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‘ I’Ve finally found a personal[t’:, not sgl';?rising

that professionals

8y ; ! et excited about the Compucolor 11
computer I res eCt. i}tt's; :g]tatl(lvii)i:tl;grated 8080A system

C ' l I with full color graphics display, built-in 51K
Ompuco Or ® Lhini-disk drive, and the best cost performance
-atio available in a personal computer. o _ B
i dvIahl:_l 1ctomple?e system is Oll‘l)iv $1595%And that price includes 8K user RAM, RS-232C
compatibility and random access file capabilities. L
- Our 8 foreground and background colors will h oSt your corll}}rf:l*{_e‘lls_ltJni e v

introducing you to an exciting new dimension in BASIC programming. J he w.'(‘m‘t(n Eraphie;
have 16,484 individually-accessible plot blocks. And the 13 fi}agonal measure screen gives
you 32 lines of 64 ASCII characters. You also hay the flexibility that comes w1_th 1()l\_7
Extended Disk BASIC ROM. e L

Compucolor II offers a number of other options zlnfl afceSS()rles, like a se<‘:ond‘dls e .
drive and expanded keyboard, as well as expandability to 321x'0f user RAM. Of cou 1% wealso
have a whole library of low-cost Sof-Disk™ prograins, including an assembler and text editor.

Visit your nearest computer store for details. And
while you're there, do some comparison testing. With all
due respect to the others, once you see it, you'll be sold on
the Compucolor II.

Compucolor
Corporation

Unretouched photo.
#11.S, Domestic Price

Name

Street

City State Zip
0O Send me the name of my nearest Compucolor Dealer

O Please tell me more about the Compucolor II.

[ I'd like additional software information.

Mailto: Compucolor Corporation
Intecolor Drive ¢ Technology Park /Atlanta ¢ Norcross, Georgia 30092

Computers for use in very small businesses, and

many of the so-called “personal” computers are
often one and the same. Interestingly enough,
this was the case from “Day One” when PopPu-
LAR ELECTRONICS introduced the Altair 8800
computer in January 1975. At that time, data from
the Altair kit supplier made it clear that some 60%
of the kits purchased were for business use.

This wasn't surprising since PE readers in-
clude many people associated with business in
managerial capacities, and numerous small busi-
ness owners (physicians, lawyers, etc.). Indeed
the 1979 version of the PE Market Study reveals
that some 33% of its almost half a million subscri-

bers still use microcomputers for business only.

An additional 31% use them in a combination of
business and personal applications, and about

35% for personal applications only.

HE US GOVERNMENT identifies a

small business as one that employs
up to 250 people and has an annual
gross income of up to $5-million. How-
ever, small businesses that can use
computers to advantage may be much
smaller than that, ranging down to a sin-
gle user in a part-time business opera-
tion. These types of operations are often
called “very small businesses.”

System cost, naturally, plays an im-
portant~ role. An enterprise. grossing
$50,000 yearly cannot afford.a:$20,000
computer or its equivalent in time-shar-
ing systems. Like any capital invest-
ment, a data-processing system should
be justified by the return it can be ex-
pected to produce. Experience has
shown that a single computer and its op-
erator can do the work of several peo-
ple, either saving the cost of some salar-
ies and benefits or freeing personnel for
other tasks. In some cases, tne comput-
er will have enough extra data-handling

*PCE Microcomputer Systems, Sacramento, CA.

capacity to allow the business to expand
with little or nothing in the way of in-
creased computing costs.

Perhaps more important, the comput-
er is very fast and can keep the busi-
nessperson informed about the status of
affairs today, not the way they were last
week. Further, since the computer elimi-
nates many hours of manual clerical
work and can deliver its output in a com-
pact precise form that obviates a good
deal of “paper shuffiing,” it can create
more time for the research, decision
making, and creativity that are the real
essence of an entrepreneur’s function.

Besides its obvious functions in ac-
counting, inventory and production con-
trol, and the like, a computer can also—
with the right software—handle se-
cretarial functions such as appointment
planning. Mailing lists, telephone files, li-
brary catalogs, and similar collections of
data can be created, alphabetized, up-
dated, and printed as desired. With the

BY JOHN ZITZ*

addition of a text-editing program a com-
puter can process correspondence.
Form letters, for example, can be writ-
ten, recalled, and personalized with
great facility.

Requiring no rest or sleep and only
occasional maintenance, a computer
can be used 24 hours a day; even when
the business is closed. Both hardware
and software are available to let the
computer “watch over” sensitive sys-
tems such as refrigerators, air condition-
ers, water pumps, etc. It can also sense
intrusion, fire, smoke and other emer-
gency conditions and perform some pre-
determined function when an alarm is
activated. Communication with the com-
puter at any time is a possibility, even
from remote points across the country
using a telephone attachment called a
modem. This means that salesmen can
communicate orders, or get product in-
formation over the phone line when they
desire. Businessmen who generate new

53




FOCUS ON MICROCOMPUTERS

ideas at night can, via a terminal and
modem at home, put these into effect or
at least record them while they are fresh.
It is even possible to run an enterprise
by “remote control.”

The System. Just as vehicles, regard-
less of their make or model, are pretty
much the same under their metal skins,
computers are too. The former have en-
gines, suspensions, transmissions, etc.,
as main working parts while the latter
have memory, central processor units,
input/output modules, interfaces, etc.

Vehicles can be optimized for busi-
ness or pleasure depending on the op-
tions selected, and the same is true of
computers. For business use, you need
a machine that has enough computing
power and enough options to handle
both your present and anticipated future
requirements. This is why it always pays
to take a look at all the options for a par-
ticular computer, since as your business
grows, you may require functions not
needed at the present.

A few years ago, computer en-
thusiasts who wanted to use a “hobby-
type” computer for business would ex-
plore what microprocessor was being
used, what type of bus was offered, and
so on. The growth of the moderately
priced computer market has changed all
that. Consequently, software is the sin-
gle overriding consideration in buying a
business-oriented computer today.

For most applications, the “computer”
will be a keyboard, video display and
printer, all attached to a small enclosure
in which the actual data manipulations
are performed. There may also be

Radio Shack TRS-80 Model IT Microcomputer
with Line Printer II1, External Disk System.
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another enclosure containing the disk
storage system. Sometimes a keyboard
and printer or video display are com-
bined in a single unit called a terminal.
This can be located near or remote from
the computer.

To enable the computer to be used by
personnel trained in normal secretarial
skills, the keyboard should have a con-
ventional typewriter format, with com-
fortably spaced and easy-to-the-touch
keys. If a lot of numeric entries are to be
made, a separate keypad is a definite
convenience.

Quality of the video display is alsoim-
portant as it will determine the extent of
eyestrain (which may result in possible
entry or reading errors) if the display is
used for extended periods. The usable
screen should measure at least 127 di-
agonally and have a contrast that is
comfortable to the eyes. The characters
should be sharp, and free from glare.
They should be crisp from edge to edge
across and from the top to the bottom of
the screen, and should exhibit very little
nonlinearity. Dual-brightness or inverted
(black-on-white instead of white-on-
black) characters are useful for special
attention-getting displays, as is the ca-
pability of rendering color. The system
should display at least 80 characters on
24 lines for business applications. Many
small computers project only 16 lines of
64 characters per line—somewhat limit-
ing for ledger and similar entries.

The printer, or hard-copy device,
should be selected for its type face,
speed, and noise level (some are quiet-
er than others). It should be of sturdy
construction and have adjustable col-

umns for different width paper. The pa-
per should be tractor or pin fed from the
carriage to keep the paper secure in its
place and free from misalignment—a

necessity for automatic printing of
checks and for keeping columns in pro-
per vertical order.

Printer prices increase directly with
the speed and quality of the print, and it
is up to the purchaser to determine just
what he wants. The need for upper- and
lower-case characters and for multiple
copies is a consideration, too.

The disk system is also determined by
the amount of data you expect to store.
Obviously, the larger the disk system,
the more data can be stored. Keep Par-
kinson’s Law in mind—data expands to
fill the available disks. Small (so-called
5" disks) can hold up to 90K bytes of
data (enough for several hundred inven-
tory entries), while the so-called 8" disk
can support up to 240K bytes of data.
There are dual disk systems that in-
crease data storage in one package,
and there are dual- and quad-density
and double-sided disk systems that
maintain package size but greatly in-
crease storage capacity. If your busi-
ness is large enough, it may even pay
you to take a look at the more expensive
hard disk systems that can hold many
millions of bytes of data. If at all possi-
ble, a business person should have at
least a dual-disk system since it pays to
make a backup copy of a completed
disk for emergency use.

Since the most important considera-
tion is software, it pays to make certain
that the computer system you choose
has a good selection available for it.

Compucolor IT Model 3 Computer
with color video display.
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While, in some cases, special “emula-
tor” programs that allow one machine to
mimic another for which a desired item
of software is available, this approach
lowers the effective operating speed of
the processor to a mere fraction of nor-
mal. Clearly, a modest (less costly) in-
stallation humming along with efficient
software is preferable to a fancy one that
limps because its software pinches. If it
would be beneficial for your purposes to
use COBOL or FORTRAN instead of
BASIC, be sure your system is compat-
ible with these languages.

Cost And Operation. The cost of a
computer system is not just what the
store charges you to take the package
home. Maintenance and later expan-
sion, for example, are obvious sources
of additional cost. The great nemesis of
all system planning is changing needs.
A system that can be altered to suit all
contingencies will cost more than one
that is specialized, but it may be worth
the difference in the long run. The
choice between the two depends on the
nature of your business. We will try to
develop here rational guidelines that,
taking the special nature of computers
into account, will help to minimize costs.

“Off the Shelf” or “Custom”. One
attractive and low-cost approach is to
buy standard hardware and software
packages. If your application is com-
monplace, you may be able to purchase
application programs that have already
been written and field-tested. Packages
exist for inventory applications, payroll,
general ledger, accounts/payable and

professional
compuger

receivable, etc. With good knowledge of
your business requirements, you could
purchase a system that is optimized for
the packages you need, while allowing
for system integration, and expansion.

