

Aswe have mentioned, about 80 Kbytes can be stored
on a single-sided, 5.25-inch soft-sector disk, with normal
recording and track density. By increasing the recording
density (to double density) 161 Kbytes are available, and
by further increasing the storage area by doubling the
track density (to 96 tpi) the available space is 322 Kbytes.
By using the Z/H-37 disk controller card, the standard



Z/H-89 can be upgraded to accept disks with 161 Kbytes
of storage on them. By adding the external cabinet with
Z/H-17-4 (Tandon) drives, each external drive (operating
with double-density recording, double track density) can
store 322 Kbytes. (These drives will not operate properly
inside the Z/H-89 cabinet.) The Z/H-17-4 drives will also
record on both sides of the disks at the same time without
removing and “flipping” the disk over. Using the drivesin
this mode—double-side, double-density recording, and
double track density—each disk will store 640 Kbytes.

STANDARDIZATION OF DISK FORMATS

Unfortunately for the users of 5.25-inch disks, there is
no industry-wide standard for track- or bit-density, and
hence no way to guarantee that a disk recorded on one
computer system can be read by another. However, the
mostcommon recording format is single-side, single-den-
sity (8S/SD), 48 tpi, using soft-sector indexing. And since
the most common operating system is CP/M, a disk re-
corded under CP/M in a SS/SD, 48 tpi format will most
likely be compatible with a similar system.

For 8-inch diskettes, however, the IBM 3740 single-
side, single-density standard exists. Any computer (in-
cluding Zenith and Heath systems) which has a disk con-
trollersupporting SS/SD 8-inch disks(and using the same
operating system), will be able to read to and write from
those disks. This is why most software for microcom-
putersisdistributed on 8-inch SS/SD disks. Zenith/Heath
owners are advised to check with a vendor before pur-
chasing software ona 5.25-inch disks; manyvendors offer
Zenith/Heath format disks, but not all of them do.

TESTING THE ROTATIONAL SPEED OF THE DISK

A 5.25-inch disk should revolve at 300rpm in a normal
disk drive. To verify that the speed is correct, Zenith has
builtinto every Z-89 and Z-90 a test program that resides
in the monitor PROM. To initiate this test routine:

1) Remove all disks and SHIFT-RESET.

2) Insertablank disk into the on boarddrive. If the disk has data
stored onit, that data may be altered orlost as a result of this test.

3) Type G (go), and the numbers 7372, and hit RETURN.

4) The computerwillnow run the rotational speedtest. Itwill dis-
playonthe screenanumberbetween 166 and212.(Thisisnotthe
RPM; it is an octal number representing the RPM.)

5) The optimal reading for thistestshould be “200," withan ac-
ceptable range of between 176 and 202.

6) Adjustments of the rotational speed are made by “fine
tuning” the adjusting screw (its position is indicated in
Zenith/Heath literature). If you are unsure about making this ad-
justment, refer the procedure to an authorized service tech-
nician.

System testsoftwareis
an important aid for
ardent users and sys-
tem technicians. This
screen lllustrates an yerking
extensive memory test
program supplied with
Magnolia Micro-
systems' 128-Kbyte
disk-emulator. The
program exercises the
MMS board and ver-
Ifles system operation.

bisk drive ul.ﬁ:h-iﬁ-ﬂ il
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The monitor program
contains a test to
check the rotational
speed of the onboard
disk drive. The drive is
within normal toler-
ance if the displayed
number fails between
176 to 202. Qutboard
drives must be
checked with other
system test software
(e.g., TEST17.ABS).

ADDITIONAL DIAGNOSTIC SOFTWARE

In addition to the memory test and disk-rotational
speed tests that are built-in the Z/H-89 system, a usercan
perform several diagnostic tests by running special
software. System test programsare available from several
sources; some can be purchased from software writers
(see appendix), others are available at no charge from
Heath bulletin boards (over the telephone), and some are
used by Zenith/Heath technicians (these may be difficult
to locate, but personnel at your local Zenith or Heath
repair centers may be able to help).

These software tests come in various forms (depend-
ing on the source, author, etc.). We present the following
list as areference to some of the diagnostic software that
is currently available. These programs can help the
knowledgeable user locate some malfunctions, and
determine if the problem resides in software (user
programs) or hardware (CPUB, TLB, disk drives orcontrol-
ler, etc.).

Test programs are usually written in machine lan-
guage, and often run under HDOS. They are presented
here by program names (which may vary, depending on
the source) and will be followed by the "ABS" (if HDOS) or
“COM?"” (if CP/M) extension.

CRTAD is used to adjust the CRT display. The video
board is displayed in a graphic representation, with its
controls identified. A “ruler” is displayed, for setting
height, width, centering, focus, and brightness; and a
“grid” Is used to adjust for geometric distortions.

ESCAP runsseveral escape-sequencesasawayofen-
suring that the terminal logic board is operating properly.
The operator answers "Y or N questions” that are dis-
played. Computer “errors” are listed at the bottom of the
screen.

KEYBR checks the operation of the keyboard. Failure
of this series of tests indicates a failure of either the key-
board itself or the terminal logic board.

Z89CP contains nine separate tests of the CPU and
serial I/0 boards. All nine run automatically.

RAMTST checks the RAM chips associated with main
memoryandfloppydisk. Like the users“walking bit" inter-
nal test, a series of data patterns is written to each pos-
sible memory location and compared with what is read
back. Several versions of this test are available.

TEST17 is a series of tests that check the operation of
the disk drive (both the internal and external units). This
test program (TEST17) is designed to test hard-sector
units, while other versions (TEST37 and TEST47) will test
soft-sector disks and drives. These programs are sup-
plied with HDOS and are very helpful to the userin diag-
nosing disk drive problems.
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One reason for the success of Zenith/Heath compu-
ters has been the ingenuity and resourcefulness of their
customers. In this chapter you will meet some of them:
people from many walks of life—not just computer “hack-
ers"—who have developed their own uses for these ver-
satile machines.

REAL ESTATE APPRAISALS

“The computer was an effective tool for writing narra-
tive reports, so we developed our own software for
processing forms,” says Richard Heyn, of St. Joseph,
Michigan, whowaorks notfarfrom the Heath factory. Anap-
praiser and consultant who is not a broker himself, Heyn
faced a dilemma a few years ago.

“Most appraisals of single-family dwellings in this
country are made on the Federal National Mortgage As-
sistance (FNMA, or 'Fannie Mae') form 1004. Either we
had to enlarge our staff ordevise an alternate means of in-
creasing productivity without sacrificing quality. At that
time, we extensively researched microcomputersystems,
with primary emphasis on word processing and on
‘Fannie Mae' forms capability,” he says. “We found that
nearly all systems offered word processing, but we were
unable to find anything in an affordable system with
software for the FNMA 1004 form.”

"About 50 percent of the narrative forms are boiler-
plate, and some of the word processing systems were of-
fered as having forms capability, but we learned that this
basically amounted to tab setting, with no math functions,
automatic defaults to common words, storage of com-
monly used phrases, etc. We finally decided to buy the
highest quality hardware in our price range and have our
own software developed.”

Heyn decided on a Zenith Z-89, with the Z-37 floppy
disk system and a Diablo 630 letter-quality printer. His
software is written in Microsoft Basic, and runs under
HDOS; it is compatible with Electronic Typing, the word
processing package, and was so useful in his appraisal
business that he became a consultant to others, and a
dealer for the hardware and software as a turn-key
package, which he sells for under $7000.

The FNMA forms program includes the ability to
retrieve commonly-used phrases and comments, auto-
matic defaults to typical responses, math functions for
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Using his Zenith computer, Richard Heyn has developed a
program thatcanfilloutthefederal FNMA 1004 (Fannie Mae)
form used for placing a value on real property.




either initial calculation or as a check against figures
computed elsewhere, error-trapping routines, and auto-
matic reentry of recurring data. The program iswidely cus-
tomized for individual customers' needs, Heyn says.

“Youdon'thavetobe aprogrammertouse thissystem,”
he insists. “The software has been designed with the user
in mind. Menus lead you through the process.”

