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40K Bytes RAM Memory
1,200,000 Bytes Disk Storage

Desk with laminated plastic surface

DOS and BASIC with random and sequential files
TERMINAL—Upper-Lower case and full control character decoding

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
= SAN ANTONIO, TEXAS 78216 Circle 350 on inquiry card.
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System Two
Dual disk
Up to 512K of RAM/ROM
Up to 184K of disk

Fill your computer needs
with the industry’s

Mode! Z-2D
One or two disks
Up to 512K of RAM/ROM
Up to 184K ol disk

Model Z-2
Up to 512K of RAM/ROM

most professional microcomputers

#1 IN RELIABILITY

When you choose Cromemco you
get not only the industry’s finest
microcomputers but also the indus-
try's widest microcomputer selec-
tion.

What's more, you get a computer
from the manufacturer that compu-
ter dealers rate #1 in product re-
liability."

Your range of choice includes
our advanced System Three with
up to four 8” disk drives. Or choose
from the System Two and Z-2D with
5" drives. Then for ROM-based work
there's the Z2. Each of these com-
puters further offers up to ¥2 mega-
byte of RAM (or ROM).

We say these are the industry’s
most professional microcomputers
because they have outstanding fea-
tures like these:

e Z-80A microprocessor — oper-
ates at 250 nano second cycle
time — nearly twice the speed of
most others.

*Rated in The 1977 Computer Store
Survey by Image Resources, Westlake
Village, CA.

Up to 512 kilobytes of RAM and
1 megabyte of disk storage

[ =

System Three
Two to four disks
Up to 512K of RAM/ROM
Up to 1 megabyle of disk

30-amp power supply — more
than adequate for your most
demanding application.

21 card slots to allow for un-
paralleled system expansion us-
ing industry-standard S-100
cards.

$-100 bus — don’t overlook how
important this is. It has the in-
dustry’'s widest support and Cro-
memco has professionally imple-
mented it in a fully-shielded
design.

e Cromemco card support of more
than a dozen circuit cards for
process control, business sys-
tems, and data acquisition in-
cluding cards for A-D and D-A
conversion, for interfacing daisy-
wheel or dot-matrix printers, even
a card for programming PROMs.

¢ The industry’s most professional
software support, including
COBOL, FORTRAN 1V, 16K Disk-
Extended BASIC, Z-80 Macro
Assembler, Cromemco Multi-
User Operating System — and
more coming.

¢ Rugged, professional all-metal
construction for rack (or bench
or floor cabinet) mounting. Cab-
inets available.

FOR TODAY AND TOMORROW

Cromemco computers will meet
your needs now and in the future
because of their unquestioned tech-
nical leadership, professionalism
and enormous expandability.

See them today at your dealer.

There’s no substitute for getting
the best.

see next
page

i n ¢ o r p o r a t e d
Specialists in computers and peripherals

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400
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A “TINY” PASCAL COMPILER, Part 1: The P-Code Interpreter
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In This

BUTE

About the Cover. . .

The computer artwork for the
cover of this issue of BYTE is the
work of Ed Kellerman, whose article
appears on page 40. It was donc using
the facilities of IBM in Endicott NY,
with the APL language as the major
tool and a Tektronix plotter for pro-
ducing the black images for the various
colors of the line drawing component
of the cover.

But we looked at the resulting
artwork, and then asked Ed if he
would allow us to provide some
additional hand coloration by Ellen
Shamonsky of our art department.
(Ellen is the person responsible for
the airbrush work on July 1978’s
cover, which we forgot to credit in
that issue.) Ellen provided the multi-
colored airbrush background for the
present cover, using the artwork
supplied by Ed as the guide for
positioning the various zones.

A background in vectors and
matrices can give you a set of powerful
tools for manipulating shapes on a
graphics display. Read Jeffrey L
Posdamer’s The Mathematics of Com-
puter Graphics. You may find that the
mathematics is not as difficult as you
think. page 22

As other articles in this issue dem-
onstrate, matrix operations are one

4 September 1978 © BY TE Publications Inc

method of manipulating graphics. The
manipulations become simpler when
the implementation language is de-
signed to work with matrices. APL is
such a language. Eduardo Kellerman
gives us a taste of what happens when
you mix APL and Graphics.

page 40

In this issuc Kin-Man Chung and
Herbert Yuen start a scrics of articles
detailing the design and construction
of A “Tiny” Pascal. Part 1 contains
an overall view of the project along
with a detailed look at an interpreter
for pscudocode which is what the
Pascal source program will be com-
piled into. The Pascal project empha-
sizes the portability of the language by
compiling from Pascal to pseudocode
which will then have an individual
interpreter  for  every  different
machinc. page 58

What constitutes a program, and
what is the proper way Lo write
one? Proper is a loaded word, but if
ease of thought and unambiguily are
goals of the cffort, Some Words
About Program Structure by Albert
D Hearn will be a good starting point

for the novice. page 68

This month we conclude Dr James
Williams’s three part series on Antique
Mechanical Computers with Part 3:
The Torres Chess Automaton. In-
credible as it may scem, Leonardo
Torres built a working chess autom-
aton in 1911, After a discussion about
carly concepts in the first “thinking"
machines, the chess automaton s
described in detail in this article.
Dr Williams concludes the series with
somc philosophical speculations about
automata. page 82

Steve Ciarcia completes his  de-
scription of a non-contact scanner
by describing the software that will
Let Your Fingers Do the Talking.

page 94

In an extended Technical Forum
discussion, Jonathan Bondy presents
a preliminary design for S2L: An

Attair (S-100) to LSI-11 Bus Adapter.
Here is a starting point for those
interested in  laking advantage of
numerous personal  computing peri-
pherals in combination with the 16
bit Digital Equipment Corporation
LSI-11 computer. page 102

If you intend to use your computer
for arithmetic operations it is neces-
sary to have a floating point arith-
metic package. Joel Boney's article
on implementing a binary floating
point package will help you imple-
ment Math in thc Real World if you
don't have an appropriate package
at your fingertips in a high level
language or program library. page 174

A displayed object can be defined
within a matrix in a program. Once
the object has been so defined it is a
simple matter Lo perform Graphic
Manipulations Using Matrices as de-
scribed by Joel Hungerford.
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page 156

Are you faced with the prospect of
owning a just built computer system
bare of all niceties such as BASIC or
even assembler? Somehow, it is diffi-
cult to impress noncomputer people
by adding 1 to | to get 10. Larry
Kheriaty has an interesting language
to solve this problem. For Larry's
solution read WADUZITDO: How to
Write a Language in 256 Words or
Less. page 166
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WE'RE FIRST IN TWO..
I l ] [ ‘ ®
AND WE THANK YOU.

We are what our friends, you the
ComputerLand customer, make us.

You support growth. And ComputerLand
expands. There are stores across the nation
serving you.

You're quality oriented. That's why your
Computerl.and store has the widest selection
of the finest computer systems and software
anywhere.

s é You have high professional standards.
{ These set the guidelines for your
/ ComputerLand staff . . . experts who can
analyze and flll needs ‘at all levels.
4 You settie for nothing less than complete
é solutions. That's what gives your store
national recognition for its products and
/ / service.
( { In short, you give direction for growth.
TS\ two short years.

This is what has made your store %1, in just
COME TO THE PARTY
And, we're hosting a gigantic birthday
party . . . To celebrate our shared success.
On September 23, all day. At your local
ComputerlLand store.

Bring your family, your friends. And join in
the fun.

It's our way of saying thanks . . . for
yesterday, today and tomorrow.

Computerland’

14400 Catatng Stieet. San Leandio. CA 94577 1415 ) 8950363
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AL: Lawndate San Mateo CT: Ft. Lauderdale Downers Grove KY: MN: NY: OR: Dailas Wi
Huntsville  Los Altos Santa Rosa Fairfield GA: Niles Louisville Minneapolis Bulffalo Portland  Houston Madison
CA: Mission Viejo  Thousand Oaks DE: Atlanta Oak Lawn MD: NH: lihaca PA: WA: INT'L:
Oublin San Bernardino Tustin Newark HI: Peorla Rockville Nashua NC: Harrisburg Bellevue  Sydney. Australia
EtCerrito  San Diego Wainut Creek FL: Honolutu IN: M NJ: Charlotte  Tx: Federal Way winnipeg. Canada
Hayward ~San Francisco o, Boca Ralon I Indianapolls  Detrolt Cherry Hill  OH: Austin Tacoma
Ingiewood San Jose Colorado Springs Arlinglon Heights Grand Rapids  Morristown Cleveland
Denver Paramus
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Articles Policy

BYTE Publications Inc is continuuily
seeking quality manuscripts written by
individuals who are applying personal
computer systems, designing such Sys-
tems, or who have Rnowledge which
will prove useful to our readers. For
a more informal description of pro-
cedures and requirements, potentiol
authors should send a self-addressed,
stamped envelope to BYTE Authors’
Guide, 70 Main St, Peterborough NH
03458.

Articles which are accepted are
purchased with a rate of $45 per pub-
lished page, based on technical quality
and suitability for the intended reader-
ship. As to articles appearing in BYTE
magazine, each month, the authors of
the two leading articles in the reader
poll (BYTE's Ongoing Monitor Box or
""BOMB'') are presented with bonus
checks of $100 and $50. Unsolicited
materigls should be uccompanied by
full name ond address, as well as return
postage.®

On Entering
Our Fourth Year

By Carl Helmers

With this issue, we begin our fourth year
of publication of BYTE magazine. The pro-
ject remains as exciting, if not more so, than
when we first put together an issue of the
magazine in the summer ol 1975. A lot has
changed as the people involved with this
publication have grown and lecarned about
the process of magazine production. Yet a
lot remains similar.

The basic goal of this magazine is not
likely to change: to provide readers with a
continuing stream of novel ideas and infor-
mation about computers and related fields.

The assumption made about the BYTE
reader is that he or she possesses curiosity
combined with a willingness to experiment
with and learn about topics related to com-
puters and computing. To this end we pro-
vide a wealth of tutorials on hardware and
software aspects of computer science — as
well as specific ““do it yourself” items on
ncat projects which can be done by the
reader. And all this is tied together with an
emphasis on the fun which can be had
through the use of computing technology in
various ways.

We started out with this idea about the
goals of the magazine, and no recal know-
ledge about how far we could take it. After
all, the skeptics (on occasion including
myself) would ask, can there be that many
people interested enough in computers to
buy your magazine? But, reflecting the
growth of personal computing manufactur-
ing, we went from a 96 page black and white
first issue to a 208 page typical current
issue, from essentially O circulation as of
the decision to start the magazine to a pre-
sent circulation in excess of 140,000 paid
copies per month. Perhaps we even played a
small part in promoting that growth by
providing our advertising and editorial
content as a scrvice to the industry.=m

6
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The Standard of Excellence
in Microcomputer Systems

Circle 175 on inquiry card.
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Look To The North Star HORIZON Computer.

HORIZON ™_ a complete, high-performance microprocessor
system with integrated floppy disk memory. HORIZON is
attractive, professionally engineered, and ideal for business,
educational and personal applicaticns.

To begin programming in extended BASIC, merely add a CRT
or hard-copy terminal. HORIZON-1 includes a Z80A processor,
16K RAM, minifloppy™ disk and 12-slot S-100 motherboard
with serial terminal interface — all standard equipment.

WHAT ABOUT PERFORMANCE?

The Z80A processor operates at 4MHZ — double the power of
the 8080. And our 16K RAM board lets the Z80A execute at
full speed. HORIZON can load or save a 10K byte disk program
in less than 2 seconds. Each diskette can store 90K bytes.

AND SOFTWARE, TOO

HORIZON includes the North Star Disk Operating System and
full extended BASIC on diskette ready at power-on. Our BASIC,
now in widespread use, has everything desired in a BASIC, in-
cluding sequential and random disk files, formatted output, a
powerful line editor, strings, machine language CALL and more.

NORTH ST12aR

EXPAND YOUR HORIZON

Also available — Hardware floating point board (FPB); addi-
tional 16K memory boards with parity option. Add a second
disk drive and you have HORIZON-2. Economical serial and
parallel 1/0 ports may be installed on the motherboard. Many
widely available S-100 bus peripheral boards can be added to
HORIZON.

QUALITY AT THE RIGHT PRICE
HORIZON processor board, RAM, FPB and MICRO DISK SYS-
TEM can be bought separately for either Z80 or 8080 S-100 bus
systems.
HORIZON-1 $1599 kit; $1899 assembled.
HORIZON-2 $1999 kit; $2349 assembled.

16K RAM —$399 kit; $459 assembled; Parity option $39 kit; $59
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit;
$259 assembled. Prices subject to change. HORIZON offered
in choice of wood or blue metal cover at no extra charge.

Write for free color catalogue or visit your local computer store.

ComMPUuTERS

2547 Ninth Street - Berkeley, California 94710 - (415) 549-0858

Circle 285 on inquiry card.

BYTE September 1978

7






Sol.

The small computer
that won't
fence you in.

A lot of semantic nonsense is
being tossed around by some of the
makers of so-called “personal”
computers. To hear them tell it, an
investment of a few hundred
dollars will give you a computer to
run your small business, do a
great amount of financial planning,
analyze a host of data in the
engineering or scientific lab and
when day is done play games
by the hour.

Well, the games part is true.
The rest of the claims should be
taken with a grain of salt. All of
the personal computers will help
you learn about computers and
how they work in general and the
kinds of things they can do for
you. Only a few have the capacity
to grow and handle meaningful
work in a very real sense. And they
don’t come for peanuts.

Remember, there's no
free lunch.

So before you buy any personal
computer, consider SolY* the small
computer. Consider it because it
costs more at the start so in the
end it costs less. Consider it because
it can grow with the complexity
of the tasks you ask it to perform
and grow with your ability to
use it. No, it’s not cheap. But it's
not a delusion either.

From the very beginning, Sol
small computer systems were
designed to be at the very top of the
microcomputer spectrum. We
designed them so you wouldn’t have
to add costly extras to do many
jobs. We designed them so you could
add quality peripherals and more
memory to take care of more
complex tasks. We designed them

to use the best fully supported
disk operatingsystem on the market
today, PTDOS, which we also
designed. We designed them to use
our Helios II mass memory. And
for Sol small computer systems we
designed new and adapted existing
software to give you the choice of
the best on the market today.

Build computer power
with our software.

No system is complete without
software, and at Processor
Technology we have tailored a
group of high level languages,
and assembler and other packages
to suit the wide capabilities of
our hardware.

Take a look at our exclusive
Extended BASIC as an example. In
cassette form, this BASIC features
string and advanced file handling,
special screen commands, timed
input, complete matrix, logarithmic
and trigonometric functions,

8 digit precision and square root.
The language handles serial
access files, provides tape rewind
and offers cursor control for
graphics capability.

The disk version has all the
number crunching talents of the
cassette BASIC plus instant
access to data and programs on
floppy disks. It includes
random as well as sequential files
and a unique ability to update
sequential data in place.

Processor Technology FORTRAN
is similar to FORTRAN IV and
has a full set of extensions designed
for the “stand alone” computer
environment. Thousands of special
application programs available
through books and periodicals have

already been written in this well
established language.

Processor Technology PILOT is
an excellent language for teachers.
It is a string-oriented language
designed expressly for interactive
applications such as programmed
instruction, drill and testing.

No wonder we call it the
serious solution to the small
computer question.

It’s the small computer system
to do the general ledger and
the payroll. Solve engineering and
scientific problems. Use it for
word processing. Program it for
computer aided instruction.

Use it anywhere you want versatile
computer power!

Sold and serviced only
by the best dealers.

Sol Systems are sold and serviced
by an outstanding group of
conveniently located computer
stores throughout the United
States and Canada. They are also
available in Australia, Europe,
the United Kingdom, Central
America, South America, Japan
and Singapore.

For more information contact
your nearest dealer listed on
page 123. Or write Department B,
Processor Technology Corporation,
7100 Johnson Industrial Drive,
Pleasanton, CA 94566.

Phone (415) 829-2600.

In sum, all small computers
are not created equal
and Sol users know it to their
everlasting satisfaction.
Circle 305 on inquiry card.
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Chris Morgan, Senior Editor

Photo 2: Color graphics being generated by
Cxidy's new Sorcerer personal computer.

The official attendance was 57,240
that’'s how many people came to the
National Computer Conference in Anaheim
CA June 5 thru 8.

Easily the biggest computer show in
history, the NCC overflowed the huge
Anahcim convention center into a neigh-
boring garage anncx converted to handle
the extra booths. The personal compuling
scction of the show has grown into a major
show of its own. in just two yecars: the
crowds there were no less impressive than
at the main show.

A diversity of products greeted visitors
to the show: everything from digitizers 1o
compilers; Pascal to peripherals; color video
systems to surplus parts; and so on. Onec of
the most significant hardware devices on
view was an 8 K content addressable
memory board for the S-100 bus from
Semionics in Berkeley CA. In a normal
Photo 3: 8 K content addressable memory board from Semionics. The 3525 memory, the address of data is input, and
price tag is the lowest we've seen for this type of memory. the memory rcads from (or writes o) its

10 September 1978 © BY TL Publications Inc



The %6,995 DP
Center.

The IMSAI VDP-80

Until now, owning real computing power meant paying
unreal prices. The IMSAI VDP-80 Video Data Processor is
a complete computer, intelligent terminal and megabyte
floppy disk mass storage system including disk operating
system (IMDOS) and BASIC software. Allin one compact
cabinet. All for just $6995.* A complete desk top DP center.

For small business applications, the VDP-80 places a
stand-alone computer at your fingertips. And, our full line
ol add-on peripherals assures that the system can be
expanded as your needs do.

For the large business user, with an existing central
mainframe, the VDP-80 is the ultimate remote processor.
You have the advantage of powerful local processing
capability, plus the epitome in cost-effectiveness for
implementing a distributed data communications network.

Take a close look at the following features. Then you’ll
know why we call our VDP-80 the desk top DP center.

m Powerful, High-Speed, Central Processor. 3mHz
Intel 8085 microprocessor. 32K or 64K RAM memory.
Parallel and serial [/0. Asynch, synch, and bisynch
communications. Programmabie baud rates (.05-56 KB).

1 Megabyte Mass Storage. PerSci dual floppy, double
density disk drives standard. One million byte storage
capacity. Three dual floppy drives can be added-on
providing 4 million bytes of on-line storage.

M Drives, Printers, Plotters, Terminals, Modems
and Tape Drives. Supports up to six terminals or modems,
and four tape drives. Drives plotters, serial printers and line
printers (up to 300 Ipm).

IMSAI Manufacturing Corporation
14860 Wicks Boulevard

San Leandro, CA 94577

(415) 483-2093 TWX 910-366-7287

Circle 175 on inquiry card.

IMSAL

The Standard of Excellence
in Microcomputer Systems

O 12" CRT, 24x80 Field, Memory-Mapped, EPROM
Controlled Font. Character and line insert/delete allows
fast program correction and text editing. Inverse video and
programmable field allows highlighting or enlarging graphic
information display. Titled fields protect information
blocks from being written over accidentally. EPROM
controlled font (up to 256 different characters) allows
foreign language and special purpose character forms.
Video board includes 4K memory-mapped refresh RAM.

O Alphanumeric Intelligent Keyboard. 62-pad main
keyboard. Programmable 12-pad control keyboard.
Standard typewriter and calculator keyboard layouts. N-key
rollover reduces operator error during high-speed data
entry.

O Commercial BASIC, FORTRAN IV, IMDOS
Software. Built-in ROM monitor allows extensive
debugging and diagnostics. BASIC, interactive or compiler
version. FORTRAN IV, Level 2 Ansi compiler. IMDOS -
IMSAI’s multi-disk operating system.

Distributed processing, financial reporting and
analysis, word processing, whatever your application, the
VDP-80 is your answer.

Visit your dealer for information, or dial (415).
483-2093 and we’ll tell you how you can put our $6,995 DP
Center on your desk top. When it comes to small business
computers, Just Ask IMSAI.

*Basc pricc VDP-80/1000 $6,995, with 32K R AM memory and dual double density floppy
disk drive. U.S. Domestic Price Only.
Features and prices subject 10 change without notice.

IMSAI EUROPE

Europa Terrassen

8 Rue Jean Engling

Dommeldange, Luxembourg 43-67-46

Telex 1428
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Photo 4: A throng of
people attends the Micro
Mouse Maze heat being
run by [fames Hamblen's
farge econormy size
“mouse,” shown, which
traversed the maze in
4:32:28 minutes — the
second best time for the
show.

Photo  5: Compucolor
Model 3 with optional
keyboard displaying some
unseasonal color graphics.
The unit is undoubtedly
one of the most cost ef-
tective full color graphics
systems on the consumer
market. Only 117 more
shopping days left.

Photo 6: Color expansion
board for the RCA Cos-
mac VIP computer. The
board costs $89 and gen-
erates eight colors as well
as musical tones.

Photo 7: Homebrew 3
voice computer controlled
music synthesizer built by
John Pratt and Don Shertz
of Monterey CA.

12 September 1978 BY TL Publications Inc

contents at that address. In a content
addressable memory, the data being sought
is presented to the memory, and the
memory returns the address of that data (or
a suitable code if the data cannot be found.)

The UCSD Pascal Project people were
on hand with some impressive graphics
displays generated using the Pascal language,
and John Pratt and Don Shertz of Monterey
CA displayed their homebrew computer
music synthesizer which sounded very good.

Mary Ann Dugannc and Hal Glicksman
displayed a program designed to help Mary’s
7 year old son John who has cercbral palsy.
Two widely spaced keys on the keyboard
arc activated by John’s fists to move a
cursor on a screen and spell out words. For
more information, write Hal Glicksman,
76 Market St, Venice CA 90291 .

The first entries competed in the amazing
Micro Mouse Mase contest, cosponsored by
IEEE Computer and Spectrum magazines.
The object was to design a self-powered
electronic “mouse’ that could solve a maze
in the fastest possible time. The sponsors
of the contest were amazed {(pun intended)
at the response to the contest call: over
6000 people wrote for contest kits. Maze
trials will be conducted at various computer
shows over the next two ycars before a
winner is declaredl.

Thesc are just some of the highlights of
a tremendous show. Next year the NCC
will be in New York City. If attendance
figures continue to climb at this rate, they’ll
have to hold the show in Madison Square
Garden.m



"Our goal was to produce 100%
reliable business programs.”

GENERAL LEDGER

REFERE,NCE MarNnUuag

GENERay
L{eoaen

MRS Aptenn Grngs

“What do we mean by reliable programs? Three
things: good program design, documentation, and
full support.

DESIGN Good program design meets a wide
variety of customer needs without reprogramming.

Keith Parsons, President
Alan Cooper, VP, Systems Development

Circle 351 on inquiry card.

Our programs are comprehensive yet retain their
flexibility. They allow convenient backup, are easy
to use and have been thoroughly tested and field
proven.

DOCUMENTATION We consider the quality of
the documentation to be as important as the
programs themselves. That’s why our manuals
are clear, concise and complete.

SUPPORT And when it comes to support we're
second to none. We release periodic updates,
answef your questions and are available to provide
technical assistance. Now that’s reliable

Our growing Business Systems series currently
includes: GENERAL LEDGER, ACCOUNTS
RECEIVABLE, NAD (Name and Address File
system), QSORT (full disk sort/merge), and
CBASIC (a powerful business Basic) . For details,
contact our sales manager, Richard Eliman.

Structured Systems Group

5615 KALES AVE. DEPT. B6 OAKLAND, CA 94618 (415) 547-1567

All systems are compatible with any Z-80 or 8080 CP/M'™ system.




Wich personal computer will be

most enjoyable and rewarding for you?
Since we delivered our first Apple® Il
in April, 1977, more people have chosen
our computer than all other personal
computers combined. Here are the
reasons Apple has become such an
overwhelming favorite.

Appleis a fully tested and assembled
mainframe computer. You won’t need
to spend weeks and months in assembly.
Just take an Apple home, plug it in,
hook up your color TV* and any cassette
tape deck —and the fun begins.

To ensure that the fun never stops,
and to keep Apple working hard, we've
spent the last year expanding the Apple
system. There are new peripherals,
new software, and the Apple II Basic
Programming Manual. And wait till
you see the Apple magazine to keep

owners on top of what’s new.
Apple is so powerful and easy to use
that you'll find dozens of applications.
There are Apples in major universities,
helping teach computer skills. There
are Apples in the office, where they're
being programmed to control inven-
tories, chart stocks and balance the
books. And there are Apples at home,
where they can help manage the family
budget, control your home’s environ-
ment, teach arithmetic and foreign
languages and, of course, enable you
to create hundreds of sound and
action video games.

When you buy an Apple II you're
investing in the leading edge of tech-
nology. Apple was the first computer
to come with BASIC in ROM, for
example. And the first computer with
up to 48K bytes RAM on one board,
using advanced, high density 16K
devices. We're working to keep Apple
the most up-to-date personal computer
money can buy. Apple II delivers the
features you need to enjoy the real

satisfaction a personal computer can
bring, today and in the future.

15 colors & hi-resolution
P graphics, too.

Don't settle for a black and
white display! Connect your
Apple to a color TV and
BASIC gives you instant
command of three display
modes: Text, 40h x 48v
Color-graphics in 15 colors,
and a 280h x 192v High
Resolution
array that
L lets you plot
( ) graphs and
\ = compose
o 3-D images.
‘ Apple gives
you the added
capability of combining
text and graphics, too.

Back to basics,and
assembly language too.

Apple speaks three languages: fast
integer BASIC, floating point BASIC
for scientific and financial applications,
and 6502 assembly language. That'’s
maximum programming flexibility. And,
to preserve user’s space, both integer
BASIC and monitor are permanently
stored in 8K bytes of ROM, so you
have an easy-to-use, universal language
instantly available. BASIC gives you
graphic commands: COLOR=, VLIN,
HLIN, PLOT and SCRN. And direct
memory access, with PEEK, POKE
and CALL commands.

Software: Qurs and yours.

There’s a growing selection of pre-
programmed software from the Apple
Software Bank — Basic
Finance, Checkbook, High
Resolution Graphics and
more. Now there’s a User
Section in our bank, to make
it easy for you to obtain '
programs developed




by other Apple owners. Our Software
Bank is your link to Apple owners all
over the world.

Alive with
the sound
of music.
Apple's ex-
clusive built-in
speaker delivers
the added dimension of sound to your

programs. Sound to compose electronic

music. Sound to liven up games and
educational programs. Sound, so that
any program can “talk” back to you.
That’s an example of Apple’s “people

compatible” design. Another is its light,

durable injection- molded case, so you
can take Apple with you. And the
professional quality, typewriter-style
keyboard has n-key rollover, for fast,
error-free operator interaction.

Apple is the
proven computer.

Apple is a state-of-the-art single
board computer, with advanced LSI
design to keep component count to a
minimum. That makes it more reliable.
If glitches do occur, the fully socketed
board and built-in diagnostics sim-
plify troubleshooting. In fact, on our

Apple peripherals

are smart peripherals.

Watch the far right column of this ad
each month for the latest in our grow-
ing family of peripherals. We call them
“Intelligent interfaces.” They're smart
peripherals, so you can plug them in
and run them from BASIC without
having to develop custom software,
No other personal computer comes
close to Apple’s expandability. In addi-
tion to the built-in video interface, cas-
sette I/0,and four A/D inputs with two
continuously variable game paddles,
Apple has eight peripheral slots, three
TTL inputs and four TTL outputs. Plus
a powerful, state-of-the-art switching
power supply that can drive all your
Apple peripherals.

Available now.

Apple is in stock and ready for
delivery at a store near you. Call us for
the dealer nearest you. Or, for more
details and a copy of our “Consumer’s
Guide to Personal Computers,” call
800/538-9696**
or write Apple
Computer, Inc.,
10260 Bandley

Drive, Cuper-
tino, CA

o

assembly line, we use Apples to
test new Apples.

*Apple 11 plugs into any standard TV using
an inexpensive modulator (not included).

**In California, call 408/996-1010.

.qpple computer "

Programming is a snap!

I'm halfway through Apple's BASIC
manual and already I've programmed
my own space wars game.

= 95014.

nquiry card.

Those math programs | wrote
last week—| just rewrote them using
Apple’s mini-assembler and got them

to run a hundred times faster.

New from Apple.

Introducing Disk II” :
instant access to your files.

Our newest peripheral is Disk II, a
high-density 5%" floppy disk drive for
fast, lowcost data retrieval. It’s perfect
for storing large bodies of data such as
household finances, address files and in-
ventories; you can find any recordin just
half a second. No more searching through

stacks of cassettes; with
a few keystrokes, your
system will load, store
and run any file by
name.

Disk 1I consists of
an intelligent inter-
face card, a power-
ful Disk Operat-
ing System
(DOS), and
one or two
minifloppy drives. Your
Apple will handle up to seven
inter face cards and fourteen drives,
for control of nearly 1.6 megabytes of
data, with no expansion chassis. The com-
bination of ROM-based bootstrap loader
and an operating system in RAM provides
complete disk handling capability, includ-
ing these special features:
® Soft sectored ® Random or sequential
file access ® Program chaining capability
® Universal DOS command processor
works with existing languages and monitor
e Full disk capability in systems with as
little as 16K RAM e Storage capacity:
113 kilobytes/diskette.

See Disk Il now at your Apple dealer.
gogd c'omplete with controller and DOS at

495,

Peripherals in stock

Hobby Board (A2B0001X), Paralle! Printer
Interface (A2B0002X), Communication In-
terface (A2B0003X), Disk I1(A2M0004X).

Coming soon
High speed Serial Interface, Printer II,
Printer I1A, Monitor II, Modem IIA.

! Price subject to change without notice.

Circle 15 on inquiry card.

Apple’s smart peripherals make
expansion easy. Just plug 'em in and
they're ready to run. I've already
added two disks, a printer and the
communications card.




A Solid State Keyboard as Modern as Your Computer

Solid state electronics has moved the computer quickly from the business world into personal uses.
Meanwhile, computer keyboards have hardly moved at all.

Now TASA introduces a keyboard as modern as your computer. Don't confuse it with ordinary flex switches. It
is fully solid state and self-contained, ready to plug in and use. Since it has no mechanical moving parts, it
responds quickly to your touch. And it provides full ASCII coding in TASA's exclusive color-keyed layout that
makes it easier to say what you want to say to your computer.

This is the TASA Micro Proximity Keyboard, and it sells for only $49.95. Despite the price, CMOS/LSI
integrated circuits make it totally reliable inside. With the sensors behind a shield of polycarbonate —the most
rugged plastic ever developed—it is also durable and reliable outside.

The TASA Keyboard contains all the features you would expect in a professional keyboard—shift, shift lock,
control functions, and a normal typewriter format.

If you're tired of costly mechanical keyboards and kits you have to assemble, bring your computer up to date
the easy way. Plug in a TASA Keyboard. It will never come between you and your computer.

the .EE
Micro Proximity Keytboaro
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The TASA Keyboard

Features:

O 51Keys, with entire 128 posi-
tion ASCII code output.

O All keys identified as to Un-
shift, Shift and Control outputs.
Full 8-bit ASCII output with
selectable positive or nega-
tive parity.
Single power supply, 12.5 -
20V unregulated.
Output TTL, DTL and CMOS-
compatible.
Full solid state design with no
moving parts.
Standard PC edge connect-
er.
Use on any flat surface, or with
Optional plastic support
stand (as shown)

a

oo o O o o

g — |

Touch Activated Switch Arrays, Inc.
2346 Walsh Avenue, Santa Clara
California 95050 (408) 247-2301

NAME

ADDRESS

ey

STATE ZIP

Enclosed is my check for $
to cover:

— TASA Keyboards
@ $49.95— $

— Optional stands
@ $1200—  $

Shipping and handling
charge at $5.00
per keyboard— $

SUBTOTAL—$

Sales Tax, 6%—$
(Callfornia residents only)

TOTAL ENCLOSED $ —_—

9/78

Price subject to change without notice
Circle 363 on inquiry card.
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WANTED: A RANDOM NUMBER
CIRCUIT

Writing a really good pseudorandom
number generator is not an easy thing to
do; Knuth devoted half a volume to the
process. Also, if you base a computer
game on a pseudorandom number gen-
erator, you have the awkward problem
of supplying a seed for each game. For
these reasons, | would like a way of get-
ting truly random numbers into a micro-
processor. One way to do this is to have
the computer increment a counter while
waiting for the user to enter something.
If the computer is fast enough, the low
order bits of the counter will be random.
However, this method is not good for
generating large numbers of random
numbers, since the user must be con-
sulted for each one. What | really want is
a circuit which generates random bits.
I’'ve heard that such circuits exist,
based on something called ‘“noisy”
diodes. Where can | get details?

Scott D Johnson
241 Linden Av
Ithaca NY 14850

Certain processors, like the Zilog
Z-80, have methods of apparently form-
ing a random seed number. Since the
hidden refresh counter for dynamic
memory is always in operation it can be
paged whenever a seed for a pseudo-
random number generator is required.
Within certain constraints it may also
be possible to use a series of these num-
bers as pseudorandom numbers.

WHAT A SMALL COMPUTER CAN
DO FOR THE MULTIPLY
HANDICAPPED

Being extremely green at this com-
puter game and having no hardware
experience {come to think of it no
experience whatever) | have only had
my Apple about three weeks, but |
have a glimpse of the tremendous
possibilities now open to me.

Since breaking my neck whilst
on National Service in Germany, I've
been able to move my head, left, right
and slightly backwards and forwards
and that's my lot. If anyone tries lying
on the floor on his back, using the
above movements and tries writing
his name with a pen in his mouth {hold-
ing a pad above) they will quickly
realise there’s not a big variety of things
someone in my position can do.

Now imagine the same person with
the keyboard of a computer in front of
him you find the limits go up tenfold.

| know there are machines like
“Possom” issued in certain cases by
the UK government. It will connect
the disabled to TV telephone, it will
open doors and curtains, and work
a typewriter, about a dozen functions
and it costs between £1,400 and £1,600
depending on the number of functions.

The processor | have is an ‘‘Apple 11"
16 K and because | have to work with a
stick in my mouth, the shift and control
keys have had to be modified so that
they work like a typewriter and use two
movements to lock and release.

The Apple has opened up a new
world | didn’t know existed. It now
makes jobs possible, the design and
colour graphics and all the games {(and
don’t knock the games, remember
your capabilities while lying on the
floor) and all this at a touch with a
stick, and at costs comparable with
“Possom.”’

All | have to do now is buckle down
and do a lot of studying and practicing.

| hope this gives some of your
readers a glimpse of what a computer
could do for the disabled and severely
disabled. Also wonder if they have the
same problem | have of doing a bit more,
and a bit more to find it's 3 AM, or later,
and that you have to force yourself to
turn that switch off.

Charles Smith

222 West Ct

The Thistle Foundation
Edinburgh EH16 4EB
SCOTLAND

SOME NOTES FROM JAPAN

You may be interested in details of
two recent Tokyo shows. At the Busi-
ness Machines Show Sharp featured
a new programmable calculator, the
PC1300. This features magnetic card
program storage, alphanumeric printer
and display. It has 26 memories (A thru
Z), program size is up to ‘*256 steps,”’
two levels of subroutine nesting are
allowed, size is 44 by 123 by 220.5 mm
(1.7 by 4.8 by 8.7 inches), weight is
680 grams (8 ounces). Numeric format
is 10 digit mantissa, 2 digit exponent.
Display scrolling ({programmed?) was
demonstrated at the show. Display and
printer are both 16 characters wide.