To have custom software written spe-
cifically to your needs by a reputable

analyst and then have a hardware sys-
tem implemented around that software,
is another possible alternative. The pit-
fall is that the exclusivity of your system
may inhibit changes in the future should
they become necessary.

A middle path between these two ex-
tremes is to purchase a system that is
mostly “off the shelf” and make minor
adjustments as necessary. Many private
vendors will have the resources to make
these modifications if they are not too
extensive and may even include them in
the overall price of the system. In any
case, all software and hardware modifi-
cation should be in the hands of reliable
consultants. Alargely “off the shelf” sys-
tem with canned software included in its
price would range from about $4,000 to
$8,000, depending on the peripherals
put into the final system.

One difference between a “business
computer system” and a “computer sys-
tem that means business" is in the plan-
ning done in anticipation of breakdown
and further expansion. The usual vendor
warranties are enough to absorb the
cost of initial problems until the system
is finally "up and running.” The reliability
of the electronic technology that goes
into computers is such that a business
computer under normal use should not
encounter a debilitating breakdown in
well over a year of use. Even then, the

Commodore PET 2001 Series
Professional Computer.
NOVEMBER 1979

most common breakdowns in a mi-
crosystem are not electrical but me-
chanical. Switches, motors, drivers ac-
tuator arms, and wheels fail far more of-
ten than electronic components.
Superficially attractive as all-in-one
computers are, they are not for busi-
ness. When a single functional part of an
all-in-one computer fails, the whole ma-
chine goes down and, in many cases,
must be sent to the factory for repair.
The independent modular approach al-
lows the offending module to be re-
moved and repaired, often while a tem-
porary replacement is substituted. This
keeps the system reliability high despite
the failure of individual modules. In the
case of duplicate systems in one instal-
lation, modules can be temporarily
“swapped” until replacements arrive.

External Problems. One of the hid-
den causes of computer component fail-
ure is noise transients and voltage
spikes from electrical equipment such
as motors, tools, etc., that are passed to
the computer via the power lines. Not
only can such “hash” and power-line
surges damage components, they can
also interfere with computer operation. It
is essential that a well-engineered com-
puter system have hash and power sur-
ge suppression built into its power sup-
ply. This can eliminate considerable hid-
den cost in operation.

Options. Another interesting power-
supply option protects your computer
against momentary power-line “black-
outs”. The capacitors in a good heavy-
duty power supply can maintain their

Exidy Inc. Sorcerer Computer with
dual-disk drive and video display.
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charge for about a fifth of a second after
the mains go down. This is time to kick in
a back-up power supply without losing
data or causing the system to “crash”.
An uninterruptable power supply can be
added to a system fairly inexpensively
and may, once in a while, save the day.

What About Protecting the Data?
Computer failure can wipe out valuable
data. However, if one takes the normal
precautions of keeping backup disks
and tapes, the likelihood of a serious
setback is reduced. Cassette tapes and
recorders are relatively cheap compared
to disks and disk drives and are a cost-
effective means of data protection. The
high access speed of the disk is not a
factor when all you are looking for is
long-term archival storage. A small rou-
tine for transferring the data stored on a
disk to a cassette is not difficult to imple-
ment and might even be part of the DOS
(Disk Operating System) provided with
the computer.

Security. Principally, this involves pro-

Apple II Color-
graphics Computer.
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Vector Business System—MZ Computer with dual floppy
drive, MT Terminal, and Centronics 702 Printer.

tecting the data physically from theft, de-
struction or tampering. Such protection
is not difficult to implement if the entire
system is in your premises, where ac-
cess to it can be controlled. But what if
data must be transmitted by telephone,
other hard-wire lines, or mail?

Hardware and software for encrypting
data have just begun to appear on the
market and will probably be included in
total systems in the near future. For ex-
ample, special chips which can encode
data at high speeds, could be incorpo-
rated as part of the input-output interfac-
ing of a data-transmission module. Here
is another instance in which the modular
approach to the computer design facili-
tates expansion of an existing system.

When To Buy. Is there a “right time”
to. buy a computer? Should the small
business lease a computer, timeshare
on a larger computer, or buy one out-
right? In the past, the high cost of com-
puters and their relative inaccessibility
made timesharing at a cost of several

hundred dollars per month seem attrac-
tive. The low cost of microcomputers to-
day has made this a more dubious prop-
osition. The cost of the timeshare termi-
nal alone is approximately 25% the cost
of a microcomputer-based business
system. Add to this the monthly cost of
computer services and telephone line
hookups and the total over a year rapidly
approaches the cost of an entire small
computer system. And of course, there
is no equity.

Timesharing should only be consid-
ered when access to a large, computa-
tionally powerful computer is needed, as
might be the case in engineering or
scientific applications or those that gen-
erate volumes of statistical analyses.
For the standard small-business-scale
applications, even where sizable inven-
tory accounting is involved, eight-bit mi-
croprocessing is the most cost-effective
way to go. In short, for most very small
businesses, don't borrow, don't lease—
buy! And if you feel that your business is
ready for the system, now is the moment
of decision. &

Heathkit HI1A 16-bit
Computer has
provisions for
business peripherals.

Ohio Scientific C8P DF System—Challenger 8P Computer,
dual-disk drive, terminal, monitor, peripheral control devices.
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Personal Computers

BY IVAN BERGER

F YOU WANT a personal computer

for nonbusiness purposes, there is a
host of different types available to you.
Which one you choose will largely de-
pend on your intended applications and
the money you wish to spend.

Is your main interest in learning about
computer circuits as well as program-
ming? If so, you might consider building
a computer kit. Here one's choice could
be between an expandable building-
block type or a full-blown computer or
even a complete system contained in
one package.

Do you essentially want to make a few
plug-in connections, apply ac power,
and start right off making things hap-

pen? Then you can choose from assem-
bled versions of some of the foregoing
or an “appliance” computer. You might
also be guided by which computers are
popular in local computer clubs or which
give you the most flexibility in choosing
peripherals, buying or exchanging soft-
ware, etc. Computer choices range from
low-cost single-board systems, to all-in-
one intelligent terminals, to micro main-
frames plus many peripherals.
Microcomputers are used for a wide
variety of purposes; for program devel-
opment and teaching oneself to pro-
gram; for small mass mailings; for edu-
cation in noncomputer subjects; to han-
dle home data such as recipes, Christ-

mas-card lists and the checkbook: to
control appliances; to play games; for
computer-generated music or speech;
for mathematical computation; for word
processing to develop cleanly-typed re-
ports, papers, letters, etc.: and for some
business applications.

The more such applications you have,
the more sense computers (basically all-
purpose devices) make. For some sin-
gle applications, in fact, alternatives to
the computer make more sense. If all
you want is to play games, for instance,
get a programmable video game, and
have done with it. The game will prob-
ably cost less, and put more interesting,
cartoon-like graphics on your TV screen.

By
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Similarly, if all you need to do is complex
calculation, consider a programmable
calculator. Again, the cost will be less—
and you'll be able to carry the calculator
with you at all times.

But calculators can play only limited
games, and TV games have only limited
calculating ability, if any (not counting
the small but growing number of games
that can be converted into full-fledged
computers). If you're interested in both
these applications at once—or in any of
the others so far mentioned—you’ll need
a full-fledged computer.

But which one? All computers have
some similarities: They all have some
sort of input device to enter programs
and data, some sort of output device to
verify the input-data and show what re-
sults'the computer comes up with when
the program runs. They all have proces-
sors, the chips that do the actual com-
puting; and memory to hold programs
and data while they're being used. But
the types of input, output and processor
differ, as do the amount of memory and
the number of accessories or peripher-
als which can be used with the system.

Input and Output. The most visible
differences between computer systems
are usually in their input and output (1/0,
for short) facilities. These are the chan-
nels of communications between the
computer and you. The computer and
you speak very different languages, and
one measure of 1/O sophistication is
how cleverly the system can disguise
that fact.

In its most primitive (and, today, rar-
est) form, the system will communicate
in binary, a numbering system based on
twos. A completely binary I/O system
would have a row of eight switches to in-
put each 8-bit computer command or
data “word” and eight lights per “word”
for output.

More commonly, the system will
translate such binary numbers as
“11000000” into either an octal (base-8)
number such as “300” or a hexidecimal
(base-16) number such as “CO."” (Since
hex numbering requires more digits than
our base-10 decimal system, it follows
the digits 0-9 with the letters A-F.) Many
low-priced, single-board computers
have calculator-like keypads and dis-
plays for use with either octal or hex in-
put and output.

But octal and hex are only more so-
phisticated ways of talking machine lan-
guage, the instructions that computers
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understand directly. Machine-language
programs run very quickly, and don't use
much memory. But they’re cumbersome
to write since you must not only learn at
least a hundred or so instructions and
how to use them, but must learn them as
abstract numbers like “CD” or “305".

Consequently, keypad-and-display
computers are only useful, as is, for writ-
ing very short programs, especially pro-
grams designed to interact with other
devices rather than with people. Control
applications are often a perfect match
for these computers. Here,. the limita-
tions of keypad programming aren't seri-
ous, and the computers are small and
cheap enough to be assigned to specific
devices, or sometimes the computers
are even built into the devices.

But most such computers also have
ports for communicating with other 1/O
devices. Connect one to a terminal,
which combines a full typewriter-like
keyboard with a video display screen or
a printer, and you can work with other
programming languages which use the
entire alphabet and other symbols.

With the keyboard'’s full set of charac-
ters at your command, you can program
in assembly or high-level languages. As-
sembly language is just a word-for-word
translation of machine language from
abstract numbers into more easily-
memorized abbreviations. In 8080 as-
sembler, for example, the instruction
“return if not zero” is “RNZ”. In machine
language, it would be either “CO" (hex),
“300" (octal) or “11000000" (binary). A
program called an assembler translates
the mnemonic abbreviations into ma-
chine code, as well as performing such
useful tricks as letting you call subrou-
tines (frequently-invoked subprograms)
by name, instead of remembering their
memory addresses.