Theaccompanying sample form 1004 shows several of
Heyn's innovations. The page is from the “Valuation Sec-
tion,” an estimate of a property's market value. The
paragraph-length texts are boilerplate comments, ex-
plaining how the evaluation was made; since they are
standardized, each hasbeenassignedacode numberand
the user canrecall them by typing the code, instead of the
whole text.

In the column labeled “Subject Property,” the address
and description of the house are items which have ap-
pearedonaprevious page oftheform,and socanbecalled
backforinclusion here. The repetitive task of entering the
word “similar’ in the adjacent three columns is an
automatic default option for the personfilling out the form.
The numerical values, such as the last entries in each
column, were computed by the math functions of the
program.

“We also offer database management and accounting
software,” says Heyn, “and have some interesting finan-
cial and statistical programs in progress. We've just intro-
duced a program that will sort and link comparable sales
data with the FNMA program.”

HEARING TESTING

Oto-Data, Inc, of Atlanta, Georgia, has converted the Z-
19 into a hearing-testing device. Instead of a disk drive
next to the screen, Oto-Data has mounted a narrow paper
printer; earphones emerge from a rear port.

The Audiometric Computer Model AC 2001 automati-
cally administers a hearing test to a subject, using stand-
ard clinical procedures. The progress of the test can be
monitored continuously on the CRT screen, asthe compu-
ter “walks" the tester through the subject's interview and
validates all entries of data. Standardized audiometric

Oto-Data, Inc., adapts a small printer into the disk drive
openingandinstalisaspecialaccessoryboard sothe Z/H-89
canbeusedtotestforhearingimpairments. Tonesofvarying
frequencies and intensity are sent through the earphones,
and as prompted bythe CRT, the testsubject presses certain
keys to respond. The test results are recorded by the printer.

P.K. Systems offers a time-billing program for attorneys; It
requires a Z/H-89, at least two disk drives and a printer. The
package Is designed for a small office with two or three
attorneys. P.K. Systems also offers a Docket Control System
that keeps an attorney or legal secretary apprised of
upcoming court appearances.

procedures are repeated for each threshold of hearing.

TotheZ-19, Oto-Data hasadded a printed circuitboard
that operates the audiometer; their software resides on
six 2K PROMs. The board is mounted in the place where
the Z-89 board would be fitted. The AC 2001 can use
software availableforrecordkeepingandisalsousableas
a normal computer terminal for other business functions.

Besides being printed on paper, the results of the hear-
ing tests are sent through the RS-232C port and can be
copied ontodisk or tape, or shared with alargercomputer.

ATTORNEY’'S OFFICE MANAGEMENT

“We got into the Zenith line through the back door,
while we were a software house for Digital Equipment Cor-
poration (DEC). The Z-19 is a great emulator for the DEC
VT-52 terminal,” admits Patrick Kauffold, of P.K. Systems,
Bloomington, lllinois. “We could practically put in two Z-
19s for the price of one VT-52; the performance is really
outstanding.”

Now, with a major commitment to Z-89s, his software
helps manage many busy law offices. The time billing
program is written in Microsoft Basic, Kauffold says, “be-
cause it lets us write fairly structured programs, and cut
down on the testing time.” With three single-sided, hard-
sectored, 5.25-inch disk drives, a small office of two to
three attorneys can be easily managed. Using soft-sec-
tored 5.25-inch or 8-inch disk drives will vastly increase
the number of time records that can be stored and the bill-
ings that can be computed.

P.K. also offers a Docket Control System, which is a
calendar program for reminding (or “tickling”) the attor-
ney or the legal secretary of court dates and ap-
pearances. "It works like a 3x5 index card file,” says Kauf-
fold, “when somebody looks at each week’s list. It might
say, for instance, ‘statute date minus 10, meaning that
ten days remain to file a brief before a statute of limita-
tionsexpires.The programalsoincludesawaytocheckon
conflicts of interest. It searches the previous dockets that
the attorney handled and makes sure he or she didn't
represent the opposing party on some previous occa-
sion.

“Eventually, of course, we want to integrate that kind of
calendar program with the time billing program, and make
the same technology available to other professionals,
such as accountants.”
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The Datamedic Sys-
tem 500 is a localized
timesharing system
for doctor and dental
offices. It utllizes
standard Z/H-19 term-
inals that allow the Iin-
dividual offices to
communicate with the
main computer
system.

DOCTORS’ PATIENT/PRACTICE
MANAGEMENT SYSTEM

The Datamedic System 5000 handles data entry and
retrieval for the offices of doctors or dentists. It is a
timeshared computerservice which placesaZ-19 ateach
office site, coupled with a large, hard disk drive, anda dot-
matrix printer for record-keeping.

In a typical installation, the system handles recalls, in-
surance claim preparation, 15-month ledgerlookups, day
sheets and deposits; it also determines doctor produc-
tivity and improves monitoring of cash flow. The CRT dis-
play shows a summary of each patient's data in the top
third, and activityareasinthecenterwhicharefilledinline
by line; the bottom third of the screen can display tutorial
instructions for new users.

Formats are provided for adding patients, determining
charges, responding to patient questionsfrom the ledger,
and reviewing insurance claims. Computer-to-computer
communication permits claims to be submitted directly to
the insurance carrier. The Datamedic main system polls
the local systems during off-hours.

HELPING THE BLIND TO READ

Using Z-19 terminals, Triformation Systems, Inc., of
Stuart, Florida, helps blind and visually impaired people
gain access to databases. An audio speech device con-
verts text into sound.

The Free Scan Speech Terminals (FSST) are interac-
tive computerterminals thatdelivertheiroutputinaudible
form. A blind operator can call up “pages” of information,
and scan or review them horizontally as well as vertically.
Varying audible signalstellthe operatorwhere he orsheis
on the “page.”

When specific data is located, the terminal verbally

The Z/H-19 has aiso
been modified to as-
slst blind and visually
impaired people. The
Triformation system
shown here produces
an audible represen-
tation of data or key-
board Input.
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reads out the information at a rate which the operator has
selected, and which can be increased as practice and ef-
ficiency permit. A speaker, mounted in the space where a
disk drive is normally installed, delivers the text eitheras
full words or as spelled-out words, letter by letter.

The numerical keypadis the operator'stoolforaccess-
ing data. When not used for number-keying, it can be
shifted into a cursor-control unit: up, down, left, right,
home, previous word, present word, and next word are its
options.

Theirequipment has provided jobsand educationalac-
cess to blind students, programmers and clerical people.
Coupled with peripheral equipment they also make, Tri-
formation’'s FSST terminals can also translate text into
braille.

UNDERSTANDING THE HUMAN VOICE

Interstate Electronics Corp., of Anaheim, California,
makes voice-recognition products for office and factory
automation, word processing, computer-aided design,
building security, toys and games, order entry, ap-
pliances, and other applications that its customers want.
“Tell us your needs and we will meet them,” its flyers
proclaim.

With a 48 Kbyte RAM Z-89, CP/M, and one buiit-in disk
drive, Interstate’s Voice Recognition Terminal, VRT 101,
provides direct voice interaction with software through a
100-word vocabulary. That capability comes from a voice-
recognition module (VRM): a printed circuitboard whichis
connected to the Z-89 through one of the RS-232C serial
ports.

The VRM contains a special chip that analyzes incom-
ing sound, converts it to computer-recognizable digital
data, and creates a “template” for each vocabulary item
desired. Newsounds are thencompared with those stored
in the templates and the Z-89 rejects those which do not
sufficiently agree with the utterance previously stored.

Conceptually, the VRM sits between the keyboard and
the computer's CPU, so the input to the CPU is ASCII
charactersfrom the VRM. Any words or numbersthat form
an utterance of 1.5 seconds or less can be spoken, and
converted by the VRM to ASCII characters.

Voice recognition on the Z/H-89 is particularly useful
fordata entry, reducingtraining time for new users, and of-
fering freedom of hand movement for other tasks.