Continued on page 66
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Considering a Microcomputer?
Be Sure to Check Out the Product Offerings of the World’s Largest
Full Line Microcomputer Company.

All Ohio Scientific machines come with microcomputing’s fastest full
feature BASIC-in-ROM or on-Disk for instant use.

Minimum Base
Configuration Price

Economical computer systems that talk in BASIC.
Ideal for hobbyists, students, education and the home.
Superboard Il — World's first complete system on aboard 4K RAM $ 279
including keyboard, video display, audio
cassette, BASIC-in-ROM and up to 8K RAM

Chalienger IP — Fully packaged Superboard Il with 4K RAM $ 349
power supply
Challenger IP Disk — Complete mini-floppy system 16K RAM  $1190
expandable to 32K RAM s i e it s e

B T e e e
iy

Ultra high performance BUS oriented microcomputers for
personal, educational, research and smail business use.
C2-4P — The professional portable 4K RAM  $ 598

C2-8P — The world's most expandable personal machine 4K RAM $ 799
for business or research applications

C2-4P Disk — The ultimate portable 16K RAM  $1464

C2-8P Single Disk — Ideal for education, advanced 16K RAM  $1738
personal users, etc.

C2-8P Dual Disk — Most cost effective smali 32K RAM  $2597

business system

Same great features as Challenger 1I1P Series for those who
have serial terminais: small business, education, industry.

C2-0—Great starter for users with a terminal 4K RAM  § 298
C2-1 — Great timeshare user accessory; cuts costs 4K RAM  § 498
by running simple BASIC programs jocally

C2-8S — Highly expandabie serial machine, can 4KRAM  § 545
add disks, etc.

1ua e il natniad v e gk pas
L pranak et w0
Loty mapind s § o hama b

The unique three processor system for demanding business, | s
education, research and industrial development applications. :
C3-S1 — World's most popular 8" floppy based 32K RAM  $3590
microcomputer dual floppys
C3-OEM — Single package high volume user version 32K RAM  $3590
of C3-51 dual floppys
C3-A — Rack mounted multi-user business system 48K RAM $5090
directly expandabe to C3-B dual floppys
C3-B — 74 million byte Winchester disk based system. 48K RAM $11,090
World's most powerful microcomputer dual floppys The ca_n
OHIO SCIENTIFIC also offers you the broadest line of expansion PR v ik
accessories and the largest selection of affordable software! chracarey st ertan
Compare the closest Ohio Scientific Model to any other unit you are con- b
sidering. Compare the performance, real expansion ability, software and s 1o

price, and you will see why we have become the world's largest full line
microcomputer company.

! 'm interested in OS| Computers. Send me information on:
O Personal Computers O Small Business Computers

| O Educational Systems O Industrial Development Systems

I O m enclosing $1.00 for your 64-page small computer buyer’s guide.
| Ohio residents add 4% tax.

| Name

|

 Adaress 1333 S. Chillicothe Road
| City Aurora, Ohio 44202
I'state Zip (216) 562-3101

' Phone
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The
C2-8P

An exceptional value
in personal computing

If you are interested in an ultra high per-
formance personal computer which can be
fully expanded to a mainframe class micro-
computer system, consider the C2-8P.

Features:

Minimally equipped with 8K BASIC-in-ROM, 4K RAM,
machine code monitor, video display interface, cassette
interface and keyboard with upper and iower case
characters. (Video monitor and cassette recorder optional
extras.)

The fastest full feature BASIC in the microcomputer
industry.

Boasts the most sophisticated video display in per-
sonal computing with 32 rows by 64 columns of upper
case, lower case, graphics and gaming elements for an ef-
fective screen resolution of 256 by 512 elements.

The CPU’s direct screen access, coupled with its ultra
fast BASIC and high resolution, makes the C2-8P capable
of spectacular video animation directly in BASIC.

Fuily assembled and tested: 8 slot mainframe class
microcomputer, six open slots for expansion. Supports
Ohio Scientific's ultra low cost dynamic RAM boards or
ultra high reliability static RAMs.

Circle 290 on inquiry card.

The C2-8P can support more in-case expansion than its
four nearest competitors combined.

The C2-8P is the only BASIC-in-ROM computer that can
be directly expanded today to a complete business
system with line printer and 8" floppy disk drives.

It is the only personai class computer that can be
expanded to support a Hard Disk! (CD-74)

The C2-8Pis the fastest in BASIC, has the most sophisti-
cated video display and is the most internally expandable
personal computer. Therefore, it should be the highest
priced?

Wrong: The C2-8P is priced considerably below several
models advertised in this magazine. The C2-8P is just one
of several models of personal computers by Ohio
Scientific, the company that first offered full feature
BASIC-in-ROM personal computers.

For more information, contact your local Ohio Scientific
dealer or the factory at (216) 562-3101.

1333 S. Chillicothe Road ® Aurora, Ohio 44202
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The 0S148 Line BUS

offers the
broadest line of BUS compatible micro-
computer boards. This line includes
several new and exciting products
which are not available anywhere else,
such as a three processor CPU board,
dual port memories and a multi-
processing CPU expander.

» Chalienger 1{ CPU BASIC-in-ROM
6502 based CPU with seriat 110

4K RAM. machine code monitor

» Challenger It CPU has 6502A. 6800
and Z80 micros. RS-232 senal port.
machine code monitor

» 560Z multi-processing CPU
expander runs PDP-8, Z80 and

has delivered
approximately 100,000 boards based
on our 48 line BUS and is now deliver-
ing thousands per week in 17 modeis of
computers and dozens of accessories.

» Can use four 2716 EPROMS +5-9
instead of BASIC or can be

conligured lor disk

* 1 megabyte memory man. +5-9
ager. software program:

mable veclors

» Runs concurrently with +5 -9
another OSI CPU

20

B0BO code
» 16K static RAM (Ultra low power) * 215NS access time +5/+12/-9
automatic power down
standby mode
» 8K static RAM (low cost) » Expandable I0 16K +5
» 16K static RAM (low cost) » Can be expanded to dual +5
port operation
» 24K static RAM (high density) s 20 address bits +5
* 4K static RAM (2102 based) * Can be populated for +5
4K by 12 bits
* 16K dynamic (ultra low cost) * Uses 4027 RAMS +5/+12/ -9
* 32K dynamic ¢ 20 address bits +5/+12 -9
* 48K dynamic (high density) * 20 address bits +5/4+12 -9
* 8K 6834 EPROM board * 16 line paraliel port and on +5/ -9
board programmer
* 4K 1702A EPROM board * 16 line parallel port +5/-9
» Audio Cassette interface Kansas « Expandable to CA-7C +5/-9
City standard 300 baud
* RS-232 por! board * Expandable to CA-7S +5/-9
* Combination audio cassetlle two * Also Features 8 parallel +5/-9
8 bit DACs. one fast A/D and 8 110 lines
channel input mux
* Combination RS-232 two 8 bit DACs. * Also features 8 parallel +5/-9
one fast A/D and 8 channel 110 lines
input mux
¢ 32 by 32 character video display ¢ Keyboard input porl +5/ -9
intertace
* 32 by 64 character video display * Upper/lower case graphics +5
inlerface and keyboard port
* 16 port serial board RS-232 and/or * 75 10 19.200 baud and +5-9
high speed synchronous 250K and 500K bit rates
individually strappable
e Parallel (Centronics) Line * With cable +5-9
Printer Intertace
¢ 96 Line Remote Parallel Interface * Interface "Front End’ +5
remotable via 16 pin
ribbon cable
* Voice 1/Q board with Votrax* ¢ Fully assembled voice +5-9
module output. experimental
voice Input
* Single 8~ loppy disk. 250 » Complete with operating +5/-9
Kbytes storage system software and disk
BASIC
» Dual 8" floppy disk. 500 » Compiete with operating +5/-9
Kbytes storage system software and disk
BASIC
* 74 Million byte Winchester disk » Complete with OS-65U +5/-9

and interlace

» 8 slot backplane board with
connectors

« Prototyping board

» Card Extender

operating system

¢ Can be daisy-chained

o n-slots

» Handles over 40 16 pin IC’s
* With connectors

BUS design
incorporates high band width, high
density and mass production
technology to achieve a truly remark-
able performance to cost ratio.

Here is just a sampling of the many
OS] 48 BUS compatible boards
available for the systems user, proto-
typer, OEM user and experimenter.

500 39.00 C20 298.00
510 NA C3-0 490.00
560Z 125.00 NA NA
520 35.00 CM-3 498.00
- - CMm-7 198.00
525 35.00 CM-8 339.00
527 35.00 CM-9 NA
420 35.00 CM-2 125.00
530 NA CM-4 249.00
530 NA CM-5 698.00
530 NA CM-6 930.00
450 35.00 NA NA
455 35.00 NA NA
430 35.00 CA.6C 99.00
430 35.00 CA-6S 99.00
430 35.00 Ca.7C 399.00
430 35.00 CA-7S 399.00
440 35.00 NA NA
540 NA CA-1 249.00
550 35.00 CA-10X 200.00
to
900.00
470 NA CA-9 249.00
== -— CA-12 249.00
— — CA-14 525.00
470 NA CD-1P 790.00
470 NA CD-2p 1390.00
- - CD-74 6000.00
580 39.00 NA NA
495 29.00 — —
498 29.00 — -

For more information, contact your local OHIO SCIENTIFIC Dealer or the factory at (216) 562-3101
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The C3-B

by Ohio Scientific
Tha worid’s most powerful

microcomputar systam
is far more affordable
than you may think:

STANDARD FEATURES:

M 74 million byte Winchester tech-
nology disk drive yields mainframe
class file access speeds and
capacity.

High level data file software
makes high performance file struc-
tures like multikey ISAM easy to
use.

@ Triple processor CPU with
6502A, 6800 and Z-80 gives the pro-
grammer the best of all worlds in
performance and versatility.

" The included 6502A based ex-
tended disk BASIC by Microsoft
out-benchmarks every micro
available, including 4 MHz Z-80 and
LSI-11 with extended arithmetic.

48K of high reliability static RAM
is standard.

7 High density 8” floppys provide
program and data mobility from
machine to machine.

Completely integrated mechani-
cal system with UL-recognized
power supplies; continuous duty
cycle cooling; modular construc-
tion and rack slide mounted
subassemblies.

Based on a 16 slot Bus-oriented
architecture with only 7 slots used
in the base machine.

Directly expandable to 300
megabytes of disk, 768K of RAM in
16 partitions, 16 communication
ports, plus console and three
printers.

C3-B’s have been in production
since February, 1978, and are
available now on very reasonable
delivery schedules.

The C3-B was designed by Ohio
Scientific as the state of art in
Circle 290 on inquiry card.

small business computing. The
system places its power where it's
needed in the small business
environment; in the data files. The
C3-B’s advanced Winchester tech-
nology disk, coupled with its smart
controller and dedicated high
speed memory channel, gives the
C3-B data file performance com-
parable with today’s most powerful
maxi-computers.

Yet, the C3-B costs only slightly
more than many floppy only com-
puters but offers at least a thou-
sand times performance improve-
ment over such machines (50 times
storage capacity multiplied by 20
times access speed improvement).

But what if your business client
cannot justify starting with a C3-B?

Then start with Ohio Scientific’'s in-
expensive C3-S1 floppy disk based
system running OS-65U. When he is
ready, add the CD-74 big disk and
directly transfer programs and files
from floppy to big disk with NO
modifications.

That's upward expandability!

*Rack as shown above complete
with 74 megabyte disk, dual
floppys, 48K of static RAM, 0S-65U
operating system and one CRT ter-
minal under $13,000.

Multiple terminal systems with
printers and applications software
are priced in the mid-20's.

1333 S. Chillicothe Road * Aurora, Chio 44202
(216) 562-3101
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Computer Graphics

Graphic assistance by Vivian Day

The personal computing literature is filled
with material describing the hardware of
microprocessors using video graphics. A
great deal has also been written about spe-
cific graphic applications including video
games, computer art, etc. Computer graphics
is, however, a powerful tool that requires for
its use an understanding of a set of under-
lying computing and mathematical principles.
The purpose of this article is to present some
of these principles in the context of personal
computing.

The screen of a video display is essentially
a space with two dimensions. While a num-
ber of schemes exist for dealing with two-
dimensional spaces, the most common is

PROBLEM
SPACE

Figure 1: Problem space versus display space. The screen of a video display is
essentially a space with two dimensions, commonly addressed by integer
Cartesian coordinates. In creating graphics images, it is often useful to per-
form calculations in what is called a problem space and later map onto the
display space. For instance, if you are creating a game of action football for
your graphics display, it may be more useful to perform the calculations with
u and v coordinates measured in yards (your problem space) and later con-
vert to the display space with its integer coordinates.

22 September 1978 © BYTE Publications Inc

Cartesian coordinates. Each point in the
space is represented by a pair of numbers
corresponding to its distance from two axes
at right angles to each other. On a video
display this pair of numbers corresponds to
the scan line number and picture element
within the scan line. The notation [x y] will
be used here to denote the element number
and scan line number. Due to the nature of
displays, the values for x and y are integers
of limited range. Each pair of values corres-
ponds to a unique point in the display space.

For many problems in which computer
graphics is useful, a second space is used.
This is the problem space (see figure 1). This
corresponds to the description of the prob-
lem geometry as opposed to the screen. The
representation [u v] will be used here for
problem spaces. For Space War its dimen-
sions may be measured in parsecs, for a ten-
nis simulation it may be measured in inches,
etc. Problem spaces may be integer or real,

Y MAaX

X MIN\ X MAX

™

Y MIN
DISPLAY SPACE



experiernce

microprocessor

The Instructor 50.

Learning by doing is still the best method of education. And when it comes to
learning a%out the world of microcomputers, you won't find a better method than
the Instructor 50.

It’s the fast, ready-to-use learning device that immediatel{‘ provides “hands on”
experience for gaining microprocessor knowledge—in your home, office, or in the
classroom.

Superior to other microprocessor learning aids, the Instructor 50 is a COM-
PLETE package—including a built-in ai)ower supply (50/60 Hz), an LED
prompting display, and both functional and hexadecimal keyboards. You
also get S-100 compatibility for adding memory and other peripherals. This lets
ﬁu expand the machine’s capability-——and your microprocessing applications

owledge. Moreover, you can easily build a program library by recording your own
audio cassettes.

The Instructor 50 comes complete with a Users’ Guide, along with step-by-step
instructions for those with no previous microprocessor experience.

Signetics offers one of the broadest choices of microprocessors in the industry.
This knowledge stands behind the Instructor 50. When you need to learn about
microprocessors, start with Signetics. Start with the Instructor 50. Send for your
descriptive brochure today.

We can help you understand microprocessors.

Sinetics

a subsidiary of U.S. Philips Corporation

Signelics Corporation

811 Easl Arques Avenue
Sunnyvale, Cahfornia 94086
Telephone 408/739-7700
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bounded or unbounded and are defined by
the nature of the problem, not the use of
computer graphics as a tool.

Naturally, there must be a way to convert
from one space to the other when both are
used. If

xsmin = left screen value

xsmax = rightscreen value

ysmin = bottom screen value

ysmax = top screen value

and

upmin = minimum problem space u
coordinate value

upmax = maximum problem space u
coordinate value

vemin = minimum problem space v
coordinate value

vpmax = maximum problem space v

coordinate value

then the point [u v] in problem space
maps into a point [x y| in screen space as
follows:
x = (—UUBMIn__)  (ysmax-xsmin) +
upmax-upmin
(xsmin)
_ (__V-vpmin ; q
y (vpmax-vpmin) X {ysmax-ysmin) +

{ysmin)

In most cases, operating on individual
points is only a beginning. Generally, tech-
niques are needed to deal with line segments
that connect points to define figures and
regions.

If two points Pg=[xgygl and Py=
[x7y7] are to be connected by a line seg-
ment, it is often necessary to compute every
point on the connecting line (see figure 2). A
traditional representation of the straight line
is of the form:

y=mx+b
where

m=

Y17¥o

Y= and b =yq — {xy X m).

To compute the series of points that would
represent the line segment connecting Pg
and P, a program would start with the
point at (xq,yg) add m X Ax toygand A x
to xq enough times to reach x7 and yq (A x
means a small increment of x). It is impor-
tant to realize that m, b and the interme-
diate values of x and y may take on non-
integer values. For each intermediate point,
the rounded values of x and y are used to
designate a picture element to be displayed
as part of the line's representation.

An alternative to this scheme is the ‘'para-
metric” line representation. Here, the mathe-
matical representation of the infinite line
that passes through Pg and P is not used.

Py

(X, 1)

Po

{Xo.Yo)

Figure 2: The straight line, a basic element
in many displays. If two points are to be
connected by a line segment, in a raster
graphic display it is necessary to calculate
every point on the connecting line. In the
case of a vector display, only the endpoints
of the vector need be computed.

Instead, we represent only the points be-
tween Pg and Pq:

x= (1—t)x0 +txg =g+ t(x1—xo)

y={1-ty,+ty, =y +ty —vg)
where t varies from 0 to 1

x,y} = (xo,yo) att=0

{x,y) = (x1,y1 Jatt=1

A line similar to the above line is generated,
but with simpler, more direct computations.

For more advanced systems, a number of
hardware schemes for line generation exist.
Since hardware is not the topic of discussion
in this article, refer to reference 1 for a dis-
cussion of binary rate multipliers, digital
differential analyzers and multiplying digital
to analog converters.

Another basic graphics element is the
polygon. The polygon is a plane figure
consisting of all points inside and on the
boundary of a simply connected series of
straight lines. For our purposes it is more
convenient to represent a polygon by a list
of its vertices than by a list of the entire set
of displayed points. Polygons raise the issue
of the differences between video or raster
displays and line drawing vector or calli-
graphic displays.

The line drawing display has been a
standard graphics device. It contains hard-
ware to draw lines between points in the
screen space. The image is drawn by tracing
over each line in the image in the order the
lines were specified. Thus, only points on
displayed lines are scanned.

The raster display uses a fixed scanning
pattern that covers the entire screen. At



FULL SIZE FLOPPY DISK $995 COMPLETE!

DISCUS 1" full-size floppy disk system is an overnight success
. . . because it’s delivered so complete you can have it running
in a single evening.

For just $995, it’s a complete memory system. Complete with all
hardware and software. Completely assembled. Completely inter-
faced. And tested as a complete system.

And you can not only solve your memory
shortage faster, you can solve it longer
. . . because DISCUS I'" is a full-size
floppy system with 3 times the storage
and 5 times the speed of mini-floppies.
Your $995 DISCUS ['™™ system
includes a Shugart 800R full-size
drive with power supply in a
handsome freestanding cabinet,
our 8-drive capacity $-100
controller with on-board buffer
and serial interface, all cables
and connectors, and all the
software you need. Your

5 2T
' -ét“*' The Disk Jockey™ |

A product of Morrow’s Micro-Stuff for

software library includes DOS, text editor, 8080 assembler
(all integrated in DISK/ATE™), our. BASIC-V'™ advanced virtual
disk BASIC able to handle a wide variety of data formats and
address up to 2 megabytes and patches for CP/M*. And it’s
all interfaced to your controller’s serial 1/O port to avoid

1/0 guesswork.

And it’s all yours for $995. We even
offer CP/M for just $70, Micro-Soft
Extended Disk Basic for just $199
and Micro-Soft Fortran for just $349
as nice options to add to your library.

‘No wonder it’s an overnight success!

See DISCUS I™ today at your
local computer shop. Or if
unavailable locally, send your
check or money order direct
to Thinker Toys™ (add $7
for handling; California
residents add tax). Or call
{415) 524-6317, 10-5 Pacific
Time.
*CP/M is a trademark of Digital Research.
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Circle 255 on inquiry card.

BYTE September 1978 25




26

September 1978 © BYTE Publications Inc

screen positions which are parts of the
displayed image, the scanning beam is
intensified, causing images to appear on the
screen. On a line drawing display, polygons
can be represented by their boundaries; on a
raster display they can be ‘‘colored in.”

Displaying Polygons

A polygon is represented by an ordered
set of points: (xg,yg), (x1,y1), - . . (xn,¥n)-
An alternative notation for this collection is
a matrix:

*oYa M9 M2
M= Ixvq ] = | M2 M2
[Y1Yn ] [ Mn1Mn2 |

Each element of the matrix is a number,
specified by its row index and column index.
In memory, arrays are typically stored in
consecutive locations in either row or
column order. It is necessary to calculate an
element address from the row and column
indices of a particular element in order to
access it.

Given the vertices, how can the displayed
interior points be calculated? Let us assume
(as is usually the case) that the display scans
from top to bottom and from left to right.
For each line segment in the polygon, deter-
mine the vertex with the maximum y value
and sort the edges in descending order
by the maximum vy value. Every vertex
in the polygon is now represented in two
places: as the beginning and end of two
lines. Beginning with the topmost vertex, a
line generation algorithm is used on any line
that crosses the current y value. Because of
the sort that was performed, line segments
which begin lower on the screen may be
ignored. Since both ends of the line segment
are present, a line is dropped from the
computation when its “lower” end is passed.
For every line passing through the current
y value, the x value has been calculated. The
points generated are now sorted by x value.

Starting with the minimum x value, fill in
picture elements on the scan line until the
next value is encountered; leave empty
picture elements until another picture
element (if any) is encountered. As the
program scans from left to right, the x values
occupying odd numbered positions (1st,
3rd. . .} in the x-sorted list cause picture
element insertion to begin; the even position
elements cause picture element insertion to

be superseded. Figure 3 shows how this
process can be generalized and applied to an
arbitrary plane figure in outline form, ie: a
letter “P.” This procedure is repeated as the
y value is stepped down the screen space
for each scan line until the “lowest” vertex
is encountered, ending the figure.

Transformations

Now that the basic graphic elements have
been defined in terms of points and a set of
algorithms which generate lines and arbitrary
figures from the points, it is necessary to
examine the operations needed to manipu-
late points to perform useful tasks. There are
three basic transformations in two dimen-
sions: translation, rotation, and scaling or
magnification.

Translation is the movement of a point or
points by an amount in x and an amount in
y. The motion is such that neither the shape,
size nor orientation is changed. It may be
expressed as:

x' = x + changex
y' =y + changey

where the changex need not equal changey .
If all of the points associated with a line
or figure are transiated by an equal amount,
the graphic element is translated without
change in size, shape or orientation. Figure 4

SCAN LINE i

SCAN LINE j

® ODD INTERSECTIONS
® EVEN INTERSECTIONS

Figure 3: Creating a letter P with a raster
scanning video display. During each scan line
the program creates blanks until it comes to
the first line. After this point it creates solid
picture elements until it encounters the next
line, whereupon it switches back to blanks.
The algorithm states that solid picture
elements should follow odd numbered line
intersections and that blanks should follow
even numbered line intersections.




NORTH STAR 16K RAM
A star from our Horizon
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The North Star 16K RAM board is a star performer
in our HORIZON computer. Just as important, it is the
ideal memory for most other S-100 bus systems. No other
RAM board can surpass the speed, reliability, and quality
features of the North Star 16K RAM at any price.

SPEED — The North Star 16K RAM s the fastest S-100
bus memory board available. No wait states are required,
even with a Z80 at 4MHz. And, of course, this outstand-
ing 16K RAM will operate with both 8080 and Z80 proc-
essors at 2MHz. Industry standard 200ns dynamic RAM
chips are used. Invisible on-board refresh circuitry allows
the processor to run at full speed.

RELIABILITY — The North Star 16K RAM is designed to
match the same high standards as our MICRO DISK
SYSTEM and HORIZON computer. For example, all ad-
dress and data signals are fully buffered. A parity check
option is available with the 16K RAM for applications re-
quiring immediate hardware error detection. If a memory

NortH STaR

error occurs, a status flip/flop is set and an interrupt can
inform the processor. Or, if preferred, an error status
light will go on.

FEATURES — The North Star 16K RAM offers many de-
sirable features. Addressability is switch-selectable to
start at any 8K boundary. The board can perform bank
switching for special software applications, such as time-
sharing. Also, bank switching can be used to expand the
amount of RAM beyond 64K bytes. Power consumption
is minimal — the maximum power requirements are:
.6A @ 8V; 4A @ +16V, and .1A @ —16V.

PRICES — $399 kit. $459 assembled, tested and burned-
in. Parity option: $39 Kit. $59 assembled, tested and
burned-in.

Write for free color catalog or visit your local computer
store.

ConvrPuTERS

2547 Ninth Street - Berkeley, California 94710 - (415) 549-0858
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-CHANGE Y

CHANGE X

X

Figure 4: Translation in the xy plane.

shows the effect of a translation applied to
our arbitrary figure, the letter *‘P.”” Rotation
is a somewhat different problem. It involves
a computation which maintains shape
but changes orientation. A rotation will
generally leave only one point in the two-
dimensional space with its position un-
changed: the center of rotation. For the
sake of simplicity, the rotation computation
is developed with the point (0,0) as the
center of rotation. The polar coordinate
representation is used (see figure 5). Later it
will be shown how to rotate about any
arbitrary point. The point to be rotated, Pg,
is at positian (x(,yQ) (see figure 6). This is
at a distance r from (0,0) and the line from
the origin to P makes an angle of a with the
x axis. From trigonometry we know that:

Xq=r cos(a)

Yo="* sin(a}

If Py is rotated about (0,0) by an angle of b
to become P1 then
xq=r cosla+b)

vy=¢ sin{a+b)

but from trigonometry we may substitute

X, Y
r,o)

Figure 5: Polar coordinate representation
of a point in the xy plane.

(x,, v,
Pt (r,04b)

Figure 6: Rotation of vector about the origin.

for the sum-of-angles form:
x4 =r cos{a) cos{b) — r sin{a) sin{b)

Vy=r cos{a) sini{b) + r sin{a) cos{b}

but from above we get
X, =% cosib} — Yo sin(b)
Yy=%g sin{b) + Yo cos(b)

The last of the basic transformations is
scaling or magnification. This involves a
change in size without change in orientation.
Depending on the definition of shape, it is
either unchanged or changed ‘‘without
distortion.” As in rotation, only a single
point in the plane is unchanged by a partic-
ular scaling transformation and once again,
for convenience, the origin [00] is left
unchanged. The equations:

X1 = SXO

Y1=%q

will scale x and y by a factor s. The factor
may be greater than or less than 1. If a
negative value is used for s, then reflection
about the origin is performed. If the scale
factors for x and y are different, then
“stretching” is accomplished. Figure 7
illustrates several scaling transformations
applied to the ‘P figure seen in several
eariier illustrations.

Vectors and Matrices

The use of matrix notation allows simpli-
fied extensions and combinations of the
basic transformations. A matrix is a rectan-
gular array of numbers identified by row and
column numbers. Every row in a particular
matrix has the same number of entries, as
does every column. The notation A(l,))
refers to the element of matrix A in the Ith
row and Jth column. A matrix has a size
associated with it, [rc], which defines the
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number of rows and number of columns.
For matrices A, B and C each having the
same number of rows and columns, the
following rules are true:

A =B if A(l,J) = B{1,J) for all elements

A = B+C when A{l,J) = B{i,J} + C{1,J)} for all
elements

A = B—C when A(l,J) = B{1,J) = C(1,J) for
all elements

While addition and subtraction of matrices
follow in fairly simple fashion from sca/ar
(nonmatrix) arithmetic rules, multiplication
and operations similar to division are not at
all similar. (A scalar is a quantity that is
completely specified by a single number,
compared with multiple number data
constructs, which are vectors and matrices.)
A matrix with only one row is called a
row vector. Similarly, a matrix with only
one column is called a column vector. The
subject of matrix multiplication is first
examined with these simplified forms. While

ISI>1 s=+15

ORIGINAL FIGURE S=1

(0,0)

<—-—|5|<| S:-5

Figure 7: Scaling an arbitrary figure in the
xy plane.

there are two forms of vector multiplication,
only the dot product (also called the vector-
inner-product) is presented here. Again,
using a matrix A (the row vector), B (the
column vector) and C (their product) the
vecltor product computation will be de-
scribed. A vector product can exist only if
the number of elements in A and the num-
ber of elements in B are equal. If each of
these has N elements then

c=A(1,1)x B(1,1) +A(2,1) X B(1,2) ...+
A(N,1) X B{N,1).

This is called the dot product of the two
vectors. It is the sum of the pairwise products
of their elements. C, the dot product of the
two vectors, is a single number (a scalar) not
a vector or matrix. For example:

let
A=[1234] row vector
3
B-= 5 column vector
7
1
then

AB=C=1X3+2X5+3X7+4X11=178

Now suppose that A and B arc nol restricted
to onc column and one row, respectively.
Instcad, we let A have size [rp cp] and B
have size [rg cg|. The matrix product can
only be computed if cp =rg: that is, the
number of columns in A is equal to the
number of rows of B. Two matrices for
which this is true are called conformable. C
will now have size [rp cgl, inheriting its size
from both A and B. Each element in C
(which is no longer a scalar) results from the
dot product of a row in A with a column in
B:

clrd) = AlL1) X B{1, )+ A(1,2) X B(2,4). ..
+ AlI,N}) X BIN,J)
where

N=t:A=rB
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aliow you to change operating systems & languages

Ad Design, Joanne De Vore. Kwik Kopy Printing #215

PS-80

EDUCATIONAL AND CLUD DISCOUNTS AVAILABLE
PERSONAL CONSULTANT AND DEALER INQUIRIES INVITED

For complete information write 1o: PERSONAL SYSTEMS CONSULTING P.O. Box 20286 El Cajon. Californio 92021

without oany modification to the stondard
hardware by simply inserting o PROM
cartridge in a side slot.
1 /0: seriol R5232 300/1200 boud
port. 8 bit parallel port, dual
cassette recorder port ot
300/1200 baud.
EXPANSION: up to 32 k RAM on
board. 1 /010 5-100 8 slor extension
box for additional memory ond any
other 5-100 peripheral boards.
PRICE: $895.00 (does not include CRT or
cassette.) Order by C.O.D.
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A COMPLETELY REFURBISHED “SELECTRIC”
ASCII TERMINAL FOR THE SMALL BUSINESSMAN

OR SERIOUS HOBBYIST.

The AJ 8411/0 Terminal.
Now with RS 232 interface.
Now available from dealers.

Demand for our AJ 841 1/0
computer terminal has been
great. And now that we've finally
added RS 232 interface, it will
get even greater. So while you
can still order it direct from us,
now you can also buy it from
dealers around the country.

HOW TO ORDER DIRECT
FROM THE FACTORY

1. Make cashier's check or money order
payable to Anderson Jacobson, Inc. and
mail to:

Anderson Jacobson, Inc.

PERSONAL COMPUTER TERMINAL
521 Charcot Avenue

San Jose, CA 95131

2. You will be notified when your unit is
ready for shipment. Allow six to eight
weeks for delivery.

3. Shipments direct to you require a collect
freight charge (FOB San Jose) plus $25
for a special shipping carton. Shipments
to nearest AJ office include freight in the
$35 handling charge.

4. For warranty or repair service, return
unit to local dealer or to designated AJ
service location.

Available only in U.S.

Circle 10 on inquiry card.

The AJ 841 features:

¢ Choice of Serial RS 232 or ¢ Off-line use as typewriter
parallel interface e Documentation included

* ASCIl code e 30-day warranty — parts and

® 14.9 cps printout labor

e High quality Selectric printing ¢ Mail order shipments to AJ

¢ Reliable, heavyduty Selectric
mechanism

office or direct to you.

Warranty and service
available from your local AJ dealer—
or from AJ offices in:
Atlanta/Boston/Chicago/Cincinnati/
Cleveland/Columbus/Dallas/
Detroit/Hackensack/Houston/
Los Angeles/New York/Philadelphia/
San Jose/Washington, D.C.
Full warranty information
available on request.
Order with coupon—or from
your local AJ dealer
For location of your nearest AJ dealer

call toll-free: 800/538-9721.
(Calif. residents call 408/263-8520)
ANDERSON

JACOBSON

CLIP AND MAIL WITH ORDER

O Parallet @ $1095
O Correspondence

Select interface: 0O RS 232 @$1195 or
Select keyboard: 0O EBCDor

O Ship direct to me (freight collect, FOB San Jose, + $25 box)
O Ship to AJ office (shipping and handling $35 )

Number of units $
Sales tax at delivery location $
Shipping and handling $35 each $
TOTAL $
NAME
ADDRESS
CiTy STATE ZiP
PHONE ( )
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. PERCOM's Assombiod ni Tostod i
" FLOPPY DISK SYSTEM |
N &F@D@@@ 4

s P:*"'"'&“"d
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The LFD-400 is ready to plug in and run
the moment you receive it.
Nothing else to buy! Not even extra memory!

YOU GET:

@ The popular Shugart SA 400 minifloppy™ drive. Drive alignment
is double checked by PerCom before shipment.

@ The drive power supply—fully assembled and tested.

© LFD-400 Controller/Interface— plugs into the SS-50 bus «
accommodates three 2708 EPROMSs - fully assembled and tested.

O MINIDOS™ —the remarkable LFD-400 disk operating system on
a 2708 EPROM - plugs into the LFD-400 Controller card * no
extra memory required ¢ no “booting” needed.

© Attractive metal enclosure.

O Interconnecting cable—fully assembled and tested.

@ Two diskettes— one blank, the other containing numerous
software routines including patches for SWTP 8K BASIC and the
TSC Editor/Assembler.

© 70-page instruction manual—includes operating instructions,
schematics, service procedures, and the complete listing of
MINIDOS™.

(® Technical Memo updates— helpful hints which supplement the
manual instructions.

@© 90-day limited warranty. .
Minifloppy is a trademark of Shugart Associates.

MINIDOS is a trademark of PERCOM Data Company. Inc.

The LFD-400 is readily expanded to either two or three drives.
Write for details. Send for our free brochure for more informa-
tio"r;W about the LFD-400 Floppy Disk System and LFD-400
software.

To save you money, the LFD-400 Floppy Disk System is available
only from PerCom. Because of the speclal pricing, group and
dealer discounts are not avallable.

MC and VISA welcome. COD orders require 30% deposit plus 5% handling charge. Allow three
extra weeks if payment is by personal check. The LFD-400 Floppy Disk System is available
immediately. Allow three weeks for testing and transportation. Texas residents add 5%
sales tax.

™

S S —
PERCOM DATA COMPANY, |M
DeptB 318 BARNES+.-GARLAND, TX. 75042 ];

i’ (214) 272-3421 :
]i PERCOM™ ‘peripherals fnrpersanal_cnmpuﬁng’ [
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Circle 301 on inquiry card.