But that's still doing things the com-
puter's way, not yours. High-level lan-
guages, such as BASIC or PASCAL,
use standard English words (though
sometimes in abbreviated form) to rep-
resent whole sequences of computer
operations. In BASIC, for example,
“PRINT SQR(SIN(Y))" will make the
computer tell you what the square root
of the sine of Y is. An assembly-lan-
guage program for that would probably
fill up this column.

Just as with assembly language, a
special program is needed to translate
your BASIC or other high-level language
program into the computer's commands.
That program can be read into the com-

puter from a tape, or can be permanent-
ly built into the computer’s memory. If
you use BASIC a lot, it is a great con-
venience to have it instanily on tap
whenever you turn the computer on. If
you don't, this feature won’t make much
difference to you.

The typewriter keyboard and video
screen are the most common microcom-
puter 1/O devices, but there are varia-
tions and alternatives available. Many of
these systems let you not only display
letters and numbers (alphanumerics) on
the screen, but “draw” pictures (graph-
ics) on the screen as well. The pictures
are often rather crude, being composed
of clearly-noticeable blocks, but they're
useful for such applications as games,
graphing mathematical functions, and in
business for bar-graph and other dis-
plays that are easier to understand than
tables of numbers. Color makes the
games more exciting and the bar-graphs
more readable. This raises the cost of
the computer, naturally, but may well be
worth it for your uses.

Graphics programs written in BASIC
run very slowly; for speed, you'll have to
use assembly-language programs. Bear
that in mind if you plan to write your own
graphics. If you want fast graphics at low
cost, you'll find a few graphics-capable
machines with hex keypad input for ma-
chine-language programming.

Even alphanumeric video displays dif-
fer. Some computers have built-in video
monitor screens. Others are usually sold
with a video screen in a separate cabi-
net. Still others include video output cir-
cuits to feed signals to a video monitor
screen. To feed it to a regular TV receiv-
er, though, you'll have to convert that
signal to a modulated radio-frequency
one by passing it either through an r-f
modulator or through a video-cassette
recorder, if you have one. Not all com-
puter/recorder combinations work well,
though; nor do all r-f modulators (the lat-
ter cannot be legally sold separately un-
less it's in kit form.) Try to check out your
combination in the store or on a money-
back guarantee. Computers with built-in
r-f modulators are beginning to appear,
too. This feature makes more sense in
home systems, where there’s likely to be
a TV receiver available, than in a busi-
ness or industrial system.

There are also differences in how
much information you can put on the
video screen. Alphanumeric displays
are available with 16 lines of 64 charac-
ters each, or less, and with 25 lines of 80
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Start Computing For Just $129.95 With An
8085-Based Professional Computer Kit—

Exploreri85

100% compatible with all 8080A and
8085 software & development tools!

No matter what your future computing plans may
be, Level *“A”—at §129.95—is your starting point.

Starting at fust $129.95 for a Level ‘A" operating system,
you can now build the exact computer you want. Explorer/85
can be your beginner's system, QEM controller, or IBM-
formatted 8" disk small business system. ..yet you're never
forced to spend a penny for a component or feature you don’t
want and you can expand in small, affordable steps!

Now, for just $129.95, you can own the first level of a fully
expandable computer with professional capabilities—a com-
puter which features the advanced Intel BOBS cpu, thereby
giving you immediate access to all software and development
tools that exist for both the 8085 and its 8080A predecessor
(they are 100% software compatible)—a computer which
features onboard S-100 bus expansion—plus instant conver-
sion to mass storage disk memory with either 5-1/4"" diskettes
or standard IBM-formatted 8'' disks.

For just $129.95 (plus the cost of a power supply, keyboard/
terminal and RF modulator, if you don’t have them already),
Explorer/85 lets you begin computing on a significant level. . .
applying the principles discussed in leading computer maga-
zines. . .developing ‘‘state of the art’’ computer solutions for
both the industrial and leisure environment,

Level “A” Specifications

Explorer/85’s Level “A" system features the advanced Intel
8085 cpu, an 8355 ROM with 2k deluxe monitor/operating
system, and an 8155 ROM-1/0—all on a single motherboard
with room for RAM/ROM/PROM/EPROM and S-100 ex-
pansion, plus generous protolyping space.

(Level “‘A’ makes a perfect OEM controller for industrial
applications and is available in a special Hex Version which

3 T A can be programmed using
the Netronics Hex Keypad/
Display.)

PC Board: glass epoxy, plated
through holes with solder mask
® 1/0: provisions for 25-pin
. (DB25) connector for terminal
Level “A' at $129.95 is g serial 1/0, which can also sup-
complefe operaling system, porl a paper tape reader
perfect for beginners, hob- ...provision for 24-pin DIP
biests, or industrial con- socket for hex keyboard/dis-
troller use. play. . .cassette tape recorder in-
put. ..cassette lape recorder output...cassette tape control
output. . .speaker output... LED output indicator on SOD
(serial output) line. . . printer interface (less drivers). . .total of
four 8-bit plus one 6-bit I/0 ports *Crystal Frequency: 6.144
MHz e Control Switches: reset and user (RST 7.5)
interrupt. , .additional provisions for RST 5.5, 6.5 and TRAP
interrupts onboard * Counter/Timer: programmable, 14-bit
binary ® System RAM: 256 byles located at F80@, ideal for
smaller systems and for use as an isolated stack area in
expanded systems. . . RAM expandable to 64k via S-100 bus or
4K on motherboard.

System Monitor (Terminal Version): 2k bytes of deluxe
system monitor ROM located at F@@# leaving B398 frec for user
RAM/ROM. Features include tape load with labeling . . .tape
dump with labeling. ..examine/change contents of memory
...insert data.. warm start,,.examine and change all
registers. . .single step with register display at each break point,
a debugging/training feature...go to execution address. ..
move blocks of memory from one location to another, . . fill
blocks of memory with a constant. . . display blocks of memory
.. .automatic baud rate selection. . . variable display line length
control (1-255 characters/line). . .channelized /O monitor
routine with 8-bit parallel output for high speed printer. .,
serial console in and console out channel so that monitor can
communicate with 1/0 ports,

System Monitor (Hex Version): Tape load with labeling. , .
tape dump with labeling. . .examine/change contents of mem-
ory...insert data...warm start...examine and change all

- -
FNatrt:mi::s R&?LE 'raprPI'E—-ﬂ_
l 333 Litchfield Road, New Milford, CT 06676
Please send the items checked below— plus $2 p&h,

By Netronilcs

registers. . .single step with register display at each break point
...go lo execution address. Level A’ in the Hex Version
makes a perfeci controller for industrial applications and can
be programmed using the Netronics Hex Keypad/Display.
== Hex Keypad/Display
Specifications
Calculator type keypad with 24
system defined and 16 user
defined keys. 6 digit calculator
L i type display which displays full
. address plus data as well as
Hex Keypad/Display. register and status information.
Level “B” Specifications
Level “B” provides the S-100 signals plus buffers/drivers to
support up to six S-100 bus boards and includes: address
decoding for onboard 4k RAM expansion select-able in
4k blocks. . .address decoding for onboard 8k EPROM expan-
sion selectable in 8k blocks. . . address and data bus drivers for
onboard expansion. . . wait state generator (jumper selectable),
to allow the use of slower memeories. ..two separate 5 volt
regulators.

Level “C” Specifications
Level “C"" expands Explorer’s
motherboard with a card cage,
allowing you to plug up to six
b : 5-100 cards directly into the
. . S — motherboard. Both cage and
EX!JIl:DrEf/ES with L ¢l cards are neatly contained inside
*'C”" card cage. Explorer's deluxe steel cabinet.
Level **C"" includes a sheet metal superstructure, a 5-card gold
plated S-100 extension PC board which plugs into the mother-
board. Just add required number of S-100 connectors
Level “D” Specifications
Level D" provides 4k or RAM, power supply regulation,
filtering decoupling components and sockets to expand your
Explorer/85 memory to 4k (plus the original 256 byles located
in the 8155A). The static RAM can be located anywhere from
@290 to EFFF in 4k blocks.
Level “E” Specifications
Level "'E"" adds sockets for 8k of EPROM (o use the popular
Intel 2716 or the T1 2516, It includes all sockets, power supply
regulator, heat sink, filtering and decoupling components,
Sockets may also be used for soon to be available RAM IC’s
(allowing for up to 12k of onboard RAM).

Order A Coordinated

Explorer/85 Applications Pak!

Experimenter’s Pak (SAVE $12.50)—Buy Level ““A”’ and Hex
Keypad/Display for $199.90 and get FREE Intel 8085 user's
manual plus FREE postage & handling!

Student Pak (SAVE $24.45)—Buy Level “‘A," ASCII Key-
board/Computer Terminal, and Power Supply for $319.85 and
get FREE RF Modulator plus FREE Intel 8085 user's manual
plus FREE postage & handling!

Engineering Pak (SAVE $41.000—Buy Levels “A," “B,”
“C,” “D,” and “E” with Power Supply, ASCII Keyboard/
Computer Terminal, and six S-100 Bus Connectors for $514.75
and get 10 FREE compulter grade cassette tapes plus FREE
8085 user’s manual plus FREE postage & handling!

Business Pak (SAVE $89,95)—Buy Explorer/85 Levels “‘A,”
*B,”” and "'C"" (with cabinet), Power Supply, ASCII Key-
board/Computer Terminal (with cabinet), 16k RAM, 12"
Video Monitor, North Star 5-1/4"" Disk Drive (includes North
Star BASIC) with power supply and cabinet, all for just
$1599.40 and get 10 FREE 5-1/4'" minidiskettes ($49,95 value)
plus FREE 8085 user's manual plus FREE postage & handling!

Continental U.S.A, Credit Card Buyers Outside Connactlicut

CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Technical
Assistance, Etc. Call (203) 354-9375

sonalized disk operating system—just
plug it in and you're up and running!),

Bt
b3 P el |

O Explorer/85 Level “A" Kit (ASCII
Version), $129.95 plus $3 p&h.