Interstate Electronics Corp. gives the Z/H-89 the ability to
understand human speech or other sounds. An accessory
componentinstalled in the Z/H-89 compares sound coming
through the microphone with phonic representations stored
in memory; if they match, the computer performs a pre-
determined function.



it doesn't seem possible that an average
person can build a sophisticated digital com-
puter from a kit. Afterall, the word computer
has sacred overtones, and most people are
intimidated by the image of an Immensely
expensive machine housed In a surgically
clean room. In this light, a “kit computer”
sounds like a toy, butnothing could be further
from the truth.

The computer world has changed drama-
tically in the last few years, and before long,
computers may be viewed as common house-
hold appliances. Millions of people are
beginning to realize the velue of a new breed
of computer—the microcomputer. These
compact, Inexpensive, yet powerful ma-
chines are being purchased by thousands of
individuals, for a thousand different reasons,
and as the Computer Revolution continues,
buildinga smallcomputeronthekitchentable
may become as common as baking a cake.

Building a computer is currently a littie
more complicated than baking a cake, and it
takes longer, but it's not as difficult as it
sounds. Heath was the first company to sell a
“usable” small computerin kitform, and their
long-established reputation for engineering
and customer support makes such a project
ontirely feasible for even a beginner.

Butwhya' Heathkit?” Whywouldsomeone
want to assemble a computer from a pile of
parts. There are many reasons: an urge to
lsarn “what makes it tick,” a desire to save
money, or the opportunity to have some fun!
That's right, fun. Building a Heath computer
can be an enjoyable and educational exper
lence. The assembly manuals are superb, all
of the parts are high quality, the procedures
are not difficult, and the Heath company
virtually will not let a kitbuilder fall. If un-
expected problems overcome the bullder,
Heath can—and does—provide national and
local support through their network of Heath
Electronic Centers.

Nonetheless, it is hard for many people to
Imagine what it must be like to put togethera
computer kit. To give readers an overview of
the procedures, we presenthere anlllustrated
gulde to “building a computer from little
brown paper bags.” It isn't as difficult as it
sounds. Havealook. Who knows, inafewdays
you may be at the kitchen table, amidst
strange-looking gadgets and wisps of smold-
eringsolder, assembling yourown*‘ personal”
computer.

(1) The kit is complete
with all of the parts re-
quired to bulid a func-
tional H-89. Small
parts—screws, nuts,
resistors, etc.—are
collected in brown
paper bags to prevent
loss. The bags are
opened as needed,
generally one foreach
subassembly.

(2) itisbestto work atalarge table. Before you begin a series of subassemblysteps,
scan the instructions and become generally familiar with the major components
and assembly sequence. Some subassemblies use many small parts and it is
surprisingly easy to mislay tiny pieces. If you follow the instruction implicitly and
work carefully, the assembly will proceed smoothly.

® “/5

{3) The assembliybegins with the base of the cabinet. Brassinserts mustbe Installed
in the base, providing anchoring points to secure the major subassemblies to the
base. The inserts (left arrow) are heated with a soldering pencii tip and slipped into
place (right arrow).

129



(4) Over 40 brass inserts must be installied In this manner.
Whentheseinserts are heat-welded into the plastic base, they
provide solidanchorsforthesubassemblyfasteners. Here the
soldering pencilis heatingan insertforthe uppercabinetlock-
plate mount.

(5) The lockplate assemblies for the cabinet cover are in-
stalled next. The threads in the brass inserts are coated with
Vibra-Tite sealant. This compound will lock the screws in
place, and once positioned, they will not vibrate loose or re-
quire further adjustment.

“TINTATEA

{(8) Each cover lockplate assembly consists of three slide
plates and two hold-down screws. The latches have return
springs, andwhenthecomputeriscompletelyassembled, the
covercan be latched in place byapplying a modestdownward
pressure on the top.

(7) 1t is necessary to
make up several ca-
bles during the as-
sembly. Spring
terminals are crimped
and soldered to the in-
dividual wires, which
are then assembled in
the connector shell
{arrow) to form a multi-
terminal cable con-
nector. This cable is
used primarily for
electrical distribution
between the internal
clrcuit boards.
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(8) Proper soldering techniques must be developed to ensure

reliable electrical connections. The solder should flow

smoothly over the connection and have a shiny appearance
when hard (cold solder joints have a dull surface sheen and
can cause electrical problems). The instructions clearly ex-
plain basic soldering techniques, and the first-time builder
should practice before beginning the final assembly (extra
solder is provided for this purpose).

(9) The powertransformer{arrow) is mounted to the baseplate
and a braided ground connector is constructed. The braided
lead is partof the RFI (radio frequency interference) shlelding
buliitinto the new H-89 models. These measures substantially
reduce radlo and television interference.

(10) The RFi ground lead is attached to the powertransformer
and the transformer leads are routed across the baseplate.
Theleadsdisappearingintothe hole(arrow) connecttothe AC
(power line) chassis.



(11) The rear chassis piate and brightness control (arrow 1)
and a 1500uf capacitor(arrow 2) is installed on the baseplate.
The RFI ground braid is connected to both the capacitor
mounting clamp and the rear chassis plate.

e — e
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(12) The next step Is to assemble the AC chassis. This small
subassemblyhousesthe ACline cord plug, on-offswitch, 110-
220 switches, and fuse assembly. The line cord plug contains
a transient supressor (arrow) to reduce problems caused by
electrical irregularities in the power line.

(13) Once the AC chassis components are mounted, several
shortinterconnecting wires must be crimped and soldered in
place. Whereanadditionalwirewillbelaterconnected, theas-
semblymanualnotes“NS” for'“notsoldered.” Thismeansthe
connection should be crimped and not soldered at this time.

{14) The finalconnectionstothe ACchassisaretheleadsfrom
the power transformer. The completed unitistheninstalledin
the baseplate, shielding the hazardous AC line voltage from
accidental contact.

(15) The next project Is the power supply. All of the com-
ponentsforthissubassemblyare located and organized (note
that a plastic egg carton is being used to hold the small parts).
The powersupplyis one of the three circuitboards(arrow) that
mustbe assembled bythe builder. Itisasimpleboard tobuild.

(18) The power supply
components (capaci
tors, diodes, and
plugs) are Installed on
the circuit board. Most
of these components
mustbe oriented inthe
proper direction (note
the banded ends of the
diodes}, but this is
carefully detalled In
the assembly manual.

(17) After the com-
ponents are installed
and soldered in place,
the excess leads are
cut off. Using a small
pair of diagonal cut-
ters makesthisjobvery
easy (although eye
protection should be
worn, as the wire leads
can shoot off in any
direction).
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(18) The power supply heat
sink and interconnecting
cables are assembled next.
Three integrated circuits
mounted on the heat sink
(arrow 1) are the equivalent of
several hundred discrete
components, and regulate
(with high accuracy) the DC
voltages that power the com-
ponents inside of the H-89.
The circuit board that was
assembled in the previous
step (arrow 2) is mounted on
the heat sink.

{19) The finished power
supply (shown here mounted
on a completed computer) is
tested for proper voltage
levels before the assembly
proceeds. A faulty power sup-
ply could damage the integra-
ted circuits on the complex
CPUandterminallogicboards
that are installed In later
steps.

{20) Next, the builder must
locate and identify all of the
parts for the video circuit
board. This is the most dif-
ficult board that the buiider
must actually put together.
The most important and com-
plex boards—the CPU and
terminal logic boards—are as-
sembled and tested at the
factory.

(21) Parts are installed and soidered to the video board in
groups. Here the resistors and diodes have been installed.
Thecircuitboard clearlyindicates the position of all parts with
either the part number or value of the component.

(22) After the resistors and diodes have been installed, the
next group of components—the ICs, transistors, and capaci-
tors—must be located.

(23) When most of the resistors, capacitors, diodes, and ICs
have beeninstalled, thevideoboardisaimostcompiete. The
assemblytime spentonthevideo board tothis pointisabout
1-2 hours.



(24) All components have been installed on the TLE, except
those that will mount on the aluminum heat sink (next step).
The video driver circuit board (small board in the lowerleft) is
alsoassembled. The plugthatattachestotherearofthe CRTIs
soldered to this board (arrow).