Figure 8: Rotation of an arbitrary figure
about an arbitrary point.

and where | takes on all integer values from
1torp and ] takes on all integer values from
1 tocp. Forexample:

1 2
A=1|5 7
3 -1

let

A

CA=

3 1 4 1
B'[s 9 2 4
I'B=
CB=

The number of columns in matrix A is equal
to the number of rows in matrix B. In equa-
tion form, this means that:

cA=rB=2
[rcccl =[34]

Therefore, we can calculate the matrix result
C:

1X3+  1X1+  1X4+  1X1+
2X5 2X9 2x 2 2X6
. 5X3+ 5X1+ 5X4+ 5X1+
7X5 7X9 7X2 7X6
3X3— 3X1— 3x4— 3X1-
1X5 1X9 12 1X6
13 19 8 13
Cc= 50 68 34 47
| 4 -6 10 -3

For any matrix M there is a special matrix
which, when multiplied by M, yields M. This
is called the identity matrix (1). It is similar
in role to the value 1 in scalar multiplication.
Naturally, the identity matrix must be con-
formable with a particular M. | is a square



matrix, with zeros everywhere but on the
diagonal, where the value 1 is placed. The
diagonal is the set of elements where the row
index equals the column index. For example,
if | and M are both 3 by 3 matrices, then
IM = M:

1 (¢
0 1 0| M=M
0 0 1

Now let's turn back to rotations, and see
how these may be applied to a collection of
points describing a figure on the display
screen.

Two comments are worth noting at this
stage. it is often useful and necessary to
apply the same transformation to several
points. This occurs when applying a trans-
formation to items such as polygons or more
complex collections of points. Additionally,
it is useful to combine basic transformations
to create more complex transformations.

A collection of points may be represented
as a matrix:

*aYo
X1 Y4

X
nyn

Recail the basic operations of scaling, rota-
tion and translation:

Scaling (about the origin)
X1 = Sx Xo
Y17% Yo

Rotation (about the origin)

xq = x cosib) — Yo sin{b)

0
Y1=%g sinlb) + Yo cos{b)
Translation
Xy = xo + changex

Y1=Yg + changey.

If these transformations could be represented
as appropriate matrices, they could be
applied simultaneously to all points in the
collection. Scaling may be represented in
matrix form as:

{x'y'] =[xyl S, 0

S
Yy

or, for a collection of points:

% Y

Rotation through angle b about the origin
may be represented as:

X5 Yp Xy ¥
cos(b) sin{b)
. —sin{b) cos(b)
n yﬂ xn yn
Translation presents a somewhat more

difficuit problem. No 2 by 2 transformation
matrix can be devised that will transform a
group of points by a uniform displacement.
An alternative representation of the transla-
tion is:

x "= (x)1+(y)0 + 1 - changex

y =(x)0 + (y}1 + 1 - changey

If we now represent all points in two-
dimensional space with a 3 element vector of
the form [x y 1] for the point at [x y], then
the translation operation may be represented
in matrix form as

Yo ! X Yo !
xn yn 1 X, yn 1
M1 0 )
0 1 0

changex changey 1

Note that a third (unnecessary) column is
added to the transiation matrix to make the
results have the same dimensions as the
input points.

The scaling matrix is now rewritten as:

The rotation matrix is now:

cos(b) sinlb) 0
—sin{b) coslb) O
0 0 1

The use of an n+1 element vector to repre-
sent a point in n-dimensional space is known
as the use of homogeneous coordinates.

Now that a uniform representation, the
3 by 3 matrix, is available for transforma-
tions, two questions arise: (1) How can more
complex transformations be implemented?
(2) What effects are obtained from matrices
which do not fit into the special structures
generated for the basic transformations?

Most complex geometric operations may

September 1978 © BYTE Publications Inc
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Transformed Coordinate Translation to Rotation by Translation by
Coordinate Matrix Origin by (=X, —=Y¢) Angle b {Xr, Ye)
Matrix (n by 3) {n by 3) (3by 3) {3 by 3) (3 by 3)
%, Yo 1 %o Yo 1| [1 0 0] [costb) sinlb) 0 1 0 o0
° 0 T . 0 1 0| | —sintb) cosib} 0 0o 1 0
. = —Xr =Y, 1 0 0 1 X Yy 1
Xn' Yo' 1 Xn Yo 1
Example 1.
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be implemented as a sequcnce of basic
operations. A few examples arc examined
next.

Rotation About an Arbitrary Point [x, y, 1]

Since we know how to rotate about the
origin, the point R and the object are first
moved to the origin. The object is then
rotated and the system moved back so that
R is at its original location. A matrix repre-
sentation of this procedure is shown in
example 1. The point R will be unchanged
by this sequence of transformations. Trans-
formations are not generally commutative;
ie: the order of application of the trans-
formations /s fixed to achieve a particular
combined result.

A similar statement is true for matrix
multiplication:

AB # BA in general.

But, matrix multiplication is associative.
That is, if the order of the matrices is fixed,
the order in which the individual multiplica-
tions is performed does not matter as far as
the value of the result is concerned. Thus, in
the example shown, we could combine the
last three (transformation) matrices by
multiplication to yield a single 3 by 3 matrix
which represents the combined transforma-
tion. If more than three points are repre-
sented in the coordinate matrix, this tech-
niqgue will reduce the amount of computa-
tion necessary to calculate the result.

As a general comment, it is useful to
decompose complex transformations into
a serics of basic transformations. Any
transformation which preserves shape in the
sense discussed above can be decomposed
into a series of basic transformations repre-
sented as matrices. The product of these
matrices will be the matrix representation of
the complex transformation.

A general 3 by 3 matrix might be repre-
sented by:

{h intentionally omitted)

Three special cases of this matrix have been
presented that represent the basic trans-
formations. While the products of such basic
transformations can yield many of the cases
of the general T3 matrix, it is useful to
examine some other simple cases. The 3 by 3
identity matrix:

1 0 0
I, = 10 1 0
3 o o0 1

yields a result identical to the original set of
points. This is a null transformation. The
effect of setting elements @ and e (referring
to the general T3 matrix elements) equal to
other values results in scaling. Setting
elements g and /7 to nonzero values creates a
translation. The process of setting element
b to a nonzero value is shown in the follow-
ing equations:

X' = x

y' =bx+y .
The effect of this change on our figure *P”’
test pattern is shown in figure 9. This type
of transformation is known as a y shear.

Note how the “P’ has been distorted in the
y direction only by this operation.

\0.0

Figure 9: An example of y shear.
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Figure 10: An example of x shear.

Similarly, setting element d equal to a
nonzero value causes an x shear as shown in

figure 10:
x'=x+dy
y'=y

If element ¢ or element f is nonzero, or if
element / is not one, the result of the trans-
formation is of the form:

h#F 1
[hx hy h)

Here, hx and hy are considered to be bilit-
eral (2 letter) symbols or variable names,
not products of A and x or y. In this case, we
divide each element of the vector by the last
(or homogeneous) element. Thus, the
coordinates of the point (x,y) in two-space
may be represented by an infinite number of
homogeneous representations |Ax hy h|.
The process of dividing through by the
homogeneous coordinate is known as homo-
geneous normalization (see table 1).

A particular problem arises when A = 0.
In this case, division is undefined. An under-
standing of this situation is attained by
letting # go to zero.

The value of the normalized point in
table 1 goes out along a line from the origin
through the point {a b]; as h approaches
zero, the point goes to infinity. Thus the
representation [a b 0] defines a point at

Editor’s Note: Analogies Between Hardware and Software

Readers with a hardware background are no doubt familiar with the
concept of limiting the range of a signal, or “clipping” it. This is often
accomplished using a nonlinear device such as a diode. In this article,
we find the same concept used in the software which transforms a list
of points making up an image so that it will fit on a display screen.
Here, instead of an analog signal, the ‘signal” being limited is the
numerical range of the coordinates being computed. The implemen-
tation is different, but the concept is identical. . .CH

36
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Homogeneous Normalized
Representation Representation

hx hy h X Y

a b 1 a b

a b A 10a 10b

a b .01 1008 100b

a b 0 undefined undefined

Table |: Homogeneous versus normalized
representation of coordinates in two-
dimensional space. The homogeneous repre-
sentation of the coordinate pairs is a way of
encoding the numbers in a general manner
using the extra element h in the matrix row.
The values of the coordinates are found by
dividing h into each coordinate (expressed
here us variable names, je: “hx'; this does
not mean "h times x'). The results are
shown in the right side of the table. The
extra column in the homogeneous form of
the matrix is needed to make the matrix
conformable with other matrices used for
translation operations.

infinity along the line from the origin
through [a b]. This representation of points
at infinity is completely consistent with all
previous discussion and definitions of
transformations. The only truly undefined
homogeneous value in two-dimensional
space is [000].

In transforming graphic elements, a
problem may arise regarding the screen
space boundaries. Portions of objects may
fall outside the screen space after trans-
formation. A similar situation may arise
when objects are converted from problem
space to screen space. It is therefore neces-
sary to have a procedure for “clipping’’ the
portions of objects outside the screen space
so that the on-screen portion is accurately
portrayed. The procedure described operates
on the typical 4 sided rectangular screen.

The screen may be defined by four
inequalities:

x > Xg X = leftmost x value

X < x xr = rightmost x value

y = Y yb = bottom y value

y<yt yt = top y value

The procedure operates on each line
segment in the image and determines what
portion, if any, lies in the screen space.

The two endpoints of each line segment
are classified as satisfying or not satisfying
each of the four inequalities. Three specific
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Figure 11: Three different ways a line can appear. Line (a) is completely
within the borders of the video screen. The lines labeled (b) are completely
outside of the screen area, and the lines labeled (c) are partially within the
screen area.
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Figure 12a: Clipping. One way of calculating the cutoff point for a line is to
use the traditional method of similar triangles. A disadvantage of this method
is that it requires multiplication, a relatively time consuming operation on a
computer.
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cases may result from this endpoint coding:

(a) Both endpoints satisfy all inequal-
ities.
(b) Both endpoints do not satisfy the
same inequality.
(c) Neither of the above.
In case (a) the entire line lies within the
screen space and is therefore displayed. In
case (b) the entire line lies outside the screen
space and is therefore not displayed. Case (c)
requires further treatment.

The visible portion (if any) of each case
(c) line is determined by cutting it with
every inequality line (screen boundary)
which is violated by either endpoint. Each
inequality or clipping boundary not satisfied
will cut the line into two portions, visible
and invisible. The portion remaining, if any,
will be the line segment visible in the screen
space.

One approach to determining the point at
which a line is cut by a boundary is derived
from geometry (see figure 12a). The for-
mulas for the left x boundary can be derived
and the x,, yp and y; results follow in
similar fashion. By similar triangles:

Ys™¥o _Y1 7Y

XC—XO X1-X0

SO
Y=Y
= 10y x -
Ye y0+(x1—x0) (xQ XO)

The visible portion of the line is from (xQ,yS)
to (x1,y1)-

An aiternative approach, the clipping
divider, is more suitable for microprocessor
implementation since it uses neither multi-
plication nor division. It is actually a type of
binary search. Using the example in figure
12b, we define (xpy,,ym) as the midpoint of
the line to be clipped. (xp,ym) is calculated
as follows:

Xm = (x0+x1 }/2  (add and 1 bit shift)

Ym = (yo+y1)/2 (add and 1 bit shift)

If Xm = xg, then yp, is the y coordinate of
the clipped endpoint and the process is
completed. If x,, violates the inequality,
then replace (xq,yg) with (xpm,ym). Recalcu-
late (Xm,Ym). If the new xp, satisfies the
inequality, then replace (xq1,yq) with
(Xm,ym)- In either of the last two cases,
repeat the procedure with the new line,
either (xm,ym) to (x1,y1) or (xq,yQ) to
(xm,¥m). Because of the shifting used to
calculate (xm,ym), the process continues no



Figure 12b: Clipping. Another method of calculating the
cutoff point of a line on the screen js to use a form of

binary search. The method involves halving the line segment /
successively until the y value converges to the correct
answer. This method only requires adding and shifting and
is thus quicker to compute than the method of similar
triangles. :

SEREEN AREA

more times than the number of bits in a
word and the y coordinate will converge to
the correct value.

This clipping process completes the set of
basic operations necessary to operate on
two-dimensional information to produce
graphic output.

I hope readers will be encouraged to use
these practical techniques in their experi-
ments with computer graphics.m

(Xm,Ym?} (FIRST MIDPOINT)

THIRD MIDPOINT

SECOND
MIDPOINT
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detailed and clear introduction to all aspects of miCroprocessors.
How they work. The ROM, RAM, PIO, UART. How to interconnect.
System development.

arithmetic, input-output, peripl
text requiring no prior programming knowledge, yet useful to
those wanting to learn about specific programming techniques.
Applicable to PET, KIM, VIM, APPLE.

MICROPROCESSOR INTERFACING TECHNIQUES

By Austin Lesea and Rodnay Zaks, 416 pp. ref C207, $9.95
ALSO USED WORLDWIDE AS UNIVERSITY TEXT. How to connect to
all the usual peripherals, from keyboard to floppy disk, including
A/D, displays, standard busses (R$232, S100, IEEE 488) and
dynamic RAMs.

To ORDER I NAME POSITION
®BY PHONE (415)848-8233 I COMPANY
PHONE: call g

Bank Americard/Mastercharge accepted I eSS
Otealla ISR 0D Gt il (L I chY201 0C207 OC200 D?:;(A);Elzm OOTHER

included. _—

ADD: $1.50/book for fast shipping. I O Payment enclosed (O Bill company [ 8ill me
®TAX: in California, add sales tax. | ADD $1.50/BO0K FOR FAST SHIPPING
®OVERSEAS: 2020 Mlivia St. I Ocharge my O visa [ Master charge
SYBEX-EUROPE,313 rue Lecourbe, Berkeley, 0 Number ___ __ Exp date
75015 - PARIS, France Tel:(118282502 Calit 84704 | Signatwre___ (O Sendcatalog.

L | O FREE CATALOG/ ORDER FORM (O
-y
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Eduardo Kellerman
V34/0284

1BM Corp

Endicott NY 13760

Entire article and ali
figures copyright Interna-
tional Business Machines
Corporation, 1978. Printed
by permission. All graphics
were produced digitally
{including author's signa-
ture).

TRI+4 3p1,0,1,0,(CO0S 30),(-SIN 30),0,(-CO0S 30),

Figure 1: Equilateral tri-
angle centered at the ori-
gin, the basic drawing
block of our design.
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APL and Graphics

This article presents an introduction to
the use of APL for creating and manipulat-
ing graphic images. The paper carries the
reader through the steps of interactive
graphic design using APL and IBM 5100
APL Graphpak. The last section of this
article, giving background information about
APL and Graphpak, should be reviewed by
the reader not familiar with either of these
two topics. August 1977 BYTE is a useful
source of APL information. For more de-
tailed information about APL see the refer-
ences listed at the end of this article.

The initial checkout of the examples was
done using an IBM 5100 in stand-alone
mode. The results were drawn on an IBM
5103 printer by modifying Graphpak to use
output functions from the IBM 5100 Print
Plot/APL Problem Solver Library. When the
designs grew more complex, the IBM 5100
was connected to an IBM System 370/
Model 168 and the code was executed there.
The IBM System 370/Model 168 produced
its output on a storage scope equipped with
a hard copy unit.

Developing Repetitive Patterns

The first example follows a graphic de-
signer through the development of a pleasing
design for wrapping paper. Using a triangle
as the basis for experimentation, the co-
ordinates for a triangle centered at the ori-
gin are derived as shown in figure 1. A
matrix, TRI, is then created to describe the
triangle to the DRAW function:

(-SIN 30),0,0,1

For this example, TRI looks like:

TRI

1 0 1

[ 0.87 0.5
0 T0.87 To0.5
0 0 1

To create patterns, translate the TRI matrix
into the display window and draw it with
the following APL function:

v DESIGN1
(1) TR+(CO0S 30),SIN 30
[2) DRAW TR TRANSLATE TRI

v

When executed on the IBM 5100, DESIGN1
gives a very small triangle of the defined
dimensions. It will be necessary to increase
the size of the triangle since it is presently
too small to be used in a design. The func-
tion DESIGN2, shown in listing 1, is written
to rotate the triangle 15 times and then
translate the magnified pattern into the
viewing area before drawing it.

Note in line 4 of listing 1 that the initiali-
zation of variable OUT is to be a matrix with
no rows and three columns. This is done so
that OUT has the proper shape when in line
6 it is catenated with TRI2 (which has three
columns). When DESIGN2 is executed on
the IBM 5100 the result is:

Even though the original (magnified) tri-
angle is within the viewing window, the com-
plete pattern is not. Instead of moving the
whole pattern into the display window, the
rotating triangles can be shrunk so they stay
within each other. The result of experiment-
ing with different shrinking factors (actually
magnifications of less than 1.0) is the APL



function in listing 2. Execution of DESIGN3
results in:

To extend the design over a larger area of
the plane, an upside-down version of the
nested triangles is used. This upside-down
design is obtained by rotating the original
design 180° (m radians). The original and
new patterns are then drawn side by side.
This is accomplished by adding the following
two lines at the end of program DESIGN3:

(13) 0OUT2+180 ROTATE OUT

(14} DRAW 15 MAGNIFY (2xTR) TRANSLATE OUT2

Execution of this program gives:

This pattern is used to cover the plane. To
do so, variable OUT is made into a matrix
containing the description of both the
original set of nested triangles and the upside-
down nested triangles by replacing lines 12
thru 14 with:

(12} OUT2+«TR TRANSLATE 180 ROTATE OUT

{131} ovr«our,(1) OUT?2

Then, to draw the N by M tilings, two
nested loops are added at the end of the
APL function. These loops are incorporated
inlines 14 thru 19 of the function DESIGN7,
which is shown in its entirety in listing 3.

Note that, in line 16 of listing 3, unneces-
sary parentheses were used to make the
meaning clearer. However, not enough
parentheses were added to make the mean-
ing completely unambiguous to readers not
familiar with APL. For example, the expres-
sion

TRXx(1+2xJ)

could be written

TRXx(1+(2xJ))

f1)
12)
[3)
fu)
(s
[e]

(sl
(9]

(1]

(10}
(11]
(12}
(13)
(14]
(15]
(18)
(17]
(18]
f19]

V DESIGN2:TR:ROTiREP;0UT:TRI2
TR+(COS 30),SIN 30
ROT+0
REP+15
oUT+ 0 3 po
LOOP:TRI2+ROT ROTATE TRI
oUT+0UT,[1] TRI2
ROT<ROT+5
+LOOP IF 0<REP+REP-1

DRAW 15 MAGNIFY TR TRANSLATE OUT

V DESIGN3 ;TR :MAG :ROT ;REP ;0UT ;TRI2
TR«(COS 30),SIN 30
MAG+1
ROT«0
REP+15§

OUT+ 0 3 poO
LOOP :TRI2+«ROT ROTATE TRI
TRI2+«MAG MAGNIFY TRI2
ouT«oUT, (11 TRI2
ROT+ROT+5

MAG+MAG=0.87

+LOOP IF O0<REP+REP-1

DRAW 15 MAGNIFY TR TRANSLATE OUT

Listing 1: DESIGN2, an
APL routine used to rotate
the basic triangle and
translate it into the view-
ing window. This oper-
ation is repeated 15 times.
Note the use of variables
in the header line of the
function. This assures only
local use of those vari-
ables.

Listing 2: DESIGN3, an
APL routine which rotates
and shrinks the basic tri-
angle shape to keep the
rotated triangles inside of
the previously drawn tri-
angle. This also keeps the
rotated triangles within
the viewing window.

V N DESIGN? M;iTR;TRX:TRY:MAG:ROT REP,0UT:TRI2:0UT2

TR+ (TRX+COS 30),TRY+SIN 30

MAG+1

ROT+0

REP+15

OUT« 0 3 00
LOOP :TRI2+«ROT ROTATE TRI

TRI2+«MAG MAGNIFY TRI2
ouT+oUT,(1) TRI2

ROT+ROT+5

MAG+MAG=0.87

+LOOP IF 0<REP+REP-1

OUT2+TR TRANSLATE 180 ROTATE OUT
ovur+~our,(1) ouT2

I+0

LPI:J+0

LPJ :TR+«(TRXx(142xJ)) , A I+TRY*x( I+1))
DRAW 15 MAGNIFY TR TRANSLATE OUT
+LPJ IF M>J+J+1

+LPI IF N>I+It1

Listing 3: APL program
for drawing an N by M
tiling of a surface. Each
of the tiles consists of a
right side up, rotated, mag-
nified triangle series and
an upside down, rotated,
magnified triangle series.
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Figure 2: Repetitive pattern resulting from the execution of DESIGNI. The prerequisite for
accepting this design is aesthetic. The author felt that this was a pleasing arrangement of tri-

angles.

Listing 4: A modification to listing 3, incorporated in line
16, shifts every other row of the pattern half a triangle to
produce a more pleasing effect.

vV N DESIGN® M TR;TRX.,TRY;MAG.ROT .REP;OUT.TRI2;0UT2
[1)  TR«(TRX+COS 30),TRY+SIN 30
(2] MAG+1
[3) ROT+0
(4]  REP+1S
[5) ouT+ 0 3 o0
(6] LOOP:TRI2+«ROT ROTATE TRI
[7)  TRI2+MAG MAGNIFY TRI2
[8) our+our,l1) TRI2
(9]  ROT+ROT+5
(10] MAG+MAGx0.87
[(11] ~+LOOP IF 0<REP+REP-1
[12) OUT2+TR TRANSLATE 180 ROTATE OUT
(13) ovur+ouT,[1] OUT2
(18] I+0
[15] LPI:J+0
[16] LPJ:TR«(TRX*x"1+(2|I)+2xJ) , J+TRY=x(I+1)
[17) DRAW 15 MAGNIFY TR TRANSLATE OUT
(18] =+LPJ IF M>J+J+1

[19)] ~+LPI IF N>I+I+1
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Listing 5: DESIGNY, an APL program that produces pic-
tures such as the one shown in figure 4. The basic pattern
has been shifted from row to row to produce a more
pleasing design.

vV N DESIGNY MiTR:TRX;TRY :MAG:ROT .REP;0UT;TRI2:0UT2
[1]  TR«(TRX+COS 30),TRY+SIN 30
[2] MAG+1
(3] ROT+0
[4)  REP+15
[s] ouT+« 0 3 po
(6) LOOP:TRI2+«ROT ROTATE TRI
(7]  TRI2+MAG MAGNIFY TRI2
(8] oureour,l1] TRI2
(9]  ROT«ROT+S
{10] MAG+MAGx0.87
[11) +LOOP IF 0<REP+REP-1
[12) ouT2+0UT
{13) ourl:3l«-0url;3]
{1v) ouT«ouT2,011 TR TRANSLATE OUT
{15) I<0
{16) LPI:J+0
(17) LPJ:TR+(TRXx"14(2|I)+2%J), I+TRYx(I+1)
[18) DRAW 15 MAGNIFY TR TRANSLATE OUT
[19) ~LPJ IF M>J+J+1

[20) <LPI IF N>I+<I+1



Powerful Software

with Extended Documentation offered by

PRS-

THE PROGRAM OF THE MONTH CORPORATION
UNVEILS COMPREHENSIVE CONCEPT

IN SOFTWARE PRESENTATION

UNIQUE DOCUMENTATION

Unique documentation gives you clear, complete and in-
structive text in a graphically appealing manual. This doc-
umentation doesn’t only provide step by step “how to” but
also is geared to help you to understand hardware-software
interactions, and to promote further applications.

POWERFUL CODE

Whether it be for games, applications (home and business),
or sophisticated programming tools and monitors, PRS
permeates the design of its unique code with “human
engineering” And you'll appreciate the delicate balance
between machine-human dialogue and resident program-
space in memory.

BEAUTIFUL CASSETTE-FOLDER

PRS packages your manual and cassette in an elegant and
durable gold-stamped folder.

AN ARRAY OF PROGRAMS
ARE AT YOUR FINGERTIPS
PRS presently offers “MICROFILE™ a DATA FILE
MANAGEMENT program and “DDS II” the famous

VISIT YOUR NEAREST DEALER TODAY
Let him demonstrate the excellence
of PRS programs. i

II,' II| nl, 'c'DfIl‘

At

Or write for the name of a dealer I
in your area to: i
PRS—THE PROGRAM OF THE MONTH

CORPORATION

Gentlemen:

[J Please place my name on your priority mailing list to receive your
descriptive advance releases off all new programs developed by -PRS-
at regular intervals.

[ Please send me a list of dealers in my area.

Name.
Corporation — S
Address_ -

Ciy _State. Zip

DYNAMIC DEBUGGING SYSTEM. New programs
will be released at regular intervals.

YOU’LL DISCOVER EXTENSIVE

PROGRAM CAPABILITIES

With “MICROFILE;” a new DATA FILE MANAGE-
MENT program, you can:

® Manage any list of items

® Enter new data

e Edit information already on file

® Sort items alphanumerically upwards or downwards
® Search by primary and /or secondary keys (labels)
® List and print selected or all items

@ Total sums of columns

@ Justify right or left margins of each column

® Delete items

® Save and retrieve data with mass storage media

PROGRAM APPLICATION

EXPANDS YOUR COMPUTER USAGE

For example, “MICROFILE” manages: Home inventory -
Listing of musical tapes « Calendar of activities « Vacation
itineraries « Checks by categories - Home-upkeep tickler
files » Family historical dates - Health records.

PRS SUPPORTS YOUR MAJOR BRANDS

APPLE, PET SOL, SORCERER, TRS-80, and other sys-
tems with Z-80, 8080 and 6502 processors.

r-----------------------1

New Product Releases From i

|
PRS THE PROGRAM OF THE MONTH CORPORATION i

257 CENTRAL PARK WEST
NEW YORK, N.Y. 10024

"REFERENCE: 988 |}

257 Central Park West, New York, N.Y. 10024 L_-___-___-_______-__--_J

Circle 306 on inquiry card.
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Figure 3: Full size design created by shifting the pattern of figure 2. The rows have been shifted in relation to each
other for appearance.
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COSMACMIP

$249 gets the entire family into

creating video

and qontrol
functions.

For starters. |

COSMAC VIP, the completely
assembled, ready-to-operate RCA
Video Interface Processor, opens up a
whole new world of computer excitement. New
challenges in graphics, games and control
functions. Yet it's just $249.00.

Easy to buy. And easy to program, thanks to
its unique, easy-to-use interpretive language.
You get a complete how-to book including
programs for 20 games: fun, challenging, and
ready to load and record on your cassette.

Simple but powerful.

Built around an RCA COSMAC micropro-
cessor, the VIP is a complete computer system
that can grow with you. It has 2K of RAM, ex-
pandable on-board to 4K. Plus a ROM monitor,
audio tone output to a built-in speaker, power
supply, and 8-bit input and output ports for
control of relays, sensors, or other peripherals.

Circle 322 on inquiry card.

games, graphics

‘M

Soon RCA will offer
options for color graphics
pind 256 tone sound generation.
An optional auxiliary keyboard
will opem®pD an exciting world of two-player
games.

Take the first step now.

Check your local computer store or elec-
tronics distributor for the VIP. Or contact RCA
VIP Marketing, New Holland Avenue, Lancaster,
PA 17604. Phone (717) 291-5848.

*Suggested retail price. Does not include video monitor or cassette recorder.
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The fun way
into computers.
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Figure 4. Pattern produced by flipping the triangles over, an example of how easy it is to produce a wide variety of

patterns with only small modifications to a basic design program.
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TARBELL SOFTWARE

Extensive & Inexpensive.

TARBELL CASSETTE BASIC only $36.00

Most features of ALTAIR™ Extended BASIC are inclu-
ded PLUS these added features:

e Assignment of 1/0
e Alphanumeric line labels
® Unlimited length of strings
® Unlimited length of variable names
® Procedures with independent variables
® Number system 10 digits BCD integer or floating
point
Included are commands unique to TARBELL CASSETTE
BASIC which provide capabilities to:

CP/M Disk Operating Syste

The 1/0 section of this software has been modified
to operate with the TARBELL Floppy Disk Interface in
24K bytes of memory. Five commands permit listing of
directory, typing contents of an ASCI| file, renaming
a file, erasing a file from disk, and saving memory on
disk. Fourteen programs are included which are invoked
like commands. Six source files are included for transfer-
ring between TARBELL Cassette and disk, cold-start
loading, Basic |/O system with drivers, and reformatting
crashed diskettes. Documentation includes a listing of
BIOS and instructions to patch CBIOS for your system.
Price is $100 on CP/M diskette with documentation.
(CP/M is a product of Digital Research).

CP/M 1.4 Update Package

A TARBELL Update Package for those now using
CP/M 1.3 is now available on diskette. The Update
Package adds new commands and the ability to access
four disk drives, as well as 2 new CP/M manuals, TAR-
BELL CP/M User's Guide and a new BIOS listing.
Price: $50.00.

SPOOLER

This 8080 program will save many hours of computing
time. It intercepts all output to the list device, spools the
output to a high-speed disk file, and directs the spooled
data to a low-speed printer during unused cycle time while
the CPU waits for transfer of data to and from the console.
System throughput is greatly increased with the aid of
SPOOLER. Output is never lost due to insufficient memory
allocation. Fully compatible with the CP/M file system,
SPOOLER permits parallel processing without hardware
interrupt, and with minimal impact on other processes.

Price: $50.00 (Copyright KLH Systems.)

‘Circle 360 on inquiry card.

® |nitialize 1/0 channel ® Assign a physical device to
a logical device ® Drop an 1/O channel previously assign-
ed ® Save the BASIC interpreter and monitor or 1/O
routines on cassette ® Cause programs to be appended
onto programs already in memory ® Call a procedure
and pass variables on the list ® Cause interpreter to enter
edit mode using 15 single character edit commands.

Tarbell BASIC occupies 18K of RAM. Source is available
on cassette, CP/M™* Disk, and printout---all at reasonable
prices. Price for TARBELL CASSETTE BASIC and com-
plete documentation: $36.00.

BASIC-E Compiler

Designed to work with CP/M Disk Operating System
this software requires a total of 20K bytes of memory.
Included are 26 compiler error messages and 23 run-time
error messages. Disk files may be read, written or up-
dated by using both sequential and random access. In-
cluded are blocked and unblocked files. Price for com-
piler and run-time monitor on diskette is $10.00. Manual
is available separately for $5.00. (Public domain soft-
ware by Gordon E. Eubanks, Jr.).

CBASIC Programming System
Upward compatible from BASIC-E, CBASIC is simi-
lar but expanded to include several business oriented
facilities, allowing decimal computations to 14 digits of
precision, data formatting and PRINT USING state-
ments. Statements allow access to disk files and disk
file maintenance. Strings of characters may be read from
the console to permit correct input line format to be
checked before reading data. General programming fea-
tures include variable names up to 31 characters, option-
al line numbers, dynamic debugging tracers, and optional
data output to printer. CBASIC on diskette and manual

priced at $100. (Copyright Software Systems.)
A T

EMPL-an 8080 APL

Especially suited to educational applications, EMPL
is an adaptation of APL, using the ASCII| character set.
This 8K version occupies the first 5376 bytes of memory
and operates in two modes. The Execution Mode per-
mits all instructions to be executed immediately. The
Definition Mode permits the user to enter functions.
EMPL on Tarbell Cassette with manual is $15.00.
(Copyright 1977 Erik Mueller).

*ALTAIR is a trademark/tradename of MITS, Inc.
**CP/M is a trademark/tradename of Digital Research.

950 DOVLEN PLACE ¢ SUITE B e CARSON, CALIFORNIA 90746
(213) 538-4251 « (213) 538-2254
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Figure 5: Basic design for example 2 in the text. The drawing
window is shown for clarity.

Figure 6: Series of logos shrinking into infinity, created by
experimenting with size. A magnification process is all that
is required to reduce the size of the logo and converge into
the origin which is at the corner.

9 LOGOS1:LOGO; I;MAG
(1) LOGO+~180 ROTATE BYTE

[2) LOGO+ 100 76 TRANSLATE LOGO

13l I+0
(4]  MAG+1
[s] Loor:

[6]) DRAW MAG MAGNIFY LOGO
Listing 6: LOGOS], APL
program  that translates
and shrinks the logo into (e}  +LOOP IF 15>I+I+1
infinity. v

[7) MAG+MAG*0 .74
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but in reality it needs no parentheses at all.
Similarly, all the parentheses in

(I+TRYx(I+1))

are unnecessary. The values for TRX and
TRY are computed in line 1 of listing 3.

Variables N and M have been placed in
the header line of the new APL function,
and now become part of the calling syntax
for it. Trying out the new function by enter-
ing:

2 DESIGNT 2

results in figure 2.

It appears that a better design can be ob-
tained by shifting every other row by half a
triangle. This is accomplished by making use
of the residue primitive function,

where
211

results in 1if I is odd, and 0 if 1 is even. This
change is incorporated in line 16 of
DESIGNS:

(161 LPJ:TR+(TRXx"14(2]1I)+2xJ) ,I+TRYx(I+1)

Also incorporated in line 16 is a shift of
TRX units to the left for the entire drawing.
The purpose of this shift is to avoid uncov-
ered areas in the display window.

When DESIGNS8 was tested, it was clear
that an appropriate selection of colors
would add significantly to the design. With-
out going into details, DESIGN8 was modi-
fied so that it would create three different,
overlapped pictures. Each could then be
printed in a different color. The resulting
design is shown in figure 3.

Several other interesting designs can be
obtained by slight modification of program
DESIGNS. For example, instead of rotating
the nested triangles to obtain an upside-
down pattern, the sign of the values for the
Y axis of the original set of embedded tri-
angles can be reversed. This is equivalent to
flipping the pattern over. The result is shown
in figure 4. The APL function used to pro-
duce the design for figure 4 is shown in list-
ing 5. Additional designs can be created by
overlapping patterns.

Designing the Cover

The areas involving graphics in which
APL and Graphpak can be used are virtually
unlimited. This second example follows a
graphic designer who would like to create a
design using a customer’s trademark. He is
told that the design should portray the
virtues of the product. For the example
consider the logo which appears on the cover
of BYTE magazine.



YOU CAN HAVE BOTH . ..

"ANYTHING Y0U
WANT TQ S4Y"

“Natural Sounding
Speech”
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SPEECH

SYMTHESITER
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CTEDIT CSR1
PARAMETER EDITOR SYNTHESIS-BY-RULE
SOFTWARE SOFTWARE

(STD. WITH CT-1) (OPTIONAL)

“AE2NIYTHIHNX YUW
WAANT TUW SEY.”

\/Hf_/\_
/2N A SNV AN

CT-1 parameter data

phonetic spelling

ONLY COMPUTALKER
GIVES YOU THE CHOICE

No other speech synthesizer available offers you the flexibility of the Computalker Model CT-1. The parameter
editor program, CTEDIT, allows direct manipulation of all 9 control parameters. CTEDIT and parameter data
tapes are furnished with the CT-1 synthesizer board.

The optional CSR1 software package translates ASCIl phonetic text strings to speech output. CSR1 is simple
to use and is the easiest way to create new speech. CSR1 can also be called as a subroutine from user's code
for applications involving program controlled voice output.

The CSR1 phonetic rule system generates control parameters in the same form as used by CTEDIT. Thus, itis
possible to further edit the output of the rule system, to achieve natural sounding speech output with minimum
effort.

CT-1 assembled & callbrated 395.00 Software is available on CPM 8",
CSR1 phonetic rules software 35.00 North Star 5%, CUTS, TARBELL,
Calif. resldents add 6% sales tax MITS ACR, Paper Tape.