O Explorer/85 Level “A" Kit (Hex
Version), $129.95 plus $3 p&h.

O 8k Microsoft BASIC on cassette
tape, $64.95 postpaid.

O 8k Microsoft BASIC in ROM Kit
(requires Levels “‘B,”” “D,” and "'E""),
$99.95 plus $2 p&h,

O Level “B" (8-100) Kit, $49.95 plus
$2 p&h.

Kit, $39.95 plus $2 p&h.
O Level “D" (4k RAM) Kit, $69,95
plus $2 p&h.
[ Level “E” (EPROM/ROM) Ki,
$5.95 plus 50¢ p&h.,
O Deluxe Steel Cabinet for Explorer/
85, $49.95 plus §3 p&h,
O ASCH Keyboard/Computer Ter-
minal Kit (features a full 128 character
set, upper & lower case, full cursor con-
trol, 75 ohm video output convertible
to baudot output, selectable baud rate,
RS8232-C or 20 ma. 1/0, 32 or 64 char-
acter by 16 line formats, and can be
used with either a CRT monitorora TV
set (if you have an RF modulator),
$149.95 plus $2.50 p&h.

$69.95

D) Level *“C’* (§-100 6-card expander)

O Deluxe Steel Cabinet for ASCII
Keyboard/Terminal, $19.95 plus $2.50
péh.

O Power Supply Kit (+8V @ 5 amps)
in deluxe steel cabinet, $39.95 plus $2
p&h.

O Gold Plated 5-100 Bus Connectors,
$4,85 each, postpaid.

O'RF Modulator Kit (allows you to
use your TV sel as a monitor), $8.95
postpaid.

O 16k RAM Kit (S-100 Board expands
to 64k), $199.95 plus $2 p&h.

O 32k RAM Kit, $329.95 plus $2 p&h.,

O 48K RAM Kit, $459.95 plus $2 p&h,

O 64k RAM Kit, $589.95 plus $2 p&h.

O 16k RAM Expansion Kit (to expand
any of the above up to 64k), $139,95
plus $2 p&h each,

0O Intel 8085 cpu User's Manual, $7.50
postpaid.

O Special Computer Grade Cassette
Tapes, $1.90 each or 3 for $5, postpaid,

I:! 12" Video Monitor (10 MHz band-
width), $139.95 plus $5 p&h.

O North Star Double Density Floppy

Disk Kit (One Drive) for Explorer/
85 (includes 3 drive S-100 controller,

DOS, and extended BASIC with per-

$699.95 plus $5 p&h.

OPower Supply Kit for North Starl
Disk Drive, $39.95 plus $2 p&h.

0O Deluxe Case for North Star Disk
Drive, $39.95 plus $2 p&h.

0 Experimenter’s Pak (see above),l
$199.90 postpaid.

O Student Pak (see above), $319.85
postpaid.

O Engineering Pak (see above),l
$514.75 postpaid.

O Business Pak (see above), 51599.4!]'

postpaid.

Total Enclosed $ _—_I

(Conn. res. add sales tax) By— '

O Personal Check [ M,O./Cashier’s

Check [ Visa [ Master Chargel
(Bank#___ __ _)

Acct.

Signature Exp. Date

Print I

Name l

Address I

City

State Zip

Hex Keypad/Display Kit,
I T S N I S N S s e s s pmw @ [ Send Me Information -J
CIRCLE NO. 46 ON FREE INFORMATION CARD
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By Netronics

ASCII/BAUDOT,
STAND ALONE

Computer
Terminal

The Netronics ASCII/BAUDOT Computer Terminal Kit isa
microprocessor-controlled, stand alone keyboard/terminal
requring no computer memory or software, It allows the use of
either a 64, or 32 character by 16 line professional display for-
mat with selectable baud rate, RS232-C or 20 ma. output, full
cursor control and 75 ohm composite video output.

The keyboard follows the standard typewriter configuration
and generates the entire 128 character ASCII upper/lower case
set with 96 printable characters. Features include onboard
regulators, selectable parity, shift lock key, alpha lock jumper,
a drive capability of one TTY load, and the ability to mate
directly with almost any computer, including the new Ex-
plorer/85 and ELF products by Netronics.

The Computer Terminal requires no 1/O mapping and
includes 1k of memory, character generator, 2 key rollover,
processor controlled cursor control, parallel ASCII/BAUDOT
lo serial conversion and serial to video processing—fully
crystal controlled for superb accuracy. PC boards are the
highest quality glass epoxy for the ultimate in reliability and
long life.

VIDEO DISPLAY SPECIFICATIONS

The heart of the Netronies Computer Terminal is the micro-
processor-controlled Netronics Video Display Board (VID)
which allows the terminal to utilize either a parallel ASCII or
BAUDOT signal source, The VID converts the parallel data to
serial data which is then formatted to either R§232-C or 20 ma.
current loop output, which can be connected to the serial 1/0
on your computer or other interface, i.e., Modem.

When connected to a computer, the computer must echo the
character received. This data is received by the VID which
processes the information, converting lo data to video suitable
to be displayed on a TV set (using an RF modulator) or on a
video monitor. The VID generates the cursor, horizontal and
vertical sync pulses and performs the housekeeping relative to
which character and where it is to be displayed on the screen.
Video Output: /.5 P/P into 75 ohm (EIA RS-170) » Baud Rate:
110 and 300 ASCII = Outputs: RS232-C or 20 ma. current loop
® ASCII Character Sel: 128 printable characters—

afl eBupvali¥eRo a3 225 f| 44

188787 ()%t~ /0123456789: ;{=)7
BABCDEFGHI JKLMNOPORSTUWRYZ N1~ _
*abedefghi jklanopqrs tuwxyz{ >~}

BAUDOT Character Set: ABCDEFGHIJKLMNOPQ
RSETUVWXYZ-?2:*33H().,9014!57;2/68¢
Cursor Modes: Home, Backspace, Horizontal Tab, Line Feed,
Vertical Tab, Carriage Return. Two special cursor sequences
are provided for absolute and relative X-Y cursor addressing ®
Cursor Control: Erase, End of Line, Erase of Screen, Form
Feed, Delete ® Monitor Operation: 50 or 60Hz (jumper
selectable.

Gontinental U.S.A. Credit Card Buyers Oulside Conneclicut

CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Technical

™™ Assistance, Etc. Call (203) 354-9375 =
Netronics R&D Ltd., Dept. PE-11 I
333 Litchfield Road, New Milford, CT 06776

Please send the items checked below—

O Netronics Stand Alone ASCII Keyboard/Computer

I Terminal Kit, $149.95 plus $3.00 postage & handling.

[0 Deluxe Steel Cabinet for Netronics Keyboard/Termi-

I nal In Blue/Black Finish, $19.95 plus $2.50 postage
and handling.

I O Yideo Display Board Kit alone (less keyboard), $89.95
plus $3 postage & handling.

' O 12" Video Monitor (10 MHz bandwidth) fully assem-

Io

Io

COMPLETE
FORONLY . . .

$14 95

bled and tested, $139.95 plus $5 postage and handling,
RF Modulator Kit (to use your TV set for a monitar),
$8.95 postpaid.
S amp Power Supply Kit In Deluxe Steel Cabinet
(+8VDC @ 5 amps, plus 6-8 VAC), $39.95 plus $2
postage & handling.

Total Enclosed (Conn. res. add sales tax) §

By—

O Personal Check

O Visa

Acct. #
Signature

Print
l Name

[0 Cashiers Check/Maney Order
O Master Charge (Bank# __ )

Exp. Date

Address

City

Stgter—— —— " T S\ Fps - T SRR
L-— O Send Me More Information s s J
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characters, or more. Similarly, graphics
displays differ in the number of vertical
and horizontal elements they can
show—the amount of picture detail, in
other words. The more information you
can pack on one screen, the more you
can take in at one glance. But more de-
tailed displays cost more, and require
higher-resolution monitors. As a result,
high-density displays often cannot be
used with r-f modulators and regular tel-
evision receivers.

Keyboards are more standardized.
The basic differences are in keyboard
“feel” (more likely to matter to an opera-
tor who already knows touch typing than
to a hunt-and-peck operator) and in the
presence or absence of separate nu-
meric keypads. These keypads are very
worthwhile in applications involving
large amounts of numerical entries,
such as in business accounting or in
scientific computation. It's far quicker to
punch numbers into a calculator-like
nest of keys in a compact bunch than to
use a row of number keys spread out
across the top of the keyboard.

That's fine for most applications, but
not for word processing.

Word processing systems are mostly
used for business, where it costs lots of
money to turn roughly-typed or written
drafts into smoothly-typed letters and re-
ports. On a typical word-processing sys-
tem, the operator can enter text, make
corrections of all kinds, then command
the computer to print out a perfectly-
typed, finished copy. If it's a form letter,
the computer can turn out a separate
copy for each name and address on its
list. Such systems are being adopted by
offices, by free-lance writers and others.

Most small computers communicate

with you through video screens. For
most applications, this makes perfect
sense: video systems are fast, silent,
reliable, and don't use up paper.

But there are times when it definitely
pays to have a permanent record of the
computer's output. Word processing is
an obvious example, but so are account-
ing (including your personal checkbook),
alphabetizing of lists, or even for making
written records of your programs that
you can send to friends or carry with you
while you look for problems and im-

provements. Properly programmed, a_

computer could print out your shopping
list in the order in which the items ap-
pear on your supermarket's shelves.

In the early days of small computers,
Teletype® printing terminals were the
most common |/O devices. Today,
video screens—on terminals or connect-
ed directly to the computer—are. But
most systems do allow separate printers
to be added to the system. If this is im-
portant to you, check how easily the
printer can be added to any system
you're considering, and how much the
printer and its connections will cost.

Inside the Computer. It's no acci-
dent that we've been talking only about
externals so far. For the input-output
communication channels between you
and the computer have far more to do
with its utility than the circuits inside.

