





Build your own microcomputer
asyou learn
computer technology at home.

New from NRI! The Most Complete and Up-to-date Home Study Course Ever Offered

As the microprocessor revolutionizes the
computer world and microcomputers appear
almost everywhere, NRI brings you a new,
convenient, and effective way to keep up with
this expanding technology. It's NRI's Computer
Technology Course, created and designed exclu-
sively for learning at home in your spare time.

Featuring NRI's Exclusive
Dual Language Microcomputer
NRI goes beyond book learning to
give you practical, “hands-on” experience in
designing circuitry, interfacing components,
programming, and troubleshooting. As you
learn, you actually assemble NRI’s designed-for-
learning microcomputer, incorporating the latest
advances in the state of the art. It looks and
operates like the finest of its kind, actually does
more than many commercial units. But NRI
engineers have designed components and
planned assembly so it demonstrates important
principles, gives you working experience in detect-
ing and correcting problems. And it’s yours to
keep, put to wotk in your own home or business.
You also build and keep your own test

instruments, including a transistorized volt-
ohm meter and CMOS digital frequency counter.
And NRT's Discovery Lab® broadens your
horizons with specialized experiments and
theory demonstrations.

The Proven Way
to Learn at Home
You don’t have to worry with travel,

years of teaching technical subjects, NRI brings
the material to you. You study in your spare time,
at your convenience, using “bite-size” lessons
that program material into logical segments for
easier assimilation. You perform experiments
and build equipment using kits we supply. And
your personal NRI instructor is always available
for consultation should you have questions or
problems. Over a million students have already

Send for Free Catalog...
No Salesman Will Call
Get the details on these exciting new

courses in NRI's free, 100-page catalog. Shows
all kits and equipment, lesson outlines, and full
information, including facts on other electronics
courses. Mail the coupon today and we'll rush
your catalog. No salesman will ever call. Keep up
with the latest technology as you learn on your

classes, or time lost from work when you learn

the NRI way. As they have for more than M Clisice of Congses

Several courses are available, depending

shown the effectiveness of NRI training, own computer. If coupon has been removed,

write to NRI Schools, Computer Department,
3939 Wisconsin Ave., Washington, D.C. 20016.
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PET / TRS-80/ APPLE: Personal Software brings you the finest!

MICRO
CHESS

The Industry’s First
Gold Cassette

MICROCHESS is the industry’s best selling computer game. And
no wonder—because MICROCHESS gives you more than just a
chessplaying program: A convenient, foolproof set of commands
and error checks ... complete instructions in a5%" by 8'2" booklet ...
a cassette that's guaranteed to load, with disk versions coming
soon ... and several levels of difficulty to challenge you not just
once, but time after time. It's available through well over three
hundred computer stores and many mail order sources ... always

@ 1234567 [01234%67

TIME TREK by Brad Templeton for 8K PETs and Joshua Lavinsky
for 4K Level | and Il TRS-80s adds a dramatic new dimension to the
classic Star Trek type strategy game: REAL TIME ACTION! You'll
need fast reflexes as well as sharp wits to win in this constantly
changing game. Be prepared—the Klingons will fire at you as you
move, and will move themselves at the same time, even from
quadrant to quadrant—but with practice you can change course
and speed, aim and fire in one smooth motion, as fast as you can
press the keys. Steer under power around obstacles—evade enemy
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.
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Over 50.000 Sold SEAs R

TIME
TREK

A Tour De Force
In Real Time Action
Strategy Games
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originating from Personal Software. What's more, every Personal
Software product is selected to give you these same benefits of
easy availability, reliable cassettes, readable documentation, a
carefully thought out user interface ... and most important,
continuing challenge and enjoyment, not just once but time after
time. If you haven't already, order your own gold cassette:
MICROCHESS, by Peter Jennings, for 8K PETs, 16K APPLEs, and
4K Level land Il TRS-80S ..., $19.95

THE FEDERATION WILL BE COMQUERED  YOUR SCORE IS &

: CAFE TO PLAY AGATI?

shots as they come towards you—lower your shields just long
enough to fire your phasers, betting that you can get them back up
in time! With nine levels of difficulty, this challenging game is easy
to learn, yet takes most users months of play to master. ADD
SOUND EFFECTS with a simple two-wire hookup to any audio
amplifier; the TRS-80 also produces sound effects directly through
the keyboard case, to accompany spectacular graphics
explosions! You won't want to miss this memorable version of a
favorite computergame ..ot $14.95
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BLOCKADE by Ken Anderson for 4K
Level | and |l TRS-80s is a real time
action game for two players, with high
speed graphics in machine language.
Each player uses four keys to control
the direction of a moving wall. Try to
force your opponent into a collision
without running into a wall yourself! A
strategy game at lower speeds,
BLOCKADE turns into a tense game of
reflexes and coordination at faster
rates. Play on a flat or spherical course
at any of ten different speeds. You can
hear SOUND EFFECTS through a
nearby AM radio—expect some

GRAPHICS PACKAGE by Dan Fylstra
for 8K PETs includes programs for the
most common ‘practical’ graphics
applications: PLOTTER graphs both
functions and data to a resolution of 80
by 50 points, with automatic scaling
and labeling of the axes; BARPLOT
produces horizontal and vertical,
segmented and labeled bar graphs;
LETTER displays messages in large
block letters, using any alphanumeric
or special character on the PET
keyboard; and DOODLER can be used
to create arbitrary screen patterns and
save them on cassette or in a BASIC
Program . ......o.oveeunnennnnn $14.95

ELECTRIC PAINTBRUSH by Ken
Anderson for 4K Level | and || TRS-80s:
Create dazzling real time graphics
displays at speeds far beyond BASIC,
by writing ‘programs’ consisting of
simple graphics commands for a
machine language interpreter.
Commands let you draw lines, turn
corners, change white to black, repeat
previous steps, or call other programs.
The ELECTRIC PAINTBRUSH manual
shows you how to create a variety of
fascinating artistic patterns including
the one pictured. Show your friends
some special effects they've never
seenona TV screen!......... $14.95

WHERE TO GET IT: Look for the PERSONAL SOFTWARE™ display rack at your local computer store. If you can’t find rﬁe p.roduc't you
want, you can order direct with your VISA/Master Charge card by dialing 1-800-325-6400 toll free (24 hours, 7 days; in Missouri, dial
1-800-342-6600). If you have questions, please call 408-745-7841. Or you can mail your order to the address below.

Personal Software™
592 Weddell Drive
Sunnyvale, Calif. 94086
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Two types of front-striking print heads used for im-
pact printing. At top is IBM Selectric ball; at bottom
is daisy wheel element.

from 10 characters per second to 45,000 lines per
minute in exchange for their inability to produce
multiple copies. An impact printer, of course, only
requires carbon paper or its equivalent if multiple
copies are desired; nonimpact printers produce only
an original.

The easiest way to understand nonimpact printers
is to divide them into those which require special
paper and those which use ordinary paper. While
there are many different approaches using special
papers, only two nonimpact techniques are common
using standard paper: inkjet and xerographic. Let’s
discuss them first.

In xerographic printing, characters are first imaged
onto a printing surface; that is, an image of the
characters in question is caused to appear by one of
several means depending on the nature of the print-
ing surface. The surface is then foned, which means
that ink particles contact the surface, adhering to the
places where characters are imaged, but not to any of
the surface surrounding the characters. This is usual-
ly done by having the ink particles magnetized or
electrically charged so that they will be repelled or at-
tracted by like or unlike magnetic fields or electric
charges on the surface. When the toning process is
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complete, the ink on the imaged characters can be
transferred to ordinary paper simply by bringing the
toned printing surface into contact with it. The ink is
then fused to the paper, usually by heating it slightly.

Since a number of lines can be printed at once
using this process (depending primarily on the paper
size and the number of lines per sheet desired), this is
a high speed process used for high volume jobs. Two
basic variations of the process described above are
available. The Xerox Model 1200 (1974) uses flashes
of light to photographically image characters on a
drum, while the IBM Model 3800 (1976) uses a laser
beam character generator to image dot matix char-
acters on the surface of a photoconductor. In both
versions, the image is toned, then transferred and
fused to the output paper. Both printers have a
moneysaving optional feature called a forms overlay
which permits the output of both the form layout and
the information filling in the form simultaneously.

The speed of these xerographic printers is im-
pressive. The Xerox 1200 can print 60 82 by 11 inch
sheets (13.3 characters per inch horizontally and
eight lines per inch vertically) per minute, which
works out to about 4000 lines per minute. The IBM
3800, while offering greater flexibility of character
set, has a speed range of 8180 to 20,820 lines per
minute — but costs more than twice as much. Due to
the expense and sheer physical size of these devices,
few personal computer enthusiasts are apt to en-
counter them.

The other technique for nonimpact printing on or-
dinary paper is inkjet printing. It is most commonly
used for comparatively low speed word processing
applications. At first glance unlikely, this newly
developed process has been refined to the point
where it can produce printing nearly equal in quality
to the output of a Selectric typewriter—but at 92
characters per second, more than six times the Selec-
tric’s speed. IBM’s system, as seen in the IBM 6640,
for example, directs a jet of tiny ink droplets toward
a page of standard paper. The single inkjet moves
serially through the horizontal and vertical positions
needed. In their flight, the droplets pass first through
an electric field where they receive an electrostatic

Inkjet printing: ink droplets leave the nozzle at left
and are electrically charged by an electrostatic field.
The droplets are then deflected by two charged plates
and hit the paper at the desired position. Some
droplets are aimed at an ink gutter for recycling.
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Each advance in the
technology offers new
possibilities, and the delays are
few between the perception of
these possibilities and the
appearance of a printing device
using them.

charge. They then pass by a deflection plate which
electrically attracts or repels the charged droplets. In
this way the drops can be directed to a position in the
print column corresponding to a dot position in the
24 by 40 dots per character matrix which forms the
printed character. If no dot is needed in a particular
position, the droplet is directed into a gutter where it
is recycled back to the jet.

In the container industry this process is in use in a
form more analogous to a high speed printing press
than to most computer output devices. The Mead Di-
jit printer, instead of using a single moving inkjet,
has 100 jets per inch and one jet per droplet position.
It is capable of printing at 45,000 lines (or about 600
feet) per minute.

Inkjet printing technology is improving so rapidly
that inkjet character printers may begin to appear at
prices affordable by personal computer users before
too many years have passed.

Techniques Using Special Papers

Five different processes using special papers are
currently in use. The most commonly found system
employs thermal sensitive paper, which changes color
when heated. Both Texas Instruments and NCR, the
major suppliers of thermal printers for computer
output, use a matrix of heated dot elements as a print
head. The matrix, usually 5 by 7 dots, is stepped
across the page, pausing at each print position. In the
print position, the elements required to form the
desired character contact the paper briefly, so that
their heat changes the paper’s color. This leaves the
dots which are required for the character printed in
that position.

Until recently, thermal printers were far less expen-
sive than comparable impact dot matrix printers.
This, coupled with their silence and speed (as high as
120 characters per second, although 30 characters per
second is most common), made them popular for use
on systems where limited hard copy needs would off-
set the extra expense of the special paper. Recently,
however, both Digital Equipment Corporation and
General Electric have introduced impact dot matrix
printers at prices competitive with comparable ther-
mal printers, so the picture may change. If it does,
thermal printers may be available at good prices from
surplus houses.

An Intriguing New Printer from
Centronics: Model 730

The Model 730 is the latest product in a long
line of printers from Centronics. For under
$1000 the user gets a great deal of versatility —
the 730 is a 7 by 7 matrix impact printer which
can accept three types of ordinary paper:
regular 82 by 11 inch sheets, rolls of Teletype
style paper, or multiform fanfold paper. This
feature makes the unit useful for small business
applications. Printing speed is 50 characters per
second, and the paper handling mechanism can
move paper by friction feed or by pin feed.

Unlike thermal paper, the special paper used in
electrostatic printing undergoes no visible change. In-
stead, characters are imaged on its dielectrically
coated surface by electrically conductive styli.
Depending on the system and manufacturer, 100 to
200 styli per inch are used; when a character is to be
printed, its image is formed by a pattern of electrical-
ly charged dots in the coating. The character’s resolu-
tion and detail depend on the number of styli per inch
used. After imaging, the paper is passed through a
toner bath where electrically charged ink particles are
attracted to the areas contacted by the conductive
styli and repelled from all other parts of the paper.
Since the output paper is itself imaged (unlike the
xerographic systems which, in order to print on stan-
dard paper, use an intermediary printing surface)
there is no need for an additional process to transfer
and fuse the ink onto the output paper.

Electrostatic printers routinely operate at speeds of
300 to 3600 lines per minute, although one of
Honeywell’s electrostatic printers can print 18,000
lines per minute. The combination of speed, fine
resolution, and a price competitive with that of the
fastest impact printers has brought electrostatic
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Getting Involved With
Your Own Computer

by Leslie Solomon and
Stanley Veit
Ridley Enslow Publishers
Short Hills NJ, 1977
216 pages, paperback
$5.95
Reviewed by Bob Braisted

Getting Involved with Your Own
Computer is a book intended to pro-
vide the essential information for
the eager novice who is looking to
invest in a personal computer. What
was once an oversized monstrosity
of unreliable components at exorbi-
tant prices, has now been
transformed into a compact,
relatively dependable and inexpen-
sive item called the personal com-
puter.

This book is the consumer’s ad-
vocate for the recently developed
computer market. The text suggests
that the informed buyer is more
likely to find precisely what is need-
ed at a reasonable price.

One section is dedicated to in-
troducing the fundamentals of com-

puter operation. This discussion in-

cludes a description of the func-
tional parts of the small system.
Another section is devoted to speci-
fying the several sources of informa-
tion available to assist the hobbyist
in selecting a suitable system. These
sources include magazines,
catalogues, computer clubs, and
seminars. A large portion of the
book is designed to characterize the
variety of systems available today.
This entails a discussion of the
various microprocessor chips that
control each system. Most software
is designed to be compatible with
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only 1 specific microprocessor, so
software which works with one
system may not work on another.

The text takes special care to con-
sider the overall cost of buying a
system. The author advises the pur-
chase of a “‘training’’ system which
will instruct the user in all the
elementary skills involved in utiliz-
ing a computer. Having mastered
those skills you can begin to acquire
a complete system. When this book
was written, the personal computer
market was still in its initial stages,
so the information is just a bit
dated. The potential buyer must
therefore be aware of the current
trends in design so he can avoid buy-
ing obsolete equipment.

No critical comparison and con-
trast of all the systems is furnished
in the book. Any unique features of
the individual systems are noted as
well as any probable disadvantages
of the system organization. It is left
to the reader to continue further

research via the suggested channels
of communication to make a final
decision.

A word of caution is brought to
the attention of the computer shop-
per. When consulting with ex-
perienced hobbyists, keep in mind
that they will tend to support their
own equipment. Seek a number of
opinions and don’t rely solely on
any one person’s word for there is
no single best design. You must
know what the requirements are for
your intended applications and
choose the system that thoroughly
suits those applications. This book
will be helpful in setting up initial
guidelines for investment in your
personal computer, and will point
you in the right direction for a more
detailed investigation of its poten-
tial. ®

Bob Braisted is a senior at the
University of Connecticut majoring
in electrial engineering.

From the people
who brought you
WHATSIT. ..

EasyWriter:

a word processor
for vour Apple-II.

If you've been hunting high and low for a word
processor you can live with, try on EasyWriter--a
word processor you can’t live without!

You saw it at the West Coast Computer Faire. If you
liked it then, you’ll love it now. It’s clean. It’s easy. It’s
EasyWriter, and it’s just what you’ve been waiting

Information

2 Unlimited
Software;.

146 N. Broad St., Griffith, Indiana 46319

*WHATSIT is a Trademark of COMPUTER HEADWARE  -EasyWriter is a Trademark of CAP'N SOFTWARE

(219) 924-3522
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MAGIC
FOR YOUR
MICRO

by Chris Morgan : /




Magic on your personal com-
puter? Why not! People play games
with their computers, balance their
checkbooks, and figure compound
interest, as well as scores of other
applications. Now you can add pro-
grammed prestidigitation to that
list.

Picture this: your unsuspecting
victim is invited to pick a card out of
a deck of ordinary playing cards and
lay it face up on the table next to
your computer, where both of you
can see it. The MAGIC program is
then initiated. The computer con-
firms that a card has been selected,
and immediately guesses the color
of the card! You type ‘“YES”’ and
the computer guesses the suit of the
card. Once again you type ‘“YES”’
and the computer states whether the
card is high or low. This process
continues until the computer has
correctly guessed the value of the
card. The amazing part is that the
computer never makes an incorrect
guess!

Bear in mind that there are no
secret electronic circuits, that what
you see is what you get, and that the
program will run on any personal
computer having a suitable BASIC
language package. I wrote the pro-
gram on an Apple II computer, but
it should run equally well on a
Radio Shack, Pet, or any other
computer whose BASIC package
can examine the length of character
strings—more about that later. And
for magicians, the final, delightful
fatt is that the modus operandi is in
full view of the spectators at all
times. To top it all off, the program
has fooled every computer scientist
and programmer I’ve shown it to!

How does it work?

I’ll keep you in suspense just a lit-
tle bit longer. First I want to give
you some background about the art
of magic.

Misdirection

One of the fundamental concepts
in magic is misdirection, the art of
directing the audience’s attention
away from some secret manipula-
tion that must go on during the
course of the trick. Misdirection can
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be physical (ie: diverting the eyes of
the audience) or mental (ie: causing
the audience to think about some
diversion rather than the real secret
of the trick).

Another important concept in
magic is simplicity: the secrets of
some of the finest magic tricks are
remarkably simple. Sometimes they
are so simple that the public is often
disappointed when a secret is re-
vealed.

While I make no claims about the
quality of my computerized trick, I
can say with confidence that its
secret is simplicity itself. But you’ll
still have to practice quite a bit in
order to do the trick well.

Photos by Risa Swanson

The Secret

The secret lies in your apparently
innocent replies to the computer’s
guesses. When the computer states
that the chosen card is black, you
type ““YES’’ and hit the return key.
However, you can also add a space
with the space bar (ie: ‘“YES )
before hitting return. This conveys
one bit of information to the com-
puter in the form of a binary (0 or 1)
code. But how does the computer
make its first guess about the color
of the card? Ah, here’s where the
misdirection comes in! The com-
puter begins by asking ‘‘HAVE
YOU SELECTED A CARD?” You
of course type YES, but you add a

space after YES if the card is black,
and leave it out if the card is red.
The computer now knows the color
of the card, and next states “YOUR
CARD IS RED”’ (or black, as the
case may be). You affirm the guess
by typing YES again, but this time
you send the computer information
about the suit of the card with your
binary code. In other words, you are
staying one ahead of the computer.
Following this, you send informa-
tion about the value of the card (eg:
is it 8 or less, or 9 or greater, and so
on) until the value of the card is
determined.

Simple? Yes—deceptively so. But
in order to perform the trick you
must first memorize the code used in
figure 1. You also need time to think
about your replies each time. To
help do this, there is a built-in time
delay at line 1000 of the trick’s pro-
gram which takes place after every
entry you make. If you like, you can
add some fancy graphics routines
during this time delay to make it
appear that the computer is thinking
(assuming you know how to pro-
gram in BASIC, that is). Or you can
have the computer ask an occasional
non sequitur question (such as,
PLEASE ENTER YOUR SOCIAL
SECURITY NUMBER, or
PLEASE ENTER THE TIME) to
throw people off the track.

About the Program

The basic technique used in this
program is to examine the length of
a character string. A character
string is simply a sequence of letters,
numbers, and symbols (in our case,
“YES”’ and ‘““YES ”’. For example,
in listing 1, line 200 examines the
length of character string A$ (ie:
your typed-in reply). If the length is
equal to 3, your reply was ‘“YES”’.
If equal to 4, it was “YES ”’. The
entire program is actually a binary
tree, that is, a way of ordering a set
of things (in this case, 52 playing
cards) into a tree-like structure.
Each branch of the tree has a unique
binary code, and a particular set of
1s and Os from you causes the com-
puter to home in on the desired
card. See figure 1.
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article policy
onComputing is continually

seeking high-quality manu-
scripts about personal com-
puting. Possible topics include
explanatory articles about the
workings of computers, how to
program them, and how to pur-
chase them. Articles about
applications of personal com-
puters to everyday life will also
be considered, as well as lucid
accounts of more technical
applications. Our audience in-
cludes talented lay people as
well as those more versed in
computer lore; accordingly, all
technical terms in articles
should be defined, and all
acronyms spelled out. Manu-
script pages should be type-
written and double spaced. For
a more formal description of
procedures and requirements,
potential authors should send a
large (9 by 11 inch, 30.5 by
2.8 cm), self-addressed enve-
lope, with 8 cents US postage
affixed, to onComputing
Author’s Guide, 70 Main St,
Peterborough NH 03458.

20

YES YES —

YES YES — YES YES —
() (o’ (wm
/

YES YES_ Ere
YES_
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Figure 1: How the secret Magic program works: the diagram shows what is
called a binary tree—that is, a series of nodes, each branching in two direc-
tions. In order to use the program, type RUN. The computer will then ask if
Yyou have selected a card. Type either YES or YES __, depending on whether the
card is red or black. This step is shown immediately below the “BEGIN’’ node
at the top of the tree. The computer then ‘‘guesses’’ the color of the card. (In
actual fact, it already knows the color of the card from your input, but this
way it can gain the next piece of information it needs to determine whether the
card is a spade or a club—assuming it is a black card, of course.) Next the
computer ‘‘guesses’’ the suit of the card. This time, your reply tells the com-
puter whether the card is 8 or less, or 9 or greater. Continue to follow the path
down the tree to the chosen card, and the computer will magically name it!
Note that the underscore __ is used in the chart to indicate a space.
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Note: lines 110 and 115 use the
BASIC ASC statement to determine
the ASCII code for the typed reply.
If your computer doesn’t accept this
statement, try the following:

110 IF A$ = YES THEN 200
115 IF A$ = NO THEN 125

Misgivings

One misgiving I had when first
performing the trick was that people
might see that I was sometimes
adding a space after the YES, and
sometimes leaving it out. Well, so
far, nobody has noticed this. The
utter innocence of your actions, plus
the fact that you appear only to be
replying to the computer’s amazing
guesses, throws people off the track.
I have found that pausing after typ-
ing “YES”’ or “YES ’’ and before
hitting return helps, since many peo-
ple like to check their entries before
committing them to the computer

anyway. The blinking cursor will
not give you away, so do not rush
when you type your replies. The key
word here is natural. Be natural in
your actions and your audience will
be baffled.

Practice, Practice, Practice
The two rules of magic are:

1. Practice until the trick

becomes second nature to you.
2. Never do a trick twice.

A trick will fool an audience the
first time, but some sharp-eyed peo-
ple might notice a bit of film-flam
the second time. The code to be
memorized is not excessively dif-
ficult. To start, it might help you to
remember that the first coded reply
conveys the color of the card, and
that the character string ‘“YES”
stands for red. “YES’’ and ‘‘red”’
are both three characters long, to
aid in memorization.

Final Thoughts

Several magicians I know have
suggested that I keep this little trick
a secret, but I was anxious to open
up a new avenue for having fun with
personal computers. If you decide
to try the trick, please write to let me
know about it. And remember,
practice!

Listing 1: This is the Magic program written for the Apple Il in integer BASIC. The search method used for finding the

desired card is detailed in figure 1.