COMPUTALKER CONSULTANTS
1730 21st Street, Suite AB, Santa Monica, CA 90404 (213) 392-5230/828-6546
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The designer first creates a matrix called
BYTE which contains the data required to
draw the basic logo. This matrix was created
by manually digitizing the logo. The logo
can then be drawn, as in figure 5, by enter-
ing the command:

DRAW BYTE

The intention is to create the design
at a 90° angle. This way the logo can be
moved along the X side of the display
window (which is longer than the Y side).
By reducing the size of the logo as it is
moved, the customer’s request for creating
a feeling of *‘never-endingness’” can be met.
(Note: in figure 5, and in some of the fig-
ures that follow, the outline of the display

S 10 M (A

3 e

od)
ll bd
WEEE

Figure 7: Spiraling design produced by incorporating a sine
function into the shift process.

Figure 8: Pattern composed of a series of shrinking and
rotating lines reflected about the Y axis to produce the sym-
metrical shape shown. The drawing window is displayed for
clarity.
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window has been added to aid in under-
standing the discussion.)

One way to move an object while simul-
taneously shrinking it is to displace it from
the origin while using the MAGNIFY func-
tion to reduce the values for the X and Y
axes. To move the logo diagonally across

VY LOGOS2;LOGO; I:MAG ;TR ;MAGSIN :MODULATE
(1) LOGO+180 ROTATE BYTE
2] LOGO+ 100 76 TRANSLATE LOGO
€3] I+0
(u] MAG+1
(5] TR+ 13 ©
(el MAGSIN+ 4.2 10
(7] LOOP:FIG+MAG MAGNIFY LOGO
[¥:3] DRAW TR TRANSLATE FIC
9] MAG+MAG*0 .74
(10) MAGSIN+0.95%MAGSIN
(11) MODULATE«10((4.5-I),(I-2))+5
(12) MODULATE+MODULATExMAGSIN
(13) TR+TR+MODULATE

(14) +LOOP IF 50> I+I+1

Listing 7: Modification to the program. The
addition of a sine function to the program
changes the shrinking line of logos into a
shrinking spiral.

Y PICTURE1; I;Mi;LINE ;MAG ;ROT;M;2;TR
(1] I+0
(2] M+ 0 3 pO
(3] LINE+ 2 3 p 1 0 24 0 21 "12
(X)) MAG+1
(s  RoOT+0
(6] LP:M+M,[1) ROT ROTATE MAG MAGNIFY LINE
(7]  MAG+MAGx0.98
(8]  ROT+ROT-3
(9] +LP IF 2002I+«I+1
(10) 2+¥
[11] M(:2)«-M[;2)
(12) 2+2,[1) M
(131 TR+(-L/2(:21),(-L/2(;3))

(18] DRAW TR TRANSLATE 2

Listing 8: PICTURE], an APL routine for
producing a design using a series of shrinking
and rotating straight lines. This design, when
added to the pattern already created, results
in the front cover of this month's BYTE.
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We Start With A Price
That’s Hard To Beat.

But We Don’t Stop There.

Central Data Corporation has combined the benefits
of new technology and high-volume company sales
to bring you a RAM board with more features and
product options for less money.

Lower Prices

More Memory Capability

To begin with, we've reduced the price of our 16K
RAM board by $40 to $249. At $425—a price
reduction of $50—our 32K board costs less, too.
Plus, we now offer a full 48K memory board for
$599. These boards are expandable to 64K at a
price of $185 per 16K package. Or you can start
right out with a fuil 64K board for $775.

Improved Board Design
We've also added improvements to the board design
at no extra cost to you.
sDeselectable in 2K increments. Our deselect
feature enables you to switch off any 2K to avoid
overlap with your existing memory.
eFully socketed memory. This feature enables
you to expand the memory board yourself.
*Plug selectable addressing. Now you can
re-address without soldering

Other Standard Features
*Power-saving dynamic board with on-board
invisible refresh

*One-year guarantee on parts and labor
*S-100 and Z-80 compatible

Specifications

Storage Capacity 16K, 32K, 48K, or 64K
Addressing 16K boundaries

Max. Input LOE.ld One LS TTL load
Output Buffering On all data lines
Access Time 450ns

Cycle Time 480ns

Wait States Generated None
Maximum DMA Rate 1 Mhz

Circle 45 on inquiry card.

Power Consumption

+16 150ma
+ 8 300ma
-16 20ma

Other Products From Central Data

/ Lt-lﬂlﬁ'ﬂ!} 1101

Central Data also offers, fully-assembled and in kits,
arange of other computer products including
(pictured above) our 2650 microprocessor, software
packages, TV/Monitor, ASCIl keyboard, and (not
pictured) floppy disk system, to name just a few.

For More Information
To Place an Order

We welcome any questions you have about our RAM
boards or other products. To place an order, or for
more information contact:

Central Data

Corporation

P.O. Box 2484, Station A
Champaign, IL 61820
Ph.(217) 359-8010

Place orders prepaid or COD. Delivery is stock to 30
days with shipping and handling prepaid in Con-
tinental United States. Please include phone as well
as name and address.

BYTE September 1978 51



62

Description of Graphpak

This section covers common APL termi-
nology, some Graphpak conventions, and a
description of APL functions which are used
in the paper. The discussion is, by necessity,
oversimplified. It provides only enough in-
formation to understand the paper. For
more complete information on APL and
Graphpak, consult the references.

In APL, programs are called functions.
Primitive functions are those which are part
of the APL system, and are generally written
as just one symbol or two overstruck sym-
bols. One of the exceptions is the sine func-
tion which is written:

10
For example:
t o o, ¥

A scalar is a single number, for example:
3.1415. In general, a vector consists of sev-
eral numbers, for example: 3 5 —2.54. This
definition of scalar and vector suffices as far
as this paper is concerned. However, the ex-
act definition of a scalar is “‘an object with 0
dimensions,” and for a vector, “an object of
1 dimension.” In fact, a vector can contain
one or more elements or be empty.

This paper is limited to the “Drawing
Component” and parts of the “Descriptive
Geometry Component’ of Graphpak. For a
description of the other components of
Graphpak refer to the /BM 5700 APL
Graphpak, Program Description/Operations
Manual.

The descriptive geometry functions of
Graphpak are designed to perform geometric
transformations on descriptions of three-
dimensional objects, and to display projec-
tions of the transformed objects on the dis-
play window. The Graphpak display window

is normally a rectangle in the XY plane with
the coordinate origin at the left bottom cor-
ner. [n this paper the width (X direction) of
the window is 100 units and the height (Y
direction) is 76 units. Even though only two-
dimensional objects are used here, the trans-
formations take place in three-dimensional
space. The Z dimension is assumed to come
perpendicularly out of the page.

To describe a series of lines to be drawn
by Graphpak, a matrix with three columns is
used. The first column is a binary vector. A
1 tells the program to go to the (X,Y) posi-
tion indicated by columns 2 and 3 without
drawing a line. A 0 means go to the indi-
cated (X,Y) position while drawing a straight
line. The function DRAW takes as its argu-
ment a matrix that describes a series of lines
and draws them. For example, if the variable
BOX contains:

then DRAW BOX gives:

The desired values can be placed in BOX
by entering

BOX+S 3p1 0 0 0 10 0 0 10 10 0 0 10 0 O ©

where

[

(rho) is the reshape (primitive) function. The

Table 1: Geometric transformation functions used in this article.

z+D TRANSLATE X Yields Z, a matrix which describes the object X having been translated 01}, and D{[2]
in the X and Y directions, respectively.

If D is a scalar {a single number), it is assumed to be a transiation in the X direction.

Z+A ROTATE X

Yields Z, a matrix which describes the object X having been rotated A[7], A[2], and

A[3] degrees counter clockwise {looking in) about the X, Y, and Z axes, respectively,

in that order.

If A contains only one or two values, enough zeros are assumed to precede it to make

its length equal to three.

Z+P MAGNIFY X

Yields Z, a matrix which describes the object Z having been magnified P[7] and P[2]

times in the X and Y directions, respectively. If P is a scalar, the function extends that

number to all coordinates.

September 1978 © BYTE Publications Inc



left argument of rho specifies the shape to
be given to the right argument. If two mat-
rices describing two objects are to be put
together, they can be catenated in the first
dimension using

1]

For example, using the TRANSLATE func-
tion (whose description follows):

BOX2+10 10 TRANSLATE BOX

DRAW BOX,[11B0OX2

gives:

The geometric transformation functions
used in this article are summarized in table 1.
In the descriptions given in table 1, TRANS-
LATE and MAGNIFY are described as op-
erating only in the X and Y directions. This
is a simplification for the purpose of the
paper. They are capable of performing three-
dimensional manipulations.

In addition to the Graphpak functions,
the following APL functions are used here:

¢ 2«A IF B

[13 Z+«B/A

v Z«SIN X

[1) Z+10Xx(02)+360

9 24008 X

(1] Z2+20Xx(02)¢360

The /F function is used to make the APL
code used in the paper clearer to readers
not familiar with APL. The S/N and COS
functions are also used to make the code
clearer to readers not familiar with APL;
but in addition, they take an argument ex-
pressed in degrees (the APL primitive trigo-
nometric functions assume their arguments
to be expressed in radians).

the display window after rotating it 180°
requires:

DRAW 100 76 TRANSLATE 180 ROTATE BYTE

Incorporating the above into the APL func-
tion LOGOS1 (listing 6) to test the hypo-
thesis produces figure 6.

Next the designer tries to make a spiral
by adding an X and Y translation to the
shrinking logo using a sine function (in
APL, sine is designated by:

10

followed by an argument in radians) which
decreases in magnitude. After some experi-
mentation the function in listing 7 was
found.

Note the shift by 13 units in statement 5
of listing 6. This was necessary because the
translation using sines (statements 10
thru 15) carried the design into negative
X values. Execution of LOGOS2 results in
the pattern of figure 7.

There is still some empty space which
could be filled with some type of interesting
design. After experimenting with rotating a
shrinking line, the function in listing 7 was
developed.

Lines 10, 11, and 12 of PICTURE1 create
a symmetrica! picture by reflecting the fig-
ure generated about the Y axis. Line 13 de-
termines the minimum translation required
to get the figure within the display window.
Execution of PICTURE1 results in figure 8.
After rotating and making smaller drawings
of the design created by PICTURE?2, they
are placed in the design created with logos.
The finished product can be seen on the
cover of this issue of BYTE.

In summary, we have followed a graphic
designer using APL and Graphpak through
two problems and have seen the ease with
which these software tools can be used for
creating and manipulating graphic images.®

REFERENCES
1. APL Language, |BM form GC26-3847.

2. IBM 5100 APL Graphpak, Program Descrip-
tion/Operations Manual, IBM form SB30-0850.

3. IBM 5100 APL Graphpak Application Bro-
chure, 1BM form GB30-0850.

4. IBM 5100 Print Plot/APL Problem Solver
Library, User’s Manual, IBM form SA21-9264.

5. lverson, K E, An Introduction to APL for
Scientists and Engineers, APL Press, Pleasant-
ville NY, 1976.

6. lverson, K E, APL in Exposition, APL Press,
Pleasantville NY, 1976.

7. I;/erson, K E, Introducing APL to Teachers,
APL Press, Pleasantville NY, 1976.

A good practice in
APL is to localize varia-
bles needed only within
a function by placing
them in the header line
of the function. In this
way all the local varia-
bles will disappear from
the workspace when
the function completes
execution . .. RGAC
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Real-time
interrupts
add

immense
power

to your
computer.

With a real-time calendar/clock
your computer can extend its influence
into the future — take action at any
pre-programmed date and time.

Imagine the possibilities! Program
a daily printout of appointments. Pro-
gram house temperature torise at 6a.m.
every morning. Program games in
which fast reaction time wins. Turn lights
on and off to simulate occupancy of
an empty house. In your business, print
time and date on all computer output —
hard copy or video display. Make your
computer a frequency counter or time-
interval meter. The possibilities are
endless — especially if you use our Introl
control system to send commands
over existing wiring.

We have superb calendar/clocks
for Apple I and S-100 computers. The
Apple Il clock keeps time for over 2
years in 1 ms increments. Programming
is simple because of the on-board ROM.

The 100,000 Day Clock for S-100
bus computers keeps time in 100 usec
increments. Programming is easy with
most BASICs — especially our Introl
BASIC.

Both clocks feature crystal controlled
accuracy and on-board battery back-
up. Very simple to interface. Easy to set.
And provided with interrupts that do
not derail ongoing computer action
when the clock commands action.

Calendar/clock for Apple Il is $179
assembled and tested. For the S-100
clock $219 assembled and tested. See
them both at your local computer shop.

Mountain Hardware Inc., 5523 Scotts
Valley Drive, Scotts Valley, CA 95066.
Phone (408) 438-4734.

24

Mountam Hardware
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UCLA Computer Club 20th
Anniversary Party

The UCLA Computer Club will be
holding a 20th anniversary party and
reunion in October 1978. The tentative
date is October 14. The intent is to have
club members from every era (WDPC,
Computing Facility, ARPA, CCN)
present so that everybody has old friends
to talk to. ““Resistors’’ are also welcome.

if you are a former UCLA Computer
Club member, or you knew old members
and would like to see them again, please
send your name, address, and phone
number to Joe Katz, Computer Club,
3514 Boelter Hall, UCLA, Los Angeles
CA 90024. A complete list will be sent
to everyone who responds whether they
decide to attend or not.®

A Worm Invades an Apple. ..
(or, Computer versus Computer)

Rumor has it that the underground
technology of defrauding the telephone
monopoly took a dubious step forward
with the notorious *“Capt Crunch’s”
latest escapade. Word is that the Federal
prosecutors in the trial will introduce an
Apple [l computer in evidence as the
instrument of the crime.®

More Notes from the Rumor Mill:
Heath Software

According to highly reliable sources,
Heath is offering a slightly scaled down

YIE

Capacitor Value

In Robin Moseley’s article “A Low
Cost Light Wand Amplifier” (May 1978
BYTE, page 92), the value of capacitor
C1 should be approximately 47 mF.

Anyone using the optional peak
detector to measure the amplifier output
should allow for the forward drop of the
two detector diodes and adjust the
circuit for a DC output voltage from the
detector of approximately 0.5 V.1

version of the DEC RT11 operating
system (version 2C) as part of their H27
dual full-size floppy disk kit. The soft-
ware package, called the HT11, is being
bundled with the floppy kit for a total
price of approximately $1700, and will
be available in October 1978. The RT11
operating system (well-known in mini-
computer circles) plus the RX01 dual
floppy disk system would cost about
$7000 if purchased from Digital Equip-
ment Corporation (DEC).

The only difference between the
RT11 and HT11 packages is that the
fatter does not have the super macro-
assembler or the foreground-background
monitor (plus some additional utilities).
It does have DEC's standard BASIC,
however. Heath will also be offering
DEC’s standard FORTRAN package for
$100.

Finally, there is a possibility that
Heath will be offering a UCSD Pascal
package for $200 in the near future.®

Computeriand’s Second Birthday

Computerland, currently the largest
computer store chain, reports to us that
they will be celebrating their second
birthday on Saturday, September 23.
Customers and friends are invited to
local outlets of the chain. In our
opinion, as patrons of the Nashua NH
store, Computerland has to be one of
the best planned and managed retail
operations in this business. We trust
that the Nashua store is typical of the
other stores in this chain, which number
over 40. .. .CHHE

Bugs

Meetings in Bedford MA

In July 1978 BYTE, we mentioned
in the Clubs and Newsletters section
that the New England Computer Society
meets monthly at the Mitre Corp Cafe-
teria, Bedford MA. However, we neg-
lected to mention that they meet the
first Wednesday of each month at
7 PM. (Members of the BYTE editorial
staff are usually in attendance at these
meetings.)®



THE PET has become the standerd for the personal com-
Emer industry. Consumer and business publications have
uded its discovery. POPULAR SCIENCE and PLAYBOY
have given specisl tribute to the " mind-boggling'’ PET.
INA LEAGUE WITH IBM, HP
AND WANG MINICOMPUTERS
THE PET is 8 minicomputer and should not be confused with
Rame products that hook up to househald T.V.’s. What sets
apart from other computers is price. While others cost
from $11,000 to $20,000 and more, THE PET, with similar
power, costs only $795.00.
Features an IEEE-488 Bus - like HP's mini and full size
computers. This standard data and control channel permits
direct connection to meny peripherals. Over 120 pieces of
compatible equipment such as courters, timers, spectrum
analyzers, digital voltmeters and Crinter plotters, from HP,
Philips, Fluke, and Textronix, etc., 8re currently available.
ROM Magezine, Januery 1978, writes, "THE PET comes
out of the box, plugs into the wall, and is ready to use.” it is
equipped with @ CRT video display with reverse and blink
features, an alpha-numeric keyboard with complete graphics
and a built-in standard cassette tape deck.
THE PET hes BK bytes of RAM (user memory). Optional
qugnent perrits expansion to 32K. And, it has 14K bytes
of ROM {program memory).

THE PET COMMUNICATES IN BASIC.

THE EASIEST COMPUTER LANGUAGE

mErzmenm yr.(rjwue 50 y:n‘essY a key, it will flash, ;WPressh
a ', on ispiay. You spesk back toit

its full size 73-key keyboan‘f

EXTENSIVE CHARACTER

ORIENTEDGRAPHICS

The unit features a 9-inch, high resolution, 1000 cheracter
CRT. Characters are Brran%‘d;O columns by 25 lines on an
8 x 8 matrix for superb graphics.

WHAT IS THE PET REALLY FOR?

It is the single most important teaching device for any com-
puter related subject. It will entertain the most sophisticated
data apﬁhcauon or the simplest inquiry/response 8ssign-
ment. IN THE LAB it handles instrumentation, process
monitoring, and more. A number of Fortune 500 companies
have already made it an integral part of their lab and general
office system.

ACCESSORY

FEATURING AN IEEE-488 BUS

As a BUSINESS TOOL it wili, Maintain ledgers. Keep payrol
records. Create P & L's. Control inventory. Store and
analyze sales data. Draw ber Erraphs. Issue invoices. Hook up
to on-line computer system. AT-HOME it will: Compute state
and federal tax returns. Make heat and insulation analyses.
Keep Christmas lists. Kee book and finances up to
date. A variety of games, from Blackjack to Galaxy, is cur-
rently available.

Amortization Chart

Black Jack

Teaching Tri y

Totally Integrated, Entirely Self-Contained

THE PET

PERSONAL COMPUTER

With technology so advanced,
Concept so remarkable,
Operation so utterly simple,
Cost so incredibly low.
The PET has givenrise to a brand new era...
The Age of the Personal Computer

HIGH SPEED PRINTER

Immediate Delivery

GAME PROGRAMS ARE $9.95 EACH:

O Black Jack 0O Draw Poker [ Galaxy Games

O Space Flight 0 Target Bong, Off-The-Wall

O Lunar Lander, Wumpus, Rotate, Tic-Tac-Toe

O Osero, Reverse [ Spacetrek (1 Kingdom
PROGRAMS AT $14.95EACH:

O Mortgage Analysis

O Diet Planner and Biorhythm

0O Basic Basic-by Lodewyck and James

PROGRAMS AT $24,95 EACH:

O Basic Investment Analysis-loans, annuities, return
onregular and i r sequences of peyments,

calendar calculations

O Stock Portfolio Recordkeeping and Analysis-

keeps track of buys, sells, and dividends. Calculates
current value, rates of return

CICheckbook Recordkeeping and Analysis-keeps

track of checks and deposits. Analyzes expenses

by date and type

PROGRAMS AT $29.95 EACH: .

O Basic Math Package-matrix addition, multiphcation,
determinants and inverses to 16 x 16, solution of
simuitaneous linear equations, vector and plane geometry
calculations, ir&:ﬂgration by trapezoidal, Simpson's rule

or Gaussian (1 reture, differentiation

O Basic Statistics Package-mean, median, variance, stan-
dard deviation, skewness, kurtosis, frequency distribution,
linear regression, T-tests, correlation analyses

HiGH SPEED PET PRINTER

This powerful word processor prints hardcopies, invoices,
computer correspondence, Faster than an 1BM Selectric,
THE PET Printer delivers 60 characters per second at a sus-
tained rate - with upper and lower case capability.
Characters are one-eighth inch talt and are printedina 7 x 8

dot matrix. The printer uses a standerd B% " wide peper
roll. And, itis only $695.00.
_IFE:IPHERAL SECOND CASSETNI;E od

is optional component expa storage and increases
flexibility. Only $99.95.
MILES OF SOFTWARE

rams are available now, including, *BASIC BASIC”

m%rh(gfs how to write a program. You can develop your
own programs to meet personal requirements.

TECHNICAL SPECIFICATIONS

MEMORY

Random Access Memory (user memory); 8K internal.
expandable to 32K bytes

Read Only Memory (operating system resident in the
computer); 14K bytes .
8K-BASIC interpreter program, 4K-Operating system,
1K-Diagnostic routine

VIDEO DISPLAY UNIT

9" enclosed, black & white. high resolution CRT

1000 character display. arranged 40 columns by 25 lines

8 x 8 dot matrix for characters and continuous graphics

Automatic scroiling from bottom of screen

Winking cursor with full motion control

Reverse field on all characters

64 standard ASCII characters: 64 graphic characters

KEYBOARD

9% " wide x 3" deep: 73 keys

All 64 ASCI| characters available without shift.
Calculator style numeric key pad

All 64 graphic and reverse field characters accessible
from keyboard (with shift)

Screen Control: Clear and erase

Editing: Character insertion and deletion

CASSETTE STORAGE
Fast Commodore designed redundant-recording scheme,
assuring reliable data recovery

Cassette drive modified by Commodore for much higher
reliability of recording and record retention

High noise immunity, error detection. and correction

Uses standard audio cassette tapes

Tape files, named

OPERATING SYSTEM

Supports muitiple languages (BASIC resident)

Machine language accessibility

File management in operating system

Cursor control. reverse field, and graphics under simple
BASIC control

Cassette file management from BASIC

True random number generation or pseudo
random sequence

INPUT/OUTPUT

Al other 1/0 supported through IEEE-488 instrument
interface for peripherals

1/0 automatically manailed b{_ operating system software

Single character /0 with GET command

Easy screen line-edit capabilitz: i

Flexible O structure for BASIC expansion with peripheralsj

BASIC INTERPRETER

8K BASIC: 20% faster than most other 8K BASICS

Upward expansion from BASIC language

Strings, inte%ers. multiple dimension arrays

10 significant digits; floatirapoint

Direct memory access: PEEK and POKE commands

DIMENSIONS

16" wide; 18'%" deep; 14" high. Weight: 44 bs.

Circle 79 on inquiry card.

FREE QRIENTATION PACKAGE

Your PET comes complete with two | rams and an easy-
to-follow instruction manual. By working Eurough the routines
you will quickly discover how easy it is to gain command of
your personal computer.

SERVICE WORLDWIDE
Becsuse your PET is self-contained and . profes-
sional factory service is never far away. If major service is re-

quired, the unit can simply be returned by UPS to an
suthorized Cormmodore PET ciinic.

To order your PET send check or money order for $795.00
lus $20.00 for sh%ng and insurance. To order the PET
rinter, add $695.00 pius $12.00 for shipping and in-

surance. The Second Cassette is $99.95. No shipping and

insurance cherges are required when ordering a second
cassatte or programs with your PET. Credit card orders are
invited to cal our tol free number below. Orders will be

accepted on our TELEX, No. 25-5268.

Use THE PET for 30 days with no ubli?ar.ion. If, for any

reason, you are not satisfied, return it for @ prompt and

courtecusrend  ORDER DIRECT
CREDIT CARD ORDERS CALL TOLL FREE

800-323-2272

ILLINOIS RESIDENTS CALL: 312-595-0461
TELEX ORDERS: 25-5268

Order your PET, Printer Accessory. Second Cassette
and Programs from Contemporary Marketing at:

790 MAPLE LANE DEPT.BT-9
BENSENVILLE, IIINOIS 60106

(ontemporary

Marketing Inc.
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SYNGHROSOUND

ENTERPRISES, INC.
One-stop shopping
for Hardware and Software

Everything you need in small computer systems with special emphasis
on TERMINALS! Look at these units...compare price, quality, delivery,
service...and you'll see why you don’t have to look anyplace else!

LEAR SIEGLER ADM 3A TERMINAL

® Full addressable cursor ADM 3A

® Display format—24 lines ﬁBM'éAW $759-95
of 80 characters per line

® Communications rates—75 to févsvi'?gffe" 854.95
19,200 Baud option......... 69-00

® Computer interfaces
. —EIA standard
< ADDS REGENT 100
VIDEO DISPLAY
TERMINAL
Display Format—80 characters per line by 24
lines. 25th line reserved for terminal status. Re-
verse video, underline, half and zero intensity
and blinking are all standard features.

$1325.00

RAGEIAARUNIMRE BARR

TELETYPE MODEL 43 PRINTER

® 132 Characters per line
@ 110 or 300 Baud switch selectable
® Full keyboard

® RS 232C Serial Interface standard $1299 00

OKIDATA MODEL 110 OKIDATA MODEL 22 @ 125 lines per minute
LINE PRINTER LINE PRINTER b 132-column print line

® 110 CPS dot matrix Upper/lower case

Friction ® 38 different

$eec{. v a $1 199.00 character sizes
ractor

Foed. .. .. 1349.00

® 12 IPS paper slew
RS 232C Tractot Feed ... $2449,00
Serial
Interface . .. 26 0.00
SR v .

RS 232C Serial Interface. . . 37 9-00

DECWRITER Il

® 132 column printing
® 10-30 CPS

® Full keyboard

® Tractor feed

$1495.00

W B
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SYNGHROSOUND

ENTERPRISES, INC.

CENTRONICS 761 PRINTER

® 300 Baud serial transmission
® Bidirectional and incremental printing
> ® RS232, CCITT-V24, or
current loop interface
® Baud selection (110/150/300)

KSR with Keyboard.. . . .. .. $2025-00

Receive only version

1895.00

CENTRONICS
703 SERIAL
PRINTER

® Low
cost

of ownership
® Bidirectional logic seeking printing

® Microprocessor electronics
® Excellent print quality $2805-00

IMSAI 8080 MICROCOMPUTER
® Powerful ® Low cost ® Easy to use

. With 22 Slot
. Mother Board

o ‘ $g§-9-95 ® Fully IBM 3740 media FLOP;J ?SK
-80/15 Kit and format compatible STEM

699.00 ® Full formatter

and controller
built-in

Digital Systems
Dual Drive System

HAZELTINE 1500 $2475.00

VIDEO TERMINAL oI,

:Reverse video e : ’ B oual Densit
29581 teply | i ual Density

® Progranaiabie o Wi pa
brightness levels 2745.00

® RS232 and
current loop

SPECIAL BUYS

HAZELTINE MODULAR 1 éista V80 Flgpzp%'ltjisk SystemMuorid e i an Sg;ggg
romemco 4£-. e ased pyriaspaneed =54 e :

INTELLIGENT TER.M|NAL Compucolor8001 ColorComputer. ... .. 2595.00
® 1920 character display IMS 16K Static MEmory . . ... ........... 525 00
® 3 different video levels North Star Microfloppy Disk Kit. . ... .. .. 599.00
® Full editing capability North Star Horizon 1 Kit .. ............ 1499.00
® Removable keyboard g North Star Horizon 2Kit ............... 1899.00

and much more Javelin9” Video Monitor. .. ............ 159.95

Livermore Modem Model 76............ 299.00

Assembled . . .. Micropolis Model 1053MOD 2 .. ... .. .. 1799.00
$16 59.00 IMSAI AP44-44 Col. Printer Kit.. ... ... 299,00
m TDL Xitan Alpha1 Assembled ....... 939.95

We carry a full line of the following: TDL,

SYNCHRO-SOUND . 7cqpaises, inc

Centronics, Seals, Hazeltine, Micropolis, Vista,

Hayden, IMSAI, Cromemco, Digital Systems, The Computgr People

Compucolor, icom, Lear Siegler, Okidata, 193-25 Jamaica Avenue,

DEC, Javelin, North Star, Peripheral Vision. Jamaica, New York 11423

Same day delivery and shipping on most 212/468-7067 TWX: 710-582-5886

items. Full modern repair facilities on Hours 9-4 daily Visitour new showroom
premises for complete servicing of and Saturday Workingunits ondisplay

everything we sell. Dept. BBB BankAmericard ® Master Charge
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Pascal Compiler

Part 1: The P-Code Interpreter

Kin-Man Chung
124 Scottswood Dr
Urbana IL 61801

Herbert Yuen
POB 2591, Station A
Champaign IL 61820

Roughly speaking, a compiler is a pro-
gram that translates the statements of a high
level language (such as Pascal or FORTRAN)
into a semantically equivalent program in
some machine recognizable form (such as
machine or assembly code). The former is
usually referred to as the source program
while the latter is called the object pro-
gram. An interpreter, on the other hand,
reads in the source program and starts
exection directly, without producing an ob-
ject program.

There is little doubt that compilers and
interpreters are a necessary part of any
computer system. The reason most per-
sonal computer systems do not have high
level language compilers is not that there is
no need for them. Compilers, beinginherently
more complex than interpreters, require
more effort to write and more computer
memory to run. The main advantage of a
compiler over an interpreter is the relative
speed. A compiled program typically runs

About the Authors

capable of animation.

Kin-man Chung is currently a graduate student at the University of
lllinois at Urbana-Champaign. Presently his eqguipment includes an
Altair 8800 with 44 K bytes of memory, a North Star disk system, a
100 cps impact matrix printer, and a Sefectric terminal, His current
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an order of magnitude faster than an equival-
ent program executed interpretively. In fair-
ness, it must be also pointed out that inter-
preters are usually easier to use, and more
suitable for an interactive environment.

This series of articles is an attempt to
describe how a compiler for a subset of
Pascal was implemented on an 8080 com-
puter system. It is not our intention to go
into details for the reasons for the choice
of the language. Pascal is widely recognized
as superior to many other languages. For
an overview of the language, readers are
referred to August 1978 BYTE. The publi-
cation, Pascal: User Manual and Report, by
Kathleen Jensen and Niklaus Wirth
(Springer-Verlag, 1974) should also be
consulted as the authoritative source book
on the language in its original form.

This is not, of course, the first Pascal
compiler ever written for microcomputers.
However, instead of waiting for a Pascal
compiler to be written for our particular
processor, we decided to undertake the
project ourselves. In this way, we can add or
subtract features from the original Pascal to
suit our needs and system capabilities, so
that it can be easily integrated with other
system software developed so far.

2 Stage Compiler

The compiler is divided into two stages:
a p-compiler and a translator. Instead of
having the compiler generate machine code
directly, it generates code for a hypothetical
machine, called the p-machine. These codes,
called p-codes, are then converted into the
target machine codes by the translator.
Dividing the task of a compiler into two
stages offers several advantages. The com-
piler can be written abstractly, without com-
mitting oneself to a particular machine and
worrying about details of code generation
and optimization. Such a compiler is said to
be portable, meaning that it can be used on
other computer systems with minimal start
up effort. It is only at the last stage of code
translation from the p-codes to actual ma-
chine codes that we have to commit our-
selves to a particular machine.

Another advantage this method offers is
greater flexibility when writing the com-
piler. The compiler and the translator can be
coded and debugged separately. The flexi-
bility of such a compiler was apparent to us
as we started to introduce more and more
Pascal features into our original minimal
subset. Seldom was it necessary for us to
introduce new p-codes other than those
originally specified.

There is also one more reason for breaking



Now you can buy a complete operational key-
board with full ASCIl code capabilities, built to
commercial standards, yet priced for the personal
user who needs only one. This is not a surplus unit
or a manufacturer’s overrun, it’s a new board de-
signed specifically for the personal computer user.

MAX is MOS/LSI encoded, and includes afl 128
ASCII characters, two-key rollover protection and
two non-encoded keys with relegendable keytops
tor user assignment. Everything you need to start
entering data immediately.

Individual keys for CARRIAGE RETURN, LINE
FEED and ESCAPE are provided to give you these
important functions without multiple key closures.
A low-cost MAX option kit (Part No. 620002) lets you
add four CURSOR keys and a HOME key if you need
those functions. Coding is already provided.

MAX low-profile switches have gold contacts with
wiping action for long lite and reliability, and plung-
er action that is smooth and precise.

Maxi-Switch is a leading supplier of keyboard
products to the data terminal industry, and MAX
comes from a fine family. Get the full story on the
new MAX keyboard for personal computing.

MAX is sold only through authorized dealers such
as Century Research & Marketing. To order your
MAX, use the coupon supplied.
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Send to: Century Research & Marketing
4815 W. 77th St.
Mpls., MN 55435
612-831-8586

Enclosed is $69.95 (plus $5.00 shipping and handling) per
MAX keyboard. (For Cursor Kit, add $3.95.) Please send
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Figure 1: Memory overlay structure of the modules of the compiler. The
North Star DOS and BASIC start at hexadecimal 2000 and take up approxi-
mately 14 K bytes of memory. The p-compiler is the largest BASIC program
of the system; in its compressed form (void of all comments and blanks) it
occupies 14 K bytes. It reads Pascal source programs created by the editor
from disk files, and generates relocatable p-codes directly in memory. We use
hexadecimal 0000 to 19FF for p-codes and find it adequate for Pascal source
programs under about 300 lines in length. The smaller transiator (9 K bytes)
produces 8080 codes directly filled into memory. The origin of the codes
can be specified. The run time routines (which total 1 K bytes of memory)
are needed only when the translated 8080 codes are being executed. The
interpreter is written in Pascal, compiled and translated. The BASIC inter-
preter is no longer needed when it or any other Pascal program is being run.

the compiler into two stages: most small
computers do not have enough memory
space to store the complete compiler. After
the p-codes are generated, the p-compiler is
no longer needed, and can be overlaid with
the translator. Therefore the compiler and
the translator can sharc the same memory
locations.

Actually we also use two other utility
programs: a text editor and a p-code inter-
preter. The editor is used to prepare the
Pascal source programs. The interpreter is
used to interpret the p-codes produced by
the p-compiler. This provides another
alternative for running the Pascal programs.
Because it is equipped with various de-
bugging aids, such as setting up breakpoints
in p-codes and outputting values for vari-
ables, debugging can be easily done. Only
after a program is verified to be correct is
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the translator loaded, and 8080 code pro-
duced. This allows easy development of
the Pascal programs without sacrifying
efficiency at run time. Figure 1 shows
the overlay structure for the various mod-
ules of the compiler. Figure 2 shows the
logical flow during a program development.

In this part of the series on our project,
we will describe the general plan. The
Pascal subset is defined using syntax dia-
grams. A description of the p-machine and
its codes are also given. We will discuss the
p-compiler, translator and runtime routines
in the following parts.

Bootstrap Compiler

How does one introduce a new language
into a computer system with limited com-
puter resources? By computer resources we
mean not only the computer hardware like
memory and peripherals, but also software
tools. We have learned from experience not
to attempt programs with the complexity
of a compiler in machine or assembly lan-
guage. This left us with BASIC. Although
it is not the most desirable language to
write a compiler with, it turned out to be
adequate. Some careful thought is needed,
of course, to handle recursive subroutine
calls from BASIC, a feature central to our
compiler writing.

The alternative to BASIC is to go to a
commercial computer and write the whole
or part of the compiler in an appropriate



satisfaction starts here
MEET THE

ECONORAM"
FAMILY . . .

These static memory kits deliver
outstanding performance at prices
even the dynamics can’'t match. What
others consider “extras” we consider
necessities, such as buffering on all
lines, reliable DMA, sockets, gold-
plated card fingers...and all the
other signs of quality that make up an
Econoram.