The most important of these circuits is
probably memory. You'll find computers
here with as few as 256 "bytes” of mem-
ory, each byte being an 8-bit computer
“word"” that can represent a single al-
phanumeric symbol or a single comput-
er command. You'll also find that several
are expandable to as many as 65,536

COMPUTER

KIT EXAMPLES

Heathkit H89

bytes, variously abbreviated as either
“64K” or “65K".

Most systems, though, fall into the 2K
to 32K range. Memory costs money, so
the more you have, the more the system
costs. But the more memory you have,
the longer the programs you can store,
and the more data you can have avail-
able for them to work on.

There are two types of memory: RAM
and ROM. RAM (Random-Access Mem-
ory) is used for temporary storage of
programs and data and for the results of
program runs. The contents of RAM can
be changed at will, and many of them
change constantly during the running of
a program. But those contents also fade
out within seconds when the power is
turned off.

That's where ROM comes in. ROM
(Read-Only Memory) doesn’t forget—
but you can't readily change it, either.
Hence, ROM is used to hold vital pro-
grams which you'll use all the time, such
as those which instruct the computer
how to accept input from the keyboard.
Some computers have BASIC in ROM,
too—on others, you have to load in the
BASIC language program from a tape
each time you use it.

Most computers have more RAM than
ROM. Typically, a system will wind up
having about 2K of ROM (about 8K or
10K with BASIC in ROM) and 16K or
more of RAM (less, if BASIC is in ROM,
since that frees the RAM space that BA-
SIC would otherwise occupy). They may
start with less, but sooner or later, more
memory is added.

Some inexpensive systems, usually
the single-board, keypad-and-display
type, have very limited RAM space on
board (perhaps 1K or 2K). Most of these
allow other boards to be connected with
more RAM. But unless your application
is a simple one using machine-language
or assembly-language programs (device
control, for example), be sure any sys-
tem you buy can be expanded to include
enough memory for all your needs.
There's no hard-and-fast rule about how
much is enough, except that many sys-
tems seem never to have enough mem-
ory—you can always use more.

Mass Storage. Programs, other than
those in ROM, must be fed into the com-
puter every time you turn the system on
or switch from one program to another.
Entering them each time from the key-
board or keypad is ridiculously time-con-
suming, and almost inevitably leads to

POPULAR ELECTRONICS

errors. So it's vital to have some easy,
fool-proof way to save programs and re-
enter them.

The use of punched paper tape has
virtually died out, since it's a slow and
noisy procedure. Most small computer
systems standardize instead on cas-
sette tape, either built in or as an acces-
sory program storage device. Most such
systems convert programs and data into
tones which can be recorded on ordi-
nary audio cassette recorders, but a few
record digital pulses, not audio tones,
which requires a special recorder. Cas-
settes, especially audio cassette Sys-
tems, are fairly slow (they require sever-
al minutes to load BASIC, for example).
But they're faster than paper tape, use
tape you can buy almost anywhere, and
usually make extra use of a cassette re-
corder you already own. Cassette pro-
grams are not always interchangeable
between different computer makes,
though a few cassette formats (chiefly
Tarbell and Kansas City) available as
accessories for many computers, have
achieved fairly wide use.

A very few personal computers also
have "canned” programs in ROM mem-
ory cartridges that look like 8-track audio
cartridges. They cannot be used inter-
changeably with different brands of
computers, though.

If you need reliable loading (cassettes
sometimes have to be loaded several
times before you get them right) quicker
loading, and faster access to a wide va-
riety of programs and data, then it's time
to consider floppy disks. Floppies are
basically magnetic recording tape cut
into disks instead of ribbons. They use
digital recording, and are very fast—
BASIC or other long‘programs typically
load in seconds. They also speed up ac-
cess to programs and data. Getting from
the first program on the disk to the last is
a matter of moving the head a few
inches from the outside to the inside
track. In contrast, getting from the first to
the last program on a C-60 cassette
means moving about 250 feet of tape
past the head.

Unlike cassettes, disks allow greater
interchangeability between computer
systems. This is especially true for sys-
tems based on the 8080, 8085 or 780
processors. Many companies sell 514-
inch disk programs written for use with
these systems. Furthermore, Digital Re-
search's CP/M operating system (and
CP/M software available from such
companies as Lifeboat Associates) sim-
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plifies interchange of programs. from dif-
ferent computers using the foregoing
processors.

The processor is, for the most part,
less important than the system you use
it in. If you're programming in BASIC or
some other language, you'll find as
much difference between versions of
BASIC running on a common processor
as between versions running on alto-
gether different ones. If you program in
assembly or machine language, you'll
find unlike processors very different to
work with, but you'll also find that every
processor has its firm adherents, with
each processor's advantages being bal-
anced by disadvantages relative to other
processors. The best way to choose is
to settle for whatever processor is in the
system which best suits you, and for
which the programs you need are al-
ready available.

Structure and Expandability. Any
computer system worth its salt is de-
signed to allow expansion. Your needs
may grow or change; your budget will
certainly grow, allowing you to make ad-
ditions piecemeal.

Computer systems can be expanded
in a variety of ways, and a given comput-
er may use several of them. The sim-
plest way to expand a system is to plug
more integrated circuits into sockets al-
ready provided for them. This is usually
done to expand RAM and ROM memo-
ry, and only. for moderate expansions.
Many single-board computers use this
method, but so do some larger ones.

A more popular and more versatile
route to system expansion is to plug in
additional circuit boards. This implies
that the computer will have some sort of
bus structure, which is a group of signal,
data, address and power lines into
which boards can be plugged in any or-
der. Several bus systems are in use,
some are used in just one model of com-
puter, others are used in many.

Boards are available for a very wide
variety of purposes: to expand memory;
to add more I/O circuits for additional
terminals, printers and the like; to gener-
ate speech or sounds; to accept voice
input; to tell the computer what time it is;
to allow the user to build circuits of his
own; to control other devices; to com-
municate by phone with other comput-
ers and terminals; to test integrated cir-
cuits; to add graphics capabilities; to
send and receive Morse code; to inter-
face with computers using other buses;
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to speed math processing; and many
more possibilities.

Some computers, chiefly very com-
pact ones, require a separate “box” to
hold more than a minimum of extra
memory, |/O and other circuits. Others
combine approaches, with an expansion
box that's built around an S-100 bus.

Peripherals. Much system expansion
occurs outside the computer, of course.
With the right programs and 1/0 circuits,
a computer (even the kind whose built-in
keyboard and video screen make it a
terminal unto itself) can support several
terminals around an office or house. For
a very few machines, there are even
programs available which allow several
terminals to operate at once.

Even a one-terminal system can fre-
quently use an add-on printer, for all the
reasons already cited. But the applica-
tion has a lot to do with which printer
should be selected. The main choices
are between dot-matrix and character
printers; between impact, electrosensi-
tive and thermal printing systems; and
between printers offering upper-case
(capitals) only and those offering both
upper and lower case. (See “Printer”
article that follows.)

Modems are another useful accesso-
ry, allowing your computer to communi-
cate with others by telephone. Originate-
only modems, the least expensive type,
let your computer call up others. Origi-
nate/answer types also let others call
you up. Some of the latter type also
have "“auto answer” facilities, so they
can answer calls even in your absence.

The Systems Approach. When you
buy a computer, you're not just buying a
computer. You're starting a system. So
your choice should be governed by the
entire system it belongs to, and how well
that system suits your application. Can
the system be expanded to keep pace
with your future needs? Can you get the
peripherals you need—disk drives, mo-
dems, printers, device control boards, or
whatever? How easily can you add any
extra memory you may need, and at
what cost? How many companies sup-
ply equipment to use with this system?
Do you have near-future use for a busi-
ness purpose? And, most important of
all, is software available to make this
system do what you want and need it to
do? If the answer to all these questions
is yes and cost is in your ballpark, then
you've found the right system. <

(Focus continues on page 63)
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The Unigque, New PRO-30 by Redlistic...only $7995

The first headphones designed to reproduce
sound the way you would hear it at a live
performance. With the stereo image in front
of you. With natural, unexaggerated channel
separation and depth perception. But without
the bass boominess and resonant peaks so
common in other headphones. Along with
exciting listening you get comfort, because
PRO-50 weighs a scant 10.4 ounces including

PASSIVE DIAPHRAGMS

Six passive
The diaphragms
diaphragms / brln?;l:gcv:';_
allow the ear fevet Aoy
to develop its ism to h‘ﬁi
own natural, phone hi-
desired reso-
id -
Zﬂgchelgc;: fTe- Below their
quencies, own reso-
allowing PRO- nance, the
50 to act as an * diaphragms
open-air \ go not afllm;r
ass notes to
L e pass, thereby

working as o
coupled
headphone

Active driver-
fransducer

Prices may vary al individual stores and dealers

cord and plug. The secret of this breakthrough
is in the six passive diaphragms encircling the
driver. These “slaves” perform two vital func-
fions. At upper-middle and high frequencies
they let the ear listen in a “free field"” that
eliminates self-resonance, and they allow the
ear's own hafural resonances fo develop.
Combined with acoustical resistances, this
forms a controlled and highly damped vent
to flatten resonant peaks and extend bass
response. PRO-50 has an audio range of
16-20,000 Hz. All this performance without user
adjustments — PRO-50 is self-adjusting. Come
in and discover the ultimate in headset hi-fi. By
the company that also builds and markets the
TRS-80™ the world’s most popular personal
computer,

Redlistic— Sold Only at

RadioMhaek

A DIVISION OF TANDY CORPORATION, FORT WORTH, TX 76102
OVER 7000 LOCATIONS IN 40 COUNTRIES
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FOCUS ON MIKROCOMPUTERS
How to Buy a

Computer Printer

BY ALEXANDER W. BURAWA, Features Editor

SOOHer or later, if you own a person-
@al-computer system, you'll want to
add a hard-copy printer. For example, a
home user might want to keep printouts
of programs in case he “blows" them on
his tapes or disks, or have recipes that
can be taken into the kitchen instead of
a video monitor or terminal. A small
businessman, on the other hand, would
need a printer even more—for generat-
ing letters, billing information, stock-
inventory lists, etc. Thanks to the intro-
duction of lower-priced models, anyone
can now seriously consider adding a
hard-copy facility.