50 REM THIS PROGRAM IS DESIGNED TO PERFORM A 325
51 REM CARD TRICK ON YOUR COMPUTER. 330

90 DIM A$ (20)

100  PRINT “"HAVE YOU SELECTED A CARD?" 355
104  PRINT “PLEASE TYPE YES OR NO”

105  INPUT A$
110 IF ASC (A$) = 217 THEN 200
115 IF ASC (A$) = 206 THEN 125

INPUT “YOUR CARD IS A CLUB."”, A$
GOTO 400

350 GOSUB 1000

S =4

360  INPUT “YOUR CARD IS A SPADE.”, A$

361  REM THE FOLLOWING ROUTINE DETERMINES
362 REM THE VALUE OF THE CARD

400  IF LEN (A$) # 3 THEN 700

120 INPUT “ILLEGAL ENTRY, PLEASE TYPE YES OR NO'", A$ 405 GOSUB 1000

125 PRINT ‘I WILL THINK FOR A WHILE" 406 INPUT “YOUR CARD IS 8 OR LESS.”, A$
126 PRINT “UNTIL YOU'RE READY" 407 IF LEN (A$) # 3 THEN 600

127 GOSUB 1000 410 INPUT “YOUR CARD ISA 2, 3,4, OR5.", A$
128 GOTO 100 415 IF LEN (A%$) # 3 THEN 500

150 REM THE FOLLOWING ROUTINE DETERMINES 420 GOSUB 1000

151 REM THE SUIT OF THE CARD 425 INPUT “YOUR CARD ISA2 OR 3."”, A$
200 IF LEN (A$) = 3 THEN 300 430 IF LEN (A$) # 3 THEN 475

205 GOSUB 1000 435 V=2

210 INPUT “YOUR CARD IS RED, CORRECT?", A$ 440 GOTO 1500

211 IF LEN (A%$) # 3 THEN 250 475 V=3

215 S=1 480 GOTO 1500

220 GOSUB 1000 500 INPUT “YOUR CARD ISA 4 OR5."”, A$
225 INPUT “YOUR CARD IS A DIAMOND.", A$ 505 IF LEN (A$) + 3 THEN 550

230 GOTO 400 510 V=4

250 S=2 515 GOTO 1500

255 GOSUB 1000 550 = 5

260 INPUT ““YOUR CARD IS A HEART."”, A$ 555 GOTO 1500

265 GOTO 400 600 GOSUB 1000

300 GOSUB 1000 : 605 INPUT “YOUR CARD ISA 6,7 OR8.”, A%
305 INPUT “YOUR CARD IS BLACK."”, A$ 606 GOSUB 1000

310 IF LEN (A%$) = 3 THEN 350 610 IF LEN (A$) # 3 THEN 650

315 S =3 615 INPUT “YOUR CARD ISAB6 OR 7.”, A$
320 GOSUB 1000 Listing 1 continued on page 22
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CIRCLE 30 ON INQUIRY CARD
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2
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s System................ $3,139
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Processing e viiiens $995

COMPUTER

They’re functional * educational * recreational

PET"— New Products!

Sale... $1,395 340K— Intelligent
Disk Drives .......... $1,090 Dual Disk System ... ... $1,295
80 Column Impact Printer.
Full Graphics-112 cps. .. $849

. lete Busi
.. to sophisticated SoTPiete Business

IMMEDIATE DELIVERY
o 8K PET

= (regularly) $795
I Sale.........$745!

- ¢ [IMPACT PRINTER
FOR PET/APPLE

usiness system

omplete Software:
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amicro business systerns store ™

ROUTE 46, PINE BROOK, NJ O7058 (201)575-9468

PINE BROOK PLAZA

Listing 1 continued from page 21:

620
625
630
635
640
650
651
652
700
705
710
715
720
721
725
730
735
740
745
750
755
800
805
810
815
900
905
950
951

22

IF LEN (A$) # 3 THEN 635

V=26

GOTO 1500

Va7

GOTO 1500

GOSUB 1000

V=28

GOTO 1500

GOSUB 1000

INPUT “YOUR CARD IS A 9 OR GREATER.”, A$
IF LEN (A$) # 3 THEN 950

GOSUB 1000

INPUT “YOUR CARD ISA 9, 10, J, OR Q."", A$
GOSUB 1000

IF LEN (A$) # 3 THEN 800

INPUT "'YOUR CARD IS A9 OR 10."”, A$
IF LEN (A$) # 3 THEN 750

V=9

GOTO 1500

V=10

GOTO 1500

INPUT “YOUR CARD ISAJORQ."”, A$
IF LEN (A$) # 3 THEN 900

Y= 11

GOTO 1500

V= 12

GOTO 1500

INPUT “YOUR CARD ISA KOR A.", A$
IF LEN (A$) # 3 THEN 975

952

955

975

976
1000
1010
1020
1030
1040
1499
1500
1502
1510
1511
1512
1515
1516
1517
1520
1521
1622
1525
1526
1527
1530
1531
1532
1535
1536
1537
1540
1541
1542
1545
1546
1547
1550
1551
15652
1655
1556
1657
1560
1561
1562
1565
1566
1567
1570
15671
1572
1600
1601
1700
1705
1706
1710
1711
1715
1716
1720
1800

V=13
GOTO 1500
V=14
GOTO 1500

REM TIME DELAY ROUTINE

FOR | = 1 TO 500

X = 28 * 34/56 * 25/67

NEXT |
RETURN

REM PRINTOUT ROUTINE FOLLOWS

GOSUB 1000

GOTO 1500 + V*5
GOSUB 1600

PRINT “TWO OF "';
GOTO 1700

GOSUB 1600

PRINT “THREE OF "’;
GOTO 1700

GOSUB 1600

PRINT “FOUR OF "',
GOTO 1700

GOSUB 1600

PRINT “FIVE OF ";
GOTO 1700

GOSUB 1600

PRINT “'SIX OF "';
GOTO 1700

GOSUB 1600

PRINT “SEVEN OF "';
GOTO 1700

GOSUB 1600

PRINT “EIGHT OF "'
GOTO 1700

GOSUB 1600

PRINT “NINE OF ",
GOTO 1700

GOSUB 1600

PRINT “TEN OF ;
GOTO 1700

GOSUB 1600

PRINT "JACK OF ";
GOTO 1700

~GOSUB 1600

PRINT “QUEEN OF ";
GOTO 1700

GOSUB 1600

PRINT “KING OF ";
GOTO 1700

GOSUB 1600

PRINT “ACE OF ";
GOTO 1700

YOUR CARD IS THE
RETURN

GOTO 1700 + S* 5
PRINT *“ DIAMONDS"
GOTO 1800

PRINT ** HEARTS"
GOTO 1800

PRINT *“ CLUBS"”
GOTO 1800

PRINT ** SPADES"
END m
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In order to understand how to write programs for
computers, you have to understand what a computer
language is. There are over a hundred computer
languages in the world today. They go by names such
as FORTRAN, COBOL, ALGOL, SNOBOL, PL/1
(pronounced ‘‘P-L-one’’), LISP, APL (the initials,
not ‘‘apple’’), and the like. BASIC is the computer
language that is most commonly used by people who
work with microcomputers, and therefore this is the
language we shall work with.

The name of every computer language stands for
something. Just as IBM stands for International

e Business Machines, so COBOL, for example, stands
for COmmon Business-Oriented Language. (Yes, I
know it should be CBOL, in that case, not COBOL.

People who make up these computer mnemonics

Om u r often cheat a little and use the first two—or
more—Iletters of a word, such as CO in ¢“COmmon.”’

FORTRAN is the worst offender in this regard; it

stands for FORmula TRANslator, or TRANslation.)

BASIC, however, is a case of the tail wagging the

dog. The inventors of BASIC wanted to name their

language BASIC because that’s what it is—a basic

computer language—but having done that, they had

to make it stand for something. After much head-
scratching they finally came up with Beginner’s All-
purpose Symbolic Instruction Code. That name is
not particularly descriptive. It is for beginners,

although PhDs in engineering use it all the time, too.
It is in a sense all-purpose, but ‘‘symbolic,”’ ‘‘instruc-
by Dr W D Maurer tion,”’ and “‘code’’ are words that are today used to
describe other kinds of computer languages more
often than they are used to describe BASIC. Of
course, the game of making up mnemonic names is
always fun to play, whether the results look sensible
or not (Batty About Such Intelligent Computers?).
A computer language is a language in which one
writes computer programs. (You write stories or
novels in English or French; you write programs in
FORTRAN or BASIC.) A computer program is a
series of steps, each of which specifies something for
the computer to do, and some of which may tell it to
go to another step (either forward or backward in the
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A computer program is a series of
steps, each of which specifies
something for the computer to do...

BASIC BASIC BASIC BASIC BASI(
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series of steps) and keep on going from there. In
order to see what this means in practical cases, let’s
look at a typical program (not written in BASIC):

1. Set the value of X to be 1.

2. Print out, on a sheet of paper, the value of X
and the value of the square root of X, to six
decimal places.

3. Increase the value of X by 1 (make it 1 higher
than it was before).

4. Now, if the value of X is less than 101, go back
to step 2. Otherwise, stop.

What this program is supposed to do is to get the
computer to print out a table of square roots like the
one in figure 1. This whole table, let it be repeated,
will be printed out on a piece of paper if the above
program of four steps is presented to the computer.
Before we go on to describe BASIC, let us see how
this works:

1. The value of X is set to be 1.

2. Now we print out the value of X (which is 1)
and the value of the square root of X (which is
also 1, since 1 X1 =1), to six decimal places, which
would be 1.000000.

3. The value of X is increased by 1, so the value of
X is now 2.

4. Well, 2 is certainly less than 101, so the program
tells us to go back to step 2. Now what happens?
5. We now have to do step 2, which says to print
out (on the same sheet of paper) the value of X
(which is 2) and the value of the square root of X,
or the square root of 2, to six decimal places,
which happens to be 1.414214.

6. Now, having done step 2, we go on. Step 3 is
next. Increase the value of X by 1, it says; all right,
X is now 3.

7. Is 3 less than 101? Certainly. Back we go to step
2 again.

8. This is getting monotonous. Print out, it says,
the value of X, which is 3, and the value of the
square root of 3...and on we go.

Needless to say, we’re now going to do steps 2, 3,
4,2,3,4,2,3,4, and so on, over and over again, and
each time we’re going to print out one more line of
our handy square-root table. Will we ever stop? Or
will the square-root table keep printing out in-
definitely until the end of time? (When the stars in
their courses burn out, will there still be computers,
endlessly churning out square-root tables?) For-
tunately, in this case, the answer is no. The program
will print out the last line of the square-root table,
namely 100 and 10.000000, and then it will quietly
stop. Let’s see why.

When the computer prints out 100 and the square
root of 100, at step 2, the value of X has to be 100. So
let’s start from there, and carry on:

1. The number 100, and the square root of 100,
are printed out.

2. We increase the value of X by 1, making it equal
to 101.

3. Now, the all-important question: Is X less than
101? This time—for the first time—the answer is
no. X is not /less than 101. X is 101. We cannot
have a number which is less than itself. So what
does step 4 say? It says, ‘‘Otherwise, stop.”” And
that’s what the computer does; it stops.

Now that we’ve seen what a computer program is,
let’s see what a computer language is. A typical
microcomputer has a keyboard, like a typewriter
keyboard, at which you can sit and type anything you
want to, and a video display, like a TV screen,
sometimes called a CRT (that stands for ‘‘cathode-
ray tube,’’ and that stands for—oh, never mind. Ask
your favorite electronics freak). Such a computer can
be set up in such a way that whatever you type on the
keyboard comes out on the screen, and in this way
you could type in, if you wanted to, the four steps of
the program that we have illustrated just as they’
stand.

But that wouldn’t work; it would not make the
computer produce the square-root table. The reason
is that this program isn’t written in BASIC (or any
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1.000000
1.414214
1.732051
2.000000
2.236068
2.449490
2.645751
2.828427
3.000000
3.162278
3.316625

— O O ONO G WN —

—_ —

gé 9.949874
100 10.000000

Figure 1: The table of square roots.

other computer language for that matter). A com-
puter needs its programs written in a computer
language, and a microcomputer, most of the time,
needs its programs written in BASIC.

So how do we write the above program in BASIC?
Well, just as with every other language, there are
rules of grammar. If we wanted to write step 1 of the
above program in BASIC, we might write

0010 LET X=1
The 0010 is called a line number. It doesn’t have to be
0010; we chose that number just for convenience. If
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there are four steps in a program, we usually, for
convenience, give them the line numbers 0010, 0020,
0030, and 0040. The only absolute requirement is
that these numbers have to be in order. We couldn’t
use 5, 9, 7, and 2, in that order, for example, in order
to number our four steps. (In the FORTRAN com-
puter language, by the way, we could do exactly that.
Computer languages are very different from each
other, and it’s best to learn only one at a time.)

The word LET is optional (on most versions of
BASIC). Thus we could have written

0010 X=1

to make this step a bit shorter. But the other words
we used when we described this step in the first
place—‘‘Set the value of,”’ etc—have no place in

BASIC BASIC BASIC BASIC BASI(

BASIC. Every kind of statement has to be written ac-

cording to the rules.

(There is one exception to this. Every so often, in a
program, we would like to write a little note to
ourselves, to remind ourselves what a particular
statement was supposed to do. In BASIC, this is
called a remark, and it starts with REM, right after
the line number. Thus we could write another state-
ment that wasn’t in our original program:

0015 REM SET THE VALUE OF X TO BE 1

This won’t set the value of X to be 1; it is just put in
there to tell us what we were doing. Since the line
number is 0015, this will go in between the line
numbers 0010 and 0020, and the computer, when it is
producing the square-root table, will just ignore it,
because it is only a remark.)

Before we do the second statement, let’s do the
third statement in BASIC, because it’s easier. The
third statement of our program would be

0030 LET X=X+1

and again the LET is optional. Anybody who has had
algebra, please don’t worry about that statement. It
doesn’t mean that X and X + 1 are equal; of course,
they can’t be equal. It is simply an instruction to the
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Just as the English say “‘lorry’’ and
Americans say ‘‘truck,’’ so in
BASIC there are dialects—different
versions depending on which
computer you'’re using.

computer to let X be equal to whatever it was before,
plus 1. So if X was 37, for example, this makes it 38.
The line number is 0030 since this is the third state-
ment (not counting the remark).

The fourth statement is easier than the second
statement, also. The fourth statement would be

0040 IF X< 101 THEN 0020

in some versions of BASIC, and

0040 IF X<101 GOTO 0020

in other versions. At this point we cannot be too
specific about the rules of BASIC. Just as the English
say ‘‘lorry”’ and Americans say ‘‘truck,”’ so in
BASIC there are dialects (and that’s what they’re
called)—different versions depending on which com-
puter you’re using. In order to know whether to use
THEN or GOTO, you have to consult the BASIC
manual for whatever computer you happen to be us-
ing.

It should be added at this point that the test for X
less than 101 is usually written in a different way—we
usually say ““If X is less than or equal to 100, then go
back to step 2.”” This form is used because the
number 100 that appears in the step is actually the
last value of X that is printed. In BASIC, that would
be

0040 IF X< =100 THEN 0020

(or possibly GOTO instead of THEN). Of course, the
0020 is the line number of the second statement,
which is the one we want to go back to. Also, the
“‘otherwise, stop’’ does not need to be specified;
whenever a BASIC program runs past the last state-
ment, it will stop automatically anyway.

Now, finally, let’s do the second statement. The
problem with the second statement is that not every
version of BASIC has square roots in it. Assuming
for the moment, however, that we have one that
does, and that it’s called SQR (this, also, is not stan-
dard from one version of BASIC to another), we

would write
0020 PRINT X,SQR(X)

So the whole program would be like this in BASIC:

0010 LET X=1

0020 PRINT X,SOR(X)

0030 LET X=X+1

0040 IF X< =100 THEN 0020
0050 END

The only one of these statements that we haven’t
discussed yet is END. There is always one END state-
ment in every BASIC program, and that statement is
always the last statement of the program. It is there
to tell the computer that this is all the statements
there will be in this program.

The Rules of BASIC

Next we will discuss the ‘‘rules of grammar’’ of the
computer language BASIC.

To start with, the program discussed above used a
number called X. Everybody knows that X stands for
an unknown number, or variable as it is sometimes
called, even without remembering anything else
about algebra. Actually, although computer pro-
grams written in BASIC look very much like for-
mulas in algebra, there is very little that a person
learns in an algebra class which is absolutely essential
to learning how to program.

The quadratic formula does not come up in learn-
ing BASIC; neither does proving theorems, or, for
that matter, even ‘‘solving for X’’ as this term is
understood in algebra. You do have to be comfor-
table with using X (or Y, or Z, or P, or Q, or any
other letter) to stand for a number; and, unlike
algebra, you have to think of the value of X, for ex-
ample, as possibly changing while a program is on
the computer. For example, in the program discussed
earlier, X was first equal to 1, then 2, then 3, and so
on up to 100.

Besides the letters of the alphabet, BASIC will
allow you to use Al, H4, Q7, and so on, as variables;
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that is, any letter followed by a digit. Note that X2,
for example, is a variable, just like X, and that X2
does not mean ‘‘X squared.’’ If we want X squared
in a computer program, that is, X times X, we nor-
mally write X*X (where * means ‘‘times’’). This is
another respect in which BASIC is different from the
rules of algebra; in your algebra class, you learned to
write RT to mean R times T, but in BASIC, if you
want R times T, you would have to write R*T in-
stead. i

Every step in a program is represented in the
BASIC language by what is called a statement. There
were four steps in our program above, and therefore
four statements, plus the END statement. These
were:

0010 LET X=1

0020 PRINT X,SQR(X)

0030 LET X=X+1

0040 [F X< =100 THEN 0020
0050 END

Every BASIC statement has a statement type, and
learning BASIC is mainly a matter of learning the
rules for the various statement types. Thus we have a
LET statement, a PRINT statement, an IF state-
ment, and an END statement, and these four state-
ment types are used in the above program. The END
statement is the easiest; it always says just END. The
LET statement is of the general form LET
variable = expression. Sometimes the expression is
very simple; in the first statement above, X is the
variable, and 1 is the expression. In the third state-
ment above, X is again the variable, and X + 1 is the
expression. But whatever the expression is, the value
of this expression becomes the new value of the given
variable.

The PRINT statement has the word PRINT, fol-
lowed by all the things we want to print. These things
can be variables, constants, or more general expres-
sions. We can write PRINT X, X +1, X+2 and, if X
is 10, the computer will print out 10, 11, and 12.
Finally, the IF statement has the word IF, followed
by the condition we are testing for, followed
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(sometimes) by the word THEN, followed by what
we are supposed to do if the condition we tested for
were actually true. Usually (although not always) this
is GOTO someplace, where ‘‘someplace’’ refers to a
line number; and this means that the computer goes
to the statement with that line number and continues
from there. If the condition we tested for is not true,
then the computer will simply go on to the next state-
ment (the one right after the IF).

Another statement type is INPUT. One of the
fascinating things we can do with microcomputers is
to set them up (that is, program them) so that they
will ask us for data and then do whatever strange
things we want them to do with that data. As an ex-
ample of this, let’s look at another program in
BASIC. (This time, we’ll look at the whole program
first, and then try to see what it means.)

0010 INPUT X

0020 Y=X"X*X

0030 PRINT “THE CUBE OF “X," IS ", Y
0040 GOTO 0010

0050 END

If you were to write this program in BASIC for a
microcomputer, and then run it, it would start out by
producing a question mark (or some other message,
such as READY) on the screen. This is your cue to
type something. Let’s say you type 23. (You also
have to type the ‘‘return’’ key on the keyboard.)
Then the computer would print out, on the screen,

THE CUBE OF 23 IS 12167

and produce another question mark (or READY, or
whatever). Let’s say that this time you type a 17
(again followed by a return). Then it would type out
on the screen,

THE CUBE OF

and so on. In other words, what you now have, in
your computer, is a primitive slave. All it can do is to
calculate the cubes of numbers, but it will keep doing
that for you, over and over, as long as you keep
feeding it numbers. And if you get tired and want to

17 IS 4913

JASIC BASI(
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Actually, although computer
programs written in BASIC look
very much like formulas in algebra,
there is very little that a person
learns in an algebra class which is
absolutely essential to learning how
to program.

go to sleep, your spouse can feed it numbers, then
your children, and so on unto the third and fourth
generations; your slave will dutifully calculate the
cube of each number and tell you what it is, never
flagging, asking only for a continuous supply of elec-
tricity from your local power company.

Of course, eventually this primitive slave becomes
boring. At the least, it would be nice to have an in-
telligent slave. But before we see how to do that, let’s
look at the program above. It uses two new statement
types, INPUT and GOTO. GOTO is obvious (and we
can usually write either GO TO, two words, or
GOTO, one word, but GOTO is preferred). All it
does is to tell the computer to go to the line specified
and continue from there.

INPUT is something like PRINT; that is, if you
want to, you can INPUT several things instead of
just X as we have done here. But everything you in-
put must be a variable, like X, rather than an expres-
sion. The statement INPUT X means that the com-
puter has to wait for whoever is sitting at the
keyboard to type something and then press the
“return’’ key. When the user has finished doing this,
whatever has been typed then becomes the new value
of X. Of course, it doesn’t have to be X; it can be Z,
or Q, or H7, or P9, or whatever variable name we
specify in our program.

Now let’s look at what this new program does:

1. First is INPUT X. The program waits until you
have typed something, in this case 23, followed by
the return key. When you have done this, 23
becomes the new value of X.

2. Now we are supposed to set Y equal to X times
X times X (remember that * means ‘‘times’’), or,
in other words, 23 times 23 times 23. This is what
the cube of 23 is, of course, and this is the new
value of Y.

3. The PRINT statement tells us to print four
things: the words ““THE CUBE OF’’; X, which is
23; the word ““IS”’; and Y, which is 12167 (or 23
times 23 times 23). This gives us the message THE
CUBE OF 23 IS 12167, which comes out on the

SIC BASIC BASI(

screen. The big spaces in the middle of the
message are characteristic of BASIC; other, less
basic computer languages (SNOBOL is one exam-
ple) don’t exhibit them.

4. Now we have GOTO 0010, so we dutifully go
back to the statement with line number 0010.

5. At this point we have INPUT X again. By this
time it should be clear what is going to happen.
The computer will do the statements with line
numbers 0010, 0020, 0030, 0040, and so on, over
and over and over. Every time, a new number will
come in on the keyboard, and that number and its
cube will be part of the message that is printed on
the screen.

How do we tell our primitive slave to stop? The
program, this time, gives us no way that we can do
this. One way would be to change the program so
that the primitive slave can turn itself off, so to
speak. For example, suppose that we take out the
statement GOTO 0010 and substitute

0040 IF X <> 0 THEN 0010

The symbol < > in BASIC means ‘‘either less than,
or greater than, but not equal to.”” So what we are
asking here is that the number X—which was what
we put in—is not equal to zero. We are assuming, in
other words, that we would never want our primitive
slave to calculate the cube of zero. We already know
the cube of zero; zero times zero times zero is zero. If
we asked our slave to calculate the cube of zero, it
would do so, but then it would get to the above state-
ment and it would check whether X is not equal to
zero. Since this is nof true, it would not go to 0010
(read that one back again and make sure you under-
stand it); and so it would stop, because we are at the
end of the program. But in any other case—that is, if
X is not zero—the primitive slave would function just
as before.

Fortunately, on most microcomputers, we don’t
have to do this. There is a special key called the
“‘break’’ key (or sometimes the ‘‘escape’” key, with
ESC printed on it) that you can push at any time
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Every BASIC statement has a
Statement type, and learning BASIC
is mainly a matter of learning the
rules for the various statement types.
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while your program is running; and, when you do, it
will stop.