(25) Here Is the completed video circuit board. The final as-
sembly includes the driver transistors and flyback trans-
former (arrows) on the aluminum heat sink.

(26) This is the serial interface board, connecting cables, and
hardware. This board is supplied assembled and tested. The
connecting cable assemblies are removed from the package
and used in the next step.

(27) The serial interface cables are installed in the three siots
provided at the rear of the baseplate (arrows). During the rest
of the assembly, the computer will begin to take shape as
subassemblies are added to the baseplate.

(28) Here the videocircuitboard and videodriverboardsarein-
stalled in the baseplate (the video driver mounts on the
aluminum heat sink). The interconnecting cable for the key-
board (arrow 1) is routed underthe circuitboard. The CPUand
TLB circuit board supports are Installed (arrow 2) here.

{29) When the circuit board is mounted to the baseplate, the
RFI ground leads (arrow 1) are attached between the board
and the mounting bosses on the baseplate, providing a solid
ground connection for the video electronics. Power will be
supplied to the video circuit board by a cable from the power
supply (arrow 2).
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(30) Looking down the card guldes, itis easy to see the cables
routed to the rear of the cabinet. The RS-232C serial plug and
power-supply cables are directed around the left (as il-
lustrated) guide. The power-supplycablecontinuesalong the
back and around the right guide, where it will eventually be
connected to the CPU Board.

{31) Next, the CRT is attached to the front panel. This opera-
tion requires great care because the CRT neck (arrow) is
fragile and can easily be broken.

(32) Finallythe computeris beginning totake shape! Thefront
panel and CRT assembly is instalied in the baseplate, routing
the RFI-ground and keyboard-cable leads through slots in the
lowerpanelassembly. Thedeflectionyolkand CRT neckplugs
are also installed (arrows).
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(33) The CRTinstallation includes a ground wire (arrow) thatis
held in contact with a conductive coating onthe outside ofthe
tube back. This drains away static charges that would other
wise affectthe sensitive electronicslocated in close proximity
to the CRT.

(34) The terminal logic board is installed in the rear card
guides. Ashortjumperconnectorand cable({arrow) willsupply
powertothe TLB fortheinitial checkout performed in the next
few steps.

{35) The terminal logic board has two DIP switches—SW401
and SW402—that control the configuration of the terminal
section These switches (arrows) should be setas indicated In
the instructions.



(38) The power Is now applied to the computer, without the
CPU board in place. This allows the user to verify power cable
connections and to perform video board adjustments (to tune
the CRT display). Note the screen displayis too shortand the
background is not dark enough.

o=

(37) Afterthe adjustments on the video board have been com-
pleted properly the display fills the screen and the back-
ground (raster) is dark. So far...so good!

(38) Power is now turned off and the remaining assembly is
performed. The interconnect cable between the TLB and the
CPUB is instalied at the rear of the TLB (arrow 1). The floppy
disk drive accessorycable is temporarily positioned outofthe
way (arrow 2).

(39) The floppy disk drive Is Installed next. It comes in a
separate box with accompanying hardware. Speclal shield-
ing is included (arrow) that permits reliable drive operation
next to the CRT.

(40) After the floppydrive and shielding are installed, the CPU
board Is slipped in front of the TLB and the power cables are
connected. The floppy disk controller and RS-232C saerial
cards are plugged intothe accessoryconnectionsontheright
side of the CPU board.

(41) Here Is the finished computer. And, yes, it did work
properly the first time! As a matter of fact, these words were
written on the H-89 pictured here (with Heath word process-
ing software). The totalassemblytime wasabout25hours, but
this will vary, depending on the builder, between 20 and 30
hours. Compared to a simiiar factory-assembled unit, this kit
H-89 was about $1000 cheaperl
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ASSEMBLING THE HEATH H-25 PRINTER

{1} Despite the intimidat-
ing bulk of the shipping
cartons, the Heath H-25
printeris not a difficult kit
to assemble. As in the H-
89 assembly, the maincir
cuit boards (arrows),
which contain the com-
plex electronics, are as-
sembled and tested atthe
factory. Most of the as-
sembly procedures in-
velve mechanical com-
ponents (nuts, bolits,
etc.).

{2) The kit is accompan-
ied with Heath’s excel-
ient documentation, and
once the primary com-
ponents have been iden-
tified, the assembly
begins with the control
panael circuit board. This
board is the only elec-
tronic assembly required
in the kit.

{4) The control panel sandwiches the circuit board between
the top plate (with control descriptions) and the lower mount-
ing bracket. In the finished printer, the attractive panel is ac-
cessible through an opening in the acoustic cabinet.

{3) The main components are mounted to the board. They
comprise a series of pushbuiton switches, two integrated cir
cuits, and several LEDs (light emitting diodes). The ribbon
cable (arrow) connects the panel to the main electronics.
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{S) The mechanical assembly begins with the printhead car
riage. Organizing the parts is especially important with a kit
that uses many small screws, nuts, washers, clips, pins, and
specialized components.



(6) The carriage assembly is a
base for the matrix-wire prin-
thead (installed on the carriage
inalaterstep). Printhead power
is supplied through a flex-rib-
bon cable (arrow 1), and an ad-
justment for the thickness of
multi-carbon paper forms is
provided (arrow 2) with an In-
dicator and scale (arrow 3).

(7) The printhead moves within
the carriage assembly, which
consists of precise supportsfor
the carriage, and suitable step-
per motors that provide car
rlage motion and recirculate
the continuous ribbon. Here
the printhead motor (arrow 1)
and ribbon motor (arrow 2) are
attached to brackets that com-
prise the carriage assembly.

(8) Here Is the completed carriage assembly. The printhead
stepper motor is mounted directly under the control panelon
theright, anddrivesthe printhead withatoothedbelt. Two.50-
inch diameter steel shafts (arrows) guide the printhead as it
moves across the paper.

(9) The next subassembly is the paper-drive unit, shown here
nearly complete. This assembly uses fouradjustable tractors
{arrows 1) to draw the paper through the printer. If the printer
runs out of paper or a paper jam occurs, the paper-out sensor
(arrow 2) halts the printer.

(10) The assembled paper-drive unit is mounted to a steel
baseplate that will also support the carriage-drive assembly.
The two subassemblies are mated together in the next step.
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{11) The carrlage-drive unit is attached to the baseplate with
two swivel mounts, permitting the carriage assemblyto tiltup
for paper instaliation. When lowered, two clips hold the units
together securely.

(14) Next, the power supply, carriage and paper-drive as-
semblies are Installed in the printer baseplate. The small har
nesses connect to various sensors located in the subas-
semblies.

el
-
¥E :

(12) The final subassembily Is the power suppiy and elec-
tronics cage. This unit will house the three circuit boards that
control the H-25. Once again, assembly begins with parts
identification and organization.

\| ey
e
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(13)The powersupplyisassembled in one end of the housing,
including a cooling fan (arrow 1) that draws air across the cir
cuit boards (the three circuit board guides are visible on the
fan mounting bracket). The harnesses withconnectors(arrow
2) are pre-assembled by Heath; they will be connected to the
circuit boards in a subsequent step.
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(15) When the powersupplyand cables are Iinstalled, the main
circuit boards are slipped in place and the powersupplylines
are connected. Atthis point, a test (with an ohm meter) is per
formed to ensure proper wiring of the AC lines and circuit
ground.

(18) Final adjustments are made, and a‘“power-on’' testisper-
formed. Note that the ribbon passes between the ribbon
guldes (arrow 1) and the ribbon shield (arrow 2). This Is effec-
tively prevents the ribbon from smudging the paper. Prin-
thead-to-platen spacing is also adjusted with the lever (arrow
3) using the pointer as an Indicator (arrow 4).



(17) The next two adjustments are interrelated, and Iif they are
not completed properly, paper will not feed straight or
reliably. The knurled knob (one is located on each end of the
printerdriveassembly) centersthe punched holesinthepaper
with the pins in the upper tractor drives. Rotate the adjust-
ment until the paper holes are centered on each end, if the
range-of-adjustment is inadequate to center the holes, the
next step is required.