In this article, we will discuss the vari-
ous types of printers available and ex-
plain how each operates. Our objective
is to provide guidance on selecting the
printer that is just right for the purpose,
based on such features, as performance
and cost.

Some Generalizations. Hard-copy
printers are considered to be one-way
machines that provide a permanent
copy of whatever appears at the appro-
priate output port of a computer. This
computer peripheral generally has no fa-
cility for “talking to” the computer (al-
though there are terminals, such as a
teletypewriter, that permit two-way com-
munications, including hard copy).

A number of factors contribute to the
price of a printer, the most important be-
ing the printing mechanism used, num-
ber of characters per line, and printing
speed. As a general rule, the greater the
number of characters per line and/or the
faster the operating speed, the more ex-
pensive the printer. For example, a 40-
column  (40-character/line)  thermal
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printer of the type used with many cal-
culators is much less expensive than a
line printer that prints at a rate of 500
lines/minute and has a capacily of 80
characters/line or more.

All  computer-controlled hard-copy
printers can be classified as either “im-
pact” or “nonimpact” in design. Charac-
ters and symbols can be printed either
fully formed or in a dot-matrix format. Fi-
nally, printers can be classified as either

IBM Selectric uses interchangeable
“golf ball” printhead for selectable-
font, preformed solid characters.

Dot-matrix
characters

(bottom) may
be more
soses difficult to
e® eoee read than
[ ] b
2ocee soes solid

characters (top).

“serial" or “line.” Individual printers vary
immensely in terms of operating fea-
tures, capacity, reliability, print quality,
cost, etc.

Al one time, all hard-copy printers
were referred to as “line” printers. To-

day, a line printer generally means a de- -

vice that prints an entire line of charac-
ters simultaneously. To differentiate be-
tween this type of printer and those that
print each character individually across

S5

the page, the term “serial” has come
into common usage. Unfortunately, a
few manufacturers continue to refer to
their serial printers as “line” printers. In
most cases, however, you can deter-
mine which is which by referring to man-
ufacturer specification sheets. Serial-
printer speeds are generally given in
characters/second (cps) with no men-
tion of lines/minute (LPM), while line-
printer speeds are almost invariably giv-
en in lines/minute and may or may not
include characters/second. If in doubt,
ask your dealer.

63




FOCUS ON MICROCOMPUTERS

Photo courtesy Precision Data

Character Format. Impact printers
with solid, fully formed characters
abound for high-quality typefaces used
for business letters, business forms,
magazine and book printing, etc. These
can be found on Teletype® cylinders,
IBM Selectric® “golf” balls, “daisy”
wheels, drums, chain-print mechanisms,
and embossed “bands.” In general, fully
formed type carriers provide both upper-
and lower-case alphabetic characters,
numbers, punctuation marks, and spe-
cial symbols (if any are required). Addi-
tionally, many offer a choice of different
type fonts, such as Roman, italic, bold,
etc. The exception here is the cylinder
printhead, which is limited to upper-case
alphabetic characters, the numerals 0
through 9, and a few punctuation marks
and symbols. ;

Dot-maltrix printing is the other tech-
nique for forming printed characters on
paper. Here, a number of dot “ele-
ments” make up each character in the
set. The dots are usually arranged in a
matrix consisting of 4 to 7 dots horizon-
tally and 7 to 9 dots vertically. When the
elements are limited to 7 or fewer dots
vertically, the character set may not con-
tain lower-case letters because of prob-
lems with legible descenders.

Dot-matrix-formed characters are not
continuous and may, as a result, lead to
problems in legibility, especially if the
matrix is made up of very few elements.
(Some very expensive dot-matrix print-
ers generate so many elements per
character that individual characters ap-
pear to be continuous.)

Printheads that use the dot-matrix for-
mat of generating characters can be
used in impact printers and are used ex-
clusively in nonimpact printers.
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Madtrix printhead is used exclusively
in nonimpact and in some impact printers.

Impact vs. Nonimpact. Like an or-
dinary typewriter, all impact printers re-
quire force to print a character on paper.
In the great majority of impact printers,
the printhead is forced with hammer-like
action against the paper through an
inked ribbon. In rare cases, the selected
character in the printhead is held sta-
tionary while a hammer drives the paper
and inked ribbon against the character
slug or matrix from the rear to accom-
plish the printing task.

Almost without exception, impact
printers are considerably slower than
their nonimpact counterparts, averaging
less than 60 characters/second for seri-
al printers. While some serial printers
that use the dot-matrix printhead may be
capable of operating at speeds of up to
330 characters/second, few in the low-
er-price ranges can achieve better than
100 characters/second. At the lowest
end of the price range, printing speed
may be restricted to 60 characters/
second or less.

One characteristic of all impact print-
ers is a high level of noise during opera-
tion. Noisiest of all is the cylinder printer,
which clatters away at distracting noise
levels. Perhaps the quietest is the band
printer, which is, relatively speaking,
unobtrusive. Even with its high noise
level, the impact printer is often the one
most preferred for high-quality printing
and/or multiple-copy capability.

By comparison, nonimpact printers
are almost silent in operation, the only
sound coming from the mechanisms
that move the head across the paper
and feed the paper upward for the next
line. Unfortunately, two disadvantages
are common to all nonimpact printers—
inability to make multiple copies and

sometimes very low legibility of the dot-
matrix-formed characters.

Nonimpact printers form their charac-
ters by any of the following techniques:

thermally, electrosensitively, electro-
statically, Xerographically, and ink jet.
For limited budgets, all but the first two
can be eliminated from consideration.

Impact Printers. Here is a rundown
on moderately priced impact printers:

Cylinder. The printhead used in this
type of printer was one of the earliest to
gain popularity (the old Teletype used
it). The cylinder printhead gets its name
from the shape of the character carrier.
In operation, the cylinder rotates and
moves up and down to carry the appro-
priate character into striking position.
Then a hammer strikes the cylinder,
forcing the selected character against
the paper through an inked ribbon.

One can buy a used cylinder printer
from a surplus dealer at low cost. lis
multiple-copy capability, using carbon-
paper-interleaved rolls, is a major
advantage. Disadvantages include a
10-character/second printing speed,
just passable print quality, no lower-
case alphabet, limited symbol availabil-
ity and very noisy operation.

Goif-Ball. The spherical “golf” ball
printhead was developed by IBM for its
Selectric typewriter. Similar in concept
to the cylindrical printhead, the golf ball
is a sphere on which the printing charac-
ter set is embossed. Operation is also
basically similar to the cylinder printer,
except that the ball itself strikes the pa-
per through an inked ribbon without help
from a hammer. Also, it features both
upper- and lower-case characters.

(continued on page 66)
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Printing band produces preformed characters
but legibility is only fair to poor.
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upper left) are cylinder, IBM golf
ball, dot matrix, impact, band,
and daisy wheel printheads.
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Excellent print quality, plus quick in-
terchange of printheads (balls) with dif-
ferent character fonts are the leading
advantages of the golf-ball printer.
Prices of new machines start at about
$2000, while reconditioned ones such
as from Anderson Jacobson sell in the
area of $1200.

Two disadvantages are prominent in
the golf-ball printer: printing speed aver-
ages only about 15 characters/second,
and operation is noisy, though certainly
not as noisy as with the cylinder printer.

Daisy-Wheel. The name “daisy
wheel” is derived from the printhead's
resemblance to the flower. Character
slugs are located at the ends of
“spokes” that radiate from a hub. Under
computer control, the hub is rapidly ro-
tated to bring the selected character into
striking position, where a hammer drives
the slug against ribbon and paper.

Daisy-wheel printers are more reliable
and faster than cylinder and golf-ball
printers, averaging 45 to 55 characters/
second. Like the golf-ball printer, the
daisy-wheel printer has interchangeable
type-font printheads. Its print quality is
especially good. The major disadvan-
tage of the daisy-wheel printer is its rela-
tively high price of $3000 to $5000.

Matrix-Impact. This is perhaps the
fastest growing type of printer in com-
mon use. Each character is formed from
a pattern of dots arranged in a matrix.
Each dot is struck onto the paper
through an inked ribbon by an indepen-
dent “pin” in the printhead. As the head
passes over the paper, the computer
“tells" it which pins are to be "fired.”

Since the chracter set of a matrix-
impact printer is determined by patterns
stored in ROM or PROM, not by the con-
figuration of the printhead, character
fonts can be changed easily, allowing
unigue symbols to be created almost at
will. This matrix approach also makes it
possible to have limited graphics mixed
with printed characters. Speed is gener-
ally higher than with other types of im-
pact printers—up to 330 characters/
second in the most expensive serial
printers and as low as 30 characters/
second at the low-price end. Reliability,
relatively quiet operation, and low cost
(about $900 to start) round out the ad-
vantages of the matrix-impact printer.

The major disadvantage of this type of
printer is that legibility may be poor be-
cause the characters are not continu-
ous. The problem becomes progressive-
ly worse as the number of dots in the
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matrix for a letter become smaller.

Band. Unlike other impact printers,
the band printer can be designed to
strike the paper through an inked ribbon
or to force paper and ribbon against the
selected character with a hammer be-
hind the paper. It gets its name from the
fact that the character set is embossed
on a continuous metal or reinforced
polyurethane “band” that fits over a pair
of bobbins. The bobbins rotate to set the
selected character slug into position.

Advantages of the band printer in-
clude: easily interchangeable type
bands for replacement or changing type
font, good print quality, high reliability,
and relatively high operating speeds that
range from 30 characters/second on up.

Disadvantages are charactersitic of
various models. Some are subject to
excessive belt and drive wear, others
print low-quality characters, and still oth-
ers wear out individual characters on the
band relatively rapidly. And one worn
character means replacing the entire
band. Finally, these are fairly expensive
printers, starting at about $3000.