Another statement type that is very useful is FOR.
The FOR statement is always used together with
another type of statement, namely the NEXT state-
ment. Let us go back to our original program, which
was typing out a table of square roots. There are a lot
of programming situations like this, in which we
would like the computer to do something over and
over again n times (where # is 100 in this case); and in
many of these we have a variable (X in this case)
which takes the values 1, 2, 3, 4, and so on up to », as
we proceed. This type of situation is what the FOR
and NEXT statements are there for. In fact, we could
have written

0010 FOR X=1 TO 100
0020 PRINT X, SOR(X)
0030 NEXT X

0040 END

In other words, do the statement with line number
0020 for 100 values of X; and, each time, after we do
this, go on to the next value of X. The rules for the
FOR and NEXT statements are as follows:
1. The FOR statement has the word FOR, the
name of some variable, an equals sign, the first
value of that variable, the word TO, and the last
value of that variable. (If we want to, we can
follow this with the word BY and then something
called a “‘step size.”’ For example, FOR X =1 TO
100 BY 2 would specify the successive values of X
tobel, 3,5, 7,9, and so on; and the last one
would be 99, rather than 100. The next value of X
is always found by adding the step size, so in this
case we would add 1 +2=3, 3+2=35, and so on.)
2. The NEXT statement has the word NEXT, fol-
lowed by the name of the same variable that was in
the FOR statement.
3. There can be one or more statements between
the FOR and the NEXT. If there is only one, then
that one is done repeatedly; if there are several,
then they are all done, then they are all done
again, and so on.
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Another fascinating capability that our slaves
have, if we continue to think of computer programs
as slaves, is that they can have slaves of their own.
Suppose we have a computer system which does not
have a square root function in it. In this case, if we
wanted to produce our square root table, we would
have to write another program to calculate square
roots. Never mind how you would write this pro-
gram. All we care about for the moment is that there
is another such program, and that it starts at some
line number of its own, say, 0060. It calculates the
square root of X, and, once it has done so, sets (let us
say) Z equal to the square root of X. Once it has done
that, instead of ending, it does a RETURN, which is
another statement type. (That means that the last
statement of this second program would have a line
number, followed simply by the word RETURN.)

This second program is called a subroutine. It cor-
responds to what the slave would do if it wanted to
acquire another slave to do part of its job. In order
for the first slave to acquire the second, let’s take out
the statement

0020 PRINT X, SOR(X)
and write, instead,

0020
0022

GOSUB 0060
PRINT X, Z

Now what happens? GOSUB means ‘‘go to a sub-
routine.”” The computer will go to the subroutine
that starts at line number 0060, which calculates the
square root of X, and sets Z equal to that number.
Then the subroutine will refurn—that is, it will go
back to the point immediately after the GOSUB. But
that is the new statement PRINT X, Z. So the result
is that the computer will print X, followed by
Z—which is the square root of X—instead of X and
SQR(X), and the effect will be exactly the same as
before.

Of course, your slave can have several other slaves,
and these can have others, and so on as far as you
wish. Pretty soon, you have a whole corporation of
slaves working for you! ®
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by Carl Helmers

o v B -

The idea of personal computing
no longer requires that an individual
be familiar with electronics
engineering and computer science in
order to benefit from these mental
amplifiers. Complete off-the-shelf
systems are now sold at hundreds of
computer retail stores from coast to
coast. A certain familiarity with
basic principles is required to
recognize what a computer can do.
But we all drive automobiles
without being automotive engineers,
so we all can use computers without
necessarily being experts on the in-
ternal details of these wonderful
machines. The present day world of
small computers is a world of Ap-
ples, Commodore PETs, Radio
Shack TRS-80s, Compucolors, Ex-
idy Sorcerers, and other systems
made by manufacturers large and
small.

What is the thrill of personal
computing? Why are we interested
in acquiring such an intricate and
delicate machine? I contend that
the answer lies in the nature of the
small computer as a thought

ESEREDED S SN e

WN A
OMPUTER?

amplifier. Just as the automobile Just as the automobile liberates
llberaltes us frorrfl the need to use us from the need to use muscle
muscle power for transportation .

over long distances, the personal po,wer fOl‘ transportatzon over lon,g
computer’s fascination is that it dlStanceS: the personal computer's
amplifies our brain power and Jascination is that it amplifies our
allov:sl us ;tc> a;go}r:nphsh feats,bcl)f brain power and allows us to
v SRS R WAGU. Are Tpassivie accomplish feats of mental acuity
to the unaided human brain. We . . . .
have here the real world imple- which are impossible to the unaided
mentation of a science fiction con- human brain.
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cept, widely available and quite
inexpensive. So let’s take a tour
hrough some of the ways in which
real and practical amplifications of
thought are possible on a personal
computer.

I’ll start with an irritating
problem I had the other day, one
which is familiar to nearly every
adult in the United States: balanc-
ing a checkbook. My personal
checking account is complicated by
the fact that it is in one of the six
New England states which for
several years have had interest
paying NOW accounts. Thus my
bank pays me for the privilege of
using a checking account, rather
than the other way around. But
being a lazy sort of person, I’ve
had this particular account for two
years or more, and had never rec-
onciled the monthly statements. |
use the simplifying assumption
that if I never credit the interest
payments in my checking account,
the net effect of errors in
arithmetic will be in the positive
(ie: safe) direction. It was a con-
siderable, but not unexpected,
shock then, when I found that the
bank said I had several hundred
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dollars less than 1 thought I had.

Now, without a personal com-
puter, I would have had only the
bank statements and my cancelled
checks to go on, and a portable
calculator as my only computa-
tional element. Everyone who has
ever dealt with such a problem
knows that the banks never make
mistakes with their computer
programs and it is only we mortals
who make mistakes. So, 1 pro-
ceeded to hunt for my mistake,
using my new personal computer
as a tool in the process.

What could this computer do for
me? It basically has one nice
feature which all full function per-
sonal computers have: a filing
system on random access floppy
disk drives. This filing system and
a way of editing files of data are
the key to my use of this computer
to hunt for a mistake in my check-
ing account records. (As an aside,
purchasing a personal computer
without floppy disks can become
inconvenient. Audio tape storage
is fine when you start using a com-
puter; however, when you start
working with many programs and
large amounts of data you will

probably find that the capabilities
of the floppy disk are desirable.)

A second nice feature of my
own personal computer is that it
has a printer. The printer enables
me to get a copy of the data on my
disk files, or to print the results of
a program which uses the data on
the disk files. The printed output is
important of course if you have to
show off the results of a computa-
tion to someone like the person at
the bank to whom you complain
about errors. The printed output
can also be used effectively to pro-
vide a work sheet for verifying the
data. Printed output is not
absolutely essential for this pur-
pose since the usual output on the
television display of the computer
can also be quite effective.

A full function computer with
dual Shugart minifloppy disks, a
reasonable amount of main
memory, and printer costs around
$3000 as of mid 1979 when this is
written. This is the price one
would end up paying for machines
such as the Apple II or Radio
Shack TRS-80 with 32,768 bytes of
memory, inexpensive Centronics
or Axiom electrostatic printers,
and a full function BASIC inter-
preter built into the machine. All
of the uses to which I put my com-
puter with the exception of good
looking full-size printed output
could be accomplished on such a
system.

My own machine is a more ex-
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pensive one, the Northwest Micro-
computer Systems 85/P which has
dual full size Shugarts, a Diablo
printer unit, and a software system
called UCSD Pascal. But then I
paid $8000 for the basic machine
plus $3000 for the printer. Borrow-
ing again from the automobile
analogy, the differences between
my system and the mass produc-
tion systems like Apple or TRS-80
are like the differences between a
Ford or Chevrolet car and a Jaguar
or Lotus road machine. Both
classes of cars accomplish the
transportation function admirably,
but with differences in detail.

So, I went to my computer,
which sits in the living room of my
home, and proceeded to use it in a
very ‘‘brute force’’ manner to help
in the verification of the checking
account: I sat down on the evening
before Thanksgiving and began
typing in a single line of text for
every transaction entry which the
bank statements and cancelled
checks indicated. These transactions
are characterized by the date accor-
ding to my check, some text briefly
describing the nature of the transac-
tion, and a dollar amount entered as
positive if it was effectively a
deposit, or negative if the transac-
tion was some form of withdrawal.
A typical line looked like this:

~7>D 02/10/78 trip reimbursement  80.00

or, this . ..
203 02/12/78 weekly cash 50.00

In the first case, I used an arbi-
trary 4 character code, ~">D to
indicate that a deposit took place.
In the second case, the check
number was used to correlate the
entry back to my handwritten
check record and the cashed check
returned by the bank. The first
stage of the bank account fixup
activity was finished some three or
four hours later when I had typed
in all of the 300 or so transactions
representing the 2 year history of
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the account. After typing in the
details from the checkbook, I
added records for all those
miscellaneous negative and posi-
tive items found on the bank state-
ments: monthly interest payments,
charges for printing of checks, etc.
The final result of all this was a file
which theoretically had the whole
history of the account as recorded
in my checkbook, plus the minor
adjustments which 1 never re-
corded before.

Then, I took the file and printed
it, so that I could check off each
transaction against the bank state-
ments for the account in an effort
to find the error. Some ten
minutes after printing the file and
commencing this checkoff I found
the major error: I had made the
unfortunate mistake of crediting
my income tax refund twice in my
records in the checkbook! Here
was the source of most of the
several hundred dollar discrepancy.
In the course of checking off the
entire file, I also found several
other small errors, such as writing
180.00 when the actual transaction
was 180.39.

This is a fine use of the com-
puter as far as it goes, but just a
starting point. Now that I had all
these records of my checking ac-
count, there was no longer any
need to use the hand calculator to
do all the arithmetic. I then sat
down to write a small program
which reads every line of the file,
totalling the current balance of the
checking account as a result of that
line’s transaction. Then each line
is printed along with the current
balance. 1 figured that this little
finesse would produce a neat
utility program which I could run
once a month to get an updated
status of the account, which
should then agree with the
balances obtained from the bank.

I wrote that checkbook printing
program in about an hour or so,
using the Pascal language of my
system. It was no trouble getting
the program written and debugged
— a process which took a bit
longer than it might have since it

was one of the first Pascal
programs I have ever written. The
result, all 70 or so lines, worked
just fine, taking the data from my
file “CTHCHKI1178.TEXT” on
disk and printing it with the cur-
rent balances. The only problem
was that the balances I got still did
not agree with the bank! So, back
to the checking off procedure,
going through the bank statement
and identifying each amount on
both my file and the bank’s record.
I found the residual error, a pay
check deposit which I had forgot-
ten to record in the file of transac-
tions, a transaction which ac-
counted for some negative
balances observed from time to
time in the printout of the
program. So I fixed the file and ran
the program one final time result-
ing in a pretty printout and a
balance that agreed with the bank.

And, here lies the true power of
the personal computer. By using
the facilities of computation and
data editing in this machine, I was
able to check and verify my bank
account’s history in a way which
might have been much more
difficult had I not had the com-
puter and the small amount of
programming skills needed to write
the simple little program which I
now use to balance my checks
every month. I was able to use evi-
dence gathered with my computer
and printed out on a piece of paper
to resolve a puzzling discrepancy;
the task of finding the discrepancy
without introducing further
arithmetic errors would have been
much more difficult without this
personal computational tool.

Now, this episode with the
checking account is perhaps one of
the single applications most subject
to hyperbole by promoters and
detractors of the concept of the
small individually owned com-
puter. Every promoter of a com-
puter system in the marketplace
will create mounds of hyperbole
about the wonderful checking ac-
count balancing program delivered
with the system as a demonstration
of its marvelous capabilities. And
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every detractor of the concept of a
personal computer system will
yawn with creative antipathy and
say, ‘“What’s so great about
balancing a checkbook?”’

But both attitudes miss the point
of the personal computer. It is not
any one specific use of the per-
sonal computer which counts, but
the total impact of all the particular
applications which can be per-
formed. Some applications of the
facility require meticulous plan-
ning and care. Other applications
can be achieved for the retail price
of software cartridge or tape and
the act of plugging in a program to
run on the system. No one buys a
computer just to do checking ac-
counts, play games, compute the
number 7 to 10,000,000 decimal
places or keep track of recipes in
the kitchen. A general purpose
computer can do all of these — or
none of these — depending on the
desires of its owner.

What other uses have I found for
my computer since I got it?

Using the system with a more
sophisticated printer as a word pro-
cessing device, I write articles such
as this. Here, the personal com-
puter is used for a very real busi-
ness purpose, much as my parents’
personal automobiles are used to
call upon clients in their account-
ing practice. I can enter the text of
an article with instant error correc-
tion, move portions of text with-
out retyping, have the computer
search for misspellings or particu-
lar terminology, and save the re-
sults on disk. Whenever 1 like, 1
can print the contents of a file of
text, using a file transfer program
which automatically counts pages
and inserts headings, and a neat
double spaced manuscript can be
delivered to the production de-
partment. Many of our authors
with personal computers deliver
manuscripts prepared and typed on
their own systems. (See Jerry
Pournelle’s article about writing
science fiction with a personal
computer, in the Summer 1979 issue
of onComputing.)

Such professional purposes are
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hardly the only reasons for using
my home system. The same word
processing capability of my general
purpose computer has numerous
personal applications as well.

I use the system’s editing and
filing capability to keep track of my
weight and  blood  pressure
measured on a daily basis. This is
perhaps one of the most personal
applications of a general purpose
computer possible in present tech-
nology. I measure blood pressure
and pulse rate just after I awaken,
then immediately following 30
minutes of aerobic exercise on an
exercise bicycle. Recording this
information is a task that could
just as well be done in pencil on a
piece of paper, to be sure. But re-
cording the data in the floppy disk
images of the system produces
nice neat daily records for my doc-
tor, as well as programs to com-
pute moving averages of these fac-
‘tors which are important measures
of individual health.

I also have recently begun ex-
perimenting with the fermentation
of various sugar laden juices into
wines and beers. This easily per-
formed process was inspired by the
annual apple cider pressings com-
mon to any apple growing region
such as southern New Hampshire
where I live. There is nothing at all
quite like going out and picking
your own apples, washing them
and pressing them in an antique
cider press of 1890s vintage. This
process of pressing does nothing to
turn off the natural yeasts on the
surface of the apples, and with a
little anaerobic conditioning using
a water trap, a mild form of apple
jack will result a couple of months
later, just in time for use in the ski
season after a day of cross country
hiking.

Last year I bottled about a fifth
of a gallon of such hard cider
(which was stronger than usual
due to an extra cup of sugar). Six
months after bottling, with a used
cork in a used wine bottle, I
opened it to find a most excellent
light sparkling white wine very
reminiscent of champagne. After

this successful accident I came
across an excellent book by a re-
tired physicist named Sanborn C
Brown. The book is entitled Wines
& Beers of Old New England, a
How-to-do-it History (The Univer-
sity Press of New England, Han-
over NH 1978). In it is a thor-
oughly enjoyable account of the
economic, healthful and sociologi-
cal importance of wines and beers
to colonial American life; it con-
tains numerous suggestions for
adapting the old recipes using
materials which are readily availa-
ble from the supermarket.

Since reading this book I have
prepared several batches using one
gallon glass bottles. The use of the
computer again is primarily as a
scribe, recording the details of
each batch. The recipe for the
initial broth typically includes
apple juice, varying amounts of
maple syrup and honey, ginger,
cranberries and spices, etc. The
preparation of the initial mix often
involves  heating for various
periods of time in a giant kettle.
After cooling, the kind of yeast
added and the history of the fer-
mentation are of interest. The final
entries in the text for a given batch
might be the date when it is bot-
tled in a used wine, Perrier water,
beer or champagne bottle.

Then, when a guest has arrived
and been suitably impressed by the
results of this process, it becomes
a simple matter to look up the file
with the recipe and output it on
the printer. As in all such text
manipulation uses of the com-
puter, a good portion of the
activity could just as well have
been done on paper, but the ability
to manipulate and print results im-
proves the activity and makes it in
some sense more convenient. Em-
ploying the computer for this pur-
pose is a natural result of the com-
puter’s availability in its living
room setting.

There are other (filing tasks
which 1 accomplish which are
probably shared by numerous per-
sons. I have begun a project, for
example, of recording on disk the
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I never type a letter
any more. I compose the
letter on the screen,
then print it...

essential details (composer, per-
former, manufacturer, identifica-
tion number) of each of the 500 or
so albums in my phonograph record
collection. At a steady rate of
perhaps 25 or so entries a night, it
will not be long before I can sort the
file alphabetically and thus generate
my own catalog to take with me to
the record stores. Here is a function
which is performed in a way which
allows instant updating and sorting
by various key data items which
would not be nearly as easy to do
by hand. The application of the
computer to this area, however,
does involve a bit of programming
since the intent is to create format-
ted and sorted lists of the data for
reference, and the field of com-
mercial software for personal com-
puters has not yet developed to the
point where I can buy this particu-
lar function in a ready made
package for $9.95.

Continuing in a word processing
vein, I have quite a number of
other uses of the facilities of my
personal computer and printer
combination. For one thing, I
never type a letter any more. |
compose the letter on the screen
of the machine, then print it. If the
letter is of no lasting significance, I
scratch the file after printing it.
But if it is a letter which I might
want to repeat at a later date, or
modify to direct to a different per-
son, then I save it as a floppy disk
file.

Thus far, I have hardly described
any uses of this computer which
employ my own programming. I am
mostly using standard facilities sup-
plied with the machine for personal
purposes: entering and editing tex-
tual data which can be printed or
displayed on the screen of the com-
puter. To be sure, I wrote one small
program to balance the checkbook,
and a second equally simple pro-
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gram to list files from the disk while
counting lines and producing page
breaks. And, the record catalog pro-
ject certainly will require some
custom programming before it is
complete.

Use of a computer without writ-
ing programs for it is certainly
possible. Every ‘‘turnkey’’ system,
such as my company’s Com-
pugraphic typesetting equipment
and Xerox 9400 copier, has a com-
puter inside it with all the
programming locked into its
manufacturing process. But one of
the key attributes of the general
purpose computer is that its owner
can learn to create and use
programs which are tailored to his
or her specific purposes.

Similarly, any particular personal
use of a computer for some
definite purpose is likely to be
similar in principle yet different in
detail. If I want to sort records, I'll
probably use any one of a small set
of fairly general sorting algorithms

selected according to the expected
characteristics of the data 1 am
sorting. If I want to print out a nice
neat formatted report on my wine
experiments, my record library or
my checking account, the princi-
ples involved in writing such a
program are quite universal and
applicable to any computer. But
the differences in detail require
custom programming and skill ac-
quired through practice.

Much of the power of the per-
sonal computer, then, lies in learn-
ing how to express one’s thoughts
in the form of programs to
manipulate the data which is en-
tered and edited using the standard
software of the system. Text edit-
ing and word processing using
standard software is a kind of static
use of the computer somewhat
akin to using a typewriter and a
piece of paper; a much more
dynamic use of the computer is to
use a programming language to
write programs which use this data
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to carry out operations which in
principle could be done by hand
with a pencil and piece of paper.
This is the ability of the computer
to execute your thoughts over and
over again, applying them to
various items of data at speeds that
would be impossible to achieve by
the unaided human mind.

The same computer, which can
generate and print customized let-
ters to every member of the
Senate and House of Representa-
tives on your favorite issue or
issues, can be used to write and
run an exotic simulation game
such as Adventure or Dungeons
and Dragons. The same computer,
which can be programmed by its
owner to sort, format and print
various files of information, like
the record library catalog, can be
used to prepare and compute a
mathematical model of the
owner’s income tax situation or
various investments in stocks,

The same computer
which can be program-
med by its owner to sort,
Sformat and print various
files of information like
the record library catalog
can be used to prepare
and compute a
mathematical model of
the owner’s income tax
situation or various
investments in stocks,
bonds or income
properties.

bonds or income properties. The
same general purpose computer,
which is programmed by its owner
with a personally meaningful
model of the commodity futures

market, can be used to play totally
imaginary games involving mythi-
cal kingdoms and mythical rules of
production and credit. This flex-
ibility of application is what makes
the general purpose personal com-
puter so valuable an adjunct to the
lives of those who get involved
with the technology. 1 know this
from personal experience, and I
expect many readers will find this
to be the case before long.

Driving a car is a general and
nonspecific capability which gets
instantly customized when you de-
cide upon a destination and a par-
ticular vehicle. And computing is
just as general and nonspecific a
capability which gets customized
whenever a particular purpose is
chosen within the capabilities of
the machine. Just as one owns an
automobile in order to drive, the
reason for ownership of a personal
computer is to be able to
compute.m
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There is a lot of talk these days
about ten-dollar computers on a
chip and five-hundred-dollar com-
plete microcomputer systems being
sold in retail stores. What has
become of the popular image of a
computer as a mammoth complex,
full of boxes with blinking lights,
rows of whirring tape drives, and mechanical
nightmares, that swallows up stacks of cards and
spits out reams of paper? What about the room full
of programmers who sit all day in front of strange
television screens with keyboards, and the systems
people who endlessly pore over stacks of printouts
that read like encyclopedias written by creatures
from outer space? And how about that communica-
tions expert who’s always worrying about the ter-
minals all over the country that tie into that one big
computer?

To many teachers, businessmen, and potential
computer users the problem of separating fact from
fiction is quite real. To understand what makes a
computer tick perhaps we should start by asking
what a computer really is.

Part of the confusion is due to the fact that a
digital computer is a very general-purpose device.
Besides being able to ‘‘compute,’’ it can also access,
manipulate, store and retrieve any kind of data.
“What the computer is’’ is intimately related to its
application, the type of information it is processing,
and the devices which are interfaced to it. To com-
pare a computer as it is used in one application to one
used elswhere is analogous to comparing the design,
control, operating philosophy, maintenance, and
economics of a model aircraft to a supersonic trans-
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Dr Russell Reiss

port. They both have wings, and fly;
that’s about all. I do not mean to
imply that microcomputers are only
toy replicas of larger computers.
They are extremely powerful, fast,
flexible devices which have been
used in more applications than their
larger counterparts.

A great deal of confusion stems from the imprecise
and casual use of the prefixes maxi, midi, mini, and
micro as applied to computers. I know people who
thought for a long time that a programmable cal-
culator was a minicomputer! The interchangeable use
of the terms microcomputer and microprocessor fur-
ther complicates the issue. Certainly, there are no
hard and fast definitions which can be adhered to. In
this field any attempt at a rigid definition only re-
quires the passage of a few years before it looks
foolish.

Obviously, maxicomputers are the big, expensive
giants found in large computer centers. The com-
puter, in this case, includes all its peripheral devices
and even its special room with air conditioning, false
floors, and water cooling system for the processor.
The term really implies computer system, and some
would go so far as to include the people and pro-
cedures required to make it run. Maxicomputers are
so expensive that they usually can be justified only if
the computer serves the needs of many people. One
project, one task, or one person generally does not
require a ‘“‘maxi.’’ For this reason maxicomputers are
found in large corporations and governments which
feel comfortable being able to point to a building and
say, ‘“There’s our computer.”” More and more indi-
vidual tasks are being taken off the large computers
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Peripheral costs usually far
exceed the cost of the raw processor,
and software (programming)
expenses typically equal or exceed
the investment in hardware.

and being turned over to smaller, more dedicated
systems. When these smaller systems are still shared
by a number of users (and require a committee to
authorize purchase) they are generally referred to as
midicomputers. If they are even smaller then they
must be minicomputers!

Minicomputers became popular in the late 1960s.
By 1970 one could purchase a stipped down mini-
computer for under $10,000. Such units were more
powerful than the early giants, and much smaller.
They could fit in the corner of a room in a small rack
or console. The most common peripheral was a
Teletype machine. At this price and size many univer-
sity and industry laboratories found it convenient to
use a separate computer for each project. Nearly
everything imaginable was interfaced to these com-
puters, from radio-telescopes to jet engines to
laboratory animals. Most of these interfaces were
special purpose, custom built units.

It became apparent that the applications for
minicomputers in computation, measurement, data
collection, manufacturing, control, and other areas
were limitless. Companies sprang up to provide more
minicomputers, more peripherals, and more inter-
faces. With improved technology and greater com-
petition, prices continued to drop as performance in-
creased. Wider use of minicomputers led to vast im-
provements in programming languages and support
software. Today minicomputers cover the range
from self-contained desktop units costing a few thou-
sand dollars, to rooms full of equipment costing
nearly a million dollars. In most cases the actual pro-
cessing elements are quite similar; the big difference
is in the amount of memory and number of peri-
pheral devices required for the particular application.
Peripheral costs usually far exceed the cost of the raw
processor, and software (programming) expenses
typically equal or exceed the investment in hardware.