(18) Since the paper is grasped by four tractors, adjusting the
space betweenthe uppersetoftractorsandthelowersetisim-
portant. This adjustment is made with the adjustment knobs
{as Indicated in the previous step). If insufficlent travel Is
provided by the knobs, center the knob adjustments, loosen
the set screw (arrow) and manually move the upper tractor
shaft to center the drive pins In the paper holes. When com-
pleted, retighten the set screw.

(19) After these adjustments, the printer configuration
switches (arrow) and all connecting cables should be re-
checked. The printer is then ready for paper and a full power
on test.

{20) Power is applied, and the printer is instructed to perform
the internal self-test routine. And, it works! The entire charac-
ter set of the H-25 Is printed (as part of the self test), as the
bullder watches (hopefully, with a self-satisfied smile}.

{21) Attera few minutes of final assembly, the completed H-25
printeris readyforservice. Thisis aninterestingkitthatcanbe
assembled by anyone with basic mechanical skills. Assembly
time is slightly less than the H-89; varying between 20-30
hours, depending on the builder.
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INDEX

8-bit, 6

8-bit processor, 37
16-bit, 8

18-bit, processor 37
8036, 39

8080, 8,13,17,43,51
8085

8088, 39,43,44
89-Star, 81

—A—

sbsolute binary source (ABS), 47
sccounting, 127

accounts payable, 87

accounts receivable, 87

ACE, 30,31,123

acoustic-coupled modem, 33,108
address (in RAM), 119

address buss, 119

ANSI sscape-sequences, 27
snswer/orlginate switch, 110
anti-giare screen, 91
anti-static mat, 113
applications program, 17,19,45
arrows (cursor control keys), 28
lﬂCll 28,72,74,77,1090,128
lphy (test), 1 20

(keyboard mode), 40
Ashton-Tate, 70
assembly language, 75
Audiomsetric Computer, 127

—

BACK SPACE key, 20
backup (copy}, 86
banks (nl RAM chips), 118
Baslc, 12,23,70,71,78
-Bﬂ, 43,54,88,71
-80 compller, 71
-85, 43
Baudot code, 77
baud rate, 41,83
Benton Harbor Basic, 75,79
bi-directional pl'!nﬂltl. 99,101,102
binary code, 1
BIOS (basic lnpuuoulput sys), 89
bit, 15,121
blind (reading aids for), 128
blue box, 111
BNC connector, B4
bollerplate, 57,128,127
Boot (command), 46
(monitor program), 118
bootstrap, 46,118
braille, 128
BREAK key, 29
breakout box, 111
buffar, 00.01 R 14
bo-r:l.
bug, B
bulletin boum. 125
burn-ln.

buss, 4&:

wsstmwmn, 80
bye, 51

byte, 15,60,119,121,122

—C—

cable, 103,107,108,110
coaxiai, 94
interface, 104
cache memory, 88
CAPS LOCK key, 20
cassette recorder, 8
cassettie tape, 120
CAT, 50
HDOS flle catalog, 48
modem, 108
catalog, 48
disk, 80
cathode ray tube, see CRT
CBasic-2, 72
central procesing unit, ses CPU
Centronics printer, 41
character printer, 88
chamw” nerator ROM, 28
©
clrcuit boards, 11,894,112
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C. Itoh, 88,100
Clark Systems Corp, 65
clock cycles, 118
Cobol, 71
-80, 72
columne {on CRT display), 25
command files, 75
syntax, 68
complier, 70,71
cﬁmmu video generator, 83
n (of sp g), 83
Compullnk CQrp. 92
CompuServe, 35,55,73
put f ing, 34
Condor DBMS, 44,61,89,75
CONFIGUR, 52,82,08,108
continuous-form paper, 100
CONTROL (CTRL) key, 27,81
control-sequences, 27,
controller card, 41,81,87
co-processor, 4
copy flles, 48
Corvus, 88

8,
CP/M,12-13,21,45,46,51-53,80,07
-85, 43
-88, 44
origin zaro, 122
prompt, 22
Users Group, 55,90
CPMUG (CP/M Users Group), 80
CPS, 44,74
CPU, 7,8,12,16-17,79,90,02,
81-82,123
CRT, 10,16,81,122,125,128
controlier, 26
CRTAD (test), 125
cursor, 7,74
cursor control keys, 75
cursor, direct addressing, 7
cursor-oriented (text editing), 5
CW (Morse code), 77

—D—

dalsywheel, 88,101

data, 15,19

dstabase, 67,89
management, 87,78,127

DataCast Magazine, 34

Data Compass (disk drives), 87

data

disk, 47

file, 18,198,889
Datamedic System, 128
data separator circuit card, 41
DATE, 51
DB-25, 107

connector, 31,41,85

socket 111
dBase-ll, 61,68,80,70,75
DBMS, see database management
DC (deleta character) key, 30
DCE connector, 111
DDT {Dynamic Debuggling Tool), 74
debugging, 7,74
DEC (Digltal Equipment Corp), 12,48
decimal point (.) key, 30
dedicated (power) line, 114
default drive, 68
default option, 46,127
DELETE kay, 29
Delphi polling, 34
DESPOOL (software), 75,81
destination (in PIP}, 50
device driver, 89,83,97,101,111
Diablo, 98,99

630 (printer), 128
diagnostic test, 79,81
DIALOG, 35
Digital Research, 74,75,88
DiP

jumpers, 105

switch, 91,92,95,100,102,103
DIR (disk file directory), 47,52
dimmnnm modem. 1 10
a3
direct rnomory access, ‘42
directory (disk files), 45,46
disk

~controilar, 8,124

board {card}, 40,87,123

data formats, 19

de-blocking, 38

drive, 9,45,112,115,118,123

emulator, 78,88
file, 19
floppy, see lloppy disk
medis, B3
operating system, 8,9,45
upgrades, 81
DISMOUNT, 51
DL (delete line) key, 30
Docket Control System, 127

DOS (disk operating system), 8,118,120

dot matrix ,105

CRT display, 26

printer, 88,100
double-density disk controller, 8,82
DTE connector, 111
DTR (data tarminal ready), 95
DTR line, 87
dump, B
Dump (monitor command), 120
dynamic page break, 80
dynamic RAM, 118
Dysan, 83

—E—

EBCDIC, 27

echo (data from computer), 108
Ed-A-Sketch (software), 7
EDIT-19 (software}, 75
Electronic Mall, 34

Electronic Typing, 45,568,126
ENTER key, 30

EPROM chip, 120

Epson MX-80 (printer), 102,107
EP/Star, 61,1058

equals () symbol (in PIP), 50
ERA (erase), 28,53

ESCAP (test), 125

ESCAPE (ESC) key, 27
escape-sequence, 27,87
expansion buas, 39

extension (to filename), 47

.

F-10 (printer), 100,107
fan-foid paper, 89,100
fast-repeat key, 39
FDD 100-5b (disk drive), 123
female connector strip, 42
flelds, 89
FILE FIX, 68
fllename, 47
firmware, 24,34,101
flag character, 58
fiippies, 116
fioppy disk, 8,40,77,115,123,124
drive, 78,81,88
B-inch, 88
FNMA, 128
FORMAT (utility), 52
format
a disk, 46,48
text, 57,83
FOR/NEXT loop, 71
Fortran, 71,72
-80, 72
frames, 30
Free Scan Speech Terminal, 128
front panel, T
full-duplex, 108
mode, 24,25