Nonimpact Printers. In the nonim-
pact-printer category, there are basically
two types from which to choose in the af-
fordable range of most personal- and
very-small-business computer users—
thermal and electrosensitive. Both share
a disadvantage common to all nonim-
pact printers, namely, an inability to pro-
duce simultaneous multiple copies of
the printed matter. An advantage they
share is whisper-quiet operation.

Thermal. The matrix format for this
type of printhead is the same as for the
impact matrix printhead discussed
above. As the printhead moves across
the specially treated paper, it pauses at
each position where a character is to be
printed. At each pause, selected ele-
ments inside the printhead are rapidly
heated, activating the coating in the se-
lected areas. When the coating is ac-
tivated, it changes color to form dots that
contrast with the overall color of the pa-
per itself.

Very low cost and silent operation are
the major advantages of the matrix ther-
mal printer. Disadvantages include: rela-
tively low speed (30 to 100 characters/
second), need for special paper, lack of
preprinted forms, and short line width,

Electrosensitive. The printhead used
in this type of printer is similar to that
used in the thermal printer, except that it
vaporizes selected points of a special

coating on the paper with a voltage rath-
er than with heat. Operation is also basi-
cally the same.

Electrosensitive printers are low in
cost, ranging from about $400 to $3000.
A couple of peripherals manufacturers
have hinted that at some future time,
electrosensitive printers minus case and
power supply might be available for as
litle as $250. These printers are also
relatively fast, operating at speeds of
160 to 2200 characters/second.

The single important disadvantage
that has prevented the electrosensitive
printer from taking over the single-copy
market is the special paper it requires.
This paper, bearing a thin black layer
and an even thinner coating of alumi-
num, is very fragile and must be handled
with utmost care to prevent wrinkling
and soiling. A further problem is the re-
flectivity of the aluminum surface, which
virtually “washes out” under some light-
ing conditions and makes it almost im-
possible to photocopy printed text.

Other Considerations. Not all hard-
copy printers have full-page-width (812")
printing capability. There are a number
of “column” printers that use adding-
machine-size paper rolls and give an av-
erage of 40 columns (40 characters) per
line of upper-case alphabet, numerals,
and punctuation and some special char-
acters. In general, these printers employ
either impact or nonimpact dot-matrix
printheads. These printers are extreme-
ly low in cost, as little as $150 if you
shop around, but their graphics capabil-
ity may be limited.

Another consideration often over-
looked by prospective buyers is the
manner in which the paper is fed from
the supply roll or folded stack. There are
two alternatives here, the most common
of which is friction-roller feed, such as
used in typewriters. The other is sprock-
et feed. Here, gear-like sprockets locat-
ed at opposite ends of the “carriage” en-
gage perforations along the sides of the
paper to move the paper upward as
each line of printing is completed.
Sprocket-feed is superior to friction-feed
because it very precisely locates each
line of print, but the perforated paper
costs more.

The costs of a hard-copy printing sys-
tem do not stop with the purchase of the
printer itself; in fact, that may be just the
beginning. You must take into accourt
the cost of the paper. Here, the advan-
tage is on the side of the impact printer
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that uses inexpensive paper rolls. Prices
are considerably higher for the special
papers required for thermal and elec-
trosensitive papers. And, where avail-
able, accordion-folded, sprocket-feed
forms can be very expensive. Last but
not least, you must allow for mainte-
nance. A formed-character impact print-
er will generate much steeper mainte-
nance and repair costs than a nonim-
pact matrix printer, if only because the
former has more mechanical elements.
While most machines print in one di-
rection only (left to right), others print bi-
directionally. In a bidirectional printer,
when the printhead sweeps from left to
right and comes to the end of a line, the
paper feeds up one line and printing
continues from right to left. This process
is repeated for every pair of lines in the

text, eliminating “carriage return.” To
accomplish  bidirectional  operation,
these printers have built into them a
one-line data-storage buffer.

Finally, not all printers have the same
“typing” density. Full-width printers can
have as few as 5 and as many as 16.5
characters/inch across the page and as
few as 5 and as many as 12 lines/inch
down the page. High-density printing
can save considerably on the cost of pa-
per but may be difficult to read.

Buying Hints. Most of the prices quot-
ed in this article are manufacturer sug-
gested list. Dealers in the microcomput-
er marketplace, however, often sell be-
low list and, on occasion, considerably
below. So, it pays to shop around.
Though it might be preferable to buy

CP/M: The Standard
Microcomputer Software Interface?

BY DOROTHY SIEGEL*

This semi-universal software interface is already

providing tremendous advantages for 8080 and Z80-based

computer users. lts extension to other

systems may not be far off.

N THE early days of personal comput-

ing, toggling switches and watching
LEDS constituted the only means of da-
ta-handling available to enthusiasts. As
microcomputers and peripherals prolife-
rated, users expected to be able to ob-
tain high-quality software to run on their
systems. However, because hardware
and software were not standardized,
proven software that lafge computers

had been using for years and software .

written specifically for, say, the 8080 and
Z80 (the largest population of chips in
use) had to be adapted to accommodate
a multitude of incompatible systems.
This uneconomical state of affairs inhib-
ited the development of good software.
What was needed was a quasi-universal
interface that would allow applications of
software once written to run on any

8080/Z80 machine. Just as the S-100
“Lifeboat Associates, New York, NY.

bus became the 8080/Z80 standard for
hardware, CP/M (a registered trade-
mark of Digital Research) is filling this
need in the realm of software.

What Is CP/M? CP/M is an operating
system, a layer of software that masks
the hardware and makes it “imperson-
ate” a computer defined by CP/M itself.
Once CP/M is loaded on a microcom-
puter system, the details of the hard-
ware actually in use become irrelevant
to the user. As far as he is concerned,
he is dealing only with CP/M; the oper-
ating system does the rest. Similarly, a
program need only be designed to run
under CP/M, not with any particular
hardware configuration. This ability to
mate virtually any microcomputer and
any software is one of the main reasons
for the growing popularity of CP/M.

new equipment, don't overlook the
used-printer market. Occasionally, very
expensive printers that have been taken
out of a large system will be refurbished
and sold in satisfactory operating order
at a fraction of their original price. Be
sure you get a warranty, though.

If you own or plan to buy a video ter-
minal—that is, a keyboard-video monitor
system—it would be wise to purchase
only a one-way printer. Having a two-
way one would make the typing facility
redundant unless you also wish to own
an electric typewriter.

Finally, try to get some “hands-on”
experience with the printers you have in
mind. Visit your local computer store
and, if possible, other computer users
who already have hard-copy printers to
see which fills your needs. <&

CP/M consists of a monitor control
program plus some utility programs,
principally a text editor, an assembler
and a debugger. Together, these pro-
grams comprise a complete and inde-
pendent software-development package
that enables the user to create, edit, de-
bug, assemble and run programs using
one, two, three, or four floppy or mini-
floppy disk drives. It can be used with
any of the family of 8080- or Z80-based
micro-processor that have at least 16K
of memory.

The heart of the CP/M is the disk op-
erating system (FDOS). It relieves the
user of all housekeeping tasks, creating
and manipulating files, and coordinating
communication between peripherals.
The FDOS acts as a supervisor for other
programs, whether they are utilities like
CP/M's own editor, application pro-
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grams like inventory control, or transla-
tors for high-level programming lan-
guages like BASIC, COBOL, FOR-
TRAN, and PL-1.

The FDOS can be further subdivided
into the BIOS or Basic Input/Output
System, which provides machine lan-
guage interfacing to the /O devices,
and the BDOS, or Basic Disk Operaling
System, which provides disk and file
management. Together, the BIOS and
BDOS supervise the /O hardware.
BDOS allocates disk space for new files
and maintains a record of disk storage in
use and available. When a program de-
mands storage, BDOS determines the
disk addresses to be employed, and
performs disk 1/0 through the BIOS driv-
ers. For example, when an application
program such as an editor or an assem-
bler needs to write data to a file, it calls
BDOS function #21 to write a record.
BDOS does the necessary calculations
and calls the BIOS with four different op-
erations: select disk, set track, set sec-
tor, and perform data write.

The Console Command Processor
(CCP) is the user interface to the rest of
CP/M. It executes its own set of com-
mands, such as DIR to list the file names
on a diskette or ERA to erase a file.
There are five such built-in commands
that the CCP can perform. When the
hardware is first activated, or a program
run has ended, CCP is loaded “by de-
fault.” But when a program such as a
BASIC interpreter is executed, CCP’s
2K of memory is released for use by the
program and becomes part of the TPA
or transient program area as shown in
Fig. 1.

The TPA is the section of memory
where a program is loaded for execu-
tion. For example, when “BASIC” is
typed to the CCP, the FDOS loads the
binary command file BASIC.COM at
100H (the H denotes hexadecimal or
base-16 notation) and transfers execu-
tion to the start of the BASIC program.

CP/M'’s transient commands (see Ta-
ble) reside not in memory, but on the
CP/M disk, ready to be loaded by the
CCP. The user can load one of the tran-
sient commands supplied with CP/M,
such as the CP/M editor (ED). Or, as in
the example with BASIC above, he can
create his own transient commands,
even using an editor, assembler or de-
bugger obtained from another source.
When the user wishes to edit a file, he
types “ED.” When he wishes to run BA-
SIC, he types “BASIC.” And when he
wishes to list the files on the disk, he
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types “DIR.” The manner in which the
system copes with these different tasks
is unimportant to the user seated at the
console.

The “standard” CP/M for most ma-
c}‘nnes with an S-100 bus (such as the
Altair, IMSAI, North Star, Cromemco,
etc.) has programs loading at address
100H (Fig. 1). A second “standard”
CP/M, for computers with firmware at
low memory addresses (such as the
TRS-80, Heath H-8, and Poly 8813), has

programs running at 4300H. Major soft-

ware houses such as Digital Research
and Microsoft have produced versions
of their products for both standards.