With improved semiconductor technology steadily
shrinking the size and cost of computer hardware,
people began to speculate about the day when the en-

Russell Reiss has taught computer science and elec-
trical engineering for over ten years. As president of
General Digital Corp, he has also been responsible
Jor the development of many microprocessor-based
products.
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tire processing element could fit on one integrated
circuit. Around 1973 this became feasible and the era
of microprocessors had begun. These early devices
were hardly ‘‘computers on a chip.’’ The elementary
control and computational circuits were there, but no
memory, and certainly none of the peripherals (or
even their electronic controllers). These devices were
at first called microcomputers; but the realization
that they were far from complete computers quickly
led them to be called microprocessors. Thus, the term
microprocessor refers to the family of large scale in-
tegrated circuits which provide varying amounts of
computer ‘‘intelligence.”’

These microprocessors have been built into a
tremendous number of devices. They provide the
manufacturers of these devices with a compact, inex-
pensive, convenient, and flexible replacement for
complex electronics. The same type of micro-
processor may be used in many different applications
by simply changing its control program and its elec-
trical interfaces. Users of products which contain
microprocessors benefit too, since the units may be
made easier to use, more compact, less expensive,
and more reliable.

The modern personal computer is one of the pro-
ducts which contain a microprocessor. A micro-
processor chip, packaged with sufficient memory in a
box with the necessary lights, switches and power
supplies, becomes a desktop computer, comparable
to a minicomputer. By adding an inexpensive
operator terminal (keyboard and video display) and a
language such as BASIC, the essence of a small com-
puter system emerges.

Since the technology used in fabricating micro-
processors permits them to operate very fast, and
since they are structured in an expandable way, these
personal microcomputer systems can grow into
rather full-blown computers if their owners can af-
ford enough (relatively expensive) peripheral devices.

Now that we’ve looked at different classes of com-
puters, you may be wondering what they have in
common. We’ve implied that minicomputers are
small maxicomputers, and that personal microcom-
puters can be made to perform comparably to
minicomputers. So they must have a lot in common.
If we take a close look at computers in general, we
find that inside they are all very similar regardless of
their size or what name they are given.
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Computers all possess five
things: a central processing unit,
memory, input and output
mechanisms, peripheral devices,
and programs.

Computers all possess five things: a central pro-
cessing unit (sometimes abbreviated as CPU),
memory, input and output mechanisms (I1/0),
peripheral devices, and programs (see figure 1).
Although the exact form which each of these
elements may take can vary tremendously from one
computer to the next, they are, nevertheless, present.

PERIPHERALS

MEMORY

“7—( proGRAMS J—s]
CENTRAL INPUT/
PROCESSOR OUTPUT

Figure 1: Common elements of all computers.

The unifying factor among all these elements is
the program. At the hardware level the program we
are speaking of is in a form called machine language.
This is the actual sequence of binary instructions
which tell the hardware what to do. This sequence
may have been derived from a program written in a
higher level language such as assembly language or a
user-oriented language like BASIC, FORTRAN, or
COBOL. The converter, or translator, which changes
one language into another is either an assembler,
compiler, or interpreter, and it must also exist in
machine language form if it is to perform the transla-
tion automatically on the computer.

The machine language program being executed
resides in memory. The processor first fetches an in-
struction from memory. Then, based on the opera-
tion code specified by this instruction, the processor
executes the instruction by carrying out a specific se-
quence of activities. Many of these activities operate
on data temporarily held in registers in the processor.
Other activities require that the processor access,
manipulate, or store data in memory. Still other acti-
vities control peripheral devices via the input/output
(1/0) mechanism. Once the sequence of activities
associated with one machine language instruction is
complete, the processor fetches the next instruction
and the cycle repeats. To do all this work the hard-

Fall 1979 © onComputing Inc

ware contains various elements of timing, control, se-
quencing, logic, and arithmetic.

It may be argued that the central processor of
many computers is not so ‘‘central’’ any more.
Distributed systems are scattering the processing
elements amongst input/output, peripherals,
memory, and even geographical location to the point
that processing is no longer central and, at times, dif-
ficult to pin down. As the processing functions get
distributed, so do the memory elements, the pro-
grams, the input/output mechanisms and the peri-
pherals. It is quite common today for ‘‘the
computer’’ to actually be a number of interconnected
small computers.

The term memory, as used above, deserves some
discussion. It does not include bulk storage devices
such as disks, tapes, cassettes, floppy disks, and the
like. A better term is main memory, or memory
which contains the currently executing program and
working data. This is also a difficult element to iden-
tify in some bigger systems which are continually
moving programs and data to and from disks. This is
done in timeshare systems to give each user a time
slice, during which his program may be worked on by
the processor. It is also done in virtual memory
systems where there is not enough main memory to
actually hold a complete program. Only that portion
of the program currently being executed resides in
main memory. When another portion of the program
is required it is fetched from disk. Things get even
more involved when a cache memory is used. This is
a small, very fast extension of main memory. A
rather complex control mechanism continually tries
to keep the cache full of the instructions which the
processor needs next. About 75% of the time it is
successful and the system does not have to be slowed
down by accessing main memory. The other 25% of
the time the wrong data is in the cache and a
reference to main memory must be made. The net ef-
fect is a significant increase in computing speed (for a
given memory speed) at the cost of a small amount of
expensive cache memory. This technique does not
work if the processor is only as fast as the main
memory employed, which is usually the case with the
smaller, personal computers.

The complexity and power of the input/output
(I7/0) mechanism vary greatly between small and
large computers. The hardware designers of large
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computers are always trying to relieve the central
processor of any tasks which are not directly related
to its processing function. Therefore, they include
powerful I/0 processors which can communicate
with memory directly, and handle the complete
movement of data to and from peripherals. If
memory is properly designed to permit overlapped
accessing, the I/0O processor and the central pro-
cessor may do their jobs simultaneously without
much interference. These I/O processors, and
““front-end processors’’ in data communications, are
actually minicomputers themselves, containing
dedicated programs which direct the activities re-
quired to support a particular set of peripherals.
Often, multiple I/O processors are operating concur-
rently. It is interesting to note that while hardware
designers are striving to make the central processor
faster and to relieve it of overhead activities, the
systems software people keep finding new bookkeep-
ing, monitoring, and data shuffling activities to keep
the computer busy supporting the operating system.

In contrast, personal microcomputer systems
generally employ extremely simple input/output
(I70) mechanisms. Since the speed of the system is
considered to be secondary to its cost, every effort is
made to eliminate extra hardware. The processor is
used to directly support as much I/O activity as
possible. There are even some microcomputers which
speed nearly 50% of their time refreshing the infor-
mation on the face of the video terminal (even if it is
not changing). This is not always as wasteful as it
may seem. In a dedicated or single user application,
so long as all response-time requirements are met,
who cares what the processor does with the re-
mainder of its time? After all, the processor chip only
cost $10 to begin with. For example, if a microcom-
puter user gets an answer from his 50% effective
computer in ten seconds, how much is it worth to him
to get it in five seconds from a 100% effective com-
puter? In most cases his computer is faster, since it is
working only for him, than if he were one out of a
couple of hundred users on a multi-million-dollar
computer. Relatively slow response time when in-
teracting with humans is usually an annoyance rather
than a catastrophe. Since the personal computer only
has to deal with one human being at a time, com-
pared to the larger timeshared computer’s dealings
with a multitude of people simultaneously, the result
is the personal computer’s responses are often faster.

Thus we see a range of present computer tech-
nology from the simple gates of combinatorial logic
to the integration of various components into a single
computer system or network of computer systems.

The technology is fundamentally similar in all
computers. The modern personal computer simply
provides us all with a way to use the same tools which
were formerly confined to large and expensive pro-
jects or functions. m
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How and Where to Get Bargains
in Used Computer Peripherals

Text and Photos
by Sol Libes

Is used computer equipment worthwhile? If so,
how and where do you find it? I have been in the
personal computer hobby for about ten years. I
have bought a considerable amount of used com-
puter gear, and feel that I can offer some advice on
the subject.

Once the computer is up and running, personal
computer owners start hunting around for periph-
erals. They look for video terminals, printers,
modems and the like. The major problem en-
countered is cost. Most of these items are
electromechanical and often they cost several times
what one might pay for the all electronic central
processor. New video display terminals can cost
$750 and up, while a high speed printer can be
over $2000. It is not unusual to find a word pro-
cessing terminal listing for over $3000 new.

What can a computer owner do to save money?

One way is to buy used equipment. The question
is: ““Where and how do you find it?”’

The big market in used computer equipment is
due to many factors, one being that the state of the
art is changing rapidly and as companies acquire
the latest products their present working equip-
ment often becomes available. The result is that
there is a great deal of equipment becoming avail-
able that may not be up to the highest speed or have
the latest features, but is fully operational. For
example, you can buy a used video display terminal
for less than $500, or one that requires minor
modifications for under $200. Hard copy terminals
range from $300, for an untested unit, to about
$1000 for guaranteed units with extra features.

There are even minicomputers available at
bargain prices. Digital Equipment Corp (DEC)
PDP-8s, with 4 K words of core memory and serial

Trenton Computer Festival, the largest flea market for computer hobbyists, held annually, in late April, by the
Amateur Computer Group of New Jersey. Last year over 5000 people attended this 2 day event.
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interface, start at $750 and go up to $3000 for the
newer models.

New dealers in used equipment are appearing all
the time. The list that accompanies this report is
not complete by any means, but it does include the
larger dealers in the country and many of the
smaller ones. Most used equipment dealers publish
catalogs and maintain mailing lists. A simple post-
card will usually get you their latest used equip-
ment catalog and put you on their mailing list.
Most of these companies are more than eager to
deal with individuals.

Many dealers refurbish the used equipment they
sell and restore it to manufacturer’s specifications
to the point where it is often indistinguishable
from new equipment. For example, several dealers
refurbish Teletypes to ‘‘as new’’ condition. This
means a complete cleaning, replacement of defec-
tive or worn components, replacement of items
such as plastic covers, repainting exposed metal
enclosures, running the machine for at least five
hours to insure its performance, and guaranteeing
it for 90 days. A new Model ASR-33 Teletype, one

Sol Libes is an enthusiastic microcomputer user,
past president of the Amateur Computer Group of
New Jersey, a teacher at Union County Technical
Institute in New Jersey, and author of several books
on digital logic and microcomputers.

of the most popular hard copy terminals used by
home computer people, costs about $1200. An
““as new’’ reconditioned unit typically sells for
$700 while an ‘‘as is”’ nonreconditioned machine
goes for under $500.

Particularly good buys can be obtained on equip-
ment no longer being manufactured or from a
manufacturer no longer in business. Prices are
often considerably less than for equipment still
being manufactured. But be careful here. If the
manufacturer is no longer in business you may run
into a problem getting documentation and replace-
ment parts. Sometimes this even happens with
manufacturers who are still in business but no
longer manufacture the product. Usually the larger
manufacturers will provide documentation and re-
placement parts for several years after production
on the unit has ceased.

The largest and oldest used computer equipment
dealer in the country is American Used Computer
Corp, which was started in 1968. Second largest is
Newman Computer Exchange, which was founded
in 1972.

In addition to equipment dealers, used equip-
ment is often advertised in publications such as
On-Line, Electronics News, Computerworld and Com-
puter Hotline. These should be consulted regularly
for current buys and new companies in the market.

Another excellent source of used computer
equipment is amateur radio flea markets. Ham
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radio operators are big users of Teletypes and other
printers, tape readers and punches, modems, etc.
These flea markets are held locally and regionally.
The largest is held in April in Dayton OH, and
draws over 10,000 attendees with acres of flea
marketeers in their booths. To find out when and
where the ham flea markets are being held, consult
the ham magazines such as QS7T, CQ, Ham Radio
and 73.

There are also two large computer hobbyist flea
markets held each year. There is the Trenton Com-
puter Festival (held in Trenton NJ) in late April
and The Southern California Swap Meet held in
Santa Barbara in July. Watch the magazines for
announcements of these and other computer flea
markets.

Specific Used Equipment Recommendations

Here are some recommendations on what to
look for in used computer equipment.

Video Display Terminals: Keep in mind that a new
video display terminal that sells for about $750 to
$1500 has a display with 24 lines of 80 characters,
has upper and lower case letters, operates at speeds
up to 9600 bits per second (bps) and has extra
features such as cursor control, reverse video,
intensity control, etc.

Used video display terminals are usually older
and generally lack many of these features.
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However, they can be purchased for $300 to $600,
depending on features. For example, older ter-
minals are mostly upper case only. This is fine for
most applications, but if the intention is to do word
processing, both upper and lower case letters are
necessary. In addition some may have only 72 or
64 characters per line. I do not consider this a
serious deficiency. However, some older terminals,
such as the ITT Asciiscope, display only 12 lines
on the screen and this can be a serious limitation
during program development.

When looking at a used video display terminal
check the following features:

1) Number of characters per line: 64 minimum,
80 desirable.

2) Number of lines per page: 16 minimum, 24
desirable.

3) Data rate: 110 to 9600 bps desirable.

4) Upper and lower case letters: necessary for
word processing.

5) Interface: should be either 20 mA loop or
RS-232.

Magnetic Tape Drives: These units, utilizing 9
track magnetic tape drives, are very suitable as
backup for disk drive systems. Be sure there is a
controller included which has transistor-transistor
logic (TTL) input and output levels. Generally these
units can be interfaced using a standard parallel
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Used Computer Equipment

Vendors

ADM Communications
1322 Industrial Ay
Escondido CA 92925
(714) 747-0374

and
16782 Red Hill Av
Irvine, CA 92714
(714) 957-2720

American Used Computer
Corp

POB 68 Kenmore Station

Boston MA 02215

(617) 261-1100

ASCI

1197 N Tustin Blvd
Anaheim CA 92806
(714) 632-0220
(312) 924-3379

Atlantic Surplus Sales
3730 Nautilus Av
Brooklyn NY 11224
(212) 372-0349

Business Resource Service
POB 11293

Phoenix AR 85061

(602) 866-9123

Computer Warehouse Store
584 Commonwealth Av
Boston MA

(617) 261-2701

Crisis Computer Corp
2323 Owen St

Santa Clara CA 95051
(408) 246-0402

Data Access Systems
100 Rt 46

Mountain Lakes NJ 07046
(201) 335-3322

Dol-Data Inc

Suite 1400

1111 W Mockingbird La
Dallas TX 75247

(214) 630-9711

Data-Lease
700 N Valley St #A
Anaheim CA 92801

Data Processing Design Inc
6980 Aragon Cir, Suite B
Buena Park CA 90620
(714) 994-4971

Electravalue Industrial
POB 157

Morris Plains NJ 07950
(201) 267-1117

Federal Communications
Corp

Suite 107

11105 Shady Trail

Dallas TX 75229

(214) 620-0644

Equipment

Teletypes, video terminals,
modems

‘ Used minicomputers, printers,

video terminals, modems,
Teletypes

Teletypes, used
minicomputers

Teletypes, parts, supplies

Teletypes, video terminals,
GE Terminet terminals

(See American Used
Computer Corp)

Used minicomputer systems,
terminals and peripherals

Teletypes, video terminals,
modems, parts

Used Selectrics

Used minicomputers, video
terminals, Teletypes

Used minicomputers, video
terminals

Teletypes, terminals,
modems, keyboards, parts

Teletypes, data phones and
TWX units

Used Computer Equipment

Vendors

Herback & Rademan Inc
401 E Erie Av
Philadelphia PA 19134
(215) 426-1700

JM Associates
80 Emerald Av
Westmont NJ 08108

ICC Computer Corp
1115 Security Dr
Dallas TX 75247
(214) 630-1401

MiniComputer Exchange
164 San Lazaro
Sunnyvale CA 94086
(408) 733-4400

National Teletypewriter Corp
207 Newtown Rd

Plainview NY 11803

(516) 293-0444

Newman Computer Exchange
3960 Varsity Dr

Ann Arbor M| 48104

(313) 994-3200

PMR Canada Ltd
94 Hyde Av
Toronto, Ontario
Canada M6M 1J4
(416) 653-4842

RCA Service Company
Bldg 204-2

Camden NJ 08101
(609) 779-4129

Rondure Company
1224 Security Dr
Dallas TX 75247
(214) 630-4621

Teletypewriter Parts
Company

13641 N 32nd Av

Phoenix AR 85029

(602) 866-9123

Streeter Associates
9 Poplar Pl
Fanwood NJ 07023
(201) 889-2222

Van't Slot Enterprises

550 Springfield Av
Berkeley Heights NJ 07922
(201) 464-5310"

Worldwide Electronics Inc
130 Northeastern Blvd
Nashua NH 03060

Equipment
Used computer gear, parts,

terminals, keyboards, video
displays -

Used computer peripherals
and minicomputers

Used Teletypes and

- TWX units

Miniperipherals

Used Teletypes, parts and
supplies

Used minicomputers,
peripherals and Teletypes

Used minicomputers,
components and parts

Used Teletypes

Used Selectrics, modems and
parts

Used Teletypes and parts

Used Diablo terminals and
printers

Used Teletypes, parts and
supplies

Used Selectrics, printers and
components
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interface with two ports (one for data and one for
control). You will have to write some machine or
assembly language software to control the unit, so
the use of a tape drive is not recommended for the
beginner. This is usually not difficult if you are
generating and reading your own tapes. However, if
you desire compatibility with the manufacturer’s
standard protocol, it often requires software for
code conversion and data format handling that may
be difficult to implement. Be sure to obtain the
manufacturer’s interfacing guide with the unit.

Disk Drives: Disk drives available on the used
equipment market should generally be avoided
unless you have considerable knowledge of the
particular drive and controller combination. I have
heard about too many problems with used floppy
disk drives and frankly do not feel that the grief
and time spent on these units is worth the dollar
savings.

Teletypes: Teletypes are without a doubt one of
the most popular hard copy machines used with
personal computers. Over 500,000 of the popular
Model 33 machines have been made and hence
they are widely available on the used equipment
market. Because its encoding and decoding is done
mechanically, rather than electronically, it is slow
(10 characters per second), heavy, and very noisy.
It is also an upper case only machine. The major
benefit to the computer user is that it is easy to
maintain. You can purchase parts and excellent
maintenance manuals from the manufacturer and
numerous Teletype vendors across the country.

The Model 33 comes in several versions. The
most popular version is the Model 33ASR
(automatic send and receive) which includes a
paper tape punch and reader and employs a 20 mA
current loop input/output. This unit sells brand-
new for about $1200 and used (refurbished) for
$500 to $700 (as is). The Model 33KSR is the
same as the ASR except it lacks the punch and
reader and generally goes for $100 less. Finally, the
Model 33RO (receive only) contains only the
printer (no keyboard) and is generally available for
$100 less than the KSR.

Selectrics: Terminals using IBM Selectric printing
mechanisms are readily available on the used
equipment market. Hundreds of them have come
from airline ticket offices and similar installations.
They have seen many years of hard use, but are
very rugged and can be overhauled and interfaced
to personal computers. Prices vary from less than
$200 to over $1000. For $200 you can buy an ‘‘as
is”> Selectric mechanism with power supply and
solenoids. However, be careful. Most of these
units do not use standard ASCII code or interface.
The likelihood is that these units can only be used
as printers with an appropriate software driver
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program written to convert ASCII to the code used
by the Selectric. This equipment should be
purchased only by persons knowledgeable in hard-
ware and software interfacing.

Very few used equipment vendors sell Selectrics
with RS-232 interfaces that work with the ASCII
code. These units generally cost $600 to $1000,
and can be easily connected to most microcom-
puter systems. Even converted, these units are still
utilized primarily as printers, since the Selectric
keyboard lacks many of the standard ASCII key
functions, such as “‘control’’ characters.

Finally, IBM will not repair machines that do not
bear its name, but will sell the parts and maintenance
manuals. These can be purchased at local IBM parts
depots. The documentation on the nonIBM com-
ponents in the terminal must come from the terminal
manufacturer.

Diablo Terminals: Terminals and printer-only
units using Diablo printer mechanisms are also
available on the used equipment market. These
units are very desirable for word processing. The
current model is the Hytype-II and sells new for
about $3000 in a printer-only version. The Hytype-
[, the predecessor to the I, is also readily available.
The printer-only version of the Hytype-I sells for
$700 to $900. This unit requires the addition of a
high capacity power supply, computer interface,
and software driver program. Complete used
Hytype-I terminals, with built-in power supply and
RS-232 interface, generally sell for $1100 to $1500.
This unit is very suitable for use in word process-
ing since the print quality of any Diablo mecha-
nism is comparable to an electric typewriter. The
Hytype-II offers higher speed and some additional
features, such as printer graphics; otherwise it is
essentially the same as the Hytype-I.

In summary, the major items which personal
computer users will find of interest on the surplus
markets are printers and terminals. When such
items are available with the Teletype style current
loop interface or the Electronic Industries Associa-
tion RS-232C interface, with the ASCII character
set, they can be easily hooked up to standard ports
available in many personal computers. The more
elaborate and sophisticated pieces of equipment,
such as used 9 track tape drives, used floppy disks,
and used hard surface disk drives, should be
avoided by novices. The requirement of some
variant of the ASCII character set is due to the fact
that nearly every personal computer product uses
ASCII encoding of the keys of the typewriter style
keyboard used to input programs and data. The
computer store which sells you a computer is an
invaluable source of the detail technical advice on
how to connect an RS-232 or current loop printer
or terminal to your machine.®
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Diablo
Printer

RRERmp

A USER REVIEW

Several years ago I decided to
make the big plunge and get a
printer. I had a video terminal but
now I wanted a printer to make
future programming efforts easier.

My video terminal was very
nice, but it has dot matrix letters,
no graphics capability, and displays
only upper case letters. This
seemed perfectly adequate at the
time of purchase but I since have
wished 1 had graphics capability
and lower case. Unfortunately the
terminal I had chosen cannot be
modified for these requirements. 1
resolved I wouldn’t make the same
mistake again. This time I’d look a

Ken Knecht has written several
books and technical articles and is
now free-lancing in the field of radio
and television engineering. He has a
custom software development com-
pany, Kencom, in Yuma AZ.
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by Ken Knecht

little further than my present
needs.

[ wanted impact printing of type-
writer style letters on regular
paper, and both upper and lower
case. Keeping my resolve in mind I
added the following requirements
— ability to change type fonts,
graphics ability, a forms tractor to
allow use of continuous feed com-
puter paper, and a keyboard.

I looked at a lot of terminals and
only one available at the time
seemed to fill the bill; the Diablo
1620. The price was higher than I
had expected to pay and I had to
do terrible things to my savings ac-
count to purchase it, but I haven’t
regretted it for a minute.

The Diablo uses a daisy wheel so
print fonts can be changed, can be
used for graphics with a pin feed
platen, has a forms tractor availa-
ble, and a lot of other features I
didn’t know I needed until 1

Photo by Ken Knecht

needed them. So far it hasn’t let
me down when I come up with
some new idea for the printer; and
it has features I haven’t used yet.

It has been very reliable with one
exception. After it was over a year
old it stopped working. I saw a dim
indicator light, and the printhead
wouldn’t go. Since I am a ‘‘do-it-
yourself”” sort of person, I saved the
price of a service call and located the
problem myself. It didn’t take long
to find a shorted power transistor in
the printhead drive amplifier. I
couldn’t find an exact replacement
so I used a Sylvania ECG (general
replacement) transistor with about
the same ratings and it’s worked
ever since.

The electronics is almost all on
plug-in modules and the mainte-
nance manual that comes with the
printer is extremely good. It goes
into a great deal of theory of
operation and has accurate sche-
matics and parts layouts.

An 8080 microprocessor is used
in the Diablo 1620. This permits
backwards printing, for more effi-
cient movement of the printhead.
Absolute tabs which permit soft-
ware control of the printhead allow
it to move directly to a line posi-
tion without printing spaces to get
there. It also resolves a series of
line feeds and carriage returns to
move the printhead to the desired
position through the shortest path.
Thus, by the time the paper is
moved to the desired line, the
printhead is at the proper point to
begin printing.

The terminal uses a 158 character
buffer, meaning that it can keep up
with the computer’s output.