More good news: Our memory Kkits
(except Econoram II™") are now
“Unkits”. All sockets and bypass caps
are pre-soldered into place, turning
an otherwise tedious assembly job in-
to a pleasurable, one evening project.

We want to be your memory. sup-
plier: and that means offering a
superior product at the lowest possi-
ble price.

8K ECONORAM II™

Just try to find a more cost-effective S-100
package! Better yet, get 3 kits (24K of memory) for
only $375. Add $20 per board for

assembled/tested. $ 1 3 5

16K ECONORAM IV™

Ideal for S-100 buss system builders who need a
big chunk of memory that draws less than 2000
mA. Manual write protect for 4K blocks; use with
or without phantom line. Add $35 for

assembled/tested. $ 2 7 9

24K ECONORAM VII™

A dense and flexible S-100 board that draws less
than 2000 mA. Configured as two 8K and two 4K
blocks with independent addressing and protec-
tion. Use with or without phantom lines. Add $40

for assembled/tested. $ 4 4 5

Circle 150 on inquiry card.

MORE ITEMS...

TRS-80 16K
CONVERSION KIT

Why settle for the limitations of a TRS-80 4K
system? Expand it to 16K with our conversion kit.
Includes eight uPD416 1x 16K dynamic
memories and instructions for converting your
machine to 16K. You could pay up to $290

elsewhere . . . but our kit is only $ 190.00
CPU POWER SUPPLY

Here is an economical, conservatively rated
power supply for small computer systems or
digital/analog bench work. Delivers + 5V @ 4A
with crowbar over-voltage protection; also gives
+12 @ '2A per side. Adjustable negative bias
supply, 5 — 10V @ 10 mA. Allin all, if you need a
small power supply you can't beat the perfor-
mance or the price. s

11 SLOT MOTHER
BOARD “‘UNKIT”’ $90

Those who recognize value have made the 10/11
slot Motherboard one of our most popular non-
memory kits. Now, we've made it even more
desirable by pre-soldering all 11 edge connectors
in place to take the tedium out of assembly. In-
cludes our much-copied active termination cir-
cuitry that takes the noise, glitches, ringing, and
overshoot problems off your buss for optimum
data transfer ...as well as all edge connectors
and plenty of bypass capacitors.

18 SLOT MOTHER
BOARD KIT $124

Same features as our 11 slot version; includes
18 edge connectors and active termination cir-
cuitry.

COMING SOON:
A NEW FAMILY OF
ECONOROMS™

Don’t load and reload often used programs or
routines; store them in one of our ROM boards.
We're putting final touches on 2 boards; one is
16K, configured as 4 independent 4K blocks with
optional power on start, and uses 2708s. Our other
board combines both ROM and RAM and uses
2716s. Watch this space for further developments.

ORI

BILL GODBOUT ELECTRONICS Ao
BOX 2355, OAKLAND AIRPORT, CA 94614

e
TERMS: Please allow up to 5% for shipping; excess refunded. ~
Add $1 handling for orders under $10. Cal res add tax. COD OK

with street address for UPS. For VISA® /Mastercharge® orders
($15 min) call our 24 hr. order desk at (415) 562-0636. Prices
good through cover month of magazine.
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[16K RAM

Fully Assembled, Tested, _
Burned-in

Fully Statc TMS 4044

250 nsec. chips—$425

Z-80A 4 Mhz. Fast—This fully assembled and tested
16K board was designed to operate without wait states
in a 4 Mhz. Z-80A system allowing over-generous time
for CPU board buffers.

450 nsec. chips—$375

For 2 Mhz. Systems—Same circuit as above but
priced lower because of less expensive memory chips.
It is fully assembled, burned-in, tested and guaranteed.

8K Versions Also Available

Both boards available fully assembled with sockets
for all 32 MOS chips but supplied with only 8K of chips.
8K—250 nsec.—$265. 4K chip set—$95. 8K-450
nsec.—$235. 4K chip set—$85.

Fully Static Is Best — Both boards use the
state-of-the-art Texas Instruments TMS 4044 which
requires no complicated and critical clocks or refresh.
The fully static memory chip allows a straight-forward,
“clean” design for the board ensuring DMA compatibili-
ty. T_he)|' use a single 8 volt power supply at 1.8 amps
nominal.

Fully S-100 Bus Compatible—Each 4K addressable
to any 4K slot and separately protected by DIP switches.

Commercial Quality Components—First quality
factory parts, fully socketed, buffered, board masked on
both sides, silk-screened, gold contacts, bus bars for
lower noise.

Guaranteed: USA customers — parts and labor
guaranteed for one full year. You may return undam-
aged board within ten days for full refund (factory orders
only — dealer return policy may vary). Foreign
customers — parts only guaranteed; no return privilege.

Check your local computer store first

Factory Orders — You may phone for VISA, MC,
COD orders. ($3 handling charge for COD orders only)
Purchase orders accepted from recognized institutions.
Personal checks OK but must clear prior to shipment.
Shipped prepaid with cross-country orders sent by air.
Shipping — normally 48-72 hours. Washington resi-
dents add 5.4% tax. Spec. sheet, schematic, warranty
statement sent upon request.

Seattle Computer Products, Inc.

1114 Industry Drive, Seattle, WA. 98188
(206) 255-0750
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language. The finished product (or part of
it) can then be transferred to the smaller
computer. This is, however, a luxury most
of us cannot afford.

Of course, the compiler written in BASIC

WRITE
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EDIT
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PROGRAM
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Figure 2: Flowchart showing development
of a Pascal program.




would be very inefficient and slow. But this
actually would not matter, since it would
only be used as a bootstrap compiler. The
concept of bootstrapping should be familiar
to most personal computer owners. We
usually use it when initially starting up
our computers. After turning on the power,
a bootstrap loader is first loaded into the
computer (either manually or through the
use of read only memory). This bootstrap
loader is then used to load the loader, which
in turn loads the monitor into memory. The
bootstrap loader is a smaller version of the
loader; it is just big enough to load the main
loader and not adequate to be a general
purpose loader.

The same idea can be applied to com-
piler writing. A compiler for a small subset
of a language is first written. This subset
should be big enough so that a compiler for
a bigger subset of the same language can be
written in it. The larger compiler is then
written and compiled, using the first com-
piler. Next, a compiler for a still bigger sub-
set of the same language can then be written
and compiled, using the second compiler,
and so on until a compiler for the complete
language is produced. In actual practice, no
more than three stages are used. It does not
matter if the first compiler is very inefficient.
The idea is to get a working, albeit primitive

and inefficient, compiler with minimum
starting effort.

Pascal Subset Syntax

The syntax of Pascal can be described
precisely by using a notation usually called
Backus-Naur form (BNF). This is a collec-
tion of rules for the grammar of the lan-
guage. Instead of dealing with Backus-Naur
form directly, we use an equivalent but more
understandable notation: the syntax dia-
grams. Figure 3 describes the syntax of the
Pascal subset we are interested in.

In the syntax diagram, the square boxes
are called nonterminal symbols, while the
ovals are called terminal symbols. Terminal
symbols are the basic building units of the
language and require no further expansion.
In our case, the names that represent the
terminals are also their textual representa-
tions in the language. The nonterminal sym-
bols in the syntax diagrams can be expanded
using rules specified in another syntax dia-
gram, and there is a syntax diagram for each
nonterminal symbol in the syntax diagram.
A branch in the diagram represents options
allowable by the grammar. When all non-
terminal symbols are eliminated by ex-
pansion in this fashion, we would have a
valid program. We start off a compilation
with the nonterminal program. Looking at

| SAVE THE WHALE

The world’s best computer may be inside a Sperm Whale’s head.

The Sperm Whale has the largest brain of any creature that has ever existed
on our planet. The brain of this 18-meter marine mammal weighs up to 9 kilograms.
It uses echo-location to find giant squid at ocean depths of over 1,000 meters.
More than 13,000 sperm whales are scheduled to be slaughtered this year
by agreement of the International Whaling Commission,

The CONNECTICUT CETACEAN SOCIETY is a small, totally volunteer,
non-profit education and conservation organization dedicated
to seeking the abolition of all whale killing. Any
concerned citizen can help our efforts by sending
name and address and a $10 or more contribution to :
CCS, P.O. Box 145, Wethersfield, CT 06109,

There are two mountain peaks
of evolution on planet earth:
on the land, homo sapiens-
human beings; in the sea,
cetaceans- whaies, dolphins,
and porpoises
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PROGRAM

BLOCK ‘

BLOCK

{ INTEGER )

(D)
AN AR Ul

TR
L

——=(BEcIN ) [ II STATEMENTII j
(N
o/

(END }

Figure 3: Syntax diagrams of the Pascal subset. For the syntax diagrams of the full Pascal set
refer to the book by Kathleen Jensen and Niklaus Wirth, entitled Pascal: User Manual and
Report. These diagrams totally define the subset of the language that we are using.

the syntax diagram we see that a program
is a block followed by a period (.). Looking
at the syntax diagram for block, we notice
that it can have an optional declaration part
followed by the main body which begins
with the string begin, followed by any
number of the nonterminal symbols, state-
ment, separated by semicolons (;}, and then
the string end. The statement block can be
further expanded by the syntax diagram for
statement, and so on.

The reason we go through the details
here is because it is important to precisely
describe the features we want to include in
our language before starting to write the
compiler. [t is the first step towards writing
the compiler. These syntax diagrams will
later become flowcharts for the syntax
analyzer of the compiler.

Readers familiar with Pascal will no
doubt notice several important features
missing from our subset. There is no GOTO
statement. The only data type we have is
integer and integer array of one dimension.
Also missing from the subset is the structured

data type, pointer type, user defined type,
and file type. A less obvious omission is
passing the parameter of a procedure by
address; the parameters are passed by value
only. Aside from the fact that these features
are difficult to implement, they are not
indispensable in our bootstrap process. Of
course, features like user defined type and
structured type are some of the unique fea-
tures of Pascal, and should not be omitted in
the long run. But we feel that they can be
added later.

We have also included some trivial but
nevertheless useful enhancements to the
language, which we hope do not deviate
from the standard too much. One is the
addition of the optional clause else to the
case statement which provides an exit path
if the value of the variable does not fall
into any of the case labels. Another is the
inclusion of format controls in the read and
write statements. Following an expression
in a write statement, a pound sign, #, indi-
cates numeric form and a percent sign, %,
indicates hexadecimal format. [f there is no



format control, a character whose ASCII To allow interfacing Pascal programs with

code equals the expression is output. Also a assembly programs, a facility is provided to
hexadecimal constant is prefixed by %. This read or write a byte from or to absolute
allows processing of hexadecimal numbers memory locations. The array mem is a re-
without conversion by the user. served array name that is used to do this.
EXPRESSION

__.[ SIMPLE EXPRESSION |

J
QOO
SIMPLE EXPRESSION
SIMPLE EXPRESSION

< 3= J TERM |

| AR
OI10I1O
E
133333
JJ

—eeeie |
‘ LETTERJ‘

INTEGER

JT Lf :foT\:
STRING
HEXINTEGER

HEXADECIMAL HEXADECIMAL HEXADECIMAL HEXADECIMAL
DIGIT DIGIT DiGIT DIGIT

Figure 3, continued: Elementary constructs for Pascal subset. Hexinteger is usually not defined
in Pascal but Is used here so that actual memory locations can be easily manipulated.

Continued on page 149
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Announcing

TheDoubler

The ultimate floppy disk controller.

DOUBLE
DENSITY neans

DOUBLE
CAPACITY i

DOUBLE
RELIABILITY

Replace your old controller
board with THE DOUBLER.
Your disk system capacity is
doubled. Your cost? $495.

S-100 compatible

Supports up to four drives—
Single- or double-headed —
mini- or full-sized.

IBM compatible — 3740 and 2D
CP/M* version 1.4 compatible.

Transparent single or double
density operation.

Reads/writes consecutive sectors
for high-speed operation.

Full formatting capabilites.
Performs power-on jump.

Digital phase-lock oscillator with
write pre-compensation.

Automatically unloads drive heads
when not in use.

THE DOUBLER comes fully as-
sembled and extensively tested.
Priced at $495, including: PROM
bootstrap; CBIOS for CP/M*;
hardware UART with RS 232 inter-
face; complete documentation;
utility programs; and a one-year
warra nty 5 “CP/M is a irademark of Digilal Research

Availlable NOW at retail computer storea.

524 Union St. San Francisco,Ca. 94133
415-398-0289
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Continued from page 17

List price was about 100,000 Yen, which
means it will sell discount for about
80,000+ Yen. Like the PC1200 (already
on sale in the US) the PC1300 seems to
use Sharp’s own 4 bit 1 chip 64 pin
flatpack microprocessor, with 2 K bytes
of read only memory on chip. Sharp
earlier released the EL-6000, a child’s
arithmetic practice calculator.

Mitsubishi had.a 4 bit microprocessor
(M58840) with on-chip 8 bit analog to
digital converter (5% accuracy claimed).

Panafacom had the C15, a BASIC
language 16 bit machine with touch key-
board, video display, 15 ips Philips
cassette, but no printer (it will be an
option). Its BASIC includes graphics,
matrices (option) and strings, cassette
tape utilities and commands for its |[EC
bus option. (The 16 bit chip is not new.}
700,000 Yen with 16 K memory, 16 K
expansion will be option. They also have
a do it yourself kit, the *L-kit,” with
color graphics. .

NEC's BASIC station, a do it yourself
8080 board with hexadecimal keyboard,
plus separate alphanumeric keyboard,
video {TV)} and cassette interfaces, runs
a 4 K Tiny BASIC with peek, poke and
graphic commands. It costs about
200,000 Yen. Their Level 2 BASIC, with
strings, subscripts and arrays, and stand-
ard (sin, log, etc) math routines plus up
to 18 character alphanumeric names, is
due in July. (l.evel 1 and Level 2 are not
compatible, maybe they plan to use their
new 16 bit chip UPD768B).

A small company, INPEX, has an
8085 kit with large keyboard for ma-
chine language programming; the keys
correspond to opcodes. Cost is about
80,000 Yen.

KS Wilkinson
CPO Box 1748
Tokyo 100-91
JAPAN

RARE CHASSIS?

| want to thank Dan Fylstra for his
article in the May 1978 BYTE, page 22,
“Convert Your TV Set to a Video
Monitor.” It was clearly written and well
illustrated. | was about to purchase a
TRS-80 from Radio Shack and his article
convinced me that | should buy a
Hitachi TV and a Pickles and Trout con-
verter. Thus | would have both a com-
puter display and a portable TV.

But alas! | live in Dallas TX. And in
Dallas TX not one store that | called
that handles Hitachi TVs has the models
with the SX chassis! What’s more, the
Hitachi district offices listed in the yel-
low pages have closed and | was given
a phone number in Atlanta GA! Now |
could have called long distance -to
Atlanta, but | wasn’t interested in order-
ing a TV from Atlanta or Tokyo. Chances
are the model has been discontinued
anyway.

Pickles and Trout had a good idea,
but does a 12 inch TV exist that is not
AC/DC? A TV chassis with a transformer

type power supply does allow an easier
hookup than does a ‘“hot” chassis. But
if one is not generally available, there
is a market for an AC/DC converter that
is as specific as the Pickles and Trout
unit.

As for me, | ordered the TRS-80
complete with display cathode ray tube
(CRT). After all, they toss in the cassette
recorder if you buy the whole thing! But
| do hope the SX chassis does exist clse-
where so others can use Mr Fylstra’s
article.

Clarence ) Stinson
9138 Chimney Corner
Dallas TX 75243

NEEDED: SATELLITE RECEIVER
WITH IMAGING CAPABILITY

| would be so grateful for some
information concerning satellite receiv-
ing stations using computers for data
storage and video display. (| am inter-
ested in observing cloud cover.)

If there has been any article in your
publication (or any other, for that
matter}) which deals with this subject |
would be so pleased to know about it.
Perhaps someone has developed such a
station using their microcomputer, and
who would be generous enough to share
their knowledge with others as an
article.

Thank you for any help you can
provide.

Brad Slocum
236-D E Red Oak Dr
Sunnyvale CA 94806

We've not published such an article
to date, but it would make an excellent
topic for the homebrewer. For output
one could use one of the new electro-
static printers with graphic capability
which retail for about $800 -- or simply
display the images on your video outputs
with bit map graphics, possibly using
colors where available. . . .CH

DREAMING. ..

| am 12% vyears old, and plan to get a
computer system up and running in the
near future. The mainframe | have se-
lected is the Heathkit H11, incorporating
the DEC LSI-11 processor. ! chose this
mainframe because of the processor em-
ployed and the low price, only $1295.
This price is offset by a few disadvan-
tages, such as its bus, with only six
slots, and the fact that its price is only
relatively low (at this time | have only
$724.08). But, like any other problems
in this world, these can be solved. | can
fix the bus problem by simply buying
an expansion interface from DEC, but
this makes the second problem worse
yet. And, unlike other problems, buying
more of what you need {money} simply
defeats itself in its purpose. So | just
have to save. (And save, and save. . . .}

However, by the time | finally do




have the money for it, something bigger
and better {and slightly more expensive)
will have appeared on the horizon. | will
probably continue at this pace until | am
a millionaire at 21. At this point, of
course, | will buy a large computer from
DEC or some other company and charge
people to timeshare on it. Only problem
is, | don't know where | am going to get
the million dollars in the first place.
It's nice dreaming, though, and my
dreaming is going lo get me somewhere
in this world. {I hope so, anyway!)

Norman Aleks
659 Driftwood Ln
San Dimas CA 91773

A sound philosophy. . . .

GOTCHA!

On page 154 of the May 1978 BYTE
you described the new products by
Lucas-Adams Labs Unltd. The address of
this manufacturer was not printed.
Could you please let me know the
address so that | can enquire about the
products?

K L Yeap

2217 7th Av NW
Calgary, Alberta
CANADA T2N 029

Unfortunately, Lucas-Adams Labs
Unltd did not supply us with their
address. However, we thought that our
readers would be interested in their
(totally fictional) product line so we
published the press release. | am sure
that with perseverance, their address
may be found in the combined annals of
April fools jokes for this year. . . RGAC

KUDOS FOR KENT

It seems E W Kent (“The Brains of
Men and Machines,” January through
April 1978 BYTE) has violated Higher
Education Law # 1: Never explain com-
plex issues in understandable terms.
Kent must be aware of the ramifications
of violating this most basic principle of
higher education, the most significant
being the release of usable information
to lay people who might understand it
and use it.

Kent has produced a classic, and has
given the computer scientist a game plan
for the creation of the first real cyber-
netic system. He has also given the
electrical engineering community a new
dircction: if you are an engincer, think
neuron and cortex instead of bus and
processor. While you are doing this (in
conjunction with people like E W Kent),
the computer scientist will be developing
algorithms and operating systems to
support your hardware. We have a long
road ahead, but thanks to Kent we’re
on our way.

David R Fashenpour
5411 Cerro Vista
San Antonio TX 782338

COMPLETE
ONLY $5145
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1-2:-3 SYSTEM

ASSEMBLED
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MANCHESTER EQUIPMENT CO,, Inc.

Gentlemen:

Please rush me my Complete Computer System.
Enclosed is $5145 (J Check (J M.0. (O Master Charge
(O BankAmericard #__ FExp. Date:

N.Y. Residents Add 8% Sales Tax.
Shipped F.0.B. Hicksville, N.Y. — Collect.

Name
Address Phone _
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Figure 1: The process block is the "black box" of programming: it Is entered
by a single input path, does some arbitrary operations upon data, and is
exited by a single output path. The “arbitrary operations” can be as simple
as one step in an arithmetic calculation, or as complex as a compilation of a

SINGLE N ASSUMED FLOW
INPUT ~———=12 OF EXECUTION
PATH [

PROCESS

program — it all depends on the point of view taken.

SINGLE
QUTPUT--~ -3
PATH

Some Words About Program Structure

Microprocessor programming, at this
point in time, is a black art. Once you have
learned the basic instruction set, you're on
your own. Some people get the knack of
this mysterious task fairly quickly, and
some do not. Those who do well seem to
have developed some sort of system for
going about it. The point is that an or-
ganized, systematic approach is required
if there is any hope for continued program-
ming success. The purpose of this article
is to describe to you one such method
which has become very popular with pro-
grammers of all types, using all kinds of
computers from micros to the giants.

Concept

What we're looking for is simplicity in
the writing of programs. This is usually
achieved if the program can be reduced
to a collection of basic components which
fit together in very well-defined ways. This
is the concept behind structured program-
ming.

Any program can be considered to have
only two basic building blocks. One is the

Albert D Hearn
98 SW 13th Av
Boca Raton FL 33432

Figure 2: The decision block is a simpler concept than the process block, in
the sense that the amount of computation required rarely approaches the
generality of an ‘“arbitrary process.”’ A decision block has one input and,
depending upon a binary condition, takes one of two output paths. In this
figure, the names ‘“‘true,”’ “then’’ and '‘ves' denote one possible path; the
names ‘‘false,” '‘else” and "no” describe the other possible path. In pro-
gramming languages, the ‘‘then’’ or ‘“else’’ terminology for the two paths
is frequently built into the language design, the other terms are frequently
seen in flowchart representations of programs.
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process block shown in figure 1. It simply
performs some defined function, or proc-
ess. It might represent a simple function
requiring only a few, maybe only one, in-
structions in the program, or a much larger
function requiring many instructions. What-
ever it does, it has one input and one output.

The second basic block is the decision
block shown in figure 2. This elementary
capability of any computer is that which
gives it all its power and flexibility. It is
the ability to alter the path taken by the
program based upon the value of some
parameter or condition which can be tested
by certain instruction types. For example,
two numbers can be compared and a test for
equality used to decide which of two pro-
gram paths will be taken as a result.

These two fundamental building blocks
will now be used in the construction of a
set of basic program structures with which
any other program can be built. The three
general structures are called sequence, if-
then-else and foop. Variations of these will
be examined, as well as combinations which
can be used to build more complex functions.
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Put exceptional
versatility and control
intoyour $-100bus
Remember: In structured programming, everything SyStem Wlth the

e Vo Vi P AT s ‘blue boards'...and
save
P money
PYTE Flovchut o Comenions inthe

in BYTE use a direction of flow con bar aln'
vention as follows: »

Default flow: Vertical flow is
from the top of a diagram toward I
the bottom, and horizontal flow
is from the left of a diagram to-

. wards the right, unless explicit | X81 _Extender Board MT1 15 slot Mother Board
i : . | Board Only $9.00 Board Only $45.00
| flow is used. Thus: With Connector $13.50 Wit Conbctors $105.00
\ e :
IMPLIED FLOW
SHOWN B8Y ARROWS
|
| | g N &
! MB4 4K Static RAM (low power) VB1B Video Board
v Kit $129.95 Kit $149.95
Explicit flow: Vertical flow
upward or horizontal flow left-
ward in a drawing is shown with
an explicit arrow at the end of the . . R
flow path, thus: MBSA 8K Static RAM (low power) SB1 Synthesizer Kit
i Kit $166.00 Kit $149.95

EXPLICIT FLOW MBS 0 gy
EXPLICIT FLOW B g
MR NI
\ ]

T S e e
OF PATH WITH . III"I.'
HORIZONTAL FLOW 4 ] ]
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VERTICAL PATH
UPWARD

“EAnaRER
s

MBS 2K/4K EPROM (17024)
Kit less PROM's $65.00 Sy acaBow
2K—$105.00/4K—$145.00 :

MB7 18K Static RAM (low power)
Kit $449.00

Merged flow: When two or three
paths of flow merge, the two or
three inputs to the joint path have
arrows noted:

We’re the blue boards!

Compare the Cybercom biue boards with any others on the market

Ts INPUTS INPUTS today. You'll find exceptional quality plus prompt delivery and
Y 7 significant cost savings. All Cybercom kits are guaranteed 90 days
for parts and labor.
Contact your local computer hobbyist store or write for details.

INPU
L OUTPUT QuUTPUT QUTPUT
— FEE——— . 7 Circie 335 on inquiry card.
Solid State Music

2116 Walsh Avenue, Santa Clara, CA 95050
Telephone (408) 246-2707 BYTE September 1978 69




SINGLE . regardless of which path is taken there is
SEQUENCE e A one common exit path from the /f-then-else

STRUCTURE structure. This is required to maintain our
ASSUMED FLOW . S
single exit philosophy.

OF EXECUTION

| |
I I
gy i PROCESS ' An if-then-else structure does exactly

FROM THE , ! N I . . L
OUTSIDE A | I what it says: /f a condition is true, then
THIS LOOKS U - __ | ! take a specified action, efse take a specified
LIKE A 1 i p )
PROCESS = | ] alternate action. However, there are times
procx : i : when only one action is required in only

|| : one of the paths. No action is necessary

[ S | in the other path. In an actual flow dia-

A AT I8 gram, this is of course shown by drawing

PATH a flow line in place of one or the other
process block of the if-then-else structure
since the most trivial process is simply
going to the next process without doing
anything. Note however that only one of the
process blocks can be made up of this
simplest case of ‘“do nothing” since if both
process blocks were eliminated from the
if-then-else structure, the net effect would
be to “do nothing” all the time whether
or not the condition was true or false.

Figure 3: The sequence structure is the simplest programming structure.
It can be viewed from the outside as the equivalent of a process block, but
upon close examination it is found to contain one or more process blocks.

Basic Structures

The simplest of the program structures,
shown in figure 3, is the sequence structure,
which is composed of one or more process

blocks strung together serially. Like the
process block from which it is built, the
sequence structure has only one input path
and one output path. In fact, you will soon
see that one of the rules that we want all
structures to conform to is that they have a
single input path and output path. Further-
more, an entire program, which can be rep-
resented by one large process block, should
also conform to this rule.

The next structure is the if-then-else
structure, shown in figure 4. It consists of
a decision block and two process blocks.
Only one of the process blocks is executed
for any single pass through the structure.
The result of the test or comparison repre-
sented by the decision block determines
which process block is chosen. Notice that

The if part of an if-then-else structure is
simply any program instruction which can
perform a test and take one of two paths
depending upon the outcome. In an as-
sembly language, this is usually a condi-
tional jump or a branch instruction based
upon the outcome of some comparison,
arithmetic operation or other operation
which affects processor status flags used in
such branches and jumps. The branching
instruction specifies the destination address
of the beginning of one path. Whether it is
the then or the else leg is arbitrarily defined,
and the next sequential instruction is as-
sumed to begin the opposite path.

Some higher level languages like BASIC
have ready-made /f-then-else instructions.
BASIC has IF and THEN; ELSE is implied.

The following shows how an /f-then-else
would look in BASIC:

SINGLE
INPUT =-==1" IF-THEN-ELSE
PATH STRUCTURE

___________ I 1 IF X=Y THEN 10

| e
A, | I
//ﬂ | TRUE(THEN, YES) I ggsg;AEECDUTféSw ....... FALSE PART
/f _____ l _’ | -------
= | v ; GOTO 15
| FALSE (ELSE, NO) | 10 .......
! e TRUE PART
I FALSE TRUE |
FROM THE OUTSIDE | PROCESS PROCESS < R bl
THIS LOOKS LiKE | 15 END
A PROCESS BLOCK | + ¢
BOTH -« |
| PaTHs I
JOIN

In this example, the e/se code immediately

e e e J

SINGLE 1§ follows the IF instruction. The GOTO 15
i -“%' ends the else path and causes the program

to branch to the common exit point at
Figure 4: The if-then-else structure is composed of a decision block and two line 15. The then path starts at line 10 and
process blocks. The process blocks may themselves be viewed as any form of ends at line 15. [BASIC is considered to be
structure with a single input and a single output path; and thus might in fact an ‘unstructured” language because of
be sequence structures, if-then-else structures, etc. the need for an explicit GOTO following
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| TIMES) |
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| |
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SINGLE
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Figure 5: The do-until structure is a looping form whose purpose is to exe-
cute a given process block at least once. After executing the process block,
the "‘until condition’ is tested and if found to be false, execution loops back
to repeat the process block before testing the condition again.

the ‘'false part” of an |F-THEN-ELSE
construction. |

If you use assembly language in your
programming, and your assembler has a
macroinstruction capability, then you can
write your own Jf-then-e/se macros. It is
beyond the scope of this article to describe
how this is done, but it isn't very difficult.

If you use assembly language and don’t
have facilities for writing macros, then you
can simulate the function of the macro-
assembler in order to gain the advantages
of structured programming. Simply sit
down and write yourself a set of standard
if-then-else structures. Take the five or
six most common decision types (equal,
not equal, zero, greater than, etc) and write

SINGLE L
INPUT ==-—]
PATH y DO-WHILE STRUCTURE
r— " rr———"———""—"7—= 1
| |
| | ASSUMED FLOW
//m l | °F EXECUTION
Q/.
\.:! -——- I
I I
| PROCESS |
| ((E)x%gugEs |
FROM THE OUTSIDE TIMES)
THIS LOOKS LIKE | — |
A PROCESS BLOCK | |
e ]
SINGLE
OUTPUT ~—==_f» v
PATH

Figure 6: The do-while structure is a looping form whose purpose is to exe-
cute a given process block only if the “while condition” is true. Thus it can
execute the process block zero times if the condition is false initially, or an
arbitrary number of times so long as the condition remains true during re-
peated execution of the process block.

72  September 1978 © BYTE Publications inc

skeleton programs for each. l.eave blanks
for the actual condition to be tested, and
leave space for the actual code which will
perform the then and else functions. Later,
when you need an /f-then-else while writing
a program, you can draw upon your set of
prewritten structures. Not only does this
eliminate your having to invent similar pro-
gram sequences over and over again, but it
also prevents many bugs and greatly eases
the effort you have to put into program
writing.

The last basic structure is the /oop,
which provides a means of repeating a se-
quence of instructions until some stop
condition is found to exist. There are two
kinds of loop structures: do-until and
do-while.

A do-until structure, shown in figure 5,
performs the function in the process block
at least once. After that, a test is done to
determine if the condition for stopping the
process looping has been found true. As
long as the condition is not true, the loop-
ing continues. When it becomes true the
looping ends and the exit path is taken.
This type of structure can be used, for
example, when you need to search a table of
values, looking for a particular value. If you
know that the table will always contain a
matching entry, the program routine need
not be more complicated by logic to detect
end-of-table before a matching value is
found. Notice that the first table entry is
always examined before the decision is made
to continue (this is because the ending
condition decision is based upon the value
of that entry).

The second type of loop is the do-while,
shown in figure 6. The difference between
this and the do-until structure is that the
test is done before the process block is
executed. In many cases there is not a lot
of significance to this difference because
both types of structures can do the same
jobs.

In specific situations you will find that
one form will usually be better suited or
more convenient than the other. The pri-
mary difference to remember is that the
do-until form always executes the process
block at least once whether or not the
until condition is true, and that the do-
while may not execute the process at all if
the while condition is false at the time of
the first test. Experience will best teach
you which to use in the various situations.

A variation of the loop structures of
either form might be considered, the endless
loop or do-forever. This form of loop occurs
when the while or until condition is never
changed to allow execution of the output
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Figure 7: The various types of structures cun be nested by noting that any
pluce where a process block is indicuted, u more complex structure can be
used since it, too, only hus one input puth and one output path of execution.
Thus, for example, this flowchart shows nesting of a process Q block and an
if-then-else structure us the else purt of the if-then-else structure with condi-
tion X=Y?. This second it-then-else in turn has u third if-then-else us part of
its else part. The colored outlines show the nesting of one structure within
unother.

Figure 8: An unstructured
flowchart performs an end-
less process as might be
Implemented in an auto-
mobile interlock. This is a
complete und viable solu-
tion of the problem, but it
involves numerous bruanch-
ing operations performed
inanuncontrolied (GOT0)
fushion.
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path of the structure. Intentional endless
loops are occasionally used, as in the low
level programming trick of hanging up
execution in a tight loop to flag errors,
or the quite legitimate endless oops which
form the outer level of control of a typical
executive or monitor program. But for most
programming purposes, an endless loop is a
bug or error in the program.

An Example

Now using the basic structures, we can
construct a program of any size and com-
plexity by combining and nesting in any
manner as long as some fundamental rules
are adhered to:

® The program as a process should have
only one input path and one output
path.

® Structures within the program can
be nested but each structure must be
_totally contained within the struciure
in which it is being nested (this will be
illustrated later).

® There should be no branching unless
it is part of a structure (for example,
the GOTOs required in languages like
BASIC).

o Refrain from attempting to optimize
the program by violating the above
rules. There is a right time for this
later.

Before we look at an example of struc-
turing a program, let’s first look at how
nesting of basic structures works. Figure 7
shows a flowchart of a program which,

A

SOUND THE
BUZZER

L]




overall, could be represented by a single
if-then-else. But when it is looked at in more
detail, the efse leg contains another if-then-
e/lse as part of the instruction sequence
there; the efse leg of that structure con-
tains yet another if-then-else. The heavy
outlines show that each of the nested struc-
tures are totally enclosed by their parent
structures; there is no overlap. A BASIC-
like program to perform the function shown
in figure 9 appears as listing 1. Again, |
use outlines to illustrate that each structure
is embedded in its entirety within another
higher level structure. Notice that | have
used indentation of lines to increase the
readability of the program. Each separate
structure should be at a different level of
indentation than its parent.

"DO_FOREVER"
ENDLESS LOOP

10
20
30

31
32

IF X=Y THEN 32
process Q

IF A>B THEN 31
process R

{F C<D THEN 30
process S
CONTINUE

CONTINUE

END

THIS ACTS LIKE THE PROCESS BLOCK IN D0-FOREVER

KEY ON YES {THEN)

?

NO (ELSE)

THIS ACTS LIKE FALSE
PROCESS BLOCK OF /F-THEN-ELSE

NO (ELSE)

YES (THEN)
TRUE PROCESS

FALSE PROCESS

YES {THEN)
PROCESS
SUBROUTINE
NO‘*
SOUND THE | NON-NULL
BUZZER PROCESS

THIS IS | TRUE
F
YES (THEN) s B
TRUEl PROCGFSS
SUBROUTINE ;!‘iriY
SOUND THE o
BUZZER

Figure 9: Taking the algorithm of figure 8 and causting it into a standardized, structured pro-
gramming form eliminates all GOTO operations in lunguages with a complete if-then-else
structure, and in languages like BASIC, reduces use of GOTO operations to standardized struc-
tures. In this flowchart, we've positioned all the blocks to emphusize the nesting of structure.
One of the primary reusons for the emphasis on structured programming is one of communica-
tions of ideas to other programmers (or the originating programmer at a later date). The claim
/s made that a flowchart [ike this one, and its equivalent representation in listing 2, provide a
standardized way of communicating algorithms which makes the listing or chart easier to under-

stand and read.

Listing 1: A BASIC-like
program equivalent for the
flowchart of figure 7. The
lines in the picture em-
phasize the structured pro-
gramming formalism.
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Listing 2: A BASIC-like
application program for
activating a buzzer of an
automobile given several
conditions. A subroutine
BUZZ is indicated (by a
call  with the keyword
GOSUB) to actually sound
a noise during the loop.
In this BASIC-like repre-
sentation, several liberties
with syntax have been
taken.
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Let’s look now at an example of a simple
program and show how a structured version
might differ from an unstructured version.