Why CP/M? The decision to make
CP/M easily transportable between dif-
ferent computer systems was a recent
one. In 1973, when Intel introduced its
8080 microprocessor, Gary Kildall of Di-
gital Research designed a PL/M cross-
compiler to generate code for the new
device. He separately designed an 8080
operating system, CP/M (for “Control
Program for Microprocessors”) ver.1.0,
that he later configured for the 8080-
based systems built by Omron and Digi-
tal Microsystems. In 1976, when IMSAI

asked him to implement CP/M on their
8080-based computer, Digital Research
redesigned CP/M (ver.1.3) to be trans-
portable between different machines
with standard 8” IBM diskettes. CP/M
started becoming a popular system for
microcomputer users who owned 8" disk
drives, and it was possible for users with
dissimilar hardware to start swapping
disks and programs.

In 1977, Larry Alkoff of Lifeboat As-
sociates configured CP/M to work on
the North Star minifloppy disk system.
Enthusiastic response to word of its ex-
istence led Lifeboat to offer CP/M con-
figurations for almost every other mini-
floppy and floppy disk system—single
and double density, single and double
sided, hard and soft sectored, 514" and
8", and with any disk controller. Today,
CP/M is available from Digital Re-
search, from disk system manufactur-
ers, and from distributors like Lifeboat
for virtually all 8080/Z80-based comput-
er disk systems sold.

The popularity of CP/M mushroomed.
It was inexpensive compared to systems
software for large computers, and it pro-
vided a machine-independent environ-
ment for the wider world of software. For

(Conrinued on page 73)
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The sharpest picture ever achieved
in big-screen projection TV

The new Heathkit Screen Star sets a new
standard in picture quality for big-screen
projection TV. The finest F1.0 lenses you
can buy produce one of the clearest,
brightest pictures ever.

Imagine watching all your favorite TV
movies and sports events on a big 6-foot
diagonal screen. Heathkit's three-tube
projection gives you brighter, more vivid
color. And it's a lot easier to build than
conventional TV's.

H complete computer system in ene
compact unit

The Heathkit All-In-One Computer takes
the guesswork out of selecting a bal-
anced computer system. It includes
built-in floppy storage, smart terminal,
heavy-duty keyboard, 12-key numeric
pad, Z80 CPU, and 16K RAM expandable
to 48K—all in one compact unit.

Two Z80 microprocessors mean ter-
minal and computer never share
power. So both can operate faster
on more complex programs. And
there's no better way to learn
about computers than to build
one yourself.

C&R akp JOURBELF® L FALL1ETO

The only computerized home
weather station for instant, up-to-
the-minute weather reports

Just push a button for reliable weather
information anytime you need it with
the unique Heathkit Weather Station.
It gives you digital readouts on

F or C temperatures, wind speed in
miles or kilometers per hour or in
knots, wind direction, barometric
pressure, date and time of day, even
the wind chill factor.

This microprocessor-based weather
computer has memory to store data
and precision infra-red sensing
devices built into the outdoor trans-
mitter. And it's very easy to build.

The finest stereo receiver ever

introduced by one of the

leaders in audio technelegy

It's loaded with luxury features that

let you adjust your music to your

preference.

Special features include a Precision

Tuning System (PTS) that automati-

cally corrects mistuning. 5-section FM

tuning capacitor gives you maximum

rejection of unwanted signals for lower

noise, cleaner sound. Digital frequency

readout, center tune meter, and flywheel
loaded tunmg are just a few of the lux-

. ury touches. Complete

specifications are in the

latest Heathkit Catalog.

FREE CATALOG

See all the newest innovations in build-it-
yourself kits in the latest free Heathkit Catalog.
It contains nearly 400 exciting kits for your home,
work or pleasure. Send today.

o

I Send to: Heath Gompcmy. Dept. 010-590,
I Benton Harbor, MI 49022

| Yes, please send me a Heathkit Catalog.
I am not currently receiving a catalog.

|

|

l |

i |

. | Name |

If coupon is mlssmg. wrlle Healh Co.. | Riddiess j

Dept. 010-590, I I

Benton Harbor, MI 49022 I city State 2

Heathkit Products are also sold and serviced at Heathkit Electronic I |

Centers (units of Schlumberger Products Corp.) in major cities | CL-720 Zip :
I
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l‘ throughout the U.S. See your white pages.
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When it comes to signal sources,
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The 2001 Sweepable
Function Generator. $149.95"
A wide-range 1 Hz-100 kHz source for
stable, low-distortion sine waves; fast rise/
fall-time square waves; high-linearity
triangle waves—as wellas a TTL square-
wave output. _
The 2001's voltage-controlled oscil-
lator lets you remotely shift the generator's
frequency by applying a DC voltage, or
using an AC voltage to sweep its output
overa 100:1 range. A pushbutton-
selectable DC offset, allows you to shift
output waveform centers above or below
baseline at will. With its five overlapping
ranges, high- and low-level outputs, Model
2001 is a remarkable value.

Model 4001 Ultra-Variable
Pulse Generator. $169.95"
Model 4001 is a precision digital pulse
generator with fast riseand fall times
covering 0.5 Hz to 5 MHz in 5 overlapping
ranges. Pulse width and spacing are
independently variable, 100 nsec to 1 sec.
Whatever type of testing you have In

mind, the 4001 has a mode to match:
Continuous. One-shot. Trigger. Gate. Square
wave. Even a complement mode to
instantly invert the output. Plus external
triggering and gating. Three outputs —50-
ohm variable, TTL and sync. And much,
much more.

The more digital work you do, the
more you need our 4001.

(Continued from page 68)

example, when CP/M is used, the same
version of Microsoft Disk Extended BA-
SIC will execute identical BASIC pro-
grams on a North Star Horizon, an Ohio
Scientific Challenger, or a Cromemco
System 3 Computer. This standardiza-
tion and broadening of the market has
helped to promote the writing of high-
quality software.

A spartan operating system, CP/M is
designed for the most efficient use of the
limited memory most users had back in
1976. It is also economical with disk
space, not requiring contiguous blocks
of space on the disk in order to create
continuous files. The system is forgiving,
which makes it difficult for a user to inad-
vertently destroy his program. Further-
more, CP/M is well-conceived, reliable,
and thoroughly debugged.

A wide variety of CP/M software is
available from dozens of sources. There
are application packages such as word-
processing and mail-list programs, pay-
roll, and general ledger; utility packages
such as TEX (a text formatter for Digital
Research) and Macro-80 (a relocating
Macro Assembler from Microsoft); and
language programs in which to develop
or run application programs. Two recent
releases are a BASIC Compiler and two
Compilers for the language “C”. CP/M
offers the luxury of a selection among
more than a dozen BASIC's, three FOR-
TRAN's, three COBOL’s, an APL, a
PL-1 and innumerable assemblers, edi-
tors, and business packages.

Computer users who are still depend-
ent on the equipment manufacturers can
benefit from CP/M. With a nonstandard
DOS supplied by the manufacturer, their
machines constitute a captive software
market. If the manufacturer, either be-
cause of bankruptcy or a change in
plans, fails to supply that market, the us-
ers are in trouble. For instance, the
availability of CP/M software for the
Processor Technology Helios disk sys-
tem should offer more than a little com-
fort to the recently orphaned owners of
these systems.

Communication Using CP/M. Us-
ers of CP/M having similar disk systems
can exchange disks. Users with dissimi-
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_ ripheral transfer operations.

CP/M TRANSIENT COMMANDS

- STAT—List the number of bytes of storage
. remaining on the currently logged disk,
_ provide statistical information about partic-
_ular files; and display or alter device as-

sighment. .

 ASM—Load the CP/M Assembler and as-

 semble the specified program from disk.

 LOAD—Load the file in Intel “hex" ma-

_chine code format and produce a file in

. machine executable form which can be

loaded into the TPA. (This loaded program
becomes a new command _under the
coEy = .
DDT—Load the CP/M debugger into TPA
~ and start execution. :
PIP—Load the Peripheral Interchange
Program for subsequent disk file and pe-

- ED—Load and execute the CP/M text edi-

~ tor program.

SYSGEN—Create a new CP/M system
diskette. a0
SUBMIT—Submit a file of commands for
batch processing. T
DUMP—Dump the contents of a file in hex.
MOVCPM—Regenerate the CP/M system

for a particular memory size.

 Note: These are commands supplied with

 CP/M. Any programs acquired by the user
‘are added to his repertoire of Transient

 Commands. S

have been fostered by CP/M. Ward
Christensen and Randy Suess of the
Chicago Area Computer Hobbyist Ex-
change (CACHE) devised a computer-
ized dial-in “corkboard and pushpin”
community bulletin board—a modern-
day version of a wall full of index cards.

=

In its first 16 months of operation,
CBBS (Computerized Bulletin Board
System) handled 16,000 calls. Ward re-
ports that often the entire operation is
automated, with a user’s computer call-
ing the CBBS computer. CBBS's have
reportedly cropped up in Pasadena,
Boston, Maynard (Mass.), Atlanta, Dal-
las, and Beaverton (Oregon), all em-
ploying the CACHE supervisory soft-
ware and CP/M. Ward feels that CP/M
made implementation of CBBS much
easier, and he uses standard CP/M utili-
ty programs to maintain it. Eventually,
CP/M Users Groups may use on-line
computers with modems to transfer files.

For the Future. Feedback from CP/M
users has led Digital Research to plan
for the introduction of a more expensive,
more sophisticated, upwardly compat-
ible operating system, MP/M. This Multi-
Programming Monitor supports pro-
cesses arranged by priority for handling
events in real time, yet it is designed so
that CP/M programs can run with it. The
MP/M is about four times the size of
CP/M and costs about twice as much.

If the advent of microcomputers is
seen as a revolution, surely the develop-
ment of advanced, universal operating
systems must be. too. By unifying the
software market and making it worth-
while to design sophisticated programs
for the micros, CP/M (and MP/M to
come) has unleashed these machines
and put them to work. (o3
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