The Diablo prints at 110, 150 or
300 bits per second (bps). The
printer can accept data at up to 1200
bits per second, but it can only print
at a maximum of 450 bits per se-
cond. Because of this, special
techniques must be used in order to
achieve this speed. Readers with
more advanced backgrounds in
hardware and software might be in-
terested in pursuing this possibility.

A form feed character can be used
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in software to set the printer to a
manually set position on a form
(simply press the TOF button at that
position). Forms can be 3, 3.5, 4,
5.5,6,7,8,8.5, 11, 12 or 14 inches
long. This is set by a front panel
switch. Obviously this is useful for
forms or to position the printhead
to the next sheet of paper when per-
forated paper is used.

I might mention at this point
that paper is readily available in
most computer stores with fine
perforations every 11 inches along
its length and with holes along the
edge for a forms tractor. The paper
can be torn at the perforations
leaving sheets 82 by 11 inches,
or standard typewriter paper size.
Other sizes are also available. The
Diablo can use paper up to 15
inches in width.

The printer uses a very simple
mechanical interface. Three
motors are used, to rotate the
platen, move the printhead and
turn the daisy wheel. A solenoid is
used to operate the print hammer.
The only relatively complex
mechanism is a cable used to pull
the printhead back and forth along
the platen. This is a closed loop
wound around a pully on the print-
head drive motor.

According to my manual, 20
different printwheels are available,
including an APL character set.

Front panel controls include
power on/off, reset, form feed, set
top of form, scroll, break, local
and upper case only. The last three
are keys to the left of the
keyboard.

The reset is used to turn off the
error light. The error light signals
parity error, buffer overrun,
“framing’’ error, cover open, and
out of paper.

The form feed switch advances
the paper to the point where the
set TOF (set top of form) was last
set. I use this to begin a new sheet
of perforated paper. It beats keep-
ing track in software of the num-
ber of lines printed in order to
start a new page at the correct
point. Manually rotating the platen
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will affect the TOF setting as the
printer doesn’t sense these move-
ments.

I don’t like the scroll feature. It
is used to shift the paper up one
line when you stop typing or the
terminal stops so you can see the
line just typed. Normally the print-
head covers the last few characters
typed. It works well with normal
platen use (like a typewriter) or

The price was higher
than I had expected to
pay and I had to do
terrible things to my
savings account to
purchase it, but 1
haven’t regretted it for
a minute.

the pin feed platen but doesn’t
work well with the forms tractor as
the paper doesn’t always pull back
to the exact line where it was pre-
viously printing. The continual up
and down motion of the paper an-
noys me, so I generally keep the
scroll switched off. There is also a
slight delay when you start typing
after a pause while the paper pulls
back. If you don’t mind this it
works fine.

The three keys to the left of the
keyboard with break, local and
upper case only are useful. The
break doesn’t work with my com-
puter but is useful with some
systems. The local key is used to
set margins, etc, and to use the
printer as a typewriter. It removes
the printer from computer control.
The upper case only key is used
for listings or whenever I want to
type all upper case and don’t want
to bother using the shift key. It
affects only the letters and can
print lower case from the com-
puter even if it is set to upper case
only.

Under the cover are seven more
switches. A rotary switch sets the
forms length (settings mentioned

earlier) for use with the form feed.
[ generally set it at 11 inches for
standard perforated paper size
(8%2 by 11). The speed switch
sets the data rate (110, 150 or
300). If the data rate is internally
jumpered for 1200 this switch
doesn’t work. I use 300 bps. A
spacing switch selects ten or 12
characters per inch and is set ac-
cording to the type font used. The
spacing can also be set in software.
A parity switch selects even, odd
or mark (no parity). The duplex
switch is used to select full or half
duplex. In half duplex, locally
generated data is printed, as well as
sent to the computer. In full du-
plex, the only data which is printed
is that generated and sent by the
computer. I use full duplex and let
the software provide the echo
which confirms transmission. A
line feed switch is available for
automatic line feed after a carriage
return. I leave this set off unless
I'm using the printer as a type-
writer in local mode, as my soft-
ware provides the line feeds
automatically. Last is a clear but-
ton which resets all previously set
functions such as margins, soft-
ware spacing, etc.

Installing or removing the forms
tractor, changing platens, changing
daisy wheel, changing the ribbon,
etc, are all easily and quickly done.
The front cover has to be removed
(friction catches) and the printer
won’t run with the cover off unless
an interlock switch is up (rather
awkward to set).

My keyboard has a separate nu-
meric section. I’ve never gotten
into the habit of using this but
some users may find it useful for
inputting figures. The larger un-
marked white key is another space
bar.

An impression control switch is
available under the front cover. It
sets at L, H and M for light, heavy
and medium impressions. 1 use
only a single sheet of paper and
use the M setting which works
very well.

The ribbon is in a cartridge and
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This is an example of text printed on the
Diablo HyType II mechanism with a cloth
ribbon. The text is typed at medium print
density with a Courier 72 plastic print

wheel,..
ABCDEFGHIJKIMNOPQRSTUVWXY Z
abcdefghijklmnopqr stuvwxyz
1'ES%& ()="@[]_+*\O?
1234557890-""{} ;:1,./

This is an example of text printed on the
Diablo HyType II mechanism with a carbon
film ribbon. The text is typed at medium
print density with a Courier 72 plastic
print wheel...

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz
1"#S%&" ()="Q[] +M\O?
1234567890-~"{} ;:l,./

Figure 1: Two samples of text produced by the Diablo printer mechanism with different types of ribbons. In both cases,
a standard Courier 72 typewriter style font was used, and the print was set at the medium position.

snaps in and out easily. The
cartridges cost about $5 and are
usable for a long time. You can
use a two color ribbon and change
colors under local or software con-
trol. Some suppliers will reload the
cartridges for a reasonable price
(half price). Cartridges are availa-
ble in cloth ribbon and carbon film
ribbon styles.

As 1 mentioned earlier, the
printer can be used for graphics.
The horizontal movement is in in-
crements of 1/120 inch, vertical
movement in increments of 1/48
inch. The printhead will backspace
and the platen will move in either
direction. In graphics mode the
printhead doesn’t move after each
impression but has to be moved
with a backspace or space. The dis-
tance of the movement is set in
software (or locally). Horizontal
movement is from 1/120 inch to
125/120 inch for each space or
backspace or any intermediate
point; vertical movement from 1/
48 inch to 125/48 inch with each
positive or negative line feed.
Thus you have a great deal of
freedom in selecting the spacing
you wish in your graphics printout.
All graphics movements can be set
in software or locally. One disad-
vantage is that the continual use of
one character on the daisywheel,
such as the period, will soon wear
out that character on the wheel.
Incidentally, plastic printwheels
run about $8, metal at $35. I
suspect the metal printwheels
wouldn’t wear out very quickly but
I haven’t tried one. You should
have the pin feed platen for print-
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ing graphics, because negative line
feeds don’t work well with the
forms tractor.

You can also set the spacing be-
tween characters for normal print-
ing (other than the standard ten or
12 characters per inch) in software.
I use this feature for spacing the
characters to fill out a line when
using fully justified copy with even
left and right margins.

The printer will also do half
line feeds under local or software
command for super or subscripts.
The backwards printing mentioned
earlier requires the line to be re-
versed in software. The printer
doesn’t reverse the line. I’ve never
tried this as the carriage return,
line feed sequence doesn’t take
enough time to make the software
writing worthwhile.

Margins can also be set under
local or software control and limit
the printhead movement. The
right margin is set with a sequence
of “‘escape’” and ‘0 ASCII
characters, left margin is set with
an ‘‘escape’” and 9" sequence.
When the printhead reaches the
right margin it overprints charac-
ters, as there is no automatic car-
riage return, line feed sequence.

The operator’s instruction
manual goes into great detail ex-
plaining the uses of all these fea-
tures (there are 30 of them). Two
manuals are provided, an opera-
tor’s manual and a maintenance
manual.

The keyboard uses Hall effect
switches and n-key rollover. I have
had no keyboard problems. The
switches all work beautifully and

have a nice feel.

The Diablo 1620 uses the stand-
ard RS-232 serial interface to the
computer and requires one stop
bit. (I couldn’t find this specified
anywhere in either manual but my
input/output (I/0) board is set to
one stop bit and it works so this
must be so.) The plug is the usual
25 pin ““D” connector and the
cable is hardwired into the printer.
There is no Teletype style current
loop interface available that I know
of.

The terminal is very impressive.
It looks like a large legal type-
writer. It operates very quietly for
an impact printer.

The electronics resembles a
computer, with an 8080A, pro-
grammable memory, read only
memory, digital to analog and
analog to digital converters, an
input/output (I/0O) board with an
asynchronous communications cir-
cuit as in all serial computer ter-
minals, plus servos and motor
drive amplifiers. The printer soft-
ware is in erasable memory.

As you can see, I'm very happy
with my Diablo, and would heart-
ily recommend it to anyone, if
you need the features available.
It’s not cheap, but I’ve seen a few
used Diablos for sale in the ads, so
you might consider this choice.
There is little to wear out, so a
used terminal in operable condi-
tion should be a good buy. The
maintenance manual is  very
thorough and few special tools are
needed for major adjustments. So
far I’ve not had to make any ad-
justments at all.®
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The Wired Society
by James Martin
Prentice-Hall
Englewood Cliffs NJ 1978
300 pages, hardback
312.95

Reviewed by Mike Emery

You might prepare to read a new
book written by an author of
twelve books on computers and
telecommunications by surround-
ing yourself with several volumes
of reference material and a large
notepad. A comfortable lounge
chair by a warm fireplace would be
more appropriate to absorb The
Wired Society by James Martin. It’s
the type of book you curl up with,
losing yourself in your imagina-
tion, rather than studying it.

Martin uses a self-imposed non-
technical language in presenting his
version of our society in the future
and, in particular, how the growth
of telecommunications and com-
puter use will affect our way of life.
He explores the role of communica-
tions and computer systems in our
society and the relationship of
telecommunication to our culture,
now and in the future. Ecology,
medicine, education, business,
homelife, travel, industry and world
politics are just some of the broad
topics analyzed with meticulous
care. Details that reflect the essence
of our society are exposed; we are
then shown how they might be im-
proved or expanded by telecom-
munications and computer based
data management.

Here’s an example: according to
the author, the world will be run-
ning out of petroleum in the next 35
years. As the cost of petroleum
rises, the cost of telecommuni-
cations will continue to drop. Im-
agine how much energy could be

ATTENTION MICROCOMPUTER
USERS!

CUSTOM=BUILT SYSTEM.

ARE YOU INTERESTED IN A MICROCOMPUTER BUT ARE NOT SURE WHICH
ONE WILL FILL YOUR NEEDS? WELL INFORMATION SYSTEMS RESEARCH
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saved if white collar workers could
work at home using a terminal to
communicate with the company’s
computer, a videotelephone to
attend meetings, and a teleprinter or
facsimile machine (a copying
machine that produces photocopies
via a communications link) to
transport or receive documents.
When the worker has a letter to be
typed or needs secretarial services,
the work can be sent to the central
computer using a terminal. A
secretary working at home can re-
quest work from the computer via a
terminal and can perform that work
without ever leaving home. The
finished work can then be placed
back in the central computer for ex-
amination and correction by the
originator. It may also be trans-
mitted over the telecommunication
lines to be reproduced only at its
destination by a facsimile machine,
eliminating conventional mail
delivery delays and expenses. The
potential for these innovations is
summed up with the author’s state-
ment, ‘A study by the Office of
Telecommunications Policy con-
cluded that the use of automobile
travel for acquisition, exchange,
and dissemination of information
uses 500 times as much energy in
total as would be needed to do the
same by telecommunications.’’

The book, at times, does not
seem to flow from one analysis to
another. Many arguments are pre-
sented repeatedly under different
headings. My greatest criticism of
the book is that it paints too plea-
sant a picture of telecommunica-
tions and computer involvement in
the future society. The author plays
down the possible reaction of the
populace to the impersonal relation-
ships that might develop in a tele-
society. On the whole the book is a
positive statement about techno-
logy’s role in our society. The
author has succeeded in describing
the vast potential of the ‘‘wired
society.”’ m

Mike Emery is an electrical
engineer specializing in microcom-
puter hardware and software.
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onComputing: What is your technical background?
Were you a child prodigy, burning the midnight oil in
a basement physics lab?

Todd Rundgren: No, not hardly (laughing). Aside
from some minute degree of theory, I still have no
great knowledge of electronics; per se. I find it very
frustrating having to deal with design concepts, par-
tially because I have no desire to become a digital
design technician. I don’t need that level of expertise.
I know there are people who are totally involved and
fascinated in that field, and I rely upon them for the
development of the tools I need. I know how to apply
the technology for the ends I have in mind, and that’s
all I feel I need to know.

0oC: Then you think of electronics as a tool?

TR: Not a tool for me so much as a vehicle, I guess.
If something breaks, I know how to kick it, unplug
it, flip the reset switch, or cajole it into working, but
if there’s something really wrong with the equipment,
I’'m totally helpless. I could never remember the
resistor color code.

oC: What were you doing with electronics that led
you to the realization that a microprocessor could
assist you?

TR: I’ve always been fascinated with the concept of
synthetic intelligence. I'm for anything that
simplifies or elevates the human condition. I don’t
think I was in the middle of a particular project when
we incorporated microcomputers into our inventory;
however, I do think I followed some natural progres-
sion from basic electronic equipment through to the
complex forms we use now such as synthesizers,
digital mixers, and microcomputers. I am willing to
try anything that promises to be of use.

oC: Did the thought of using a computer turn you
off, or were you eager to involve yourself with this
aspect of technology?

TR: In any kind of technology I’m associated with,
my only interest is in making it functional, finding
humanistic applications for it. I’'m eager to utilize
computer technology, but I’m only involved in the
applications end. I have discovered that I have no
real love for digital technology, and I want to know
no more about it than I need to in order to utilize it
for the particular application I have in mind.

oC: Are you feeling more liberated or more removed
Jfrom your work by your involvement with technical
electronics?

TR: I understand the language of technology, I
understand the way you communicate with machines
and the way they communicate with equipment; that
doesn’t put me off so much as it gives me access to
more tools. You don’t have to know how to make the
equipment, just how to use it.

oC: Do you find it difficult to keep the artistic and
creative sides of you alive as you become more and
more involved with electronics?

TR: Actually no. I realize that, for some people, elec-
tronics, or computer technology more specifically,
can be alienating. You have to submerse yourself in a
technology in order to understand how to create what
you want to create, but you don’t have to drown in it.
A lot of the equipment I am involved with is by-
product technology. That is, it was built with another
function in mind. With me, I know what result I
want, so I just research till I find something, whether
it be a laser, or terminal, or digital composer, that

- will meet that end. I believe that whole industries are

built upon this: as a result of an experiment here,
we’ve found that this computer is also useful
here—that sort of thing. In a way, I think the armed
forces do a great deal to advance our technology;
they have the money to do the research, and then the
people who watch what they do can interpret prac-
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tical usage from their results. It seems to me that
technology could be alienating if it is seen as
something alien.

oC: Do you feel that too much attention is paid to
technological discoveries?

TR: No, but I think people tend to forget that they
are discoveries. They think of technology as existing
without us, like some deity that shows itself to us in
glimpses and is in no way connected to humanity. We
make such a big deal out of the existence of some
form of technology that we forget its intended pur-
pose. Electronics by itself is not amazing—it’s energy
transference—but what we can do with that energy is
amazing. Do you see my point? It’s like computers:
they aren’t alien beings—they are our new tools, and
I never feel stranded by a tool. It isn’t something to
be worshipped, it’s to be used. If there were a choice
in life and I had to be either a scientist or a
philosopher, no matter how much I enjoy being in-
volved with technical things, I would just try to keep
that perspective. Electronics is only a fragment of
human understanding and development, and it
doesn’t deserve deification.

oC: Is it difficult to keep abreast of the new
developments in the computer field?

TR: It seems as if hardware technology changes
month to month. I’m not a hardware enthusiast. I
don’t become totally absorbed by the so-called new
developments. There is a hardware race on now and
it’s very easy for the consumer to be lost in it. It
seems to me there is almost too much information
available. I think that now would be a good time for
the industry to slow down a little, rethink func-
tionality, and possibly standardize its ideas. They’ve
proven that minicomputers work. They’re almost as
fast as the mainframe units, and contain enormous
amounts of memory. Minicomputers can compete
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“$I don’t think that faster pro-
cessing time and larger memories
are going to get the average
person involved with computers
if the ultimate function is bor-
ing, or if the complete units re-
main too expensive. We need
simpler input and much more
software.”’

with the mainframe units on many levels, but I don’t
think that faster processing time and larger memories
are going to get the average person involved with
computers if the ultimate function is boring, or if the
complete units remain too expensive. We need
simpler input and much more software.

oC: But hasn’t the industry’s “‘hardware race,’’ as
you call it, helped to lower the cost factor of com-
puting and increased the availability to the general
public?

TR: First of all, I don’t think that the lower cost of
mini and micro systems is due to any philanthropic
design on the part of the industry. It’s a result of
technological developments that make the elements
involved in computers considerably cheaper to pro-
duce. They have just designed more efficient ways to
make memory chips and boards. There is no one in
the industry who is thinking ‘‘Gee, wouldn’t it be
nice if we could design a 10 dollar computer that
everyone would be able to use and afford.”” What
they are thinking is ‘‘Gee, wouldn’t it be nice if we
could produce a 10 dollar computer that we’d make 5
bucks on.”” But that is business. It is good that com-
puters are becoming less expensive and more avail-
able, but is that reason enough to buy one? I think we
have to make technology fit our needs, not our needs
fit technology.

oC: Do the mechanisms you use save you work?
TR: Yes, for a designated function, but the problem
is this: a microcomputer is almost too general a tool
for my needs. I have no interest in keeping a file
system; I’d just as soon write something down on a
piece of paper and keep it until the information is
useless. I have no need for unnecessary button
pushing. I don’t need a computer to figure out my
taxes—my accountant does that. He probably uses a
computer to work it out; I don’t know. But at this
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point I don’t have any use for these general ledger
functions that microprocessors have been applied to
so far.

oC: Could you isolate a particular album which you
consider your ‘‘coming out’’ as far as your involve-
ment with microprocessors goes?

TR: Well, I think I used a Putney synthesizer on my
second solo album, but I suppose *‘Initiation,”
where I did one whole side with a synthesizer, was my
biggest step. That was in 1975. After that I used some
form of digital synthesis in all my work.

oC: Have you used digital recording equipment, or
do you see the possibility of its usefulness in a
creative sense?

TR: I have done some computer mixing in the
Audio Studio. It’s a relatively simple and convenient
process in terms of computer operation. As for
digital recording, I haven’t really done much with it
because I think it’s an unjustifiably involved process.
The whole idea of having to edit electronically is so
complex. I much prefer mechanical splicing. Elec-
tronic editing requires a lot of additional equipment
in order to keep things synchronized, and two
machines as opposed to only one mechanical splicer.
I just don’t believe technology has gotten there yet
with the digital system and, at this point, the
recorders are only available in two track or mono.
Beyond that, the amount of noise that can be
eliminated from a recording is ultimately subject to
the consumer’s own playback equipment or pressing
process. I think digital technology will find much
greater acceptance in the video field just because of
its editing characteristics.

oC: Why are you changing your direction from music
to video?

TR: A couple of factors. One is what is happening to
music nowadays, and the other is some recent finan-

cial developments that involve my video projects. For
the past several years I’ve been becoming increasingly
disenchanted with the business of music. Music is not
now what I originally got involved in it for. It was
originally vital and expressive and anti-establish-
ment, and now it is very establishment oriented. Even
the punk and new wave music are very establishment
directed forms. It’s hard to explain. It’s just not the
same.

oC: Is it as a result of this disenchantment that you
became involved with video?

TR: Not as a result; but along with the frustration of
music, I saw some leeway in another medium. I have
been interested in the video field for a while, but it
wasn’t till recently that I had some lucrative produc-
tions, so I decided to become completely involved in
it. I believe that people concentrate greater attention
on watching TV than they do on listening to home
stereo, so this is the vital medium. The audience is
much larger, there is a good distribution network,
cable stations, local stations, home cassette players
and video disks, a lot of syndications on the smaller
stations, and as a result people aren’t so dependent
upon commercial programming. I also think there is
a lot of room in the field for experimentation and
development, which has a great deal of appeal for
me. Using the recording technology I already have,
and incorporating digital and microprocessor
technology, I can envision solo performances com-
pletely controlled by a minicomputer. It may not be
the standard but it is certainly plausible, and would
be unique.

oC: What do you see as the next big breakthrough
Sor the audio-video field?

TR: The home video systems without a doubt.

oC: Do you think the average American is going to
get involved in video systems in a big way?
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TR: Well, not immediately, but as programs become
more diverse and more available, and as the peri-
pherals become cheap enough to make home inter-
play practical, I think you’ll find a lot of people own-
ing systems in the next couple of years.

oC: Are you thinking of video cassette or disk here?
TR: Well, both actually. Both cassette and disk have
their pluses. The disk is cheaper, its color reproduc-
tions are finer, and it doesn’t tangle or erase. It
doesn’t rerecord either at this point, which of course
the cassette does. So there is a good deal of choice
dependent upon individual needs, and all at a rela-
tively affordable price.

oC: Will computers play a part in the development of
your video disk system and studio?

TR: 1 am presently involved in an animation film
project for RCA, and microprocessors have a defi-
nite function to perform in that.

oC: For instance?

TR: For instance, remembering a camera motion.
We program a certain sequence of maneuvers for a
motorized camera stand, have those entered into a
memory, then the program can be repeated as called
for.

oC: Is that what you use the ISC Compucolor com-
puter for?

TR: What, this? (chuckling and turning in his chair
to face the remote control console and Compucolor
video screen). The thing we’ve been doing most with
the ISC is photographing some graphic routines that
look visually interesting. That’s what I want out of a
computer, but there isn’t one, at least I haven’t
found a microcomputer that has really sophisticated
color graphic capabilities. I’m considering buying a
computer for that specific graphics function, but it is
totally out of the price range of the home hobbyist or
nonprofessional. So far we haven’t had a lot of
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4 :
Computers aren’t alien
beings—they are our new tools,
and I never feel stranded by a

tool.”?

serious applications for computers, but we’re finding
out how and when they can be useful.

oC: What computer equipment do you own?

TR: The ISC Compucolor is the first computer I
bought: the Model 8001 with two Datel Power Mite
power supplies. It has always been temperamen-
tal—too much static electricity. Squeak around in
your chair too much and you blow a program you’ve
been working on for two hours. I got a KIM com-
puter after that, to experiment with, then an IMSAI
Z-80, and the latest I’ve purchased is the Com-
modore PET. We also have a modem for the Com-
pucolor so we can tie in with more genuine com-
puters, since the ISC is really just a terminal.

oC: Do you do timesharing, then?

TR: Not actually. We’re not that serious with it yet,
but I do have friends at Bell Telephone, Princeton
and Columbia University who are willing to give us
assistance. We call them up and pick up a program or
two. At this point our needs don’t justify the cost of
timesharing.

oC: Are all of your computers for your professional
interests or do you use them recreationally as well?
TR: Mostly I just use the computers for work, but
I’ve just been looking into these new systems offered
by Atari. They look as if they could be quite en-
joyable and fairly easy to operate, and they’re at a
reasonable price.

oC: How much of an investment have you made in
computing equipment?

TR: It’s difficult to say, but if you mean in my entire
operation I’d say that by the time my new video
studio is completed I’ll have tied up somewhere near
a million dollars—of course not solely on computers,
but computers as well as cameras, mikes, recorders,
mixing boards... there’s a lot of stuff involved. If
you mean my own personal equipment, I’d say about
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ten thousand dollars total, software included.

0oC: Do other members of your group own or operate
computing systems?

TR: Roger Powell’s keyboard that he designed for
the band is a digitally scanned device and does some
very limited computation. We’ve also just purchased
a new Roland Microcomposer that we’re all very ex-
cited about. It should have a lot of applications for
us even beyond its composition functions.

oC: Such as?