The program is one which might be part
of a future automobile computer control
system using a microprocessor. |ts purpose
is to trigger a buzzer if the ignition key is
left in the lock when the left front door is
opened, or if the headlights are left on
when the key is not in the lock. A delay is
performed before conditions are checked
again.

The flowchart in figure 8 shows how we
might have drawn it without attempting to
apply any of the principles of structured
programming. Now, look at figure 9 which
shows the structured version. Both forms
of the program do the same function, but
the structured form is clearly more straight-
forward and easier to write code from.

Basically, a number of things happened
to the flowchart when it was structured.
First, all the branches (or GOTOs) became
forward branches except those in loop
structures. This allows for reading the chart
from top to bottom in an orderly way.
Secondly, each decision block and process
block has been put into a proper structure
and nested totally within its parent struc-
ture. Thirdly, every structure regardless
of its place in the overal! program has only
one input and one output.

One thing has happened that might ap-
pear to be a little strange to you. The se-
guence structure which performs the buzzer
function appears twice now, where it only
appeared once before. This is necessary in
order to keep the structure clean. Remem-

pry

LET X=0

IF KEY #ON THEN 7 ]

LET X=X+1

IF X=5000 THEN &
GOTO 3

GOTO 13

IF KEY=INLOCK THEN 11

IF LIGHT #0N THEN 10
GOSUB BUZZ
GOTO 13

-
QWO ~N OUTdw N

J

IF DOOR # OPEN THEN 13
GOSUB BUZZ
CONTINUE

pry
-

—_ -
W

-
H

GOTO 1

ber, you cannot simply branch into the
other buzzer block because those two
structures would then overlap. The inef-
ficiency implied by the double appearance
of that block might bother you, but it will
probably turn out that the block will be
written as a subroutine and the only in-
efficiency will be an extra call instruction.

Listing 2 is a BASICHike program for the
structured flowchart. (Here ‘“BASIC-like"”
means using the syntax of BASIC but
allowing variable names to be many char-
acters in length for purposes of illustrating
their meaning.) 1 have not attempted to
make the program complete and have taken
some liberties in order to illustrate my
points.

A few words of explanation are in order.
First, the instructions at lines 3, 4 and 5
represent a do-until structure which is used
to implement a delay by simply increment-
ing a counter (X) until it reaches a large
value. The name BUZZ represents the fine
number of a subroutine (not shown) which
activates an electronic buzzer in the car’s
dash.

Now is the time to go back and look at
the program to make it more efficient in
its operation or in the amount of memory
required. This should be done only if it is
absolutely necessary. If it is necessary, try
to maintain the structuring to the extent
that it doesn’t destroy the clarity of the
program or increase its complexity. In our
example program, notice that there are
three  CONTINUE instructions at lines
13, 14 and 15 leading to a GOTO at line
16. The speed of the routine can be im-
proved and the memory requirements can
be reduced by eliminating the CONTINUESs
and changing any instruction which refer-
ences any of them to go to line 16. Alter-
natively, you could change each of those
references to go directly to line 1 although
you would be seriously interfering with the
intent of structuring.

In conclusion, | invite you to try the
techniques described in this article when you
write your next program. If you have done
it any other way before, it takes a little
getting used to, but | think you will ulti-
mately agree that it has a lot to offer.
Hopefully, you will see the benefits in the
form of less time spent getting your pro-
gram designed, written and debugged. In
short, | believe that it can help make pro-
gramming even more enjoyable.m
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... And the future

BYTE Publications, Inc. is proud to announce the
creation of its new Book Division, which publishes
books of interest to computer people. Readers
will find a wide range of topics publishedas BYTE
Books, including new material as well as collec-
tions of reprints of the best BYTE magazine arti-
cles. Users of small computers will find PAPER-
BYTE™ Books to be complete descriptions of
useful system software including detailed user
documentation, source listings where possible,
and the PAPERBYTE™ bar code representation
of executable code.

To keep the cost reasonable and available to the
greatest number of readers, the books will be
paperback editions in the 8-1/2 x 11" format. You
may purchase the initial selections directly from
BYTE via mail order or from your favorite com-
puter store or book distributor.

PROGRAMMING TECHNIQUES is a new series
of BYTE BOOKS concerned with the art and
science of computer programming. It is a collec-
tion of the best articles from BYTE magazine
and new material collected just for this series.
The book provides the personal computer user
with background information to write and main-
tain programs effectively.

The first book in the Programming Technique
series is entitted PROGRAM DESIGN. It dis-
cusses in detail the theory of program design.
The purpose of the book is to provide the per-
sonal computer user with the techniques needed
to design efficient, effective, maintainable pro-
grams. Included is information concerning struc-
tured program design, modular programming
techniques, program logic design, and examples
of some of the more common traps the casual
as well as the experienced programmer may
fall into. In addition, details on various aspects
of the actual program functions, such as hashed
tables and binary tree processing, are included.

ISBN 0-931718-12-0
Editor: Blaise W. Liffick
Pages: 96

Price: $6.00
Publication: Fall 1978

In SIMULATION, the second book of the series,
are articles dealing with various aspects of spe-
cific types of simulation. Both theoretical and
practical applications are included. Particularly
stressed is simulation of motion, including wave
motion and flying objects. The realm of artificial
intelligence is explored, along with simulating
robot motion with the microcomputer. Finally,
tips on how to simulate electronic circuits on the
computer are detailed.

ISBN 0-931718-13-9
Editor: Blaise W. Liffick
Pages: approx. 80
Price: $6.00
Publication: Fall 1978

The third book is NUMBERS IN THEORY AND
PRACTICE. This book includes information of
immense value to both the novice and the expe-
rienced personal computerist. The mechanics
of the binary system are discussed, including
division and multiplication, as well as the places
to look for numerical error in programs. Floating
point numbers, what they are and how to use
them, are covered. There are also sections on
numerical methods (functions, approximations,
statistics), Boolean math, and several different
approaches on how to obtain random numbers.

ISBN 0-931718-14-7
Editor: Blaise W. Liffick
Pages: approx. 100
Price: $6.00
Publication: Fall 1978

The fourth book so far scheduled in this series
is called BITS AND PIECES. The articles col-
lected for this book are mostly unrelated and do
not neatly fit into the topics of the previous three
books, but still have a lot to do with programming
techniques. Areas such as multiprogramming
and interactive computing with the personal
computer are discussed, as well as stacks, sort-
ing, Polish notation, and program optimization.
This is by far the most general book of the series.

ISBN 0-931718-15-5
Editor: Blaise W. Liffick
Pages: approx. 100
Price: $6.00
Publication: Fali 1978




RA6800ML: AN M6800 RELOCATABLE
MACRO ASSEMBLER is a two pass assembler
for the Motorola 6800 microprocessor. It is de-
signed to run on a minimum system of 16 K bytes
of memory, a system console (such as a Teletype
terminal), a system monitor (such as Motorola
MIKBUG read only memory program or the
ICOM Floppy Disk Operating System), and some
form of massfile storage (dual cassette recorders
or a floppy disk).

The Assembler can produce a program listing,
a sorted Symbol Table listing and relocatable
object code. The object code is loaded and linked
with other assembled modules using the Linking
Loader LINK68. (Refer to PAPERBYTE™ publi-
cation LINK68: AN M6800 LINKING LOADER
for details.)

There is a complete description of the 6800
Assembly language and its components, includ-
ing outlines of the instruction and address for-
mats, pseudo instructions and macro facilities.
Fach majer routine of the Assembleris described
in detail. complete with flow charts and a cross
reference showing all calling and called-by rou-
tines, pointers, flags, and temporary variables.

in addition. details on interfacing and using the
Assembler, error messages generated by the
Assembler, the Assembler and sample 1O driver
source code listings,and PAPERBYTE™barcode
representation of the Assembler’s relocatable
object file are all included.

This book provides the necessary background
for coding programs in the 6800 assembly lan-
guage, and for understanding the innermost
operations of the Assembler.

ISBN 0-931718-104

Author: Jack E. Hemenway
Pages: approx. 120

Price: $25.00

Publication: Fall 1978

cddERRSI NS
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LINK68: AN M6800 LINKING LOADER is a
one pass linking loader which allows separately
translated relocatable object modules to be loaded
and linked together to form a single executable
load module, and to relocate modulesin memory.
It produces a load map and a load module in
Motorola MIKBUG loader format. The linking
Loader requires 2 K bytes of memory, a system
console (such as a Teletype terminal), a system
monitor (for instance, Motorola MIKBUG read
only memory program or the ICOM Floppy Disk
Operating System), and some form of mass file
storage (dual cassette recorders or a floppy disk).

It was the express purpose of the authors of this
book to provide everything necessary for the
user to easily learn about the system. In addition
to the source code and PAPERBYTE™ bar code
listings.there is a detailed description of the major
routines of the Linking Loader. including flow
charts. While implementing the system, the user
has an opportunity to learn about the nature of
linking loader design as well as simply acquiring
a useful software tool.

ISBN 0-931718-09-0

Authors: Robert D. Grappel
& Jack E. Hemenway

Pages: 48

Price: $8.00

Publication: Summer 1978

TRACER: A 6800 DEBUGGING PROGRAM is
for the programmer looking for good debugging
software. TRACER features single step execution
using dynamic break points, register examina-
tion and modification, and memory examination
and modification. This book includes a reprint
of “Jack and the Machine Debug” (from the De-
cember 1977 issue of BYTE magazine), Tracer
program notes, complete assembly and source
listing in 6800 assembly language, object pro-
gram listing, and machine readable PAPER-
BYTE™ bar codes for the object code.

ISBN 0-931718.02-3

Authors: Robert D. Girappel &
Jack E. Hemenway

Pages: 24

Price: $6.00

Available now




TINY ASSEMBLER 6800, Version 3.1 is an en-
hancement of Jack Emmerichs’ successful Tiny
Assembler. The original version (3.0) was de-
scribed first in the April and May 1977 issues of
BYTE magazine, and later in the PAPERBYTE™
book TINY ASSEMBLER 6800 Version 3.0.

In September 1977, BYTE magazine published
an article entitled, “Expanding The Tiny Assem-
bler”. This provided a detailed description of the
enhancements incorporated into Version 31,
such as the addition of a “begin” statement, a
“virtual symbol table”, and a larger subset of the
Motorola 6800 assembly language.

All the above articles, plus an updated version of
the user’s guide, the source, object and PAPER-
BYTE™ bar code formats of both Version 3.0
and 3.1 make this book the most complete docu-
mentation possible for Jack Emmerichs’ Tiny
Assembiler,

ISBN 0-931718-08-2

Author: Jack Emmerichs

Pages: 80

Price: $9.00

Publication: Summer 1978

SUPERWUMPUS is an exciting computer game
incorporating the original structure of the WUM-
PUS game along with added features to make it
even more fascinating. The original game was
described in the book What To Do After You Hit
Return, published by the People’s Computer
Company. Programmed in both 6800 assembly
language and BASIC, SUPERWUMPUS is not
only addictively fun, but also provides a splendid
tutorial on setting up unusual data structures
(the tunnel and cave system of SUPERWUMPUS
forms a dodecahedron). This isa PAPERBYTE™
book.

ISBN 0-931718-03-1

Author: Jack Emmerichs

Pages: 56

Price: $6.00

Publication: Summer 1978

Circle 34 on inquiry card.

Name T Title

Street City

Please send the books I have checked.

O Program Design $6.00

(O Simulation $6.00

O Numbers in Theory & Practice $6.00
{0 Bits & Pieces $6.00

O RA6800OML $25.00

(O Link68 $8.00

BYTE BOOKS, BYTE BOOKS logo, and PAPERBYTE

(O Check enclosed inthe amountof$__
O Bill Visa O Bill Master Charge Card number__

MONDEB: AN ADVANCED M6800 MONITOR-
DEBUGGER has all the general features of Mo-
torola’'s MIKBUG monitor as well as numerous
other capabilities. Ease of use was a prime design
consideration. The other goal was to achieve
minimum memory requirements while retaining
maximum versatility. The result is an extremely
versatile program. The size of the entire MON-
DEB is less than 3K.

Some of the command capabilities of MONDEB
include displaying and setting the contents of
registers, setting interrupts for debugging, testing
a programmable memory range for bad mem-
ory locations, changing the display and input

base of numbers, displaying the contents of

memory, searching for a specified string, copying
a range of bytes from one location in memory to
another, and defining the location to which con-
trol will transfer upon receipt of an interrupt. This
is a PAPERBYTE™ book.

ISBN 0-931718-06-6

Author: Don Peters

Pages: approx. 72

Price: $5.00
Publication: Summer 1978

BAR CODE LOADER. The purpose of this pam-
phlet is to present the decoding algorithm which
was designed by Ken Budnick of Micro-Scan
Associates at the request of BYTE Publications,
Inc,, for the PAPERBYTE™ bar code representa-
tion of executable code. The text of this pamphlet
was written by Ken, and contains the general
algorithm description in flow chart form plus de-
tailed assemblies of program code for 6800,
6502 and 8080 processors. Individuals with com-
puters based on these processors can use the
software directly. Individuals with other proces-
sors can use the provided functional specifica-
tions and detail examples to create equivalent
programs.

ISBN 0-931718-01-5

Author: Ken Budnick

Pages: 32

Price: $2.00

Available now

I I U U B BE Bk BN BE B B B B B e .
BYTE BOOKS Division ¢ 70 Main Street e Peterborough, New Hampshire 03458

~ Company

State/Province Code

____ Expiration Date

(0 Tracer $6.00

0 Tiny Assembiler (3.1) $9.00

0 SUPERWUMPUS $6.00

{1 Mondeb $5.00

O Bar Code Loader $2.00

Add 50¢ per book to cover postage and handling

=T T

are trademarks of BYTE Publications, Inc. Please allow 68 weeks for processing your order.
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QUESTION:

“Why are more and more dealers
carrying Godbout/Compukit™
products?”’

SEE

ANSWER:

‘““They like happy
customers”’

ECONORAM™ IN PERSON
AT A STORE NEAR YOU.

ALABAMA

COMPUTER CENTER

433 VALLEY AVE.
BIRMINGHAM, ALA. 35200
{205) 8428567

ICP, COMPUTERLAND
1507 CHAMBLISS LANE
BIRMINGHAM, ALA. 35226
{205) 8790707

ARIZONA

BITS & BYTES COMPUTER
6819-C NORTH 21ST AVE.
PHOENIX, AZ 85015

(802) 2422507

PERSONAL COMPUTER PLACE
1840 W. SQUTHERN

MESA, AZ 85202

(802) 8338948

CALIFORNIA

BYTE SHOP OF BERKELEY
1514 UNIVERSITY AVE.
BERKELEY, CA 84703

{415) 8458366

BYTE SHOP OF CITRUS HEIGHTS
8041 GREENBACK LANE

CITRUS HEIGHTS, CA 95810

(916) 961-2083

BYTE SHOP OF FAIRFIELD

87 ALDER STREET

SUISUN CITY, CA 94585

(707 4223515

BYTE SHOP OF LAWNDALE
16508 HAWTHORNE BLVD,
LAWNDALE, CA 90260

{213) 371.2421

BYTE SHOP OF LONG BEACH
5453 E. STEARNS

LONG BEACH, CA 90815

213 897.TT1

BYTE SHOP OF PASADENA
4968 SOUTH LAKE AVE.
PASADENA, CA 81101

213 8842311

BYTE SHOP OF SAN DIEGO
8250 H VICKERS ST.

SAN DIEGO CA 92111

{714) 565-8080

BYTE SHOP OF SAN JOSE

2626 UNION AVE.

SAN JOSE, CA 95124

408) 377-4885

BYTE SHOP OF SANTA BARBARA
4 WEST MISSION

SANYA BARBARA, CA 83101

{805} 966-2628

BYTE SHOP OF SANTA CLARA
3400 EL CAMINO REAL

SANTA CLARA, CA 95051

(408) 249-4221

BYTE SHOP OF TARZANA
18424 VENTURA BLVO.
TARZANA, CA 91356

213) 343.3019

BYTE SHOP OF THOUSAND OAKS
2707 THOUSAND OAKS BLVO.
THOUSAND OAKS, CA 81360
(BO5) 4979585

BYTE SHOP OF TUSTIN

674 EL CAMINO REAL

TUSTIN, CA 92880

{714) 721-1886

BYTE SHOP OF WALNUT CREEK
2089 NORTH MAIN

WALNUT CREEK. CA 94598

(415) 933-6252

BYTE S8HOP OF WESTMINSTER
14300 BEACH BLVI
WESTMINSTER, CA 92683

{714) 8849131

COMPUYERLAND OF DUBLIN
6743 DUBLIN BLVD.

DUBLIN, CA 94568

(415) 828-8090
COMPUTERLAND OF INGLEWOOD
6840 LA CIENEGA BLVD.
INGLEWOQD, CA 90302

{213) 778-8030

Circle 150 on inquiry card.

COMPUTERLAND OF SAN DIEGO
4233 CONVOY STREET

SAN DIEGO, CA 92111

(714) 560-8912

COMPUTER COMPONENTS
5848 SEPULVEDA BLVO.
VAN NUYS, CA 91411

213) 786-7411

COMPUTER STOP CORP,
16918 HAWTHORNE BLVD.
LAWNDALE, CA 90280
(213) 371-4010

HALTEK ELECTRONICS
1082 LINDA VISTA

MT. VIEW, CA 94040
(415) 960-0510

1.C. ELECTRONICS SUPPLY
819 W, KATILLA AVE.
ORANGE, CA 92687

714) 8332382

LC. ELECTRONICS SUPPLY
4881 CONVOY STREET
SAN DIEGO, CA 92111

(714) 292-5484

LC. ELECTRONICS SUPPLY
16723, ROSCOE BLVD.

VAN NUYS, CA 81408

(213) 8948171

ODD ASSORTMENT
4980 B PACHECO BLVO.
PACHECO, CA 84553
{415) 228-4180

P.C.E. ELECTRONICS

4762 DEWEY DRIVE

FAIR OAKS (SACTO), CA 95628
(916) 966-7033

CANADA

ORTHON HOLDINGS LTD.
12411 STONY PLAIN ROAD
EDMONTON, ALBERTA
CANADA T5N 3N3

(403) 488-2921

PACOM DISTRIBUTORS, INC.
4509 RUPERT STREET
VANCOUVER, B.C,

CANADA VSR 2J4

(604) 4353282

8 uicnosvmsus LTD.
10991 - 124TH

EDMONTON, ALBERYA
CANADA TBE 567

(403) 485-

COLORADO

POOR RICHARD'S CALCULATOR CO.
204 WEST LAUREL

FT, COLLINS, CO 80521

(303) 2211778

SOUND-TRONIX

900 - 8TH AVE.

GREELEY, CO 80831

(303) 356-1588

FLORIDA

ALTAIR COMPUTER CENTER

6220 SO. ORANGE BLOSSOM TRAIL
SUITE #802

ORLANDO, FL 32809

(305) 8510013

COMPUTER STORE

{813) 885-7658

GEORGIA
DATAMART, INC.
3001 N. FULTON DR.
ATLANTA, GA 30305
(404) 266-0338

HAWAll

COMPACT COMPUTERS

1008 UNIVERSITY AVE.
HONOLULU, Hi 96826

(808} 849-1557

SMALL COMPUTER SYSTEMS
3149 C WAIALAE AVE.
HONOLULU, Hi 96816

(808) 732-5248

ILLINOIS

BYTE SHOP OF ILLINOIS
1802 S. NEIL STREET
CHAMPAIGN, ILL 81820
(217 352.2323

ILLINI MICRO COMPUTERS
812 E. OGDEN
NAPERVILLE, ILL 60540
(312) 4206813

1owa

BRIDGE ELECTRONICS
218 - BTH AVE. SO
CLINTON, IOWA 82732
(319) 243-8282

COMPUTER STORE OF DAVENPORT

4128 BRADY STREET
DAVENPORT, IOWA 82808
(319) 386-3330

KENTUCKY

CONTEMPORARY COMPONENT SALES, INC,
BOWMAN FIELD ADMINISTRATION BLDG.

LOUISVILLE, KY 40205
4584848

LOVISIANA

COMPUTER SHOPPE, INC.
3828 VETERANS BLVD,
METAIRIE, LA 70002

{504) 454-8600

MICHIGAN

COLOMA COMPUTER CO.
5647 JILL ANN DRIVE
COLOMA M 45038

(616) 488-4145

MICRO COMPUTER WORLD
313 MICHIGAN NE

GRAND RAPIDS, MI 48503
{616) 451-8972

COMPUTER MART
1800 W, 14 MILE
ROYAL OAK, Mi 48073
(313) 5780800

DOUG BRINKS SOUND

675 WEST RIVER ROAD
KAWKAWLIN, M1 48831

(517) se2-6767

LUZIER ELECTRONICS
22530 GORDON

ST, CLAIN SHORES, Ml 48081
313 77

BILL GODBOUT ELECTRONICS

MINNESOTA

P.S. INC. — RES. LABS
1625 FIRST AVE, NO.
MOORHEAD, MINN 58560
(216) 2336682

NEBRASKA

BYTE SHOP OF OMAHA
8523 PARK DRIVE
OMAHA NE 68127

{402) 338-7350

NEVADA

CENTURY 23

4588 SPRING MOUNTAIN ROAD
LAS VEGAS, NV 89102

(702) 876-7987

NEW JERSEY

COMPUTER EMPORIUM
BLVD. |0:| — AVE, OF COMMERCE
2428 ROUTE 38
CHERRY HILL, NJ 08002
) 887-7555

$-100 INC.,

7 WHITE PLACE
CLARK, NJ 07066
(201) 382118

NEW YORK

COMPUTER MICRO SYSTEMS
1311 NORTHERN BLVD.
MANHASSETT,NY 11030
{516) 627-3640

COMPUTER STORE OF NEW YORK
55 WEST 36TH STREET

NEW YORK, NY 10018

{212) 221-1404

COMPUTER TREE, INC.

409 HOOPER ROAD

ENDWELL, NY 13760

(607) 748-1223

COMPUWORLD INC.

2930 W, HENRIETTA ROAD
ROCHESTER, NY 14823
{718) 4241300

MEMORY MERCHANTS, INC.
1350 BUFFALO ROAD
ROCHESTER, NY 14624

(716) 328-5585

NORTH CAROLINA

BYTE SHOP OF GREENSBORO
218 N, ELM STREET
GREENSBORO, NC 27401

819) 275-2063

BYTE SHOP OF RALEIGH

1213 HILLSBOROUGH ST,
RALEIGH, NC 27605

919 8330210

ROM'S N RAM'S
CRABTREE VALLEY MALL
RALEIGH, NC 27812

818) 781-0003

OHIO

BYTE SHOP OF OHIO

18524 CENTERRIDGE ROAD
ROCKY RIVER, OHIO 44118
(218) 333-3281

CYBERSHOP

1451 SOUTH HAMILTON
COLUMBUS, OHIO 43227
(614) 239-8081

@@l@ﬂﬂt

BOX 2355, OAKLAND AIRPORT, CA 94614

OKLAHOMA

BITS, BYTES & MICROS
2918 N. MACARTHUR BLVD,
OKLAHOMA CITY, OK 73127
(405) 9475848

OREGON

ALTAIR COMPUTER CENTER
8105 SW NIMBUS AVE.
BEAVERTON, OR 97005

(503) 844-2314

PENNSYLVANIA
ERIE COMPUTER CO.

MICRO-COMPUTER PRODUCTS, INC,
116 SOUTH PUGH ST,

STATE COLLEGE, PA 18801

(814) 238-7711

PERSONAL COMPUTER CORP.
FRAZER MALL

FRAZER, PA 19355

(215) 847-8463

TEXAS

COMPUTERLAND OF AUSTIN
3300 ANDERSON LANE
AUSTIN, TX 78757

(512) 452:5701

COMPUTER PORT

928 N. COLLINS
ARLINGTON, TX 76011

(817) 469-1502

COMPUTER SHOP OF SAN ANTONIO
6812 SAN PEDRO

SAN ANTONIO, TX 78218
(512) 828-0553

COMPUTERS ‘N THINGS
2825 HANCOCK DRIVE
AUSTIN, TX 768731

{512) 453-5070

MICRO COMPUTER SHOP

5301 EVERHART ROAD

CORPUS CHRISTI, TX 78411

(612) 8554518

NEIGHBORHOOD COMPUTER STORE
4802 — 34TH ST., SUITE 20
LUBBOCK, TX 79410

(808) 707-1488

UNITED KINGDOM

COMPUTER CENTRE

20 DURNSFORD AVE.
FLEET, HANTS

UNITED KINGDOM GU13 8TB
02514-20607

VIRGINIA

HOME COMPUTER CENTER, INC.
2927 VIRGINIA BEACH BLVD.
VIRGINIA BEACH, VA 23452

(804) 3401877

WASHINGTON

COMPUTER SHOP OF SPOKANE
S. 107 WALL STREET

SPOKANE, WA 99204

{500) 456-0311

PERSONAL COMPUTERS

80. 104 FREYA

SPOKANE, WA 99202

(500) 534-3955

RETAIL COMPUTER STORE

410 NE 77TH STREET

SEATTLE, WA 88115

(208) 524-4101

YE OLDE COMPUTER SHOPPE, INC.
1301 GEORGE WASHINGTON WAY
RICHLAND, WA 99352

{509) 946-3330

WEST VIRGINIA

COMPUTER STORE OF CHARLESTON
SUITE #5, MUNICIPAL PARKING BLDG.
CHARLESTON W. VA 25301

(304) 345-1360
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Antique

Mechanical Computers

Part 3: The Torres Chess Automaton

Dr James M Williams
58 Trumbull St
New Haven CT 06510

But now these men were
suggesting that a machine
could assist in or substi-
tute for a human mental

82

activity.

September 1978 © BYTE Publications Inc

19th Century Developments

The automata of the 18th century were
in fact sequence controllers possessing both
digital and analog stored programs whose
readouts were mechanisms that imitated
human and animal actions (computers of a
sort). During the next century they inspired
a flood of automata, the best of which von
Helmholtz described in his 1847 book, Uber
die Erhaltung der Kraft, as being equal in
achievement to the best in any other branch
of science. Derek Price’s book, Automata
in  History, includes material from von
Helmholtz (see bibliographical notes).

In the 19th century men were starting
to contemplate how mechanisms might be
able to improve the human state. Charles
Babbage had this notion in mind when in
December 1837, precisely 99 years after
Vaucanson's marvelous demonstration (see
July 1978 BYTE *“Antique Mechanical
Computers, Part 1"”) he wrote the first
sentence of On the Mathematical Powers of
the Calculating Engine: “The object of the
present volume is to show the degree of
assistance which mathematical science is
capable of receiving from mechanism.” An
obscure accountant of Manchester, Percy
Ludgate, working without knowledge of
Babbage, expressed the same thought when
he wrote in 1909 the first sentence of On a
Proposed Analytical Engine: ‘1 propose to
give in this paper a short account of the
result of about six years work, undertaken

by me with the object of designing machin-

ery capable of performing calculations,
however intricate or laborious, without the
immediate guidance of the human intellect.”

I think we may be too near to our machines
to see the revolution residing in what these
men said. Before Babbage and Ludgate,
machines amplified or assisted or enabled
the physical actions of humans. But now

these men were suggesting that a machine
could assist in or substitute for a mental
activity of a human. Machines would enter
into the realm of the human brain. It was
a breathtaking idea, but not an easy one to
put into effect. Babbage's two machines
were never fairly begun, nor was Ludgate’s.
(In Babbage's case the reason was not that
nineteenth century machine technology was
unequal to the task, but rather because he
kept changing his concepts and never pro-
duced any completed working drawings as
he continuously visualized bigger and bigger
machines. For him, the end was never in
sight, and he left off working at a point
where the machine would have been the size
of a basketball court and some yards high.
His son completed the “Mill” (ALU) with
its printhead long after Babbage's death, in
1906. See Randell in the bibliographical
notes for a photo of the Mill and a repro-
duction of the printout of multiples from
1 to 23 of 7 in 28 significant figures.)

Torres and the Incredible Chess Playing
Automaton

Gifted chess players have been known to
play several concurrent games, making
moves without hesitation from board 1 to
board n, then back to board 1. The best
chess playing programs of today can’t do
that with any degree of success against most
skilled players. But the remarkable fact is
that in 1911 a machine was invented that
automatically played a particular endgame
of chess (King and Rook versus King) against
a human opponent, and detected any false
moves!

Leonardo Torres was the inventor, and
his machine was displayed in the Mechanical
Laboratory at the Sorbonne early in 1914.
Photo 1, taken from a 1915 issue of the
Scientific American Supplement, shows the
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9600 BAUD CASSETTE RECORDER

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate
108 at 4800 BAUD. Can be used from 110 to 9600 BAUD into a UART — no clocking
required. This is not an audio recorder. It takes RS232 or TTL signals from the terminal or
computer and gives back the same signals. No audio interface is used. Motor start/stop is
manual or through TTL or RS232 signals. '

Tape speeds are 1.6"” / 3.0" and 6.0” per second. 110 volt, 60 Hz, 5 watts. (220 Volts on
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes.
Can be used in remote locations from a 12 Volt battery.

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM
RELOADING and DATA STORAGE. Manual control except for motor start/stop. 6800,
8080 or Z80 software for file or record searching available on request with order. Used by
major computer manufacturers, Bell Telephone and U.S. Government for program reloading
and field servicing.

$185.00 (4800 Baud)
$195.00 (9600 Baud and 220V/50 Hz) AVAILABILITY — Off the shelf.

PROVIDES MONITOR AND TAPE SOFTWARE in ROM. TERMINAL and TAPE PORTS
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-8 or 3M3B). ) I

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal I/0 |
(RS5232, 20 mA or TTL) and the data cartridge I/O, plus the motor controlling parallel I/O |
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or
IMSAI. NO MORE BOOTSTRAPPING. Loads and Dumps memory in hex on the terminal,
formats tape cartridge files, has word processing and paper tape routines. Best of all, it has
the search routines to locate files and records by means of six, five, and four letter strings.
Just type in the file name and the recorder and software do the rest. Can be used in the
BiSync (IBM), BiPhase (Phase encoded) or NRZ modes with suitable recorders, interfaces
and software.

This is Revision 8 of this controller. This version features 2708 type EPROM’s so that
you can write your own software or relocate it as desired. One 2708 preprogrammed is
supplied with the board. A socket is available for the second ROM allowing up to a full 2K
of monitor programs.

Fits all S100 bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock from bus.
Cannot be used with audio cassettes without an interface. Cassette or cartridge inputs are

TTL or RS232 level. 2S|0 (R) CO NTROU.ER
AVAILABILITY — Off the shelf. $190.00, Tested & Assmb.

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS MIKBUG with 1K
of ADDITIONAL ROM PROGRAM

This is a complete tape controller for the SWTP 6800 system. Has 3K of EPROM space
for your own programs. A 1 K ROM (2708) is provided with all tape and monitor functions.
The ROM program is identical to our extensive 8080 ROM program.

Has one ACIA for one or two tape drives, one UART for an additional Serial port and a
4 bit parallel port for motor control. Will control one or two CC-8 or 3M3B drives with the
software provided. Can be used with other tape drives controllable with 4 TTL bits if
appropriate software changes are made.

Extra serial port is provided for your use with a second terminal or printer (RS232, TTL
or 20 ma).

The ROM program supplements the MIKbug program and is entered automatically on

6800 CO NTRO |_|_ER for SWTP reset. SWTbug compatible ROM is also available.
$190.00, Tested & Assmb. AVAILABILITY — Off the shelf.

Z 80 BOARD for SWTP COMPUTER
Now you can use the 8080/Z80 software programs in your SWTP 6800 machine. Re-
places your MPU board with a Z80 and ROM so that you are up and running with your
present SWTP memory and MPS card. 1 K ROM on board replaces MIKBUG.

AVAILABILITY — Off the shelf.

For U.P.S. delivery, add $3.00. Overseas and air shipments charges collect, N.J. Residents add 5% Sales Tax. WRITE or CALL for further
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Photo 1: Front (a) and back (b) views of the 1911 chess playing automaton invented by Leonardo Torres. The unit played a
particular chess endgame (King and Rook versus King) only and could force a win. The chessboard is shown in the lower right
of center in photo la. Horizontal and vertical arms moved the pieces (which were actually electrical jacks) from square to
square, and the logic circuitry consisted of battery driven relays arranged in a logical tree structure (see figure 3). Photos cour-
tesy of Scientific American (Supplement 80, Number 2079, November 1915).

Torres was a true amateur
who did his work because

84

he loved it.
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machine. It seems to have been powered by
the array of weights atop the console, but
it used electricity (almost surely from a
battery) in its logic system, which consisted
of commutators and intricate switchgear.
Indeed, most of the face of the console is
covered with relays and switches with their
linkages and wiring, but one can make out
the vertical chessboard, sans chess pieces, in
the lower right quadrant of the face. It is
about 8 to 10 inches (20 to 25 cm) wide
and has holes in the center of each of the
64 squares that are really plug holes into
which fitted the carved chess pieces (actually
jacks on their lower ends used to make
electrical contact). Sequential switches of
two sorts are visible on the apron in the fore-
ground, and the signailing lamps consist of
a 3 lamp cluster in the middle with another
single lamp on the right.

The machine in operation must have been
an amazing sight, for its visible action was
automatic. The sliding arms (poorly shown
in the photo; located both above and to the
left of the board) would grasp the chosen
White piece, unplug it, transfer it to a new
computed location, and reinsert the piece

into the board. Then it waited for Black’s
next move. This is a degree of automation
| don’t recall seeing since | last gazed at a
Linotype, and in 1914 it must have been an
awesome spectacle. To be sure, Black always
was checkmated, even with the first move,
since White (the machine) had too much
strength. If Black made a false move, the
machine would sense it and light a signal
lamp, then wait until the piece was moved
to a legitimate square. Three false moves in
the course of a game would “jam” the
machine, which would not continue play
until a reset switch was closed and pieces
were properly placed. Possibly the pieces
could be placed anywhere on the chessboard
upon initiating a game; accounts do not
make this clear. At any rate, the algorithm
is quite general and directs the White King a
square at a time, and the White Rook a row
or column at a time inexorably toward the
Black King until he is hemmed in.

In 1922 an improved version was dis-
played. Photographs and a description may
be found in Chapuis (see bibliographical
notes). This more modern machine had a
horizontal chessboard grooved to accom-
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Figure 1: A chart of the algorithm used by Torres’ 1911 chess endgame playing automaton.

“It is necessary that the
automata imitate living
actions according to their
inputs, and adapt their
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conduct to changing
circumstances.”

modate wires that sensed the location of a
piece, and a complex clutch and gear system
within the tabletop accomplished White's
moves, via magnets. It was all powered by a
few small electric motors, and a phonograph
record pronounced the words ‘“‘echec et mat”
when Black was checkmated. Figure 1 shows
a chart of the action, drawn from the
Scientific American article. [According to
David Levy in Chess and Computers, the
Torres machine is still in good working order
and can be seen in the museum at the Poly-
technic Institute in Madrid SPAIN. .. .CM]

Torres was one of those vital persons who
ornaments the history of science: a person
of intense curiosity and independent means
who devotes time and energy to the explor-
ation of arcane subjects many decades
before the professionals find their way into
the original excavations and mine the un-
covered veins of ore left behind. He was a
true amateur who did his work because he
loved it; history is studded with these men:
Schliemann, Humboldt, Lavoisier, Rumford,
Kelvin, Babbage, Bohr, etc.