—G—

general ledger, 67
GENERAL LEDGER Il, 85
Giltronix (RS-232C) switch, 107
GO (monitor command}, 120
GOsuB, 72
GOTO, 71,72
Graftrax, 104
graphics

bit-mapped, 38

color, 37,39
Graph-It {(software), 81
Graven Image (The}, 81
green display, 37
ground, 114

socket, 114

wires, 113
GTE, 34

—_H—
H-8,8,7,10,12,38,119
1

H-11, 6,10
H-14 (printer}, 97,101
H-17-1, B3
H-17-4 (disk drive), 83,88
H-18, 8,21
H-25 (printer), 44,138-139
H-37 (disk drive), 68
H-88-1, 88
{disk controller), 83
H-BB-7, 79
H-89, 8,9,21,44,46
H-80 kit, 91,128-135
H-100 kit, 44
haif-duplex, 108
mode, 24,25
handshaking, 97-88
hard copy, 65
hard dlsk, 86,88,112
driva, 78,81
hard-hyphen, 84
hlrd--outor, B1,82,124
Hayes, 110
HCA-4 (anti-glare filter), 91
HDOS, 12-13,45-50
enhancements, 89
handshaking, 87
2.0, 89
3.0, 43
prompt, 22,119
hearing testing, 127
Heath Company, 4
Heath Users Group, 12,13,35,565,80
HELP key, 39,56
help menu, 80
high bit, 15
high-level language, 70
HOME key, 30
HUG (see Heath Users Group), 76
HUGBB (HUG Bulletin Board), 35

1{s]
board, 84
decoder ROM, B8
lines, 111

r, 83,84
H: (disk drive}, 87-88
B

3740 disk format, 83,124,125
Personal Computer, 38,43
IC (Insert character), 30
IC, ase Integrated clrcult
IEEE-488 connector, 84
IEEE-898, 42
IF, 72
IF THEN, 71
IL {insart line) key, 30
index hole, 1
information, 15
INIT (disk initialization), 48
Integrated circuit, 78,81
Intel 8080, 38
Intel 8085, 38,99
intel BOBS, 38
Intelligance, B
Interfacing problems, 110
interiace (CRT display), 39
interprater, 70,71
Interrupt control ¢clrcuit, 82
Inm'rupt level, 98
Yy manag t, 87

Ilwlalbil disk (disk emulator), 78,88

_J_
jumper, 79,808,109
i

Kbytes, 78

Kesa (modem), 110

keyboard, 18,27,112
encoder chip, 24,113,123

M,
KEYBR (test), 125
key-link, 70
kays, 27
custom, 81
programmabile, 7
special-functions, 7



keystroke, 7
Kres Engineering, 84

—L—

latching key, 25
Leading Edge Products, 100
least-significant bit, 117,122

LED (light-emitting dicde), 111,124
letter-q e8

LINE FEED key, 29

line-oriented (word processor), 7
fines (on CRT display), 25

Link-80, 74,75

linking loader, 72

Iiteral file (word processor), 5,6,89
Load {monitor command), 120

low bit, 15

low profile, 368

LPMXB0.DUD printer driver, 103

—M—

machine code, 158
machine language, 47,70
MAC Macro Assembler, 74,75
Mecro-B0, 75
macros (command flles), 78
Maglc Wand (software), 58
magnoats, 115
Magnolia Microsystems, Inc, 87-88
Mall Merge (software)}, 61
maintenance (disk drives), 115
MBasic (software), 6,

71 ,72 75
MBS-BK {printer bu'l'hﬂ,

memory
expansion, 79
cells, 121
limitation of, 37
map, 118
-map decoder, 121
menu, 66,67,60,98,127
10

MicroPro International, 61,84,73,74

microprocessor, 8,10,15,868

Microsoft, 23,43,71,72,74
Basic, 87,71,75,79,126,127

minifioppy, 2

minus () key, 120

monitor/breakout box, 111

modem, 32-33,107-108
scoustic coupling, 33,108
direct coupling, 33,110

modula, 128

modules (software), 66,15

monitor (CRT), 10,34,83

the monltor program, 119-120
{ROM), 83,82,120,122,125
system monitor, 17

monochromsa, 83

Morse code, 77

most-significant bit, 117,122

MOUNT, 51

MOVCPM, 79,88

MP/M, B8

MS-DOS, 43

MTR-88 {monitor ROM), 120

MTR-89 (monitor ROM}, 82,119

MTR-80 (monitor ROM), 92,119

MultiPian, 44

Multiple General Ledger, 67

mutltiple-outiet box, 114

MX-80 (printer}, 104

_N—

nibble, 117

nolse (RFI), B3

noise (electrical), 114
Novation, Inc., 108,109
numaric keypad, 7,29
——

0/A-300 Data Sﬂtﬁm.m), 110

oft-line (mode), 24,25
on-line {(mode), 25

ONECOPY, 49

oops key, 28,60,75

operating system, 17,45,458,88
multi-user, 88

origin zero, 122

originate (mode}, 108

Oto-Data, Inc., 127

oxide, 8

—P—

P.K. Systems, 127
pagination, 83
paraliel
port, 32,34,41,82
transmission, 32,88
Pascal, 71,73
password, 68
mt;u, 70
Peachtree (programs), 44,85-87
Peari-1l, 72
PEEK, T1
pert-board, 7
peripherals, 7
phase-locked loop, 110
phone/modem switch, 110
PIE (software), 58,80
PiP, 50,52

fluctuations, 114

supply, 123
Practical Peripherals, inc, 104
prafix {to filename), 47
printer, 87,107,113

driver, 90,97

dot-matrix, 88,101,102

ng,

letter quality, 98,101

switching between, 108
printhead, 101
Printmaster (Mnhﬂ.
program, 11,15,19
Program Coumnr. 120
program generator, 72
programming switch, 82
PROM, 127
prompt, 22,46,51,88,75,119,120
property managemsnt, 87
protocol, 31,74,97,101
public domain, 77

——

quad capacity (disk), 83
quiet (electrical) line, 114
Qume Sprint 5/55 (printer), 08

—R—

RAM, 17-18,38,78-80,121-123
chips, 119
file, 19
test, 122
64K, 19
random number, 71
RAMTST (test), 125
REACH, 34,35,74,88
read errors (on disk}, 83
records, 89
reformat (text), 57
refresh (memory), 114
reinforcing ring, 118
relational database, 88
relocatable module, 72
REMark (magazine), 13
Remex, 86,97,88
REN command, 53
RENAME command, 51
REPEAT key, 29
RESET key, 28
RETURN key, 22,28,39,48,51,100,119
RFI, 83,87
RF modulator, 93
RND(X}, 71
ROM (read-only mmom 17,124
{system monitor), 1
RS-232C, 95,807,101, 100 110,111,127
cable, 1“
serial connection, 105
sarial interface, 30
sorial port, 31
switch, 108

RTS (request to send data), 95,97
RTTY communlications, 77

RUN, 51

run-time monitor, 72

~—

8-100 expansion buss, 42
SAVE, 53
SCROLL key, 20
sector holes, 124
self-tast mode, 108
serlel
interface, 104
Interface board, 102
Intarfacing (printer, 85
I/0 board, 123
port, 32,411,893
transmission, 31,05
SHIFT key, 28,29
SHIFT-RESET, 26,33,119
SID/SZID, T4
Slemens 2712 (printer), 105-108
sign-on, 109
single-density (disk), 86
single-sided (disk), 86
Smartmodem, 110
smart terminal, 33,38
soft-hyphen, 84
soft-gsector, 82
disks, 124
SoftShop (The), 89,080,102
SoftStuff, 12,658
software, 7,11-12,15,43,64,123,127
Software Toolworks (The}, 57-77,90-91
solder pad, 104
Sooper Spooler, 82,953,104
Sorbus Company (The), 89
Sorcim, 63
Bource, (The), 35
source (Iin PIP}, 50
SPACE key, 120
special-function key, 28,58
Spell {software), 64-85
Speliguard (softwara), 82-63
spelling/proofreading, 62
SpellStar (software), B3
splke (electrical), 115
split-octal numbers, 117,122
spooler

spreadshest, 55
Sprint 9 (printer), 89
8S/SD disk {format), 86
start bit, 31
Starwriter F-10 (printer), 89
STAT, 563
static RAM, 118
static electricity, 112-113,123
STATUS, 51
stop bit, 31
SUBMIT, 89
submit file, 89
Substitute (monitor command), 120
SuperCalc (software), 13,44,54-56,61
SuporSort (software), 81
Super Zap (software), 74
surge protector, 115
switch