TR: Well, for one thing, we’re thinking of bringing it
into the control room and setting it up so it can do
some of those things we require a computer for, such
as remembering camera movements. Essentially the
composer is a computer with 8 K bytes of digital
memory, so it can remember up to eight sets of
events, allowing us to synchronize effects. For in-
stance: feed it a synch pulse from our system, use our
clock instead of the clock that’s in it, and it will
repeat events for us. Now that to me is a useful
device; it dispenses with all the unnecessary hardware
and has a specified function. It costs as much as any
elaborate computer system, but it’s worth having
because there is no telling you, ‘‘Oh, you can do
anything with it once you have these peripherals.”’
oC: Is anyone writing computer software programs
that can assist the average musician in composing,
performing or recording?

TR: I haven’t found any software programs that are
useful to me yet, so I’d have to say I don’t think so.
oC: Do you see a time for that?

TR: Yes, right now. It’s a tremendous drag to have
machines sitting around that are capable of so much,
yet which aren’t working up to their abilities due to a
lack of programming material. I think the need for
software is very immediate. There are accounting and
filing and general business packages in abundance,

but for graphics or composition or camera plotting
and control there is nothing. I think the industry at
this point is geared toward hardware, because that’s
where the money is... I think the public has to deter-
mine more what its application needs are going to be
and have industry meet them, rather than having the
industry assign function.

oC: What about the format of software? Have you
used a floppy disk?

TR: I’ve had so many hardware problems that I
haven’t had much experience with many software
forms. The Compucolor has a floppy tape which has
had its problems (it’s easy to erase) and I have an
IMSAI disk, but I’ve never gotten to use it because
when we bought the system we didn’t receive a con-
nector cable for the terminal, and the company
didn’t supply us with one for several months even
after persistent pleading from us.

oC: Are there any pitfalls that you might alert the
novice experimenter to avoid?

TR: Don’t think that digital and microprocessor
oriented equipment is simple to understand and
utilize, it takes a lot of time and thought....
Regardless of how miraculous computers can be,
they can also be one of the most frustrating tech-
nologies you can be involved with. My last thought
is, don’t be afraid to try experimenting. If you think
a computer can be of use, go to one of the local stores
and check the regional computer clubs. I did. Know
your needs, ask some questions, and take it from
there. The way things keep changing, the whole pro-
cess should be becoming easier to understand and in-
teract with. I just hope the industry realizes that
before computers become an everyday tool, they will
have to be better supported (specifically, more and
better software), and be much more dedicated in
function. ®
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per line. The close-up photo below
illustrates how these dots appear on
the aluminized paper and shows the
different character sizes. Print head
life is conservatively estimated at 1
million characters, even at its nor-
mal printing speed of 150 lines per
minute.

Using the printer for the first time
is an enlightening experience if you
are used to Teletype printers. Turn
on the power, press the select but-
ton,and you’re in business. As char-
acters are sent to the printer it ap-
pears that nothing is happening
because it isn’t printing. Then sud-
denly upon receipt of a carriage
return it quietly zips across the
paper and prints the line in a single
stroke. Until either a carriage return
is acknowledged or the line is full,
the printer buffers the data so that it
prints and advances the paper a line
at a time.

. . . the Centronics
Microprinter
demonstrates capabilities
formerly found only in
printers costing hundreds
of dollars more.

This printer has a motor in it
which must make a 360 degree revo-
lution. This means that the carriage
must move all the way to the right
and return in a single action. A line
feed does the same thing as a car-
riage return, except that it doesn’t
print across the line. This is because
the same motor is used to drive the
print head and the paper advance.
Therefore the automatic line feed
cannot be removed. If someone
wished to print A, B, C, D, carriage
return and line feed, the micro-

printer would print ABCD, take the
carriage return and advance the
paper on the way back and then do
another line feed.

The solution to this auto line feed
problem, if it is a problem, is fairly
simple for the technically minded
among you. On the printed circuit
board the trace between IC2A pin 6
and IC2B pin 2 can be cut. This, in
effect, eliminates the printer’s
response to the carriage return. The
printer acknowledges and ignores
the carriage return and does the ac-
tual printing upon receipt of the line
feed. Care must be taken by any
user who makes this modification so
that any software printing routine
always sends carriage return/line
feed. If you are still in doubt about
this modification, contact Cen-
tronics directly and they will be
more than happy to discuss it with
you.

Close-up of some characters printed on the aluminized paper used by the Centronics printer.

62

Fall 1979 © onComputing Inc



At first glance the Microprinter
appears to be using heat sensitive
paper, which is just a little shinier
than most. In actuality it is paper
coated with a one micron thick
aluminum layer. The printing is
done by an electric discharge be-
tween the head and the paper. The
aluminum coated paper is the
grounded side of the power supply
while the print head is at -32 volts.
The action of printing is done
simply by closing the circuit to the
_appropriate pins on the print head,
resulting in an arc between the print
head and the paper. The aluminum
is literally vaporized in less than 100
microseconds, leaving a pattern of
dots which represents a character.
The printed letters appear black
because that is the color of the paper
beneath the aluminum.

This type of paper is not unique
to Centronics. There is at least one
other printer company using the

The well documented
electronics uses relatively
Jfew esoteric components

and should be easy to
troubleshoot, if the need

arises.

same paper from Japan. There are
manufacturers of this same type
paper in the US, but Centronics ad-
vises against using any except from
their qualified vendors. Apparently,
if the coating is too thick, the
aluminum will not vaporize and no
printing will result. There are
machines which operate at discharge
voltages approaching 100 volts,
which is three times that of the
Microprinter! Paper used in one of
these machines, while possibly a
great buy, may not work.

A further consideration is abra-

sion. The surface texture of the
paper is important. If it is too
abrasive it will decrease print head
life from the 1 million character
specified life. In actuality typical
head life has far exceeded this value
due to extremely smooth paper from
their supplier. Centronics has, in
fact, resorted to shipping a piece of
sandpaper with each machine. Nor-
mally, the paper abrasion would
keep all of the pins even and in con-
tact with the aluminum. But the
printing process uses pins 1 thru 7
more frequently than it uses pins 8
and 9. Now Centronics suggests
running the print head across this
“‘sandpaper’’ a few times after every
20 hours of operation, to even out
the pins.

The electronics of the Micro-
printer is a read only memory for
the character generator, a buffer to
hold data and control codes, and the
print head driver. The well docu-

CIRCLE 120 ON INQUIRY CARD

LA34 DECwriter IV

$1,199. 00

Upper/lower case, 9x7 dot matrix
10, 12, 13.2, 16.5 characters/inch

DATA TERMINAL EQUIPMENT — FROM MICROMAIL

New

45 cps.

2, 3, 4, 6, 8 or 12 lines/inch

22"W x 7"H x 15'%2"D, 25 Ibs.
110 or 300 baud, RS 232C serial

ASCII

Friction feed, paper width to 15"

from DIABLO

DIABLO 1640 $2,690.00
Recaive-only $ 2,331.00

High-quality daisywheel printing at

piABLO 1650 $ 2,779.00
Receive-only $2,419.00

Metal daisywheel printing at 40 cps.

T.1. 810 printer $1,695.00

o Includes upper/lower case
e 150 characters per second
e RS 232C serial interface
e Adjustable forms tractor

soRoc 10 120 $795.00

e RS 232C, upper/lower case, full
ASCII

NEC Spinwriter

SOROC 10 140 31.250.00 Call or write for prices

e Numeric keypad, protected fields e RS 232C and 20mA current loop
e Cursor keys plus addressable cur- o Extensive editing features

sor e 25th line terminal status display
e Auxiliary extension port e 16 function keys (32 with shift)

To Order: Send certified check (personal or company checks require
two weeks to clear) including handling® and 6% sales tax if delivered
within California.

*Handling: Less than $2,000, add 2%; over $2,000, add 1%. Everything
shipped freight collect in factory cartons with manufacturer's warranty.

s WHCRULTHIL ..

MICROMAIL e BOX 3297 « SANTA ANA, CA 92703
(714) 731-4338
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Beginner’s Guide to
Home Computers

by Marvin Grosswirth
Doubleday & Company Inc

Garden City NY 1978

128 pages, paperbound

$3.95
Reviewed by Richard Shuford

This book represents the reac-
tion of a large book publisher to
new market demands. The firm sees
a demand for books about the fast
growing personal computer field. Its
managers seek out a writer who
“‘popularizes technology.”” The
writer studies the new field, and a
book is written and published.

The organization of the book is
fairly ordinary. It contains chapters
on fundamental computer opera-
tion, computer communication
with humans, computer languages,
programming, computer games,
applications, and a discussion of
how to obtain a coniputer. Various
glossaries, appendices, and other
material fill out the volume.

Does this book make a positive
contribution to the literature on
personal computing? [ think not.
There is some useful information
in the book, but there is also much
information which is irrelevant or
misleading. The author seems to
have started his project by obtain-
ing information about large com-
puters such as those which are
used in business data processing.
He apparently studied personal
type computers later on, but was
not able to sort out which informa-
tion would be useful and appropri-
ate for the reader trying to under-
stand home computing.

An example of this confusion is
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the inordinately long discussion of

the Extended Binary Coded Decimal
Interchange Code (EBCDIC). This
system for encoding data is used
almost exclusively in large com-
puters made by IBM. The American
Standard Code for Information In-
terchange (ASCII) is explained less
well, even though it is almost
universally used in the small com-
puters that the book purports to be
about.

Further evidence of a large com-
puter bias is found in the chapter on
languages. The author is on firm
enough ground when discussing
COBOL and FORTRAN, but the
discussion of BASIC shows plainly
that he has only a superficial
knowledge of microcomputer lan-
guage interpreters.

There is little or no mention of the
merits or faults of any particular
home computer systems. Several
photographs of popular appliance
computers appear, but the book

never gets around to any detailed
description.

There is a fairly complete and
faintly humorous discussion of the
“‘tools of the trade’ of the elec-
tronics kit builder. The applications
chapter waxes interesting in a sec-
tion on methods of stock market
prediction. More discouragingly,
the glossary lists ‘‘conversion’
under no less than ten headings,
when one might do.

Previous books by this author
include Fat Pride, The Art of Grow-
ing a Beard, and The Truth About
Vasectomy. Perhaps those books
have utility for people interested in
those topics. The Beginner’s Guide
to Home Computers, however, has
very little to recommend it except
its relatively low price. Even under
$4, though, it is not much of a
bargain. ®

Richard S Shuford is an editor at
BYTE magazine.

JADE COMPUTER PRODUCTS

Vista V80
Mini Disk
Sustem for

Includes disk drive, power supply,
regulator board, compact case, and
cabel. The V-80 offer 23% more storage
capacity. Simply take it out of the box
and it's ready to go! Requires 16K,
Level I, EX. R.

The Head-Start
In Microcomputers

A KIM-1 compatible machine with
on-board printer and a real keyboard!

375.00 w/1K'RAM
450.00 w/4K RAM

4K assembler/editor in ROM:

8K BASIC in ROM:
Power supply:
Case for AIM-65:

$ 80.00
$100.00
$ 59.95
$ 49.95

Special Package Price: $599.00
AIM-65 (4K), Power Supply, Case, and

8K BASIC ROM

4801 W ROSECRANS AVENUE
Department “F" 3

HAWTHORNE. CALIFORNIA 90250
USA

&

AME R ICAN]
[50A 5,

CALL TOLL FReE
(800) 421-5809

California. Discounts available at OEM quantites.

WRITE FOR A FREE CATALOG
All prices subject to change without notice.

(800) 262-1710 in California

Cash, checks, money orders, and credit cards accepted. Add freight charge of $2.50 for orders under
10 Ibs. and $1.00 service charge for orders under $10.00. Add 6% sales tax on all parts delivered in
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A 32-page Coloring
Book about
Computers

e J. Cohen and Jacqueline H. Bray

written and illustrated
by Theodore Cohen
and Jacqueline Bray

The Magic Machine is an introduction to computing for
young children. The drawings and text show how two children
find uses for a computer in their home.

The Magic Machine will help the child in your life to
understand some of the functions of computers in his

world, and to better understand the importance of computing
in your world.

The Magic Machine comes COMPLETE WITH CRAYONS,

and is lots of fun to color and read.

ISBN 0-931718-17-1 $2IOO

Buy this book at your favorite computer 4

bookstore or order direct from BYTE BOOKS.
“BOOKS OF INTEREST TO COMPUTER PEOPLE" ,

Add 60¢ per book for postage and handling

70 Main Street, Peterborough, New Hampshire 03458
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(< I SMELL A WUMPUS1!! 3)

..SHOOT
or MOVE?

ISBN 0-931718-031

$6.00

Buy this book at your favorite
computer bookstore or
order direct from

BYTE BOOKS.

Send 60¢ per book for
postage & handling.

It's Jack Emmerichs new
book, 'Superwumpus, an exciting

adaptation of the 'Wumpus game for

computer programmers. The cave system of the
Wumpus is a dodecahedron, and you're the lost hunter

who has to capture the Wumpus to lead you out. You'll have to
hurry before your supplies are depleted, or before you're caught in
a bat migration, a rock slide, or some other catastrophe.

Superwumpus is outstanding in the realm of computer games
as being both challenging and enjoyable.

Superwumpus is programmed in both 6800
assembly language and Basic, and comes
complete with source listings and

bar codes.

Watch out for Superwumpus— B u" 'M
It's addictively fun! \
L/JJ BN k A\

"BOOKS OF INTEREST TO COMPUTER PEOPLE"

70 Main Street, Peterborough, New Hampshire 03458

CIRCLE 10 ON INQUIRY CARD

78 Fall 1979 © onComputing Inc



LET
ASSEMBLE

by Leonard M Lazar

Deep down inside, where it counts, your com-
puter does not understand you. There is a com-
munication gap, and a huge language barrier. Com-
puters are very precise, but they have a limited
vocabulary. People tend to be imprecise. People
use idioms, and speak in incomplete sentences.
Computers speak binary; they think in terms of
strings of zeros and ones. People like to use other,
more convenient number bases, such as 10 or 16
or 13. People use many characters:

ABC abc # 7!

What is needed is a translator or interpreter to
act as a go-between. Many types of translation
schemes and languages have evolved. Each
programming language has some feature which
makes it attractive for people to use. Some
languages, such as BASIC, Pascal, FORTRAN or
COBOL, are nearly computer independent. The
user does not have to know what the computer
really looks like or what it really does. The transla-
tor takes user supplied statements, which are simi-
lar to algebraic formulas or simple declarative sen-
tences, and reduces these statements to a large
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number of minute, detailed commands for the
computer to execute. These higher level languages
are extremely useful for most commercial and
scientific computations. They allow the user to
concentrate on the algorithms specific to the
problem at hand, and ignore completely the intri-
cate computer details. Specific details of which
registers to use, indicator settings, storage alloca-
tion, peripheral device control and number base
conversion are supplied by the translator.

There are times when the user must get down to
the computer’s level. There are times when the
user must talk bits and bytes. There are times
when the user must manipulate the computer’s
registers, check the indicators, and control the
peripheral devices. There are times when the user
must talk to the computer using the computer’s
vocabulary. Fortunately for most applications these
times are rare. In most professional computer

Len Lazar is vice president of General Digital Corp
and is involved with software development for
minicomputers and microcomputers. When not oc-
cupied with his seven children he teaches computer
science courses at the Hartford Graduate Center.
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SYMBOLIC

REPRESENTATION BIT PATTERN
OF INSTRUCTION OF INSTRUCTION
ER

| ADD C ASSEMBL 10000001

IN —0uT
SYMBOLIC BINARY
REPRESENTATION REPRESENTATION
OF DATA ‘ OF DATA

14 ASSEMBLER 00001110 |
IN—> —®0UT

Figure 1: The purpose of an assembler is to convert
symbolic representations, entered by the user, to binary
patterns, which can be directly accepted and executed
by the computer.

installations these types of problems are handled
by a rare breed of masochists, usually called
systems programmers. A low level language, called
assembly language, and an automated clerical
system, called the assembler, are used when
detailed control of the computer is required. These
programming aids help take some of the drudgery
out of these dialogues, and reduce human errors.
In personal computers it is often possible to get
away with no use of assemblers at all. But it
helps to know what is involved in this area even
though you may never use it. Specifically, the
assembler assists and simplifies the coding of
programs in the following areas:

1) storage location representation

2) operation code representation

3) data representation

4) summaries of usage, listings and some

error detection

We shall describe what assemblers do in each of
these four areas. The reader will find that the
descriptions are based on a very simple translation
or substitution model. Unlike the programmer
using the higher level language, the programmer
using assembly language must supply each and
every instruction and data item that is to be used
by the computer. The programmer writes code
using symbols, numbers and combinations of let-
ters which are known as mnemonics. The
assembler performs a one-for-one substitution on
each instruction and data item, as shown in figure 1.

The assembler and its assembly language are
usually very machine dependent. Each command
occurring in the assembly language corresponds to
an instruction in the instruction set of the com-
puter for which the assembler is written. The sym-
bolic program which is the input to the assembler
is called the source program. There is a special for-

mat that has to be followed when writing symbolic
source programs. Each symbolic instruction has
three parts:

LABEL OP CODE OPERAND
Some of the parts are mandatory for each line of
code, some of the parts are optional. The purpose
and use of these parts will be covered later.

The binary string which is the output of the
assembler is called object code or machine code.
The object code is written into memory directly, or
onto tape or disk. If the intermediate copy of the
object code was written on tape or disk, when you
wish to execute the program, a special program
in the computer, called the loader, copies the bin-
ary program from the disk or tape into the com-
puter’s memory. When the binary program is in
memory it can be executed.

Memory Reference

The memory of a computer is arranged in groups
of bits called words. In most present day personal
computers, the word length is eight bits, sufficient
to store one byte of information. Each word has a
unique number associated with it called the location
or address. Every instruction and every data item in
the memory is referenced by the computer by
using the location of the instruction or data. The
memory can be regarded as a ‘‘post office box”’
system, as illustrated in figure 2.

The locations are like post office box numbers
and the data is the contents of the box. In order to
use the data we must refer to it by its box number.
If the data 23 were in location 2 the symbolic
instruction LOAD 2 would move the number 23 into
a register.

Since computers can have tens of thousands or
millions of words of memory, trying to keep track
of what is stored where would be an overwhelming
chore for a programmer to attempt. Furthermore,
from the programmer’s view, the exact location of
data is usually not too important. Consistency of
reference is the essential requirement. If a business
program always refers to gross pay data by using
location 40, then an equally good payroll program
would result if another, unused location were

L] [s] e
Figure 2: Memory stor- ] [e] [
age seen as a post office
box system: the locations 23 L2 IL
are the box numbers, 3 s
and data is the content of S
Ls]

the box. Here the data, [4]
23, is in location 2.
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substituted for 40, every place location 40 occurs in
the program.

Names and words are usually easier to memorize
than arrays of numbers. This is even more true if
the names or words have special meanings associ-
ated with them. This is the basis for the
assembler’s assist in programming. The program-
mer invents a name, which is meaningful to the
programmer, to use for the location of data. This
name, or symbolic address, is stored by the
assembler in a table called the symbol table.

The table is used by the assembler to substitute
the actual location for the symbolic address. Using
the symbol table in table 1 the symbolic instruc-
tion STORE HEIGHT is transformed to STORE
900.

Whenever the programmer wishes to name the
location of an instruction or the location of a data
item, the label part of the symbolic instruction is
filled in by the programmer with the desired name.
The assembler enters the label into the symbol
table along with the location where it occurred.
Most instructions will not have a label specified.
Usually only the start of routines and places to
which jumps or branches can occur require a label.
Conversely, nearly every data item will have a
symbolic name and label.

There are special instructions or directives,
called pseudo operations, which do not generate any
binary output. These are used to control the
translation process. Some pseudo operations are
used specifically to position code sequences in
memory or to assign values to symbols in the sym-
bol table. The ORG pseudo operation is used for
positioning code in absolute assemblers. The EQU
pseudo operation is used to define symbols.

Consider the following piece of symbolic assem-
bly code:

LABEL OPERATOR OPERAND
TTY EQU 3
ORG 3000
START LOAD SAM
ouT TTY

The above would generate a code sequence, which
begins with the symbolic name START, positioned in
storage from location 3000 onward. The symbol TTY
is assigned the value 3 by the EQU statement. The
fourth line of code is the same as: OUT 3.

Operation Code

The binary code, which the computer executes,
is decoded by the central processing unit, which is
often abbreviated as CPU in advertisements for
computers. Another word which means the same
thing is ‘‘processor.”
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SYMBOL LOCATION
CASH 500
TEMP 782
ABC 350
VOL 8000
HEIGHT 900
WEIGHT 904
BASE 5

Table 1: The programmer invents a name to identify
the location of data. This name, or symbolic address,
is stored by the assembler in a symbol table. The sym-
bol table is used by the assembler to insert the actual
location for the symbolic address where necessary.

A machine instruction can have several internal
formats, depending on the design of its central pro-
cessing unit. The three most common formats for
minicomputers and the microcomputers found in
personal computer products are:

OPERATOR
OPERATOR OPERAND
OPERATOR OPERAND1 OPERAND2

The operator portion of a machine instruction
tells the computer what to do (ADD, JUMP, etc).

The operand portions, when they occur, tell
where to do it (memory location 900, register B,
input port 3).

If memorizing long lists of decimal numbers is
hard, memorizing sequences of binary ones and
zeros is probably impossible. To avoid this feat, an
easy to memorize name or letter combination is
assigned to each machine instruction.

Built into the typical assembler program is a table
which associates the symbolic name for each
machine instruction with the bit pattern for the
symbolic op code. An assembler for a machine
with operation codes given in table 2, and a sym-
bolic program generating the symbol table given in
table 1 would translate the symbolic instruction
ADD BASE into a machine instruction with:

(from table 2)
(BASE is location 5)

10000
= 00101

OPERATOR
OPERAND

I

Data Representation

All information and commands inside the com-
puter appear as binary strings. The meaning of any
particular string depends on where it is used. Some
bit patterns are used as instructions, to be decoded
by the processor. Some bit patterns are used as
numbers to be operated on by the arithmetic
instructions of the processor. Other bit patterns are

81



82

SYMBOLIC BIT

OP CODE PATTERN
ADD 10000
SUB 10010
AND 10100
XOR 10101
OR 10110
CMP 10111
ROT 00000
CALL 11001

Table 2: Within every assembler is an instruction
table, which associates the symbolic name of each
machine instruction with its machine code bit pattern.

codes for character messages to be displayed on a
terminal screen or printed on a printer. There are
several different ways to represent binary or bit
strings. Each representation either reflects the
intended usage, or is a compact way to express
the bit pattern. The simplest number representa-
tion for many uses is the base ten or decimal
representation.

A typical assembler will normally treat all num-
bers it encounters in the operand part of an
instruction as decimal numbers. Some assemblers
have pseudo operations which allow the user to
change the number base. In some assembly
languages, special flags or symbols can be inserted
either at the front of a number or at the end of a
number to indicate a base change. But, if you leave
it alone, it is old-fashioned base ten. An assembler
converts decimal numbers to the correct binary, or
base two, representation. To indicate constants in
storage the operation part of the symbolic instruc-
tion is filled in with a special code word peculiar to
the assembler in use, and then the constant is writ-
ten in the operand part of the instruction. In some
assemblers the code word to indicate constants is
DC, which stands for define constant.

Using this method of defining constants, the
following piece of assembly language code:

LABEL OP CODE OPERAND
ORG 7200
TEN DC 10
AREA DC 189
BLOB DC 74

will produce the following results:

® The name TEN is assigned to location 7200
and entered in the symbol table.
® The binary equivalent to the number 10 (ie:

00001010 for a computer which uses 8 bit
bytes as its memory locations) is placed in
memory location 7200.

® The name AREA is assigned to location 7201
and entered in the symbol table.

® The binary equivalent to the number 189 (ie:
10111101 in an 8 bit computer) is placed in
memory location 7201.