Leonardo Torres was born in 1852 in
Santander on the north coast of Spain, and
was trained as a civil engineer. Unfortunately
| could learn only very little about his life
since the biography by his son is in French
and is not available to me, but a few facts
emerge: he was a patriot, and a capable
politician as well, who arranged for the
Spanish government to liberally subsidize

his “large and well-equipped mechanical
laboratory at Madrid.” Perhaps this is
related to the fact that in 1906 in Bilbao
harbor he displayed before the King a small
scale radio controlled boat which *‘could
select between various rudder positions and
speeds, and cause a flag to be run up and
down a mast.” A lifelong Francophile,
during World War | he designed a plane
called the Astra-Torres for the French Air
Corps. He also pursued quite mundane
things: designs for aerial cablecars, apparatus
to test lubricating powers of oil, a “uni-
versal pantograph’ that automatically cor-
rected any unwanted jiggles by a special
linkage.

One of his first interests was mechanical
analog computing devices, perhaps before
1900. He was familiar with Babbage’s
publications. In a paper dated 1920 he
outlined an electromechanical calculating
machine he exhibited in France. The machine
consisted of a modified typewriter and
several boxes of apparatus, connected only
by a bundle of wires, all mounted on a
table for display. (A picture of the machine
is in Randell’s book; see the bibliography.)
The operator types in the numbers desired
to be manipulated together with the sign of
the operation to be performed, and after a
few moments an = followed by the result
is typed out. This is a 4 function machine
that can deal with perhaps six or seven digits.
This was in 1920, mind you! He revealed the
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“Construction of mech-

anisms which play the role
of sense organs is not diffi-

cult in theory.”

theoretical underpinning for his calculating
apparatus in general terms in 1914, in the
Essais sur ['automatique. (In 1914, auto-
matique was a new word, translatable as
automation or as automatics.)

Torres’ essay is so lucid and fresh that
today, 64 years after publication, it still
casts much illumination on the human and
machine interface. After describing a first
type of automaton, a machine designed to
mimic the movements of a living creature,
he describes a second type of automaton
(Torres’ own italics), ‘... those that imi-
tate, not the simple gestures, but the
thoughtful actions of a man, and which
can sometimes replace him.” He gives
examples: ‘.. .the self-propelled torpedo,
which knows how to mancuver in order
to arrive at its target, the balance which
weighs coins so as to choose the ones which
are of legal weight.” He speaks of the need
for a ... special chapter of the theory of
machines which would be called Auto-
matics” and of the need to investigate
“means for constructing automata endowed
with a pattern of behavior of greater or
lesser complexity.” “These automata will
have sense organs, ie: thermometers, mag-
netic compass, manometers, etc” together

with “limbs, ie: machines or mechanisms

capable of executing the operations which
they are instructed to do.” And they will
need power sources. ‘‘Moreover, it is essen-
tial, being the chief objective of Automatics,
that the automata be capable of discern-
ment; that they can at each moment take
account of the information they receive,
or even information they have received
beforehand, in controlling the required
operation.” “/tis necessary that the automata
imitate living beings in regulating their
actions according to their inputs, and adapt
their conduct to changing circumstances.”
After noting that construction of mech-
anisms which play the role of sense organs is
not difficult in theory, and that new appa-

ratus to achieve this measuring (sensing)
function is invented every day (what cannot
be measured today will be measured tomor-
row or shortly), he adds that the same may
be said of devices to effect the automaton’s
work. No one can point to a limit in the
inventing of machines to perform functions.
But, “lt is not the same when one asks
whether it is possible to construct an autom-
aton which, in order to decide on its manner
of working, ponders on the circumstances
which surround it. The estimate is, | believe,
that this may be done only in some very
simple cases ...it is thought possible
to automate the mechanical operations per-
formed without thinking by a workman, but
that those requiring the exercise of mental
faculties will never be executed mechan-
ically.” “I shall try to show in this article,
from a purely theoretical point of view,
that it is always possible to build an autom-
aton whose actions depend on a greater or
lesser number of circumstances, according
to rules which one can impose arbitrarily
during its construction.” In reference to
this quote, Torres described a simple digital
device, but with the novelty that it displays
a worked out form of conditional branch-
ing: ahead of its time, like so much of
Torres’ writings and work.

In his writings, Torres selected his words
so carefully that it is possible to argue his
distinction between ‘“‘to discern,” a process
of “input which he welcomes and illustrates
as measurements; and ‘‘to ponder,’’ a verb he
seems to reserve for human thought, where
more has to be taken into account than just
the information of the moment or informa-
tion previously received. And what is that
“more”? | suggest that only people who
know mechanics very well can appreciate
fully the chasm between their creations and
those of life (ie: between organic informa-
tion and mechanical information). Randell
observes, and | heartily agree, that “‘In ali
this work [Torres] was deliberately exploit-
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16k static RAMs with Alpha Micro or Cromemco bank switching
memory expansion techniques.
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ing the new facilities that electromechanical
techniques offered and challenging accepted
ideas as to the limitations of machines.”
But he not only exploited, he revelled; he
did more than challenge: he expressed his
disbelief and undertook to amaze his
skeptics.

Torres worked on what he enjoyed, and
a spirit of breathless, childlike fun is visible
in all his activities. Imagine in 1906 a radio
controlled boat that coasts up to a dock
where stands the King of Spain, cuts its
engine, heels sharply to starboard, and runs
the royal flag smartly up and down the
mast! The King salutes, the crowd cheers
i Viva fa Espaia! What ecstasy it must have
been for Torres. This is something beyond a
demonstration of Hertzian waves as applied
to potential weapons of war. It is something
human: a radio controlled triumph. But such
moments do not recur frequently. Torres
the inventor-scientist is almost surely speak-
ing in this quotation from the Scientific
American article (see bibliography) about
his 1911 chess player: “There is no claim
that it will think or accomplish things where
thought is necessary, but its inventor claims
that the limits within which thought is
really necessary need to be better defined,
and that the automaton can do many things
that are popularly classed with thought.”
You can hear the muted sadness, the resigna-
tion mingled with pride. Well, it still can
play a flawless endgame of chess. If only it
could be made to live. The next one | make
will, at least, talk.

BIBLIOGRAPHICAL NOTES

1. The information in these articles has been
synthesized from various sources | have
encountered in reading about the history
of computers, several histories of which
make mention of Vaucanson in the sen-
tence that directly precedes the one
about Babbage. | found no literature
explaining Vaucanson’s creations until |
came across:

Chapuis, Alfred E, and Droz, Edmond, Auto-
mata: Historical and Technological Study,
Editions du Griffon, Neuchatei SWITZER-
LAND, 1958.

Here an astonishing and catholic variety
of automated devices are described and
illustrated, most of them trivial, such as
pictures with clockwork-driven, moving
figures. 1t is maddening that Chapuis’
Automata treats the great mechanical
computers of the past with little care.
Chapuis and Droz were in a unique posi-
tion because they read French, the
language of most of the original docu-
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ments. They had pursued the field of
automata so long (Chapuis & Edouard
Gelis published Le Monde des Automates
in 1928, as well as making a film about
automata in 1945) that their fame on the
continent would have enabled them to
study the machines minutely. They
meticulously reconstructed the dates of
inception, untangled the inventors of
automata, and deduced the fate of the
machines. Their myriad illustrations are
unsurpassable.

. You can read a translation of Vaucanson’s

own description of his automata in:

Ord-Home, Arthur W J G, Clockwork Music,
Crown Publishers, New York, 1973.

which is currently in print. This book
mentions and illustrates the Eureka
poetry composing machine, a violin
playing device, and quotes a newspaper
account of one or two astonishing autom-
atons (unless they are fabricated) such as
a life-size mannequin that plays violin
sonatas under keyboard control. There is
little else of interest regarding stored pro-
grams. Lots of fun, though.

3. A most valuable survey which speaks of a
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great many mechanisms and machines
from the historical viewpoint, but
describes them hardly at all is:

Price, Derek J deSolla, Automata in History:
Origins of Mechanism and the Mechanistic
Philosophy, Technology and Culture, volume 5,
number 1, 1964.

which is worthwhile for the long per-
spective it offers on mechanics, and for
the sense of continuity it conveys regard-
ing human endeavor. You begin to learn
that the world has always been filled with
restless, thoughtful, imaginative and inven-
tive people.

. It is fun to read a splendidly researched

volume like:

Carroll, Charles Michael, The Great Chess
Automaton, Dover Publications, New York,
1965.

which is still in print and describes a
nearly century long hoax (for which
Vaucanson had unwittingly cleared the
path), as well as Maelzel’s actual mechan-
ical achievements that blossomed into an
industry by 1900.

. For me the doyen of computer historians

1s:

Randell, Brian, The Origins of Digital Com-
puters: Selected Papers, Springer Verlag,
Heidelberg, New York, 1973.

where the developments that preceded
and led up to the digital computer are
spelled out event by event. As if Randell’s
crystalline commentary were not enough,
he includes original papers (some in lucid
translation) by Babbage, an incredibly
clever man, and just about everybody
who did anything useful in the develop-
ment of computers, such as Aiken, Hop-
per (the only woman in the book),
Eckert, Von Neumann, Goldstine, and
Mauchly. They are included here, along
with Leonardo Torres. Many machines
are also included, such as the Zuse relay
computer of wartime Germany, the Bell
Labs relay computer, Altanasoff’s lowa
State computer with its novel capacitor
storage system, and of course, ENIAC
and EDSAC, those feeble giants.

. The following article makes fascinating

reading:

Anonymous, “Torres and His Remarkable
Automatic Devices (He Would Substitute
Machinery for the Human Mind.)"”, Scientific
American Supplement 80, number 2079,
6 November 1915.

. Torres’ machine is also described in:

Levy, David, Chess and Computers, Computer
Sciences Press, Potomac MD, 1976.8
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an oscilloscope single-line display.

To place your order now, contact your local area distributor or dealer.

OEM Distributors
Kierulff Electronics
Sterling Electronics (Seattle only)

Technico
General Radio
Western Microtechnology

Zeus Components Future Electronics
Century/Bell Alliance Electronics
Lionex Arrow Electronics
Hallmark

Personal Computer Dealers

Newman Computer Exchange
Ann Arbor, Michigan

Intermark Electronics
Quality Components

Circle 356 on inquiry card.
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* 28 double-function keypad with audio response.

* 4K byte ROM resident SUPERMON monitor including
over 30 standard monitor functions and user
expandable.

* Three ROM/EPROM expansion sockets for up to 24K
bytes total program size.

* [K bytes 2114 static RAM, expandable to 4K bytes
on-board and more off-board.

*501/0 lines expandable to 70.

* Single +5V power requirements.

* Priced attractively in single unit quantities with OEM
discounts available for larger quantities.

2
Svnertek Systems
Corporation.

2589 Scott Blvd., Santa Clara, California 95050. (408) 988-5690.

Technico
Columbia, Maryland

Computerland
Mavfield Heights. Ohio

Energy Electronic Products
Los Angeles, California
General Radio

Camden, New Jersey

RNB Enterprises Advanced Computer Products
King of Prussia, Pennsylvania Santa Ana, California
Computer Shop Computer Components
Cambridge, Massachusetts Van Nuys, California
Computer Cash

Anchorage, Alaska
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Let Your Fingers Do the Talking

Cisrciss

Circuit Cellse

Steve Ciarcia
POB 582
Glastonbury CT 06033

! would like to thank
Dr Russell Reiss for con-
tributing ideas which have
led to this and other
articles. . . .SC

Scanner Applications

In “Let Your Fingers Do the Talking —
Add a Noncontact Touch Scanner to Your
Video Display” (August 1978 BYTE, page
156), | detailed the hardware design of a
noncontact touch scanner which sits over a
conventional video screen. This system,
though lower .in resolution, allows a fingertip
to simulate the function of a light pen and
with proper programming can become as
important a peripheral as the common
ASCII keyboard.

Quick Hardware Review

The scanner consists of 32 pairs of in-
frared light emitting diode transmitters
and photo transistor receivers arranged
around the perimeter of a picture frame.
There are 16 pairs on the X axis and 16 pairs
on the Y axis. The hardware logic sequen-
tially activates the 32 pairs, first in the X
direction (horizontal) then in the Y direc-

Photo 1: The basic information returned from the touch panel is a coordinate
pair for one of 256 possible finger sized locations on the video display’s face.
Here, using the program in listing 3, the displayed coordinates 10 and 9
correspond to the point just touched on the screen.
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tion (vertical). If a physical obstruction is
placed in the plane of the scan, one X and
one Y beam are interrupted. The corres-
ponding X and Y beam addresses are stored
when this happens. Since there are 16 pairs
per axis, each coordinate can be represented
by a 4 bit code and both the X and Y
addresses can be packed into one data byte.

The end result of the hardware logic is a
very simple scanner to computer interface.
The scanner output is one 8 bit byte con-
taining the 4 bit X and 4 bit Y addresses.
The only other signals are a little something
often referred to as hand shaking. A data
ready line is set to a high level output when
the scanner has sensed an obstruction.

This data ready signal can be tied to a
parallel input port and scanned as | have
done, used as a control line on a peripheral
interface circuit, or used directly to generate
a processor interrupt. If the touch panel is to
be exercised in BASIC, the first method will
prove to be easiest. The latter method, nor-
mally used with a machine language program
rather than BASIC, will be the most efficient
from a memory utilization standpoint.

| continue to use BASIC wherever the
interface data processing speed allows it. In
this way | can write illustrative program ex-
amples which are not tied to a particular
processor. Of course, the speed advantages
of machine language may be useful if your
programs using the touch panel have a lot to
do; so feel free to strike out on your own
using these BASIC programs as a model.

Whatever the software method utilized to
recognize the data ready bit, the program
action must be the same. After the data
ready bit goes high, the data byte is stored
and the data ready is reset by momentarily
pulsing the ready reset line low. In BASIC,
the easiest way to do this is to tie the ready
reset line to one bit on a parallel output port
(it need only be a strobe rather than a
latched output) and then sequentially
execute two OUT instructions. The 10 ms
pulsewidth | get on my machine is the result
of the time it takes for BASIC to respond.
The program examples presented in the
listings use the following port allocations (in
decimal):



Get Graphic with Your Computer!

3-DIMENSIONAL MAZES by Larry Evans.

OJpPuts you into the puzzle through exciting perspective
drawing. $1.50.

MAZE CUBES by Larry Evans
[JFeatures 12 colorful cubes which, when constructed, fit
together to form a variety of 3-dimensional maze games. Six
basic games create over 1 million maze possibilities! Simple
instructions and examples of game variations complete this
ideal entertainment for all ages. $2.95.

EXCITING 3-D MAZE BOOKS

3-DIMENSIONAL MAZES, Volume 2 by Larry Evans

O Brilliant, tantalizing puzzles that are irresistible to solve.
$1.95.

3-D OPTICAL ILLUSIONS by Larry Evans

O Enjoy the mystery and beauty of optical illusions in three
dimensions! Five dazzling projects to build, color and amaze.
Each phenomenon is thoroughly explained. $2.50.

ALTAIR DESIGN, MORE ALTAIR DESIGN,

ARTIST AND COMPUTER edited by Ruth Leavitt

& ALTAIR DESIGN 3 developed by Ensor Holiday [JA visual treat, as you encounter reproductions of

[J Keep the loved ones busy while you use your system. . .
give them any or all of these computer generated Altair
Design Books to start them (or yourself) on endless hours
of creative coloring. No other coloring books are quite like
these. Perfect for the doodler or as gifts for your computer-
phile friends. $2.50 each.

MATHEMATICAL ELEMENTS FOR COMPUTER
GRAPHICS by David F Rogers & J Alan Adams

[J This book introduces the mathematical theory underlying
computer graphics. The main concentration of the book is
fundamental mathematical techniques (rotation and surface
description) rather than procedural techniques (hidden line
elimination). Each subject, such as surface description, three
dimensional transformations, and surface curves, is given a
thorough mathematical description. Algorithms for many
fundamental elements of an interactive graphics package are
given in BASIC. This is a fine addition to the library of any-
one seriously interested in graphics. 239 pp. $11.95.

numerous works by computer oriented artists and read
about these works in their own words. 160 illustrations,
many in color. $4.95.

PROJECTS IN SIGHT, SOUND, & SENSATION

by Mitchell Waite

[J Dedicated “to all space cowboys.” Detailed theory and
practice of seven fascinating amateur electronics projects,
along with a complete and detailed appendix on how to
make PC boards. The projects included in this book are: The
Syntheshape, an art generator that can be used to generate
innumerable complex and beautiful patterns on the screen
of an oscilloscope. An electronic music box that will play
over 3000 possible melodies when the lid is lifted. A way to
control muscle tension explained in chapter 4. A muscle-
wave bio-feedback monitor can be used to achieve deep
relaxation. The laser-light show transfers light into fasci-
nating patterns in a darkened room. Other projects include a
Kirlian camera, a digital ESP machine, and neon-light ran-
domizer. $5.25.

For your convenience in ordering, please use this page plus the order form on page 111. You may

photocopy this page.

DIAL YOUR BANK CARD ORDERS TOLL FREE 800-258-5477.

' Y The Microcomputer Bookstore

25 Route 101 West, P.O. Box 428, Peterborough, NH 03458

Circte 35 on inquiry card.
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100

110
120

130
140
150
160
170
180
190
195
200
205
210

Data Ready — Input Port 2

(teast significant bit)

— Output Port 16
(teast significant bit)

X, Y Coordinate — Input Port 16
(b7-b4 is X address)
(b3-bg is Y address).

Ready Reset

REM THIS IS THE ONLY SOFTWARE NECESSARY TO EXERCISE THE
SCANNER

REM *** RESET SCANNER ***

OUT 160 : OUT 16,255 : REM THIS WILL GIVE A SHORT RESET PULSE TO
PORT 16

REM *** TEST DATA READY ***

T=INP{2) : REM THE DATA READY SIGNAL IS BIT 0 OF PORT 2

T=T AND 1 :REM MASK ALL BUT BITO

IF T<>1 THEN GOTO 140 :REM TEST TO SEE IF DATA READY IS SET
REM *** READ DATA ***

D=INP (16) :REM SCANNER 1S ATTACHED TO PORT 16

D1={D AND 240)/16 :REM MASK AND SHIFT RIGHT 4 BITS

REM D1 IS THE X COORDINATE

D2=D AND 15

REM D2 1S THE Y COORDINATE

RETURN :REM RETURN 1S ONLY NECESSARY IF CALLED AS A
SUBROUTINE

Listing 1: Subroutine used to determine activated coordinates on the scanner.

10
20
30
40

PRINT “MY SCREEN ITCHES!! PLEASE SCRATCH IT!"
GOSUB 100 :REM ACTIVATE SCANNER

PRINT “OH!I THAT FEELS SO GOOOOOO0O0D!!I1*

END

Listing 2: Example of using the entire video screen as a push button.

100
110
120
130
140
150
1460
170
180
190
200
210
220
250
260
270
280
290
300
310
320
330
340
350
1000
1010
1050
1060
1070
1080
1090
1100
1110
1120
1130
2500
2510
2520

S§:=USR(255) :REM THIS IS A SCREEN CLEAR FOR ['G Z-80
FRINT°THIS IS A TEST OF TOUCH INFUT®
PRINT*THE SCREEN IS CURRENTLY BEING SCANNED BY AN ARRAY*
FRINT® INFRARED LEUS AND OFTICAL SENSORS®
FRINT
FRINT*FUOINT AT THE SCREEN SOMEFI.ACE °
GOSUK 1000 :REM GOTO THE SCANNEK SUBRQUTINE AND RETURN WITH COORDINATES
PRINT® THANKYOU*
FRINT
PRINT
FRINT® THE SCANNER HARDWARE SAYS THAT YOU TOUCHFL LOCATION®
FRINT® X=®ilt1e *AND Y5 UL, ON A 16X16 GRID®
GOSUK 2500 :REM CALL SILIGHT DELAY TIMER
S5:-USR(25%) (KREM CLEAR SCREEN
FRINTLE] ME DEMONSTRATE THE COORLINATE SYSTEM®
FRINT*POINT YOUK FINGEK AT THE SCREEN AND I‘II FRINT OUT (X.Y)"*
PRINT*TO EXIT JUST POINT TO LOCATION (15,15) ---UPPER RIGHT®
GOSUE 1000 :REM CALL SCANNER
S=USR(255) :REM CLEAR SCREEN
IF D1=15 THEN 320 ELSE 330
IF [2=195 THEN END
PRINT
PRINT D1.D2}
GOT0 290
REM %28 RESET SCANNER #8%
0UT 14,0 :0UT 16,255
REM #88 TEST DATA READY sax
T=INP(2)
T=T AND 1
IF T4<>1 THEN GOTO 1060
REM %xx%x READ DATA xax%
D=INP(14)
D1=(D AND 240)/16 IREM THIS IS THE X VALUE
D2=D AND 15 :REM THIS IS THE Y VALUE
RETURN
FOR W=1 TO 2000
NEXT W
RETURN

tREM PRINT COORDINATES

Listing 3: This program outputs the coordinates of the point you are touch-
ing on the screen. The output of the program can be used at a higher level to
indicate some object that is printed on the screen.

96

September 1978 © BYTE Publications Inc

Using the Touch Panel

Using the touch panel in any BASIC pro-
gram, whether it be game or instructional,
will necessitate having a subroutine to read
and reset the scanner placed somewhere
within the BASIC program. The total soft-
ware necessary to exercise the touch panel
is shown in listing 1.

If a GOSUB 100 command is encount-
ered, BASIC vectors to this subroutine and
begins execution. This subroutine will not
return until someone touches the screen.
Variable D1 would contain the X coordinate
and D2 would contain the Y value. Each call
to this subroutine results in returning to
the main program with the X, Y address of
a single touched point. To obtain ten touch
inputs would require calling this routine ten
times.

The simplest program utilizing the scan-
ner would be one which sensitizes the entire
screen to act as one giant push button. Such
a program is similar to a press any key op-
tion on a keyboard.

The program in listing 2 prints “MY
SCREEN [ITCHES!! PLEASE SCRATCH
IT!” on the video screen, waits for some-
one to touch any place on the screen and
then responds with the message in line 30.
Notice that we did not use the coordinate
information from the scanner because we
only needed to take advantage of the fact
that the subroutine returns only if data is
ready.

Test the Coordinate System

If one builds the touch panel, the first
program written should be one that itlus-
trates the coordinate system dynamically,
such as the program in listing 3. (All
BASIC programs in this article are written
in Micro Com 8 K Zapple BASIC.)

After printing an opening comment on
the video screen, the program calls the
scanner subroutine as before. This time
when it returns, it prints out the X and Y
coordinate which was touched as shown in
photo 1. The rest of the program is a repeat
of this basic cycle with one exception. The
values of D1 and D2 are both compared to
15 after each scan. Should you point at
coordinate position (15,15) the program
ends.

Converting Position to Function

So far we have displayed only the raw
output of the scanner and have not used it
in its true application. Telling you that you
are pointing to location (4,2) illustrates that
the touch pane! functions, but does no use-



Heathkit H8 Owners:

Powerful Capanilities

The only full size dual diskette
system configured especially for the
Heathkit H8 Computer is now avail-
able for immediate connection. The
INFO 2000 Disk System is the best
performer for any microcomputer:
it’s incredibly fast, it uses full 8"
diskettes, and it gives you immediate
Z80 capability. The recording format
is standard IBM 3740. So you're as-
sured maximum storage capacity, sup-
erior error protection, and full inter-
changeability with other CP/M* based
systems.

Simpie Connection

The Disk Adapter Board supplied
with the INFO 2000 Disk System con-
tains its own Z80 microprocessor. Just
swap this board with the 8080 that
came with your H8 and you'll have in-
stantly upgraded to a Z80 microcom-
puter. The Z80 instruction set includes
158 —more than twice as many as the

Circle 176 on inquiry card.

8080. Z80 instructions feature power-
ful block transfer, block search, block
I/O instructions, relative addressing,
bit manipulation, index registers and
greatly enhanced interrupt processing.
All you need to do is plug in the adap-
ter board, cables and AC power, and
you're ready to run.

Hassle-Free Operation

Designed just for the H8, the
INFO 2000 Z80/Disk Adapter Board
includes an EPROM containing
PAM-Z. This is a Z80-oriented panel
monitor which permits the H8 front
panel to operate in both hexadecimal
and octal modes. A CP/M disk operat-
ing system is included which enables
you to use Disk BASIC, FORTRAN,
COBOL, PASCAL and hundreds of
applications programs. Plus, you can
still utilize all Benton Harbor software.
The flick of a switch gives you either
software mode . . . instantly! You
should have a minimum of 16K RAM,
and to take full advantage of all the
software you can implement, 32K is
recommended. You'll also need the
standard Heath serial board and a
terminal for a full system.

SERIOUS?

to a Z80 with the

0 2000 DISK SYSTEM

We're Serious

The H8 is a good beginning. But
why stop there. Go for the best. With
this combination of low cost computer
and a powerful disk system, you can
now perform a tremendous range of
tasks. Use your H8 as a sophisticated
business system and a powerful design
and development tool.

If you're serious.

Delivered assembled and factory-
tested, the complete disk system in-
cludes dual diskette drives, Z80/Disk
Adapter Board, power supply, cabinet,
cables, and CP/M disk operating sys-
tem. Full price $2950. Available for
immediately delivery.

*CP/M is a trademark of Digital Research

CORPORATION
20630 South Leapwood Avenue
Carson, Cdlifornia 90746

(213) 532-1702
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An industrial grade
alphanumeric terminal in-
corporating touch panel
input is being manufac-
tured. For information
contact:

General Digital Corp

700 Burnside Av
East Hartfort CT 06108

Photo 2: Here is a picture of an experiment which was backed up by a fair-
ly long BASIC program: using the screen as the input device for a simulation
of an ordinary 4 function calculator. The imagination of the user, to use a
well-worn cliche, is the only limitation upon trying experiments with special
purpose keyboards and interactive sequences on the screen. Use of the video
display behind the touch panel area makes easily altered software the deter-
mining factor — rather than physical tools in the workshop.

100 S=USK(245)

110 FRINT°NANE ADDRESS*

120 FOR L:1 10 12

130 PRINT

140 NEXT L

150 FRINT*PHONE VITAL CHARACTERISTYIC®

1460 GOSUB 1000

170 IF D17 THEN GOTO 300 ELSE GOF0O 200

200 REM THIS ROUTINE LECIDES IF YOU ARE FOINTING O
202 REM SECTOR 1 OR 2

210 IF D2.7 THEN FRINT®UNLISTED NUMBER® !GOTO 2000
220 PRINT*BRENDA (THE LITILE WOOFEK) CIARCIA®

230 GOTO 2000

300 REM THIS ROUTINE DMFCILES IF YOU ARE FOINTING TO
302 REM SECTOR 3 OR 4

310 IF D27 THEN FRINI®SCOTTISH TERRIER -- | UUR LEGGEDI RURGLAR ALARM® GO0 2000
320 PRINTBOX 582 GLASTUNRURY CONN. 06013°

330 GOTO 2000

990 REM

992 REM SCANNER SUBROUTINE

1000 OUT 16,0 :0UT 16,255

1010 T=INP(2)

1020 T=T AND 1

1030 IF T-U»1 [HEN GOTO 1010

1040 D=INF(16)

1050 D13(D ANI 24017168

1060 D2=D AND 15

1070 RETURN

2000 FOR N=1 TO 2000

2010 NEXT N

2020 GOTO 100

Listing 4: Hlustration of a BASIC program which divides the screen into four
sectors and performs a function dependent on which sector is touched by the
user.
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(0,15 (7,15) (15, 15)

NAME ADORESS
sector 2 sector 3
{0,7) (15,7}
viraL
PHONE
CHARACTERISTIC
sector | rET O
{0, 0} (7,0) {15,0)

sector 2 sector 3
0<x&7 7<x<15
7<y <15 7<y<15
sector | sector 4
0<x<7 7<x<15
0<y<? 0<y<7

Figure 1: Physical arrangement of sectors
on the screen as used by program in listing 4.

ful work. If instead some letter or word
were at (4,2) and the program used this
higher function output rather than just the
numerical coordinate, we'd have something.

Fortunately it isn't all that difficult. By
dividing the scanner system into fields and
having each field represent a function, we
can do useful work. A 2 level program must
be written. First, it should have the capa-
bility of formatting the screen so that the
printing is beneath the proper touch coor-
dinate. Then, after returning from the scan-
ner subroutine, it must translate this posi-
tion value into the function designated by
the printing on the screen.

A simple program which divides the
screen into four fields or sectors and per-
forms a function dependent on which sector
is touched is shown in listing 4. Figure 1
describes the mathematical relationship
between the coordinate system and the
BASIC program of listing 4.

After printing the opening lines on the
screen the program calls for the data from
the scanner. The X coordinate (D1) is first
tested to see if it is greater than 7. If it is,
then cither sector 3 or 4 must have been
chosen. If D1 is less than 7 then it must be
sector 1 or 2. After choosing whether it is
the right or left half of the screen the test
is repeated with the Y coordinate. In theory,
this binary search method would require no
more than eight such tests if all 256 points
were designated as separate fields.

A further extension of this binary search
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A SMAIL

Our good news comes in a small package. It's the
new Verbatim® Mini Data Cartridge, model TC-150.
We've designed it to store data for today's
minicomputers. Intelligent calculators and terminals.
Word processors. Point-of-sale terminals. Data
acquisition instruments. And more. Matter of fact,

it plugs right in wherever you're now using 3M’s
DC-100A or HP’s 9162-0061 mini-cartridges. [t can
be used on HP, TI, Savin, Qantex and 3M drives,
among others.

Small wonder!

The TC-150 offers the same rugged packaging, long
life and 100% performance testing of all our
Verbatim products. And because each Mini Data
Cartridge uses quality Verbatim media, you're assured
that your data will play back the way you recorded
it, bit for bit, byte for byte.
Actual data storage figures depend on your data
format, but the recording formats for the Verbatim
TC-150 range from single-track 800 bpi up to
dual-track 1600 bpi. With room to grow.
Quality mini media. That's our business. At
Information Terminals Corp. the whole message
is quality.
Information Terminal Corp.,
323 Soquel Way, Sunnyvale, CA 94086.

® (408)245-4400. TWX: (910) 339-9381.

Call Toll Free: (1) 800-821-7700, Ext. 515
(In Missouri call: 800-892-7655, Ext. 515)

In Europe: WHEN
Information Terminals S.A. YOUR DAT\#{\
Case Postale 296 MUST PLAY o

1215 Genéve 15
Switzerland eC
Telephone: 41 (22) 34-90-55

Telex: 22647 ITGE CH

[ ]
In the Far East: rbat‘mt’
ITC—Far East

404 Roppongi Skyheights
3-2-21 Roppongi, Minatoku
Tokyo, Japan

Telephone: (03) 583-1981
Telex: ] 47879

ANNOUNCEMENT

© Copyright ITC 1978
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REM THIS FROGRAM [ISHLAYS A NEYHROARLr ON THE CRT SCREEN

REHM AND ILLUSTRATES DATA ENTRY WITHOUT A PHYSIUAL KEYHOARD

REM JUST FOINT AT THE LETTERS AND IT WILL ‘TYFE® YOUR MESSAGE
FRINT A H c D E F G H*®
FRINT

TRINT

FRINT*] J [N L H N 0 F*
FRINT

FRINT

FRINT*O [ S r u v ) x*
FRINT

PRINT

PRINT® T z
PRINT

PRINT

SEACE®

2463 FRINT

26U
270
280
290
300
302
303
310
320
330
Ja0
450
3e0
1000
1010
1020
1020
1047
My
1242
1672
2500
To10

2L20

List

100

240
950

FRINT
GUSUB 2500
GOSUF 1000

IF D2.212 THLN FRINT CHR$(D1/72465);:60T0 2435
I+ D2,=10 THEM PRINT CHR$(D1/2473);:5G0T0 26%
IF D=0 THEN PRINT CHR$(D1/2+81); GUTO 245
If D2.+5 THEM 302 ELSE 310

IF (D1/2489)591 THEN PRINT CHR$(3)11GOTO 245
FRINT CHR$(D1/2489)71:00T0 245

IF D2=0 THEN GOTO 320 ELSE 330

1F D1a13 THEH 330 ELSE GOTO 245
S=USR(25S) :REM CLEAR SCREEN
PRINT*TO RETRY EXERCISE----TOUCH SCREEN"
GOSuB 1000
GUTO 200

QUT 16,9 :0UT 16,255
T=INP(2)

T=T b 2

If T<>x1 TR0 GOTO 1010

D=INF(14)

U1=(D AND Z423/14

123 AND 1D

R TURN

0K A-0 7O 500 REM THIS 1S A SHORT DELAY
NEXT A

RETURN

IREM LINES 1000-1070 READ THE SCANNER DATA

ing 5: Keybouid simulation program.

KEM THIS IS A SIMFLE PROGRAM TO ILLUSTRATE SIMULTANEOUS
REM baTA INPUT FROM EITHER THE TOUCH PANEL OR THE KEYBOARD
Q=INF(0) (REM KEYHOAKD IS ATTACHEDL TO FORT O

REH MSk 1S KEYROARD STROKE --- BITS 0 TO & ARE 7 BIT ASCII
IF 0.0 THEN GOTO 220 (REM CHECK KEYEROARD STROKE

T=INP{2Q) IREM SCANNER DATA READY 15 FORT 2 LSH
1-T Aanb 1

IF T 1 THZM GOTO 120

DLr I8P (16) 1D1=(D AND 240)/16 :D2=zD AND 15 (REM READ SCANNER COORDINATE
PRINT*+#ANEL TOUCHED AT LOCATION ('Diil2°)°

GUSUK 240

G070 120

FRINTCNEYHOARD NEY *iCHR$(INF(Q));* #RESSECD®
Guro 120

OUT 16,0 :0UT 156,255 IREM RESET SCANNER HARDWARE
KE.TUKH

Listing 6: Method for scanning two inpul devices simultaneously on a Digital
Group £-60 systen:.
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Photo 3: Touch panel input using the pro-
gram of listing 5. The line of text at the bot-
tom of the display was entered by touching
the index finger to each letter in turn. The
photo is shown with the letter P about to be
pressed.

concept is used in the calculator of photo 2.
While never meant to replace the hand held
calculator it uses a routine similar to the
previous example to determine the action
of each of the 16 possible entries. The
picture is included to present the reader with
one of the many possible applications of
the scanner. The program, however, is quite
long and difficult to explain in an intro-
ductory article such as this.

Simulated Keyboard

One use of the touch panel would be the
simulation of direct keyboard entry. Ob-
viously this technique is valuable only where
limited data entry is required. Large menu
selection programs with numerous choices
displayed may not always have the parti-
cular item of interest. By having one of
the available selections be a keyboard
display and entry routine such as photo 3
and listing 5, the miscellaneous entry could
be accommodated. The program of listing 5
displays a keyboard on the video screen and
allows one to type by pointing to the in-
dividual characters. The example does not
include punctuation and a carriage return,
but they could be easily accommodated.

One final note. Using the touch panel
need not eliminate the standard ASCII key-
board as an input device. By using the
BASIC INPUT command, keyboard entry
is still available to the user as is the scanner
through a callable subroutine. A program
could be written where some entries come
from the touch panel and others from the
keyboard. A more versatile program would
allow input from either device at any time.