401, 81

402, 81

501, 82
synchronous communication, 30-31
Supersysmod, 80
SYSGEN, 48,49,79,89

89

SYSOP (system operator), 35
system disk, 48,47

system Image, 52

system program, 19

syatem reset, 28

-

TAB key, 28
Tandon, 83,88,125
tape
cassette, 8
paper, 8
Tolemall, 34
telephone jacks {(modular), 110
teletype (teletypewriter), 7

terminal, 10,16,23,73,109,113
configuration, 9
loglc board, 24,91,120,123-125
logic ROM, 24,28
mode, 24
monitor, 24
monitor, ROM 24
processor, 24
TEST 17 (test), 125
TEST 37 (test), 125
TEST 47 (test), 125
TEXT (software), 59
text editor, 57
Text Processor (software), 59
timeshare, 128
track, 45
{on disk), 123,124
per inch, 116,124
, 100
Triformation Systems, Inc., 128
tutorial, 72,78
twisted-wire pair, 31
two-wire (electrical) systam, 114
TYPE, 51,53

—_U—=

UCSD p-SYSTEM, 73
Uitimeth, 88
underscan, 93
uninterruptabl
up-down mgde. 40

upgrade,
{disk drive) 81
user friendiy, 14
utility programs, 45,74

—_—

pply, 114

video
board, 123,125
display, 7
RAM, 26
tape racorder, 93
terminal, 7
Vide Scribe {software), 60
VisiCalc (software), 54,55
volce recognition, 128
terminal, 128
voiatile memory, 7
VT-52 (terminal), 127

—W—

walking bit test, 125

wildeard, 49,59

Winchester (see hard disk), 88

word (18-bly), 117

Wordmaster (software), 76

Word Plus |software), 83

word processing, 57,128

WordStar (software), 28,44,45,91,99
(with Epson MX-80), 104

-

Z-19, 126,127,128

Z8o, B-9,13-18,38,51

ZBOCP (test), 125

Z-89-37, 82,83

Z-90, 71,82,91,125

Z/W-17-4 (disk drive), 125

Z/H-19, 22,23,27,31,40,73,75,113

Z/H-25 (printer), 83,101

Z/H-37 (disk drive), 82,116,119,124

Z/H-47 (disk drive), 86,87,88
interface card, 87

Z/H-87 (hard diek drive), B8

Z/H-89, 21-35,71,116,125,126

Z/H-90, 10,22,54,73,75,107,122

Z/H-100, 4,10,36-44

Z/H-110, 43

Z/HF-110, 38

Z/HF-120, 36

Z/HF-130, 37

Z-Baslc, 43

Z-DOS, 43,44

ZDS (Zenith Data Systems), 4,10,123

Zencalc (software}, 54-56

Zenith Radio Corporation, 4

Zenith Service Center, 123

Zearo {0) key, 30

ZGRAM, 34

Zilog (ZB0}, 24

ZT-1, 33,34

ZVM-121 monitor, 34,93
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WE'RE INTERESTED IN YOUR OPINION

We would appreciate your opinion of this pub-
lication. Please return this portion of the page (or
a copy) to the publisher. Mail to:

$-R DEIGN BOOKS

$15 West Lambert, Bldg "€"
Brea, CA 92421

How did we cover the subjects?

JOIN THE S-A DESIGN
"BOOK USERS GROUP"

As a member of the Users Group, you will receive
perlodic updates on new books and upcoming
supplements, plus special membership dis-
counts. And it's all free! Just mail in the attached
post card or use this coupon (or a copy). Mail to:

0O Covered well O Adequate O Poorly done
On a scale of 1 to 10 {10 being best}, | would rate this book: 5-A DESIGN BOOKS
D1to3 O04tod 07t9 O 10 515 West Lambert, Bidg. "€
Other comments (how could we have improved this book, Brea, CA 92621
what subjects would you like to read about, etc.).

Name

Street

City State Zlp
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LIST OF SUPPLIERS

SYSTEM MANUFACTURERS

MEATH COMPANY
BENTON

M1 49023
S18-8E2-3I85
BUILDS ZEMITH B HEATH COMPUTERS

ZENITH DATA SYSTEMS
ST, JOSEPH, M1 40085
1IN -B1R

BUILDS TEMITH & HEATH

OPTIMAL TECHNOLOGY, INC,
BLUE WOOD 127

EARLSVILLE, VA 22038

B04-073-5482

EPROM PROGAAMMER

PERCOM CORPORATION
11220 PAGEMILL RD.
DALLAS, TX 75243

DISK DRIVES

CONSULTATION

LOGICAL SOLUTIONS

004 FIRST PLACE

HERMDON, YA 22070

TO3-AT1-1408

HDOS AND CP/M BUBINESS APPLICATIONS

BOFTWARE HELPLINE
18811 EI. c.mno REAL
SUITE 1

PF

886 HUMMINGEIRD DR.
BAN JOSE, CA 85125
ANTIGLARE SCREEN

PRACTICAL PERIPHERALS, INC.

DRIVE
WESTLAKE VILLAGE, CA 81382
HARDWARE SPOOLERFOR EPSON PRINTER

QUME CORPORATION

‘2323 INDUBTRIAL PARKWAY WEST
HAYWARD, CA 4545
415-783-8100

DAISY-WHEEL PRINTERS

A.P. ENTEAFRISES

F.0. BOX 122

LIVERMORE, CA 84550

415-443-3T

AUTO-REPEAT FEATURE FOR KEYPAD

a
1500 EXECUTIVE DRIVE
ELOIN, IL 80120
LOW-PROFILE DIP BWITCH REPLACEMENT

C. . A. SYSTEMS, INC.
TBET VICKERS 5T,
SUIMEC

SAM DIEGO. CABZTIN
Ti4-2TE-1272
DiSK SYSTE

CAMEQ ELECTRONICS, INC.
1828 CLEMENTINE BT.
AMAHEIM, CA 92802
T14-535-18032

HARD-DISK BYSTEM

COMPULINK CORP,

1840 INDUSTRIAL CIRCLE
LONGMONT, CO 80501 303-851-2014
HARDWARE PRINTER SPOOLER

DG ELECTRONIC DEVELOPMENTS CO.
P.O. BOX 1124

DENISON, TX 75020

214-485-7805 )

VARIOUS PLUG-IN BOARDS

DATA COMPASS

2750 REGA PARK DR
ANAHEIM, CA 82808
T14-830-T450

DISK DRIVE SYSTEMS

EPBON AMERICA, ING.

23844 HAWTHORNE BLVD.
TORRANCE, CA BO505
213-378-2220

EPSON MX PRINTERS

GILTRONIX
B70 BAN ANTONIOD lVlNUi
RE-222 BWITCHES

HAYES MICROCOMPUTER PRODUCTS, INC.
58315 PEACHTREE CORNERS EAST
GA 30093

MORCROGS,
A04-440-8THY

AL DATA INC.

-333-8200
TEST EQUIPMENT—RS-232 “BLUE BOX"

KRES ENGINEERING

PO BOX 17328

IRYINE, CABIT13

T14-550-B8T0

EXPANSION INTERFACE, PLUG-IN BEDARDS

KESA COMPANY
T74 BAN MIGUEL AVENUE
SUMNYVALE, CA 4088
408-748-2738

COMPACT DIRECT-CONNECT MODEM

NOVATION, INC.

16084 OXMARD STREET
TARZAMA, CA 91358
#13-0968-5080

MODEMS

THE LEADING EDGE PRODUCTS, INC.
225 TURNPIKE STREET
CANTOM, MA 02021

BO0-343-8810
DISTRIBUTOR OF C. ITOM PRINTE RS

-5

27 EAST COUNTY RD. 30
FT. COLLINS, CO 80528
J0J-E89-4118

VOICE SYNTHESLIER

P.C. BOX 5344
BETHLEMEM, PA 18018
215-888-T220

REMOTE CONTROLLER
SIEMENS CORPORATION
240 EAST PALAIS ROAD
ANAHIEM, CA 92808

T14-081-89700
PRINTERS, DIEK DRIVES

THE GRAVEN IMAGE

ENGRAVED KEYS

TRU-DATA

18 SANDS POINT DR
TOMS RIVER, NJ DBT53
201-340-3842
PARALLEL BOARD, EPROM BURNER
LANGUAGES
TINY C ASSOCIATES
P.O. BOX

HDUID!L. NJ orria
201-671-22

TINY-C

uCsD 9-8\"1"!‘! USER'S SDCIETY

203!
UCSD PSYSTEM USERS GROUP
PERIODICALS

CLARK SYSTEMS CORPORATION

COM BUSINESS
B51 EAST GEMESEE BT
P.0. BOX 150
FAYETTEVILLE, NY 13088
A15-837-3125

CP/M & HDOS PROGRAMS

COMPUTER CONSULTING SERVICES
1B4 WASHINGTOM ST.