® The name BLOB is assigned to location 7202
and entered in the symbol table.

@ The binary equivalent to the number 74 (ie:
01001010) is placed in memory location 7202.

Referring to numbers in decimal bears no simple
relationship to the internal form of bits in a com-
puter. As a result, programmers use a form of
abbreviation for bit patterns taken as groups of
three or four bits at a time. Since most computers
have architectures with multiples of four bits in
each memory word, the easiest and most com-
monly used form of notation is hexadecimal. A bit
string of four bits can be encoded using the equiva-
lents shown in table 3. The bit patterns on the right
are numbers 0 through 15, written in binary nota-
tion. The lefthand column shows the same num-
bers in hexadecimal (so called because of the six
(hexa) states above the ten decimal states, 0
through 9).

Any binary string can be defined in groups of
four bits. If the original string length is not a multi-
ple of four, simply insert enough zeros in front of
the string to fill it out. Then write the hexadecimal
equivalent of each group. This coding is the hexa-
decimal representation of the bit string. To further
illustrate:

If the original bit
string is:

Two zeros are inserted
to make the length

a multiple of four:
The table is used on
each group of four 3 B 7

11 1011 0111

0011 1011 0111

The reverse conversion, from hexadecimal to bit
string, is to simply write the four bits for each hexa-
decimal code character. To illustrate:

If the hexadecimal
code is: 8 3 2 A
The 16 bit string
(4 for each
character) is:

—_—t— —— e N ——

1000 0011 0010 1010

In many assemblers the DC instruction (define
constant) is used to insert bit string constants. The
letter H is written immediately after the quantity to
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0 0000 8 1000
1 0001 9 1001
2 0010 A 1010
3 0011 B 1011
4 0100 C 1100
5 0101 D 1101
6 0110 E 1110
7 0111 F IRRR

Table 3: To reduce the number of digits necessary to
define a character, programmers often divide the bit
strings into groups of four digits and convert those 4 bit
strings to hexadecimal notation. This table shows the
hexadecimal equivalents of 4 bit binary numbers.

distinguish it from a decimal number. In such an
assembler, O3FCH is the notation used for hexa-
decimal 03FC. Other assemblers use special punctua-
tion marks to distinguish hexadecimal from decimal.
One typical notation is a dollar sign preceding the
number, as in $03FC.

Every input-output device that handles text has a
character code made up of five, six, seven or eight
bits for each character. It is this disparity of
character codes which sometimes creates the need
to use the assembler in order to manipulate bits to
convert code for different devices. Most devices
that are used with personal computers use a 7 bit

Give them

the Gift of
Life

' ST. JUDE
CHILDREN’S

RESEARCH
HOSPITAL

Danny Thomas, Founder

St. Jude Children's Research
Hospital needs your help to
carry on its life-preserving re-
search into the catastrophic
diseases of childhood. To
learn more about this unique
institution, write: ALSAC-St.
Jude Children’'s Research
Hospital, 539 Lane Ave.,
Memphis, TN 38105.

Please give these chil-
dren the Gift-of-Life by send-
ing a tax-deductable gift.

code called ASCII, an acronym for American Stan-
dard Code for Information Interchange. The code
word usually has an additional eighth bit appended
to the left end of the character code to create a
parity check bit. Some devices are ‘‘even parity,”’
meaning the parity bit is selected to keep the num-

% %
~ & f ¢ f
s /& ST/ Fe S/ Fe
s/ X v S/ TS e/ TS
e £ o
LAYES
(3 (&) A 41 N 4E
B 42 o) 4F
(SPACE)| 20 C 43 P 50
0 30 D 44 Q 51
1 31 E 45 R 52
2 32 F 46 S 53
3 33 G 47 T 54
4 34 H 48 U 55
5 35 | 49 Vv 56
6 36 J 4A W 57
7 37 K 4B X 58
8 38 L 4C Y 59
9 39 M 4D Z 5A

Table 4: Most input-output devices which communicate with a computer use a 7 bit code called ASCII. The table
shows the 2 digit hexadecimal codes for the ASCII characters A through Z and 0 through 9.
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ber of ones in the code word even. Other devices
are ‘“‘odd parity.”” Some ignore parity and the
choice of the eighth bit is thus immaterial.

A portion of the ASCII code (without the parity
bit) is given in table 4.

In addition to the alphabet, numbers and
punctuation marks, the ASCII code includes com-
munication and device control codes and record
and file marks.

In order to print the message:

HOT DOG

the seven characters convert to 56 bits (remember
there is a space between the T and the D) with the
hexadecimal representation:

484F5420444FA7H

which would have to be output to the printer. The
use of tables to look up the hexadecimal code is
very awkward so most assemblers will convert text
directly to the ASCII code. The text is indicated by
the use of quotation marks.

The above message would appear in a program
as:

LABEL OP CODE
MESG DC

OPERAND
“HOT DOG”

The typical assembler converts the characters to
ASCII and the 56 bits would be placed into storage.
The starting position of the message would have
the symbolic name MESG.

Listings and Diagnostics

Alas, all assemblers are not created equal. It is in
the area of hard copy output that the differences
are most dramatically exposed. The lack of a
feature or two in other areas is usually just a minor
nuisance, and can be “‘worked around.”” But poor
listings and diagnostics can hinder software update
or modification and software debugging. If you
intend to learn to use assembly language, you may
have to do some shopping around until you find an
assembler which does what you want on the com-
puter you use. The most obvious requirement is a
list of what the translation generated, the binary
strings equivalent to our symbolic instructions.
This is usually accomplished by printing out the
original symbolic source program, but preceding
each line of code with two hexadecimal strings.
The first hexadecimal quantity is the memory loca-
tion where the instruction will be stored. The

second hexadecimal quantity is the representation
of the binary value which is stored at that location,
and possibly two or three locations following it.
Listing 1 shows a typical example.

While coding is being done, the actual location
of data and instructions is not critical, since the
programmer uses symbolic name references. But
when debugging is in process, knowing the actual
locations of data and instructions can become
important. Most assemblers will print out their
symbol table. The symbol table printout consists of
pairs of columns of quantities. The entries in one
column are the hexadecimal location of the sym-
bol, and in the second column are the correspond-
ing symbol names. The order of the entries in the
tables is of interest. There are two types of ques-
tions which arise in program checkout:

1)  What is stored in a specified location?
2) Where is a given quantity stored?

For this reason it is desirable that the assembler
print out the symbol table twice, in different
orders.

One table printout should be in increasing loca-
tion order to help answer the first type of question.
The second table printout should be organized by
alphabetically sorted symbols. This second table
assists in answering the second question.

Symbol Table

For table 1, the printed symbol table sorted by
symbol would appear as:

ABC 0350
BASE 0005
CASH 0500
HEIGHT 0900
TEMP 0782
VOL 8000
WEIGHT 0904

The same table printed by ascending location
value would appear as:

0005 BASE
0350 ABC
0500 CASH
0782 TEMP
0900 HEIGHT
0904 WEIGHT
8000 VOL

Symbol table listings, while very valuable, do not
contain all the information required about symbols.
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Location Instruction Label Op code Operand
0EFO ORG OEFOH
OEFO CD 68 00 READ CALL SETUP
OEF3 CD 90 OF CALL STSPC
OEF6 21 00 3D LXI H, INBF
0EF9 CD CO 05 CALL MOVFM
0EFC 21 90 3D LXI H, METBF
OEFF CD CO 05 CALL MOVFM
OF02 06 02 MVI B, 2
0F04 0E 1B MVI C, 27
OF06 CD BO 07 CALL CURPS
0F09 11 9E OF LXI D, RMODE
0F0OC CD DO 09 CALL DSPLM
OFOF CD A7 0C CALL ISCRD
0F12 CD 30 08 KYBD1 CALL KEYBD

Listing 1: The assembler prints out the original sym-
bolic source program in a format which illustrates
actual storage location, hexadecimal instruction code,
symbol name and operation.

If you are trying to debug a program and you dis-
cover that a certain computed quantity is wrong,
what do you do about it? After some quiet frustra-
tion, blaming the hardware, etc, you calm down
and ask the following types of questions:

1)  Where is the quantity created (com-
puted) ?

2)  Where is the quantity updated?

3)  What other quantities are affected?

4)  Why did I ever want to program in
assembly language in the first place?

A major help in answering the first three questions
(the fourth has no rational answer) is a cross-
reference table. This is a list of every reference to a
symbol. The form of the list is the symbolic name,
followed by the locations in storage of those
instructions which use that symbol in their sym-
bolic instruction. Some cross-reference listings
even include the line number in the printout where
the symbol occurs. If a symbol only has one
reference in the listing this could indicate a label
which is never referenced elsewhere in the
program. This could be a possible oversight or
error on the programmer’s part. Many assemblers
do not even produce a cross-reference table, so
look for this feature in shopping around for
assemblers.

Nobody is perfect. Even 1 make mistakes (not
offen [sic]). To err is human, to diagnose is the
assembler program’s responsibility. What types of
errors can an assembler detect? How does the
assembler tell us about these detected errors?
These two questions should be asked of an
assembler, when selecting an assembler for use.
Some assemblers are very useful in detecting
errors and informing the user, while others are
horrid.
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The simplest errors for an assembler to detect
are:

1) Use of a symbolic operation code which
is not defined for the computer or as a
pseudo operation of the assembler.

2) Two identical labels which give two
meanings to a symbol.

3)  The appearance of a symbol name in the
operand part of an instruction when
there is no label or EQU in the program
defining that symbol.

4) The use of a decimal or hexadecimal
number which is too large to fit into a
word of storage.

5)  The user has specified ORG values which
cause parts of the code to overwrite other
code.

These types of errors are usually clerical errors
on the human’s part, due to oversight or
typographical errors when keying in the symbolic
program.

There are other types of errors which are
machine specific. Some computers have limitations
on storage reference extent. For example, on some
computers certain instructions can only reference
data on page 0, or only reference data in a certain
range relative to the current location. A good
assembler should detect the most common clerical
errors and all the machine violations.

The error message techniques wused by
assemblers vary considerably. Some assemblers will
simply place a mark, such as an asterisk (*), in front
of the line of code in the listing. It is up to the
programmer to guess what is wrong. Others use a
code letter or number:

TYPE 17 ERROR

This requires the programmer to look in a
manual to find out what that error is. If the manual
only gives 16 types of errors, then you have real
problems. The ideal error message or indicator is
self-explanatory, indicating where the error oc-
curred and the nature of the error.

Finally, there is one pseudo operation which
occurs in the symbolic program. It is a directive to
the assembler that there is no more source code.
Many assemblers will issue an error message if this
pseudo operation is not present. Other assemblers
will rebel and not even assemble. This pseudo
operation is:

LABEL OP CODE OPERAND

END ]
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Continued from page 11

magnetically coated tape which, while passing a
recording head, receives a magnetic image of the
character to be printed. The image is then toned with
a powdered magnetic ink and, when a full line of text
has been put on the tape and toned, the tape contacts
and prints onto the paper. While the ink is being fus-
ed onto the paper, the tape passes another recording
head which erases it. Although speeds of up to 200
lines per minute are possible with this arrangement, it
is still too new to have had a significant effect on the
market. Perhaps, in a few years, when the print
quality has been improved and it can be more price
competitive, it will win greater acceptance.

Conclusion
Obviously, there’s more to character printing than
meets the eye. One would almost suspect that

wherever two or three engineers are gathered together
in the name of computing, a new technique of print-
ing is being developed. In truth, improved printing
techniques offering greater speed, better resolution,
and high flexibility at lower cost continually occupy
some of the best minds in the country. Each advance
in the technology offers new possibilities, and the
delays are few between the perception of these
possibilities and the appearance of a printing device
utilizing them. For this reason, no article of this sort
can hope to cover all sides of the industry. I have
tried instead to provide a thorough picture of the cur-
rent situation in character printing, to give you a
useful familiarity with the terminology, and an over-
view of what’s available. But do you hear that low
rumbling off in the distance? That’s the latest thing
in printers coming off the assembly line — and it has
capabilities beyond our wildest dreams.

A DIRECTORY OF
AFFORDABLE PRINTERS

The following is a selected list of printers available for under $3000. Data rates are sometimes given in the com-
ments column. These are expressed in bits per second, and are a measure of how quickly data can be transferred
Jrom the computer to the printer. This table is meant to be representative rather than exhaustive. Many com-
puter companies offer printers that are manufactured by other companies; for example, Centronics manufac-
tures printers for Radio Shack under the Radio Shack name. See note at end of table for more information.

Company Model Speed Price Range Comments

Anadex DP-1000 75 lines under $700 ASCII 64 character subset,

9825 DeSoto per minute (and up) data rate of 110 to 2400 bits

Chatsworth CA 91311 per second, 40 characters
per line, impact dot matrix
printer.

Anderson Jacobson AJ841 14.9 $995 Unit is converted IBM Selec-

521 Charot Av characters tric typewriter, serial or

San Jose CA 95131 per second parallel interfaces available,
special character set
available for APL (a high
level computer language).

Axiom EX-800, 120 lines $600 and up Electrographic matrix printer

5932 San Fernando Rd EX-810 per minute with variable horizontal dot

Glendale CA 91202

resolution, can store several
lines of characters from the
computer in its buffer, three
character sizes available as
well as upper and lower
case; automatic signal when
paper supply is low, can plot
up to 8192 dots per second
in graphics mode, uses
aluminized paper.
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Company Model Speed Price Range Comments
Bowmar Instruments Corp TP-3120 29.4 characters $149 5 by 5 matrix thermal printer,
8000 Bluffton Rd per second has left and right justifi-
Fort Wayne IN 46809 cation.
Centronics Data Computer Microprinter 150 lines $400 P-1 is parallel interface
Corp P-1, S-1 per minute (approximate) model, S-1 is serial interface
Hudson NH 03051 model, standard ASCI| 96
character set; unit can print
5, 10 or 20 characters per
inch horizontally, low paper
detect signal, electrographic
matrix printer; uses alumi-
nized paper.
730 21 lines per Under $1000 7 by 7 dot matrix; ASCII 96
minute with 80 character set, parallel inter-
columns per line, face will accept up to 15,000
58 lines per characters per second, flexi-
minute with 20 ble forms handling: can
columns per line. accept 872 by 11 inch
rolls of Teletype style
paper or 80 column single
form and multiform fanfold
paper, electrographic printer.
Computer Printers Comprint 225 characters $560 5 by 7 matrix printer; uses
International Inc Model 912 per second 82 inch wide paper, can
340 E Middlefield Rd automatically print in 11 inch
Mountain View CA 94043 long (page size) blocks.
Cromemco Inc 3703 180 characters $2995 132 column printer
280 Bernardo Av per second
Mountain View CA 94040
Data Interfaces Inc DIP-40 50 characters $395 Dot matrix impact printer,
27 Gill St (Building B6) per second uses adding machine paper
Woburn MA 01801 tape.
Datel Systems Inc AlP-40 50 characters $425 5 by 7 dot matrix impact
1020 Turnpike St per second printer, uses adding machine
Canton MA 02021 paper tape, 40 columns,
choice of parallel or serial in-
terfaces.
Diablo 2300 55 characters $2400 . Daisy wheel printer, 132
POB 2261 per second columns, tractor feed.
Oakland CA 94621
Digital Equipment Corp DECwriter |l 10 to 30 $1495 and up Dot matrix printer, full key-
Maynard MA 01754 characters board and tractor feed
per second available for $200 more, 132

column line.
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Company Model Speed Price Range Comments
General Electric Co Terminet 30 characters $1695 80 or 120 columns per line;
Data Communications Multiform per second makes up to nine copies.
Products Business Dept Printer
Waynesboro VA 22980
Integral Data Systems Inc IP-125 80 characters $799 7 by 7 dot matrix, built-in
14 Tech Cir Brighter Writer  per second microprocessor plus graphics
Natick MA 01760 capability, friction feed for
paper, uses 8%z inch wide
paper, upper and lower
case; serial or parallel inter-
faces available.
|P-225 80 characters $949 Same as above, but with
per second tractor feed drive for paper
control. Both units have a
132 column per line option
available.
Lear Seigler 200 200 characters $2495 7 by 9 dot matrix impact
714 N Brookhurst per second printer, 132 columns, tractor
Anaheim CA 92803 feed.
Master Digital Corp MDC 300 180 lines $595 and up 21 columns per line, options
1308-F Logan Av per minute available: data and time
Costa Mesa CA 92626 clock, event counter, low
paper detect.
Microperipherals Inc MP-40, 75 lines per $179 and up 5 by 7 dot matrix impact
2900 Corda La SSP-40, minute printer, 40 characters per
Los Angeles CA 90049 KP-40 line, 12 characters per inch,
extended width characters
(six per inch) available under
software control, has parallel
interface.
Peripheral Vision None given 120 characters $495 and up 5 by 7 dot matrix impact

POB 6267
Denver CO 80206

per second

printer, 96 characters per
line on 82 inch wide paper,
makes up to four copies.
Software variable

font and pitch.

Qume
2323 Industrial Pkwy
Hayward CA 94545

Sprint Micro-5

55 characters
per second

$1675 and up

Built-in microprocessor with
58 commands, extensive
options.

Radio Shack

Division of Tandy Corp
POB 2625

Fort Worth TX 76101

Quick Printer |1

64 characters
per second

$219

5 by 7 dot matrix printer,
designed for use with the
Radio Shack TRS-80
personal computer, but can
also be used with a variety
of other computers, uses 2%
inch wide aluminized paper.
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Company Model Speed Price Range Comments

Southwest Technical PR-40 75 lines $250 (kit) 5 by 7 matrix impact printer,
Products Inc per minute standard ASCII 64 character
219 W Rhapsody subset.

San Antonio TX 78216

Telpar PS-40 20 characters $250 and up Thermal printer, standard 64
4134 Billy Mitchell Rd per second character ASCII subset
Box 796 (upper case only).

Addison TX 75001

Terminal Systems Inc 43 up to 130 $1377 9 by 6 matrix printer, upper
1130 Hartland St characters per and lower case, 132 charac-
N Hollywood CA 91605 second ters per line.

Texas Instruments Omni 810 150 characters $1895 9 by 7 dot matrix impact

Distributor: Consolidated per second printer.
Data Terminals

7850 Edgewater Dr

Oakland CA 94621

United Systems Corp 6410 120 lines per $395
918 Woodley Rd minute
Dayton OH 45403

5 by 7 dot matrix printer.

In addition to these new printers, many printers, typewriters for output, and teletypewriter equivalents are made
available by a number of suppliers in used or reconditioned form and at a wide range of prices.

Other suppliers and surplus houses to consider when seeking a printer include Applied Computer Systems, Celdat,
Cheap Inc, Computer Components, Computer Transceiver Systems, Computer Warehouse Store, Dal-Data, Digital Elec-
tronics Corp, Disc/3, EI Com, Heath, Jefftronics, Mini-Computer Business Applications, Mini Micro Mart, NEC Information
Systems, Newman Computer Exchange, Ohio Scientific, Processor Technology, Scientific Research, Sharp Associates,
Synchro Sound, Tandy, Vector Graphic, Wilcox Enterprises, and Worldwide Electronics. Some of these only sell printers
for or as part of their computer systems, but many carry printers suitable to any system. Prices range from very inexpen-
sive to $3000 and up.

send all the bits required to repre-
sent a character to the printer
simultaneously.

A Glossary of Printer Terms

ASCII Character Set: a standard set
of characters used in the computer
industry. Pin feed platen: a type of paper guid-

ing mechanism which controls

Justify: to adjust lines of type so that
the edges of the copy are even and
straight, both on the left and on the
right.

Matrix: an array of dots in a square or
rectangular layout. Every character
in a dot matrix printer is created by
using some combination of these
dots.

Parallel interface: a type of interface
which enables the computer to

the movement of the paper by
inserting pins into corresponding
holes in the edges of the paper.

Serial interface: a type of interface in
which the characters are sent from
the computer to the printer one bit
at a time, in serial fashion.

Tractor feed mechanism: a device
used to control printer paper motion
precisely.
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Application: An application is a use of a
computer system to accomplish a specific
goal. A general-purpose personal computer
can be used for any one of a number of ap-
plications depending upon what programs are
chosen or written by its owner. An applica-
tion is to the small computer what a destina-
tion is to the personal automobile.

ASCII Character Set: The most common
character-coding convention in personal
computers is the ASCII character set. The
name is the acronym for American Standard
Code for Information Interchange. In its
fullest form, it is the definition of a set of 256
different standard meanings for the 8-bit
codes which can be generated by a typical
computer or computer terminal. Most small
computers and terminal products only sup-
port a subset of this full ASCII character-set
definition, typically including upper and
lower-case alphabetic characters, numbers
and a set of special symbols.

Character: A character is the name given to a
byte of information in the personal computer
when that byte is used to store a code number
corresponding to one of the standard
characters of, for example, the ASCII
character set. A character in memory cor-
responds to the depression of one key on the
typewriter-style keyboard of the typical com-
puter or computer terminal.

COBOL: COBOL is one of the standard set
of languages most often implemented on
large computer systems. It is oriented toward
business applications, and is beginning to
make an appearance on personal computers
which have a business orientation. Thus,
COBOL stands for common business
oriented language.

Comment: A comment is a note incorporated
in the source text of a program which is in-
tended to make later understanding of the
program easier. With languages such as
assembly language, FORTRAN, or BASIC,
comments are absolutely essential as a part of
good programming practice. With better con-
ceived languages like Pascal, PL/I, or
COBOL, comments are less essential, but
recommended whenever nonstandard and
possibly obscure practices are employed.
Every programming language has some form
of comment statement.

Computer Language: A computer language is
an artificial language concocted for purposes
of communication between human beings
and computer systems. These languages
range from the primitive symbolic assemblers
available in some way for nearly all com-
puters, through high-level, application-
oriented languages including the
mathematical language APL and the arti-
ficial-intelligence (ie: robotics) language
LISP. Most inexpensive personal computers
use a relatively primitive computer language
called BASIC; more expensive personal com-
puters are delivered with software for a more
powerful and simpler to use language called
Pascal.

Conditional Jump: In an assembly language
for some computers, the conditional jump is
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The purpose of this glossary, a regular onComputing feature, is to define
terms used in this issue that might be unfamiliar to readers.

the main way of affecting the course of ex-
ecution of instructions. It will cause execu-
tion of the program to jump to an alternate
instruction location in the program depend-
ing upon the state of 1 or more flag bits in the
condition code register of the computer’s
processor. A typical example might be ‘‘jump
if zero,”” which would cause execution to go
to the specified location if the zero flag of the
processor was true after the last previous
operation.

Cross-reference Listing: When using a pro-
gramming language, various names of
variables, procedures and other items are
created by the programmer. These are the
symbols used by the program. Any language
system is improved if it incorporates an
automatically created cross-reference listing
of symbols. This listing gives information
about where the symbol was first defined,
and where it is referenced within the pro-
gram. This information can often be used to
great advantage when writing and debugging
your own programs. So in comparing 2 dif-
ferent computer systems for which you intend
to write your own programs, give extra
weight to the one which has cross-reference
listings available for its various languages.

Decimal: The decimal system is the system of
numbers which most people begin using in
childhood. It is the most prevalent system of
notation in our civilization. However, since
computers can calculate inherently well in a
binary system,other systems are often
employed which use a power of 2 as the base:
binary uses 2, octal uses 2 raised to the third
power, and hexadecimal uses 2 raised to the
fourth power. When an external decimal
representation of a number is produced from
a computer program, it thus must reflect an
automated binary-to-decimal conversion pro-
cedure.

Diagnostic: A diagnostic is a message sent to
the user of a program or system of programs
which complains about something extraor-
dinary. In a high-level language system, a
diagnostic might be the message explaining
that an improper form of expression was
used. In an application of a computer, a
diagnostic message might be used to inform
the user of the computer that the data just
entered was inconsistent with the expected
form or purposes of entering that data. The
response to a diagnostic on the part of this
user is to try again, using the diagnostic
message as feedback to change the attempted
input.