Listing 6 is a simple program which
demonstrates how BASIC can scan two in-
put devices simultaneously and provide
appropriate response.

| hope that this touch panel design will
spark the creative interests of other com-
puter enthusiasts. In a field where tech-
nology advances by leaps and bounds and
product obsolescence can be described in
months, innovative ideas are necessary to
extend the concept of creative home com-
puting. By adding advanced peripherals and
high level languages, system obsolescence is
delayed considerably.

Next month: build a 5 W dual voltage DC
to DC converter for your interfaces.®



EXCITING

That's the word that sums up the dynamic small computer show in New
York that was established last year at the Coliseum. The lecture areas were
filled by interested people, the exhibits were great, the attendance was the
highest of any small computer show in the country.

The big point is that everyone who came went away happy. Accountants,
hobbyists, lawyers, doctors, brokers, retailers, business people, program-
mers, research scientists and just plain homeowners.

The second big point is that we're doing it again. This time, bigger and

better. Top seminars, top exhibits.
Small computers from $500 up,
software and Kits.

Save time.
Get your tickets
in advance by mail.

v
113, PERSONAL & BUSINESS
4 SMALL COMPUTER SHOW

I 78 East 56th Street, New York, N.Y. 10022

--!-

Circle 267 on inquiry card.

r----------1

NAME

(please print)
ADDRESS
City State Zip

Send me tickets in advance for Personal & Business Small
Computer Show, Sept. 15-17, 1978, in the New York Coliseum.

(Check One) One Day ($5)— Two Days ($9)._ Three Days ($13) _

Send check or money order (U.S dollars) payable to
Personal & Business Small Computer Show to 78 E. 56th St.,
New York, N.Y. 10022,

L---
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Techaicsl

Forum

Jonathan Bondy
Box 148
Ardmore PA 19003

Table 1: Price compari-
sons of industrial quality
Digital Equipment Cor-
poration [SI-11 modules
and systems with func-
tionally similar modules
for the Altair (S-100) bus.
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About the Author

Jon Bondy has been involved with computers for over ten vears, and is
ctirrently emploved by General Llectric’s Space Division a5 g computer
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S2L: An Attair (S-100)

to LSI-11 Bus Adaptor

For many months, those of us who ad-
mire the architecture of the PDP-11 com-
puters have been looking for a way to adapt
the wealth of Altair {S-100) bus products
to this processor. The introduction of the
Heath H11 {(LSI-11 based) processor has
further emphasized the need to solve the
problems which have thus far made the
LSI-11 incompatible with the Altair (S-
100) bus peripherals. This article describes
the problems which exist, and one solution
which | see for them. It has been written
in advance of actually implementing the
solution, but it should prove valuable to
all those experimenters who wish to take up
the challenge of an LSI-11 to Altair bus
adapter.

For years, the only problem with the
LSI-11 as a personal computer has been
price. The processor board {KD11-F) it-
self is a rather good deal at a discount level
of 20 to 30 percent, but the accessories
are somewhat expensive compared with

typical personal

seen in table 1.
Most of the extra expense of the LSI-11

systems can be attributed to three factors:

computing products as

1. The DEC prices are generally higher.
The memory prices demonstrate this.

2. The use of highly regulated power
supplies with the DEC products re-
sults in a more costly power supply.
In addition, few experimenters are
likely to homebrew such a power
supply due to its complexity and its
being the single element which could
cause major destruction should it
fail.

3. The LSI-11 has no front panel
switches, and instead requires the
user to examine and modify the state
of the machine via a serial console
device. While most industrial cus-
tomers of DEC are able to afford the
high cost of a serial terminal, many

Typical Hobby
Component Price (S-100 Products)

Memory $500 for 16 K bytes
Serial 10 $100

Paraliel $100

Video display memory $200

Power supply $100

Backplane $150

Chassis $200

Prototyping card $25

Typical DEC/MDB/
RDA Price Comments
$900 for 16 K bytes
$230 Required
$200
$600
$400 to $1000
$350
$350
$75 to $150 Two sizes

These prices were effective at the time of the article’s writing. Current prices differ marked-
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hobbyists have discovered that
memory mapped video is both cheaper
and faster than a serial device. Be-
cause of this, DEC’s decision to use
the serial interface in this fashion
forces a user to either support two
terminals (one serial and one memory
mapped} or make do with the serial
device. It is unfortunate that a serial
device, at any reasonable data rate,
is simply unacceptable for some of
the applications which an experiment-
er might wish to pursue, one example
of which is state of the art word
processing applications.

The three conflicting forces of the high
prices of the LSI-11 systems, the desire
for that processor’s architecture, and the
problems with the serial terminal require-
ment have kept me from going ahead with
an LSI-11 system for well over a year. |
have finally started on a project of my own
which is to adapt an LSI-11 to Altair (5-100)
bus peripherals and memory.

My idea was that, since the widest variety
of reasonably priced peripherals are available
on the Altair {S-100) bus, | should build an
Altair (5-100) to LSI-11 bus adaptor (S2L).
In order to start the design of an Altair
bus adaptor, a number of decisions had to
be made. Initially, | decided that splitting
the 16 bit LSI-11 bus (also known as the
“Q” bus) into two 8 bit Altair (S-100)
buses, one for the even bytes and one for
the odd bytes, would create too much
havoc. Certainly one could purchase pairs
of memory boards and allocate them in the
memory address space appropriately, but
when dealing with devices such as memory
mapped video displays, adjacent bytes on
the screen would be every other byte in the
address space of the LSI-11. Additionally,
two of every card would be needed in most
cases, and adjacent memory mapped [0
ports (the only type being considered in
the case of the PDP-11 architecture) would
be on alternate cards. For this reason, |
felt that only one Altair (5-100) bus should
be connected to the bus adaptor. This
implied that multiple byte reads and writes
would have to be performed by the bus
adaptor and some sort of state machine
would have to be built to do this.

The project was made more difficult
by the fact that the LSI-17 allows both 16
bit word width reads and writes, as well as
single byte writes. (Single byte reads are
not required, since the processor can ignore
whatever data it wishes.). Additionally, a
read modify write cycle is provided, and that
had to be supported by the bus adaptor.

VECTOR
PACKAGING MATERIALS
SAVE TIME & MONEY

S100 CARDS—100 PLUG CONTACTS—Convenient universal
tinned pads and bus lines. For interface, memory expansion,
breadboarding. Mount almost anything anywhere on card.

—RGBI-Z

$100 CONNECTORS for WIRE WRAPPING or SOLDERING

BEAUTIFUL Model VP2

NEW VECTOR-PAK

CASES for micro-computer

circuitry, assembled. Constructed

of aluminum, finished in vinyl. Siide out covers for easy
access. Includes card guides, heavy chassis plate, perforated
bottom cover for cooler operation.

Card guides perpendicular to front panel, Model VP1, $163.00.
Card guides parallei to front panel, Model VP2, $159.00.

$100 MOTHERBOARD, $29.50. 11 positions ready for
connectors. Glass epoxy, etched circuitry for passive or
active termination, 12 tantalum capacitors and instructions.

PLUS revolutionary Slit-N-Wrap wiring tools, Micro-Vector-
bord® printed circuit kits, 1.C. sockets, extenders.

Send for new catalog.

VECTOR ELECTRONIC COMPANY, Inc.
12460 Gladstone Avenue, Sylmar, CA 91342
phone (213) 365-9661, twx 910-496-1539

540777
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Figure 1: Block diagram
of the S2L interface which
allows Altair (S-100) bus
peripherals and memory
to be wused with the
LSI-11 “Q” bus. Details
of memory control, in-
terrupt control and DMA
control logic blocks are
found in figures 7, 8 and
9 respectively.

Finally, both direct memory access and
vectored interrupts had to be supported if
there was to be any hope of running LSI-11
software on the beast which would result.
It should be noted that just because a
memory address responds from the Altair
(S-100) bus, that doesn’t mean that it
couldn’t be built to look to the LSI-11 as
if it were a “‘normal” LSI-11 device inter-
face. 1 wouldn’t be giving up the facility to
use standard PDP-11 software by building
this bus adaptor, but merely making it a bit
more difficult.

| should note here that what follows
is an untested design based on the refer-
ences given at the end of the article and
some conversations with friends who have
Altair (5-100) systems. A variety of Al-
tair  (S-100) schematics from Processor
Technology, IMSAI, Technical Design Labs
and Cromemco, to name a few, were
scanned to try to insure some approxima-
tion of compatibility, but the design is
neither built nor tested. | welcome any

comments from readers who are interested
in this project.

The block diagram of the S2L bus inter-
face box is shown in figure 1. It consists of
three main sections devoted to memory
signals, direct memory access signals and
interrupt signals. The schematics for the
control logic blocks may be found in figures
7 thru 9, but for the time being, | will
discuss their function rather than their de-
tailed implementation in order to simplify
the discussion.

Let us first consider a memory read
operation as diagrammed in figure 2. Note
that all times in the timing diagrams are
sequenced correctly, but, many times
they are not to scale. Also, note that the
clock (92) may be shown as being synch-
ronous with some signals, but this is not
necessarily so since the LSI-11 bus is an
asynchronous bus. The LSI-11 indicates
the start of a bus cycle by asserting the
BSYNC L signal. (“Asserted’’ means going
into a logical 1 state, not becoming +4.5 V;

BDALO-BDALIS R R ALTAIR
pata 15 LINES (s-100)
ISICINES ADDRESS [CILINES .) ADDRESS .) ADIRESS :ls WHes ADDRESS
BUS LATCH DRIVERS BUS
RECEIVER (LSB) ”:} i
ACLK—' LSCMP
{ 16 LINES
M DOUTSEL
ALTAIR
._m)yp"l N (s-100)
L —RDY2 I6 LINES )| DATA 8 LINES 8 LINES z DATA OUT
— MWRITE* ouT ') gﬁ;A 8US
— BDEN* MULTI- DRIVERS
— ALCLK PLEXER
BSNNG MEMORY [—LSCMP
BDIN CONTROL |—DOUTSEL
LOGIC —MSBCLK
BDOUT :tgg%‘-" I-—MSBCLK
BWTBT  WRITE® ALTAIR
BRELY [— REq0* 2 pATA - F— DATAIN
— @2 8 LINES LATCH 8 LINES 8 LINES  { gUs
v {MSB) N
A DATA A EUE
o L vigtyir* 8 LINES LATCH B LINES
BIRQ (LSB) -
—BENBL
INTERRUPT l
BIACKI CONTROL LSBCLK
LOGIC
7 INTERRUPT [7¢
S LINES | \NTERR 6 LINES lVNETcigSUPT
BUS o
BUFFER
onEnegr
BOMR MEMORY >
ACCESS BENBL &
BOMGI CONTROL w
LOGIC — HALT* 3
BSACK | HLpa® =
VECTORED
GRS 8LINES§ MEQRUPT
ENCODER
*ALTAIR {5-100) BUS SIGNALS
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You Own
the Solution,
We Offer You
the Problem!

If you own a micro-
computer, you may face a
fairly common dilemma:
scarcity of applications.
After the initial hardware
thrill has worn off, what are
you going to do with all that
computing power?

Every two months,
Strategy & Tactics Magazine
publishes something to do
with that power. It’s called a
conflict simulation — a
game-like re-creation of a
real-world military battle or
campaign. In such a conflict
simulation, all the relation-
ships of the various military
units, the terrain, and the
objectives are quantified
and classified in a very
orderly and rigidly specified
manner. The unique data
handling/problem solving
opportunities are fascinating
and plentiful — indeed, they
are the chief attractions for
most serious players.

Many of the sub-
routines in conflict simula-
tions are naturals for
computerization. For exam-
ple, combat is usually

Circle 318 on inquiry card.

STON

in the Shenandoah, 1862

WAL

resolved by recourse to a
probability table using dice;
movement is regulated by
digitally valued hexagonal
cells; and most events are
ordered by a program-like
“‘sequence of play.’’ In fact,
the games in Strategy &
Tactics are virtually paper
programs needing only your
ingenuity and enthusiasm to
interface with the micro-
computer environment.
Every issue of
Strategy& Tactics comes
with a complete conflict

simulation game plus a
feature length, data-rich
article on the same subject.
In addition, there are other
articles on historical and
contemporary military af-
fairs along with information
about the latest simulation
game designs offered by
SPI, publishers of
Strategy & Tactics.

Send now for a one
year subscription to Strategy
& Tactics — and start
creating your own solutions
to our fascinating problems.

[ SPI has been serving customers by mail since 1970

1 VA
Lo

. Please enter my subscription to Strategy & Tactics for:
O 2 years (12issues) $28
. Also send me the following SPI games, recommended for new players:

O 1year(six issues) $15

Send check or money order to:

SI I Dept. 368

44 East 23rd Street, New York, N.Y. 10010

O Single issue $5

. O Blue & Gray, four Civil War battles: $12
O Napoleon’s Last Battles, four battles of Waterloo: $12
. O Modern Battles I1, four contemporary conflicts: $12
= name
. street apt #

state zip

city
. SPACE BELOW FOR OFFICEUSEONLY:

cc total credit

post tax
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LSI-/I BUS SIGNALS
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CYCLE {s-100) {$-100)

Figure 2: Timing diagram of an LSI-11 memory read cycle as it is interpreted
by the S2L interface and passed on to the Altair (S-100) bus.

LSI-/! BUS SIGNALS
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Figure 3: Timing diagram of an LSI-11 memory write (16 bit word) cycle as
it is interpreted by the S2L interface and passed on to the Altair (S-100) bus.
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| am using the trailing “‘L" to denote nega-
tive logic, so in this case assertion means
going to 0.4 V.) The negative logic used
by all LSI-11 bus signals is due to the bus
being implemented with open collector
logic, rather than the three state logic which
is common in most hobby computers. The
rising edge of BSYNC should be used to
fatch the data and address bus lines (BDALO
L to BDALI1S L), since at this time they
contain the address for the bus cycle. When
BDIN L is asserted, the first of the two
Altair (S5-100) bus cycles occurs. This cycle
occurs during the first complete cycle of
the S2L clock that occurs after BDIN L
is asserted. The first byte read is the most
significant byte of the word (ie: the byte
with the odd address), and the LSCMP

'signal is asserted during this time in order

to provide the correct address on the Altair
(S-100) bus. I am assuming that since only
16 bit word reads may be made, all addresses
on the bus during read cycles will be even
addresses.

The falling edge of the S2L clock (¥9)
latches the most significant byte of data
enabled by the low state of the MSBCLK
signal ((® in figure 2). Then the second
read cycle is initiated, this time for the least
significant byte (even address). When the
cycle completes, the least significant byte
is latched with the next S2L clock enabled
by a low state on the LSBCLK signal ((®
in figure 2). After this, LDEN is asserted
to drive the latched data onto the LSI-11's
“Q"” bus, and BRPLY L is sent back to the
LSI-11 to tell it that the data on the bus is
valid. The termination of the BDIN signal
indicates to the S2L that the data has been
accepted by the LSI-11, and the S2L then
terminates BRPLY L.

For this interface to work with a reason-
able variety of Altair (5-100) bus memory
boards, phase 2 clock, RDY1, RDY2 and
WAIT signals are provided. Any S2L clock
pulse may be inhibited by one or both of
the RDY lines until a slow peripheral has
data ready, or has accepted data, in a
manner similar to that of the 8080 and
6502 processors.

The write cycle, diagrammed in figure
3, is almost identical to the read cycle. The
differentiation between read and write is
made by the LSI-11 by asserting the BDOUT
L signal rather than BDIN L. During a write,
rather than having to provide two clocks to
fatch the bytes read, the S2L must provide



Osborne & Associates announces two new books. . .

There are hundreds of microprocessors on the
market today, but there’s nothing like Vo/ume 2 and
3. These books provide the only detailed descrip-
tions of real products from an independent source.

NEW MICROPROCESSORS

Volume 2 describes individual microprocessors,and
support devices commonly used only with the
parent microprocessor. The new edition represents
a massive expansion of our previous Volume 2;
among other new material it includes the first
detailed description of the Intel 8086 16-bit
Microprocessor.

NEW SUPPORT DEVICES

Volume 3 describes support devices that can be
used with any microprocessor. The majority of this
book is new material; in particular it has one of the
most comprehensive discussions of memory
devices ever printed.

AN INTRODUCTION TO MICROCOMPUTERS:
VOLUME 2 - SOME REAL MICROPROCESSORS
VOLUME 3 - SOME REAL SUPPORT DEVICES

NEW UPDATES

Because of the tremendous amount of material
that Volures 2 and 3 must cover, these books have
been written to be updated on a regular bimonthly
schedule. Six update sections for each of the two
volumes may be purchased on a yearly subscrip-
tion basis. Each update will describe new products,
or products not covered in the original volumes;
updates also provide additional information for
products already included, and errata pages for
previous text.

NEW FORMAT

For your convenience, Volumes 2 and 3 are printed
in loose leaf form and may be purchased with or
without a binder.

The 1378 edition of Volume 2 and the new Volume 3
of AN INTRODUCTION TO MICROCOMPUTERS will
be available at the end of September. To order
these or other Osborne & Associates publications,
check the appropriate boxes below.

These prices effective July 1, 1978. PRICE | QTY AMT t)‘\ OSBORNE & ASSOCIATES, INC. (415) 548-2805
: P.O. Box 2036  DEPT. 112 TWX 910-366-7277
Volume 2 — Some Real Microprocessors . )
$20.00 Berkeley, California 94702
1978 Edition — With Binder
Without Binder $15.00 RAME
Binder alone $ 5.00 ADDRESS
Vol - g CITY
'umé 3 — Some Real Support Devices $20.00
With Binder STATE zPp PHONE
Without Binder $15 00 SHIPPING CHARGES:  Shipping for large orders to be arranged.
Binder alone $ 5.00 Not applicable to Update Subscriptions.
Volume 2 and 3 Updates (Subscription $40.00 o All foreign orders, $3.00 per book, for alr shipment
to six issues of each series) : O  4th class $0.35 per book {allow 3-4 weeks within USA,
— not applicable to discounted orders)
Volume 2 Updates only (six issues) | $25.00 O  $0.75 per book, UPS (allow 10 days) in the U.S.
Volume 3 Updates only (six issues) $25.00 O  $1.50 per book, special rush shipment by air in the U.S.
+ 6Y2%, SF Bay Area residents only TOTAL Please send information on:
« 6%, California residents outside SF Bay Area Sales Tax O  Other O&A publications
-Payment by check or money order (Cafif. residents only) O Becoming an O&A dealer
must be enclosed for orders of Shipping Charges O  School discounts
10 books or less. [m] List of foreign distributors
TOTAL AMOUNT ENCLOSED i e
O  More information on Volumes 2 and 3 F10
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LSI-11 BUS SIGNALS
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Figure 4: Timing diagram of an LS/-11 memory write (8 bit byte) cycle as it
is interpreted by the S2L and passed on to the Altair (S-100) bus.

LSI-11 BUS SIGNALS
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Figure 5: Timing diagram for the initiation of DMA activity on the Altair
(S-100) bus between memory segments on that bus and peripherals on that
bus. (DMA from an Altair (S-100) bus peripheral to peripherals or memory
on the LSI-11 “Q" bus is not supported in this design.)
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DIRECT MEMORY ACCESS ACT!V!TY—/

[N

a byte selection signal (DOUTSEL) 1o 2
multiplexer which will determine which
half of the word will be written at any time.
The timing is as in the figure. Asin the case
of the read, | assume that only word width
writes will occur with a word (even) address.

In order to perform a single byte write
cycle, the S2L performs a normal write
cycle, except that it skips the first of the
two Altair (S-100) bus writes. Since it is
the write to the address with the inverted
lowest bit which is skipped, the correct
byte is written in half of the time, and the
cycle terminates normally. The diagram for
this is shown in figure 4.

The LSI-11 bus supplies signals with
which the memory and device interfaces
reply to the LSI-11 when 10 transactions
take place (BRPLY L). The S2L adaptor
will respond with a BRPLY L signal whether
the address requested is implemented or
not. This will cause problems with some
LSI-11 software and firmware, especially
the firmware ODT LOAD command which
sizes memory automatically by sensing when
memory addresses fail to set a BRPLY L
response. Also, the system of reply signals
has another advantage which will be lost
when using the S2L adaptor: when attempt-
ing to write to ROMs on the LSI-11 system,
no BRPLY L is generated and a bus time-
out error occurs, which is a good error
detection system. The S2L will effectively
eliminate this facility.

The procedure for dealing with direct
memory access (DMA) is much easier on
the Altair (S-100) bus than on the LSI-11
bus, and the S2L interface enables the
Altair (S5-100) devices to take advantage
of the simpler protocol. Looking at figure 5,
the device starts the DMA cycle by asserting
the HALT L signal to request use of the bus.
The assertion of BDMR L by the S2L
requests the use of the bus by a peripheral
of the LSI-11. The simultaneous assertion
of BDMGI L and the termination of BSYNC
L and BRPLY L indicates that the DMA
privilege has been granted by the LSI-11,
The S2L then responds by terminating
the BDMR signal, and by asserting both
the BSACK L signal to tell the LSI-11 that
the bus is in use, and the HLDA L signal to
tell the Altair bus peripheral that it may now
use the bus. Note that if more than one
peripheral wishes to perform direct memory



Choose from these Top Selections

HOW TO BUILD A COMPUTER CONTROLLED ROBOT by Tod Loofbourrow

[ This book combines the dream of robotics—to create an intelligence other than human—
with the reality, by providing both hands-on experience with robotics and an application of
a microprocessor. This book details the step-by-step directions for building a robot, con-
'ér;)g%d by a KIM-1 microprocessor, with the complete control programs clearly written out.

THE ACOUSTICAL FOUNDATIONS OF MUSIC, subtitied MUSICAL SOUND: A LUCID ACCOUNT
OF ITS PROPERTIES, PRODUCTION, BEHAVIOR, AND REPRODUCTION by John Backus

[ This is a readable and informative guide that covers the physiological properties of sound,
the ear and its perception of sounds, the effect of acoustic environment, the acoustical be-
havior of musica! instruments, and the various applications of electronics and computers to
the production, reproduction and composition of music. 312 pp. Only $10.95 in hardcover.

THE CHEAP VIDEO COOKBOOK by Don Lancaster \aap
[ The latest in Don Lancaster’s series of hardware books, continues where the TV Type- “'E‘ggkbmk
writer Cookbook leaves off. 256 pp. $5.95. ; o

COMPUTER DATA DIRECTORY edited by Brad Lynnet

(] This is a new, comprehensive index containing profiles of over 675 small computer manu-
facturers, stores, distributors, publishers, electronics dealers, and computer clubs. 111 pp.
$4.98.

PERIODICAL GUIDE FOR COMPUTERISTS January-December 1977 by E Berg Publications

[J This is a comprehensive index of all the articles, book reviews, editorials, letters, record
reviews, and miscellaneous small inserts and notes from the top 25 magazines in the field. An
indispensable guide for anyone in the fields of personal computing, amateur radio, and
electronics. 72 pp. $5.00.

UP YOUR OWN ORGANIZATION! by Donald M Dibble

[J A great handbook on how to start and finance a new business, this is the most compre- _F:!||

hensive reference we’ve seen on the subject. 372 pp. Available for $14.95 in hardcover. FUNDAMENTALS
RECORK%]E)EH!TG
FUNDAMENTALS OF RECORDKEEPING AND FINANCE %"%’ﬁ{ _ mﬁé:ré“
FOR THE SMALL BUSINESS by Robert C Ragan CPA & Jack Zwick PhD DOs, DON'Ts, GOMALL
[(J Once you have your organization or business up and running, records must be kept. Here ﬂ"olw 0. Seornae | ¢
is a companion volume to UP YOUR OWN ORGANIZATION. 196 pp. $10.00 hardcover. . o« The
z: Fistiookcotin 78
WRITING AT WORK: DO’S, DON'T'S, AND HOW TO’S by Ernst Jacobi g --—":"1"”"""""

[J The goal of this informative book is '“to turn writers into communicators’* —addressed to o=y
the educated business or professional person. 198 pp. $7.95.

THE FIRST BOOK OF KIM edited by Jim Butterfield, Stan Ockers & Eric Rehnke

[J Attention KIM users! Here is the book you‘ve been waiting for. In it you'll find a begin- :
ner's guide to the MOS Technology KIM-1 Microcomputer as well as an assortment of games,
diagnostic and utility programs for testing both the computer and external equipment, and

chapters on expanding memory and controlling analog devices. 176 pp. $8.95.

TO RECEIVE A FREE COPY OF THE NEW BITS CATALOG, JUST CIRCLE THE NUMBER BELOW ON THE INQUIRY CARD AT THE
BACK OF THIS MAGAZINE, OR SEND US A POSTCARD WITH YOUR REQUEST. THE CATALOG OFFERS OVER 150 BOOKS FROM
WHICH TO CHOOSE.

For your convenience in ordering, please use this page plus the order form on page 111. You may
photocopy this page.

B 's The Microcomputer Bookstore

25 Route 101 West, P.O. Box 428, Peterbarough, NH 03458
Circle 36 on inquiry card. BYTE September 1978 109




LSI-11 BUS SIGNALS

BIRQ
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BlAKI
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c////// s
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ALTAIR (S-100) SIGNALS

Vi

Figure 6: Timing diagram
of the S2L interface’s re-
sponse to an Altair (S-100)
bus vectored interrupt sig-
nal. When one of the
eight possible vectored in-
terrupt signals is asserted
(low), the S2L interface
responds by creating a
vectored interrupt  se-
quence for the LSI-11
“Q" bus.

access, neither will be able to determine
easily which device is being selected. When-
ever the Altair (5-100) bus peripheral is
finished with the bus, it terminates the
HALT L signal, causing the S2L to terminate
the BSACK L signal, releasing the bus for
the LSI-11 to use.

Note that this interface will not allow
Altair (S-100} bus devices to perform DMA
to any memory which is on the LSI-11 side
of the S2L; | felt that the simplicity of the
interface as shown, combined with the

complexity of the extended function inter-
face, was justification for leaving things
as shown. In any event, one justification
for the development of this adaptor was that
Altair bus memory was cheaper than DEC
memory, so one can expect most of the
system memory to be Altair (S-100) bus
memory.

One other point to make is that the
LSI-11 on board memory is dynamic and
requires refreshing, which the LSI-11 does
by microcoded routines. This microcoded
refresh creates bursts of bus activity every 2
ms, lasting about 130 us. These bus acti-
vations can cause problems in a real time
environment, and can cause data overruns
in DMA devices if these devices do not
allow enough internal buffering to last the
130 us. Although nonburst-mode refresh
is possible, the prices which DEC asks for
the module are pretty high for the facility.
For this reason, use of Altair (S-100) bus
static memory and disabling of the KD11-F's
dynamic memory and refresh microcode
might be useful to some people.

The eight vectored interrupt lines on the
Altair (S-100) bus lend themselves directly
to interfacing with DEC's vectored interrupt
scheme. Looking at figure 6, the timing for
the S2L's interrupt sequence is given. When-
ever one of the vectored interrupt inputs
from the Altair (S-100) bus (VIO thru VI7)
is asserted, BIRQ L is sent back to the
LSI-11 to request interrupt service. The
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BASIC BASIC by James S Coan

If you're not already familiar with BASIC, James Coan’s Basic
BASIC is one of the best ways to learn about this popular computer
language. BASIC (which stands for Beginner's All-Purpose Symbolic
Instruction Code) is easy to learn and easy to apply to many pro-
blems. Basic BASIC gives you step-by-step instructions for using a
terminal, writing programs, using loops and lists, solving mathe-
matical probiems, undertanding matrices and more. The book
contains a wealth of illustrations and example programs, and is
suitable for beginners on many different levels. It makes a fine
reference for the experienced programmer, too. $8.95.

ADVANCED BASIC by James S Coan

DAdvanced BASIC is the companion volume to James Coan’s
Basic BASIC. In this book you’ll learn about some of the more
advanced techniques for programming in BASIC, including string
manipulation, the use of files, plotting on a terminal, simulation
and games, advanced mathematical applications and more. Many
useful algorithms are covered, including some clever sorting tech-
niques designed to reduce program execution time. As with Basic
BASIC, there are many illustrative example programs included.
BASIC doesn’t have to be basic with Advanced BASIC! $7.95.
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8080A/8085 ASSEMBLY LANGUAGE
PROGRAMMING by Lance A Leventhal

This book provides an introduction to assembly language pro-
gramming for the 8080A and the 8085 processors. Included are
sections on the instruction sets for the two processors, assemblers,
simple program examples, code conversion, tables and lists, sub-
routines, 10, interrupts, program design, and debugging. Many
examples and illustrations are included. 467 pp. $8.50.

ASSEMBLY LEVEL PROGRAMMING FOR
SMALL COMPUTERS by Walter J Weller

DOne of the most professionally produced books we've seen.
From front cover to back, this book is clear, detailed, and beauti-
fully produced. Using a pseudo mnemonic assembly language,
Walter Weller takes you inside the whys and hows of table refer-
encing, data stacks, number conversions, floating point arithmetic,
and much, much more. Surely one of the most complete books on
this topic. 276 pp. $14.95 hardcover.

hasic basic

STRUCTURED PROGRAMMING IN APL
by Dennis Geller & Daniel P Freedman

D ”. . .Our approach is to present the fundamentals of structured
programming in APL. Students may go on from here to learn to
write faster programs or more compact programs, or more aesthetic
programs; this we hope, is where they learn to write working pro-
grams.” From the Preface. $9.95.

APL AN INTERACTIVE APPROACH
2nd edition, revised by Gilman & Rose

D Here’s an excellent way to introduce yourself to the APL lan-
guage. APL is rapidly becoming one of the most popular high level
languages in the computer field because of its clarity and concise-
ness. Gilman and Rose have extensively updated their popular book
to include the latest information about APL and the various forms
now in use. Since the examples are all carefully spelled out, this
book is particularly recommended for those who do not have access
to an APL terminal. Answers to all problems are included. $11.95.

Break the Language Barrier

AND COMMUNICATE WITH YOUR COMPUTER

BITS:

The Microcomputer Bookstore

25 Route 101 West
Peterborough, NH 03458

D My check enclosed:
Check # :

Amount:
—=0 My card # :

Name

Address

DIAL YOUR BANK CARD ORDERS ON OUR TOLL-FREE HOT LINE: 1-800-258-5477.

State Zip

Signature

Total

Number of books

Postage $.75/book or

$1.00 outside U.S.

Prices subject to change without notice.

Expires:

Dealer Inquiries Invited.

Grand Total

You may photocopy this page.

Circie 37 on inquiry card.
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Figure 8: Direct memory
access control logic.
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LSI-11 will respond by asserting BIAKI L
and BDIN L, the former to request that an
interrupt vector be placed on the bus, and
the latter to indicate that data is coming
in on the bus. The S2L responds to this by
placing the vector on the bus, and by assert-
ing BRPLY L, toinform the LSI-11 that the
bus value is now valid data. The termination
of BDIN L and BIAKI by the LSI-11 results
in the S2L’s termination of BRPLY L and
the release of the bus for other uses. At
this point, an interrupt should occur. Each
of the eight interrupt lines is prioritized
and will cause an LSI-11 interrupt when
asserted. The LSI-11 vector address for each
Akair (S-100) bus vectored interrupt line
will be the value programmed in the read
only memory.

| am not going to go through the sche-
matics in figures 7 thru 9 in detail, since
their function is fairly well-defined by the
timing diagrams and the above discussions.
However, a few notes are in order. The use
of the 7495 is a bit subtle since the load,
which occurs via CLK2 whenever a BDIN or

BDOUT signal is asserted, changes the mode
of the shift register from LOAD to SHIFT.
This allows the first write to be skipped
conditionally upon the state of the BWTBT
L signal at the start of the write cycle, and
allows the shifting to stop when the one bits
coming in from the serial input reach the
third flip flop. The latches used for most
significant byte and least significant byte
storage are 8551s since they have three
state buffers, which allow their output to
be placed on the LS!-11 bus conditionally.m

REFERENCES
“Introducing the S-100: Standard Small Computer
Bus Structure,” by William M Goble, /nterface

Age, June 1977, page 66.

LSI-11, PDP-11/03 User’s Manual {(EK-LSI11-TM-
002}, DEC, 1975.

Microcomputer Handbook, DEC, 1976.
Also: numerous Altair (S-100) bus peripherals

schematics borrowed from friends served as back-
ground information for this discussion.
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the electric pencil II”

The Electric Pencil II is a Character Oriented

Word Processing System. This means that text is
entered as a string of continuous characters and
is manipulated as such. This allows the user
enormous freedom and ease in the movement and
handling of text. Since line endings are never
delineated, any number of characters, words,
lines or paragraphs may be inserted or deleted
anywhere in the text. The entirety of the text
shifts and opens up or closes as needed in full
view of the user. The typing of carriage returns
as well as word hyphenation is not required

© 1978 Michael Shrayer

As text is typed in and the end of a screen
line is reached, a partially completed word is
shifted to the beginning of the following line.
Whenever text is inserted or deleted, existing
text is pushed down or pulled up in a wrap
around fashion. Everything appears on the video
display screen as it occurs which eliminates any
guesswork. Text may be reviewed at will by
variable speed scrolling both in the forward and
reverse directions. By using the search or the
search and replace function, any string of
characters may be located and/or replaced with

since lines of text are formatted automatically. any other string of characters as desired.

When text is printed, The Electric Pencil II automatically inserts carriage returns where they
are needed. Numerous combinations of line length, page length, line spacing and page spacing allow
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional
printing are included in the Diablo versions. Right justification gives right-hand margins that are
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and
logo) was printed by the Diablo version of The Electric Pencil II in one pass.

Now on CP'M

You've probably seen
The Electric Pencil in
action by now. It's the
most powerful B8080/Z80
character oriented word
processor on the market
today. Michael Shrayer is
now proud to present the
new Electric Pencil II.

HAVE WE GOT A VERSION FOR YOU ?

The Electric Pencil II operates with any 8080/Z80 based microcomputer that supports a CP/M disk
system and uses a Imsai VIO, Processor Technology VDM-1, Polymorphic VTI, Soli'd State Music VB-1B,
Vector Graphic Flashwriter or any similar memory mapped video interface. Specify when using CP/M
that has been modified for Micropolis or North Star disk systems as follows: For North Star add
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-IIA, DV-IIB.

NEW FEATURES: !!! CP/M Compatible !!! Disk Operating System
Supports Four Disk Drives !!! Simple File Management !!! Quick and Easy
Disk Storage and Retrieval !!! Dynamic Print Formatting !!! Multicolumn
Printing !!! Print Value Chaining !!! Page-at-a-time Scrolling !!! New
Bidirectional Multispeed Scrolling Controls !!! New Subsystem with
Print Value Scoreboard !!! Automatic Word and Record Number Tally !!!
Cassette Backup Capability !!! Full Margin Control !!! End-of-Page
Control !!! Non-Printing Text Commenting !!! Line and Paragraph
Indentation !!! Centering !!! Underlining !!! BOLD FACE !!!

W I D E S C R E E N vV I D E O ! 1!}
Available to Imsai VIO video users for a huge B0x24 character screen !!

vers. Video Printer Price
SS-11 SOL TTY