NEW BEDFORD, MA 02740
817-004-2810

WORD PROCESSING

COMPUVIEW PRODUCTS iNC

CP/M WORD PROCESSING

COMSOFT
B85 MAYBELL AVE.
PALO ALTO, CA 04306

CPMUG

1851 THIRD AYEWUE

NEW YORK. NY 10028
LARGEST CP/M USERS GROUS

DAVID A, EMAW

HDOS ASSEMBLY PROGRAMMING

DFD SYSTEMS
4805 NORTH 10TTH ST
OMAHA, ME 85132

1390
HAM RADIO

EASYSOFT

122 YANKEE DR

ST. CHARLES, MO 65307
I 5-046-1968

HDOS

ST, PAUL, MN 28104
LAMGUAGE—mDOS FIG-FORTH

EVRYTWARE

P.O. BOX 80B0F
SUMNTYVALE, CA p4c8S
GAMES

COMPUTER SYSTEM, INC,

MAKO DATA PRODUCTS
1141 #8 N. RED GUM
ANAHEIM, CA 82508

MICRO ARCHITECT, INC.

28 DOTMAN ST
ARLINGTOM, MAO2174
B17-843-4T13
MBASIC BUSINESS APPLICATIONS

WICROPRO INTERMATIONAL CORP.
X SAM PABLD AVEMUE

FAR FIELD SOFTWARE STETEwS
1021 RE VERAND PO SO T
& LA T
SOd-841-3741 TS -ETET
HOOE SUPPORT FOR SuNs SOFTERRE
DIGITIZER

WERTS

208-248-

THE INDEPENDENT NEWSBLETTER FOR MX-80 § CENTRIGCS

ﬁl:’l’“:f‘gl-ku AVENUE, 5.E " . o

L N, 20003 REATH

2032-544-0000 murov“l?’ arowe

NEWSLETTER EVERY 3 WEEKS JOSEPH, M1 45025
L1

BYTE MAGAZINE MAIN JSERE SOFTWARE LiSRaEy
TO MAIN STREET -
RBORDUGH, NH 03458 HOYLE 3 HOYLE SOFTWARE
603-024-9281 718 SOUTH ELAM AVE,
IN THE . NC IT403

S19-3TE-1050

DESKTOP COMPUTING GAMES

80 PINE STREET

r!wuoﬂmﬂ. NH 03458 4.4, THOMPSOMN

803-024- 2ET WARREN AVE.

HDNTNLF Rlﬁllmi FOR THE BEGINNER EENMORE, KY 14217
T18-873-0380

H-BECOOP COPY PROGRAMS. CP-u TO mDOE ETT

2018 5. TTH. STREET

SHEBOYQAN, Wi 53801

414-452-4172

MONTHLY NEWSLETTER FOR HB AND MBS

LIFELINES

1851 THIAD AVENUE

NEW YORK, NY 10028
MAGAZINE FOR CP/M USERS

MICRO MEDIA MAGAZINE

P.0. BOX 802288

GARLAND, TX 7504
BIHON’YNLYMMINE ON DISKETTE

REMARK

HEATH USER'S GROUP MAGAZINE
HILLTOP

ST. JOSEPH, M) 40085
616-082-3483

HEATH USER'S GROUP MAGATINE

QUICKDATA COMPUTER SERVICES
818 SOUTH TTH 5T.

SHEBOYGAN, Wi 53081

414-452-4172

MONTHLY HNEWELETTER ON M-8 & H-89

SOFTWARE
ACME BUSINESS r:olwuun
1727 EAST SPAAG
swuu: wAmoi
ausmm APPLICATIONS
uurg:um DATA BASE
i

casTRO \m.l.l\f. CA panas

415-880-0847

GAMES

CH ERM Enumi:tnmo
BOX 2

IJJ.IIIL MO 20810
301-500-42308
CP/M-GENERAL PURPOSE

JAY M. GOLD, M O

P.0. BOX 2024

DES MOINES. JA 50310
S15-2Te-0E1

PE E

m:,uumo

Elmﬂ
MODEM PROGRAMS FOR CP/M

Jid TEIXERIASOF TEMOP

52 CHURCHILL 5T

SUDBURY, MaA 01778

£17-483-5053

HDOS, SYSMOD 2, DRIVERS, UTILITIES

LIFEBOAT ASSOCIATES
1851 THIRD AVE.

NEW YORK, NY 10028
212-880-0300

VARIOUS CP/M PROGRAMS

1
CUSTOM DEVICE DRIVERS

MLH. KELLICUT, PH.D.

678 SPINDRIFT WAY

HALF MOON BAY, CA 04010
415-7268-5607

WORD PROCESSING

SPECLAL HDOS EDITOR—EDIT 18

STHESS ANALYSIS ASSOCIATES

4539 AMGELES CREST HWY

BUITE 104

LA CANADA, CA RT0O11

213-884-24TH

WDOS ENGIMEERING STRESS ANALYSIS

SUNFLOWER SOFTWARE INC.
6304 WEST 78TH 5T

PHAIRIE VILLAGE, KS 88204
913-848-1333

HDOS & CP/M PROGRAMS

T & E ASSOCIATES INC.
383

P.0. BOX
MILLERSVILLE, MD 21108
HDOS UTILITIES

TARCO DEVELOPMENT C'DHPQMTIBN
1445 KOLL CTR. SUITE

BAN JOSE, CA9S112

408-847-1101

MPM, GRAPHICS

THT DIGITAL

HDOS UTILITIES

THE KEYBOARD STUDIO
125 ASPEN
BIRMINGHAM, M1 48000

213-645-5368
DATA BASE, FINANCIAL, ETC,

THE SOFTWARE SUBSCRIPTION
[ 0 BOX 5378

HMOND, CA 94805
4| £237-2118
HDOE GAMES & EDITORS

THE SOFTWARE TOOLWORKS

14478 GLORIETTA DA.

SHERMAN QAKS, CA 01423

13

MANY PROGRAMS FOR HDOS AND CP/M

TIDEWATER SOFTWARE INC._
P.O. BOX 4485

VIRGINIA BEACH, VA 23454
SOFTWARE UTILITIES

SSECIAL CIRCUIT AMALYSIS PROGRAM

WELLIAM W WALKER JR.

TTIT LOWELL ROAD

COMCORD, MA QO1T42

81 7-380-8061

DS MBASIC MODELING & SIMULATION

wﬂﬂn INTELLIGENT SYSTEM ENG.

MMMI!

WORDS AND NUMBERS
814 EAST UMIOMN STREET, 8204
TTLE, WA 08122

WDOS EDUCATIONAL & SMALL BUSINESS
SPECIAL

BEELIME SERVICES
11 EAST ALLEGANM 8T
. M SBOTE

CTEWEGD,
e18-802-0141
TrPESETTING FROM ASCU FILES

NIATH1118
IMDEX FOR REMARK OM DISK

GREGORY J. MARSH
270 MILES CT.
WOODBRIDGE, VA 22193

TO3-500-3380
HDOS MARDWARE & SOFTWARE

BIGMASOFT AMD SYSTEMS
§888 ARBORMILL DR.
DALLAS, TX 75243
F14-341-6758

SOUND EFFECTS BOARD

SPEED O PRINTS

NON-GLARE SCIEEH

THE PCRJ GRAPHICS CO, INC.
P.0. BOX 108
DEER PARK, NY 11728
swur-aou

SUPPLIES, RIBRONS ETC.



$u!g:?ﬂ5 .ri-a/ - ISBN 0-931472-18-0
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