Dialects: In human languages, dialects are
local variations upon the language which in
general lead to mostly humorous inter-
ferences with communications. In computer
languages, similarly, a dialect is a variation
on the basic theme of the language which
makes for strange results when interpreted by
a “‘“foreign’’ system which allegedly speaks
the same language. Thus BASIC is by no
means the same for every system, but largely
similar. Similarly, Pascal, FORTRAN, PL/I
and so on all suffer variations in the way they
are implemented on different computers.

Dot-Matrix Printer: A dot-matrix printer is

one which employs a small array of dots to
represent a course image of the characters
printed. Most dot-matrix printers which print
uppercase characters only use a 5 by 7 matrix
of dots to represent each character of the
alphabet. Printers capable of uppercase and
lowercase printing typically use a 7 by 9
matrix of dots to represent a full set of
alphabetic characters. The ultimate in dot-
matrix technology is found in various high-
resolution dot-matrix devices such as inkjet .
or precision impact printers which can assem-
ble characters from matrices of perhaps 30 by
50 dots which may overlap.

EBCDIC Character Set: The character-cod-
ing convention used in computers manu-
factured by the IBM corporation is known as
EBCDIC. The name is the acronym for Ex-
tended Binary Coded Decimal Interchange
Code. Like the ASCII character set used in
most small computers, EBCDIC assigns a
unique interpretation to the 256 possible
codes which may be stored in an 8-bit byte of
information.

Electrographic Printing: In electrographic
printing, characters are formed on the re-
sulting printout in a 2-stage process: first the
image of the printed output is transferred on-
to a printing surface. Then the surface is
toned by the addition of opaque particles
which are bonded to the surface. This tech-
nique is based on the principles of operation
of the Xerox machine, and is not typically
used in inexpensive printers for personal
computers.

Electrostatic Printing: In electrostatic print-
ing, an image is made on a suitable special-
purpose conductive paper by discharging a
spark between the printhead electrode and
the paper. As a result of the spark, the sur-
face layers of the paper are indelibly marked,
changing the appearance from a reflective
silvery color to the dark color of the under-
lying layers of the paper.

Font: A font is the set of images associated
with a given character set such as ASCII,
EBCDIC, or the special-purpose sets used in
computerized typesetting machines such as
the ones used for this magazine. A typical
font for computer output from an impact
printer might be one which duplicates the
font of a typical typewriter. For a low-
resolution dot-matrix printer, the font might
be a program in the printer’s read only
memory which translates each ASCII code in-
to a visual representation as a matrix of dots.

Graphics: The techniques of creating visual
images using a computer are called graphics.
With personal computers, graphics features
use some form of black and white or color
television display. Graphic displays are used
to display the normal letters, numbers and
special symbols of a character set in all
modern personal computers. Some personal
computers have more elaborate and flexible
interfaces which give the ability to draw pic-
tures instead of using words for interactions.

Handshaking: Handshaking refers to the
method by which 2 different computer sys-

tems (or a computer and a peripheral device)
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coordinate communications through some
form of interconnection. A key part of this
process is the ability to send messages about
the status of the communications link, as well
as messages which are part of the intended
transfer of data.

Hard Copy: Hard copy refers to graphic
images which get recorded on paper in a
humanly readable form. Hard copy facilities
are often missing on the least expensive com-
puters. To be most convenient, present day
computers require hard copy.

Hexadecimal: A number system which uses
the base 16 for its representation of integers is
called hexadecimal. In computers which have
fundamental units of information in memory
which are byte-sized (8 bits), this provides a
more convenient, external, humanly readable
representation of internal data than use of
binary digits. It takes 2 digits selected from
the numeric character set 0,1,2,3,4,5,6,7,8,9,
and the 6 letters A,B,C,D,E,F to represent a
byte of information, as opposed to 8 digits to
represent the same number in an external
binary form. Each hexadecimal digit stands
for 4 bits, so hexadecimal is a very natural
representation to use with byte-oriented com-
puter systems.

Impact Printing: Impact printing refers to the
methods of making a printed image where the
paper is struck in some way, usually involving
some form of ribbon as in a standard type-
writer. These techniques of impact printing
sometimes use dot-matrix character forma-
tion and sometimes use predefined fonts as in
the typewriter or on bands or chains of
characters contained in some high-speed
printers. Impact printing methods are cap-
able of producing multiple copies at the same
time using some form of carbon paper or its
equivalent.

Interpreter: An interpreter is a program
which usually comes with a small computer,
used to implement a high-level language such
as BASIC. In an interpreted implementation
of a computer language, every time a state-
ment is executed, it must first be translated
from a humanly readable form into a form
which the machine can execute. In a compiled
form of the same language, this translation is
done once before the program is executed.
Thus in the common interpretive forms avail-
able, the same program will run much slower
than would be the case if the program were
compiled.

Loading: The act of transferring the contents
of 1 or more bytes of data from a memory
bank into the local memory of a computer is
called loading. Loading can refer to the
loading of a program from a disk or tape
copy into the main memory of the computer
prior to execution of that program. It can
also refer to the loading of a register when a
few bytes are transferred from the main
memory into the registers of the central pro-
cessor in an assembly-language program.

Location: The location of a byte of data, a
record of information, or a program is its
unique address in a particular address space.
For bytes of data in main memory, locations
are the addresses in that main memory. For
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records stored on a random-access disk file, a
location is the starting address of the first
byte of the record in the address space of all
possible bytes on the disk. For a program
stored in the file structure of a disk system, its
location is the choice of its name, which gets
looked up in a directory and automatically
translated into the appropriate disk ad-
dresses.

Main Memory: Main memory is the primary
resource for storage of data and programs in
a computer. It is a random-access form of
memory which can be altered and changed
under the control of programs. As imple-
mented in contemporary personal computers,
main memory is a transient storage area, for
when power is turned off its information con-
tent evaporates. Thus some form of mass
storage using a different technology is re-
quired if permanent records of programs and
data are to be kept.

Mass Storage (also called bulk storage): Mass
storage is provided in a computer system as a
technique for keeping track of large amounts
of permanently available data in a machine
readable form. Mass storage is invariably
slower in access than main memory, a price
which is gladly paid in trade for larger poten-
tial amounts of data and its permanent
qualities. In small personal computers, mass
storage is provided by cassette tapes or the
much more convenient floppy disks.

Mnemonic: A mnemonic is the name for a
machine-language operation code of a com-
puter, chosen so that the assembly-language
programmer can easily remember its function
based on its abbreviation. Thus, in some
computers the operation ‘‘push registers onto
user stack’ might have the mnemonic form
PSHU as a short easily coded abbreviation
for a long, verbal description.

Modulator: A modulator (in personal com-
puting circles) is an electronic black box used
to translate the television video output signals
of the computer into a standard radio-fre-

‘quency television signal which can then be fed

into the antenna terminals of a television
tuned to an appropriate channel.

Object Code: When using assembly language,
or a high-level language compiler (as opposed
to an interpreter), the output of the
automatic translation process is a machine-
language program for the computer. This
machine-language form of the program is
called the object code of the program. An ob-
ject code program can thus be directly loaded
into memory and executed since it has already
been translated from its humanly readable,
equivalent form into the internal, executable
form.

QOctal: A system of number representation in
which the base 8 is chosen and the digits
0,1,2,3,4,5,6, and 7 are used is called octal.
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Many programmers prefer octal to hexa-
decimal notation, although octal is a natural
notation of numbers only on machines whose
“word size’’ is a multiple of 3 bits. On the
typical, byte-oriented personal computer, use
of octal for machine language is awkward
because the 8 bits of a byte become 3 octal
digits grouped as 2, 3, and 3 bits, versus 2
hexadecimal digits of a uniform size, 4 bits.

Operating System: An operating system is a
set of programs which are usually created by
the manufacturer of a large computer, to
allow that computer to be conveniently used
by many different programs. Carried over in-
to the world of small personal computers, the
operating system is what gives the computer
its “‘personality’’ as seen by the interactive
user. In addition to the many manufacturer-
supplied operating systems of personal com-
puters, several machine-independent operat-
ing systems exist which can be run on many
different computers. These manufacturer-
independent operating systems include the
Microsoft forms of BASIC, a very tradi-
tional, large-computer-like operating system
called CP/M, and the interactive, Pascal-
language operating system called UCSD
Pascal.

Parallel Interface: A parallel interface for a
peripheral device is a method of plugging that
device into a computer such that a whole byte
(or group of bytes) of data is transferred at
one time. Thus in a parallel interface, one
typically finds multiple wires. For a printer, a
parallel interface might include 7 or 8 data
wires and perhaps from 3 to 5 control wires.
At the price of a more expensive connector, a
much higher data rate results from parallel
techniques compared to the alternative serial
techniques.

Pascal: A compiled computer language called
Pascal is personal computing’s answer to the
elaborate conventional languages COBOL,
Algol and PL/1 often found on large systems.
Pascal is an invention (circa 1970) of com-
puter scientist Niklaus Wirth, which was in-
itially intended as an aid to teaching com-
puter languages. Its success as a general-
purpose programming language for computer
systems and applications programming has
led to its widespread use in computers at
every level of size, from the Apple I1 com-
puters available in every computer store to
the world’s largest and fastest supercom-
puter, the Cray-1.

Pin Feed: When paper is put in a typewriter-
style friction-feed platen of a printer, it will
typically stay aligned over the course of a
sheet of paper. But when continuous com-
puter forms are put through that same printer
using friction feed, problem with alignment
accumulates as the paper is printed, unless a
pin-feed arrangement is used with holes along
both edges of the paper. Pin feed is thus a
standard feature of many computer printers,
to solve the problems of alignment which can
otherwise occur.

Pixel: In a graphics display device, a pixel is
the smallest available unit of output which
can be controlled by the computer. In a dot-
matrix printer, the pixel is 1 dot within the
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matrix; on a television display device, the
pixel is 1 dot on the screen of the television.
In ordinary printing or noncolor displays,
pixels are either black or white; in color
displays, each pixel can typically have 1 of
several different colors.

Program: A program is a set of instructions
for a computer to execute, oftentimes the
implementation of an algorithm. Programs
are written in programming languages such as
BASIC, FORTRAN, Pascal, COBOL, PL/I1
or even a symbolic assembly language.

Programming Language: See Computer
Language.

Protocol: A protocol is the definition of a
computer communications procedure,
including the hardware of the interface and
the software conventions of what standard
patterns will be imposed on the data being
communicated.

Pseudo-Operation: In a symbolic assembly
language, a pseudo-operation is an operation
code symbol which has no direct corre-
spondence to an operation code which is
available in the instruction set of the com-
puter involved. Pseudo-operations are most
often used to communicate something about
the assembly process to the assembler, such
as ‘“‘skip to the next page of the listing,”
‘“‘define a constant data word with this
value,’’ etc.

Serial Interface: An interface between a com-
puter and a peripheral device can be done
over as few as 3 wires if a serial communica-
tions interface is employed. In a serial
discipline which allows data to be sent in both
directions, the RS-232C interface most com-
mon in personal computers, 1 wire is used for
each direction of communications (2 wires
total) and a third wire is needed to establish a
common ground between the 2 devices. In
this serial discipline, a time-ordered protocol
is used to establish the beginning of a new
byte of data, followed by the 8 bits of the
byte and possibly 1 or 2 additional ‘‘over-
head’” bits which define the end of the char-
acter. The data rate of a serial commun-
ications interface is usually slower than the
equivalent, parallel-communications inter-
face, since all 8 bits of a byte must be funnel-
ed through the 1 wire available in each direc-
tion.

Software: Software is the term used to
describe the intellectual value added to a
technological system after its fundamental
design has been determined. Thus in com-
puter systems, the software constitutes the
programs written or bought by its user after
purchase of the system; in audio and video
mass-entertainment systems, software is the
content of programs bought on tape, phono-
graph or video disk; in music, the software is
the score played by an orchestra or an in-
dividual soloist.

Source Program: Whenever a program is
written by a human being, its source-program
form is the humanly readable form seen on
the terminal. A corresponding object-code
form also exists when that program is ex-

ecuted. In systems with compilers or assem-
blers, the source program is translated ex-
plicitly into the object code version; in
systems such as BASIC, the source program
is translated into executable form immediate-
ly prior to execution. Because it is humanly
readable, the source program is what gets
edited, changed and updated in the process of
creating a program.

Symbol: An arbitrary string of characters
chosen for use in a source-language form of a
program is called a symbol. The arbitrariness
refers to the fact that any English language
word can be used to form a symbol. Thus it is
possible through the choice of symbols to
make a program much more readable in its
source-language form by choosing symbols
which refer to the problem at hand.

Symbol Table: A listing of symbols provided
by a compiler or assembler is called a symbol
table. In its simplest form, a symbol table
simply gives the symbol along with its trans-
lated address in the internal form of the pro-
gram. If the symbol table also includes a list
of the lines in the program which refer to the
symbol, it is called a cross-reference listing.

Symbolic Address: An address is just a
number identifying a place in some memory
bank. As a number, it has no inherent cor-
respondence with the way one thinks about
the problem being solved with a computer. A
symbolic address is a much more appropriate
form in which a name (or symbol) is used to
refer to a piece of data in a memory bank.
The name can be chosen so that it is a good
reminder of the interpretation to be given the
data at the location. Symbolic addresses only
exist in the source-language forms of pro-
grams.

Telecommunications: The art and practice of
sending computer (or verbal) messages
through the telephone network or via radio is
called telecommunications. In the field of
personal computing, this refers to the use of
serial communications techniques and
modems to allow messages to be sent via
telephone to other personal computers or to
centralized information services.

Thermal Printing: In thermal printing
methods, a special heat-sensitive paper is
scanned by a moving printhead which con-
tains a dot matrix of electronically control-
lable heated areas. These heated zones are
turned on if a dot image is to be recorded as
part of the dot matrix representation of a
character during the paper scan.

Value: A value is the content of a storage

‘location (or set of locations) in the memory

of a computer. Examples of values include
numbers (eg: 3.14), character strings (eg:
“‘this is a string”’), and more comprehensive
extensions to concepts like arrays, data struc-
tures and the like. Values are the basic items
of data manipulated by programs.

Variable: A variable is a specific location (or
set of locations) in a computer’s memory that
can contain some form of value used by a
program. It usually has a symbolic name
which is created by the person writing the
program.
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Conducted by Laura Hanson

oy onComputing.
lish the infor-

Personal Computer
Introduced by
Texas Instruments
Texas Instruments has
introduced a personal com-
puter for personal finance,
home management, family
entertainment and education.
The TI1-99/4 system consists of
a console with 16 K bytes of
Enhanced Apple Il Computer Eases User Programming programmable memory, a
wide range of sound effects,
The Apple II Plus is an enhanced version of the Apple II computer 16 colors for graphic display,
offering resident Applesoft Extended BASIC language and a new an Extended BASIC program-
Auto-Start control read only memory for simplified start-up and |2 | ming language, and a 13-inch
screen editing. Applesoft is especially designed for business, scientific, |5 | color video monitor. Solid
and educationally oriented applications. The Auto-Start control read |Z | State Software command
only memory provides easier programming, including automatic start- g modules provide a complete
up, automatic disk load, reset protection, and easy screen editing. The |Z | assortment of programs for
Apple II Plus is available in three versions. The 16 K byte system is § family use. Among peripheral
$1,195, the 32 K byte system is $1,345; and the 48 K byte system sells |S | accessories offered are a
for $1,495. Contact Apple Computer Inc, 10260 Bandley Dr, Cuper- é speech synthesizer to build a
tino CA 95014. & | basic vocabulary and remote
controls for game programs. |a
The price of the TI-99/4 |
Radio Shack Introduces More Powerful TRS-80 Model Il system is $1,150. Solid State >
Software command modules | 5
Radio Shack has introduces their TRS-80 Model II, designed for carry prices ranging from 2
more data storage, greater versatility and higher computing speed. It $19.95 to $69.95 each. Contact | %
can perform as a general purpose data processing machine, an intel- Texas Instruments Inc, Con- | 2
ligent terminal, or a word processor. Software is immediately sumer Relations, POB 53 | §
available for general ledger, accounts receivable, inventory control, (Attn: TI 99/4), Lubbock TX ;
mailing list management and payroll. 79408. e
In addition to either 32 or 64 K bytes of internal programmable
memory, the Model II has one built-in 8-inch floppy disk that stores |4
an additional one-half million bytes. The system has a built-in 12-inch | %
high resolution video monitor that displays 24 lines of 80 normal |3
characters or 40 expanded characters. It features upper and lower case %
letters. The 76 key keyboard is detachable and movable to allow more |
convenient data entry. %
The system is priced upward from $3450 for the 32 K byte one disk | g
system. Contact Radio Shack, 1300 One Tandy Center, Fort Worth ;
TX 76102. g
&)

Fall 1979 © onComputing Inc




nPrinters—

Micrographics' Printer
Combines Graphics
and Alphanumerics

A MicroGraphics printer,
the EX-820, which can mix
high resolution graphics and
full ASCII alphanumerics, is
available from Axiom, 5932
San Fernando Rd, Glendale
CA 91202, for $795.

The user can define the size
of each graphic field and can
choose from four prepro-
grammed horizontal dot reso-
lutions, up to 128 dots per
inch. Once the fields have been
defined, the EX-820 auto-
matically formats graphic and
alphanumeric printouts to user
specifications. The paper car-
ries a conductive aluminized
coating which is vaporized by
a low voltage discharge from
the print head to produce
highly readable characters.

Standard features include:
RS-232C serial input as well as
parallel ASCII, software selec-
tion of three character sizes to
give 80, 40 or 20 column prin-
ting, software which permits
use of reverse printing in
which light characters are
formed on a dark background,
and 2 K bytes of user program-
mable read only memory (low
cost option) which converts
the printer into an intelligent
printer.

Dimensions are 11 by 4% by
12 inches (28 by 10.8 by 30.5
cm). It weighs 12 pounds (5.4
kg), including a 230 foot roll
of paper.

CIRCLE 200 ON INQUIRY CARD

Nonimpact Ink Jet Printer

Called Quietype, this nonimpact ink jet printer prints 180 characters
per second and is well suited for desktop operation in offices,
libraries, hospitals and other environments where minimum noise
levels are desirable.

Quietype prints 80 characters per line as standard format, and can
switch to 132 characters per line in compressed format.

The Quietype has been designed for video hardcopy, minicomputer
and microcomputer outputs, and message switching applications.
Printing is done on a self-contained roll of class II Teletype paper.

The single unit price for the printer with an RS-232 interface is
$2995. Disposable ink cartridges capable of printing six million
characters (about 3000 pages) are priced at $17.50 each. For further
information contact Silonics Inc, 525 Oakmead Pky, POB 9025,
Sunnyvale CA 94086.
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% matrix, with a maximum print

speed of 135 characters per se-
cond. Line spacing is six lines
per inch (eight lines per inch
software selectable) with selec-
table line length of 80, 96 or
132 characters.

The WH-14 connects to the
H8 or HI1A computer via a
standard RS-232C serial in-
terface or 20 mA current loop.

Heath’s Low Cost
Line Printer

Heath Company has a low
cost line printer designed for
use with its H8 and HIIA
computer systems (and others)
using a standard serial inter-
face. The WH-14 Line Printer
prints the standard 96 char-
acter ASCII set (upper and
lower case) in a 5 by 7 dot

A 25 pin male EIA connector
is provided for hookup, and a
paper rack is included at no
extra cost.

For information on the
WH-14 Line Printer, which is
priced at $895, contact the
Heath Co, Dept 350-820, Ben-
ton Harbor MI 49022.
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COMPUTER
CONCEpTg

Self-Instructional Course
Covers Basic Computer
Concepts

A self-instructional course has
been announced by Info 3, 21241
Ventura Blvd, Woodland Hills CA
91364. Computer Concepts for
Small Business covers basic com-
puter concepts, including types of
data and how they are processed,
how systems are developed, the
operation of implemented systems
and how to select a computer.

The course is designed to aid
people in business to prepare for
their first computer by presenting
the prerequisites of sound business
computer applications, showing
how systems are developed and
operated and covering critical
management decisions like security
and personnel staffing.

The course contains over two
hours of cassette tapes, plus a
workbook of over 200 pages. The
price is $140.m

Computer Cassette Listing
for TRS-80, PET and Apple

Robert Elliott Purser’s
Reference List of TRS-80, PET
and Apple Computer Cassettes is a
directory of over 1000 cassettes for
sale or trade from over 100
sources. The list is published
quarterly and the subscription rate
is $12 per year. Single copies are
available for $4 postpaid. Contact
Robert Elliott Purser, POB 466, El
Dorado CA 95623.®
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Coming

Events

September 5-8, Info/Asia, Ryutsu Center, Tokyo. This
exposition will be devoted to information management,
computers, word processing and advanced business
equipment. The exposition will be accompanied by a four
day conference. Contact Clapp & Poliak, 245 Park Av,
New York NY 10017.

September 8, Second Annual Microcomputer Faire,
Cullen College of Engineering, University of Houston. 70
exhibitors are expected at this computer faire. Contact
Dr John L Hubisz, Division Natural Science & Math, Col-
lege of the Mainland, Texas City TX 77590.

September 25-27, Mini/Micro Conference and Exposi-
tion, Convention Center, Anaheim CA. Contact Robert
D. Rankin, Managing Director, Mini/Micro Conference
and Exposition, 5528 E La Palma Av, Suite 1A, Anaheim
CA 92807.

September 25-27, WPOE ‘79, San Jose Convention
Center, San Jose CA._ This show will be dedicated to
word processing and office/business equipment, services
and materials. Complementing the exhibit will be a three
day executive conference program that focuses on
emerging technologies and their applications in the of-
fice. Contact Cartlidge & Associates, Inc, 491 Macara
Av, Suite 1014, Sunnyvale CA 94086.

September 28, 29, &30, Northeast Personal & Business
Computer Show, Hynes Auditorium, Boston MA.
Displays and exhibits will showcase microcomputers and
small computer systems of interest to businesspeople,
hobbyists, professionals, etc. Lectures and seminars will
be presented for all categories and levels of enthusiasts,
including introductory classes for novices. Contact Nor-
theast Exposition, POB 678, Brookline MA 02147.

October 15-18, 6th Information Management Exposi-
tion and Conference, New York Coliseum, New York
NY. Contact Clapp & Poliak, Inc, 245 Park Av, New York
NY 10017.

October 28-30, The Tenth North American Computer
Chess Championship, Detroit Plaza, Detroit Michigan.
Sponsored by the Association for Computing Machinery,
this is a four round, Swiss style tournament with the first
two rounds to be played on October 28th (1 PM and 7:30
PM), one on October 29th (7:30 PM) and the last round on
Tuesday, October 30th (7:30 PM). Contact Monroe
Newborn, McGill University, School of Computer
Science, 805 Sherbrooke St W, Montreal PQ, CANADA
H3A 2K6.

October 30-November 1, Interface West, Anaheim Con-
vention Center, Anaheim CA. This third annual west
coast small computer and office automation systems con-
ference and exposition will feature over 100 company ex-
hibits and 60 conference sessions covering a variety of
data processing, word processing, data communications,
management hardware, software and service topics.
Contact the Interface Group, 160 Speen St, Framingham
MA 01701.
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Coming
in

onComputing

Games: How do com-
puter games relate to
personal computers?
What did onComputing
find out at a recent visit
to the Summer Con-
sumer Electronics
Show?

Sargon vs Microchess:

Which Plays Better
Chess? A comparative
software review of two

chess playing programs.

Computers & Educa-
tion: The Talcott Moun-
tain Science Center
uses computers large
and small in an exciting
program for gifted
students in central Con-
necticut.

Plus the regular on-
Computing depart-
ments, features and
much more.
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1 A Printer Primer: Elizabeth Hughes
2 Magic for Your Micro: Chris Morgan
3 The Computer Language Basic:
Dr W D Maurer
4 Why Own a Computer:
Carl T Helmers, Jr
5 The System: Dr Russell Reiss
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Chris Morgan
8 onComputing interview: Todd
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