[, -~

‘ in USA éé;id‘in Canada .




Someday all terminals will be smart.......

& 128 Functions—software controlled ® 82 x 16 or 92 x 22 format—plus graphics
@ 7 x 12 matrix, upper/lower case letters @ Printer output port
@ 50 to 38,400 baud—selectable ¢ "CHERRY' keybhoard

CT-82 Intelligent Terminal, assembled and tested. . . . . . . $795.00 ppd in Cont. U.S.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
m SAN ANTONIO, TEXAS 78216
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The Heath H8 is part of the family
of Heath computer kits. Dr Paul R
Poduska describes his experience of
assembling this well-documented kit in
Building the Heath H8 Computer.

page 12

One way to see what the Texas
Instruments TMS-9900 processor can
do is to cover the instruction sct using
A Map of the TMS-9900 Instruction
Space by Henry Melton as a guide. His
short article gives a summary of the
available operations plus details for all
the possible operation codes of the
machine. page 14

After setting up a computer system
with the hardware and software to
handle files, how do you use it? In
part 2 of Files on Parade, Mark Klein
describes file management and pro-
gramming techniques using files.

page 32

In A Microprocessor for the Re-
volution: The 6809, Part 3: Final
Thoughts, 6809 architects Terry Ritter
and Joel Boney of Motorola discuss
clock speed, timing signals, condition
codes and software design philosophy
as they apply to the 6809. page 46

In Crytography in the Field, Part 1,
Dr } P Costas gives a brief history of
the fascinating world of cryptography,
to be concluded next month with a
programmable calculator encryption
and decryption program. page 56

Robert V Meushaw’s article de-
scribes the workings of and some of

lnthisBYTE

Data Encryption Algorithm, one of a
class of algorithms known as “trap
door" algorithms. page 66

The Z-8000 is Zilog's new entry
into the field of 16 bit processors. In
addition to its impressive speed, the
Z-8000 in conjunction with an out-
board memory management device
allows programmers to employ virtual
memory techniques. Read about it in
Ira Rampil’s Preview of the Z-8000.

page 80

If you'd like to double your plea-
sure and double your fun, try design-
ing with two printed circuit board
sides instead of one. David Lamkins
shows you how to get more for your
money in Designing with Double Sided
Printed Circuit Boards. Perhaps that
topology course you took might come
in handy after all. page 94

Andrew Filo concludes his article
Designing a Robot from Nature with
an overall description of the system
as well as construction details for
building a net convexity detector,
which mimics the frog's ability to
detect insect flight patterns.  page 714

This month Paul Giacomo con-
cludes his 2 part Stepping Motor
Primer with a look at interfacing the
stepping motor to a computer as
well as a discussion of damping, inertia

This month Steve Ciarcia completes
his 3 part article Build a Computer
Controlled Security System for Your
Home with a discussion of burglar
alarms, intrusion detectors, and the
rest of the circuitry you'll need to
make your home secure. page 150

First time users of Warnier-Orr dia-
grams consistently have many ques-
tions about the correct usage of the
technique. David A Higgins describes
some conceptual errors and other
Common Mistakes Using Warnier-Orr
Diagrams. page 170

If many people have access to
your computer, you may want to
protect the information contained
within it. One way is to implement
Password  Protection for Your
Computer as described by R Jordan
Kreindler. page 194

This month Robert C Arp Jr begins
a 2 part article about The Power of
the HP-67 Programmable Calculator.
Part 1 is a review of the features and
performance of this powerful desk
top wonder. page 196

What Is an Interrupt? In brief, it is
the act of safely stopping one process
and causing your computer to start
(resume) another process. For some
background information on interrupt
processing, see R Travis Atkins' tu-
torial in this issue. page 230

Keith S Reid-Green continues his
History of Computers with a discus-
sion of one of the early minicomputers,

the theory involved with The Standard and other related topics. page 142 The IBM 650. page 238
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How to buy
a personal computer.

Suddenly everyone is talking about personal computers.

Are you ready for one? The best way to find out is to
read Apple Computer’s “Consumer Guide to Personal
Computing.” It will answer your unanswered questions
and show you how useful and how much fun personal
computers can be. And it will help you choose a
computer that meets your personal needs.

Who uses personal cormputers.

Thousands of people have already discovered the Apple
computer — businessmen, students, hobbyists. They're
using their Apples for financial management, complex
problem solving — and just plain fun.

You can use your Apple to
analyze the stock market,
manage your personal
finances, control your
home environment, and
to invent an unlimited
number of sound and
action video games.
That's just the beginning.

What to lIook for.

Once you've unlocked the
power of the personal
computer, you'll be

ExpEnsts

using your Apple in ways you never dreamed of.
That's when the capabilities of the computer you buy
will really count. You don’t want to be limited by

the availability of pre-programmed cartridges. You'll
want a computer, like Apple, that you can also program
yourself. You don’t want to settle for a black and white
display. You'll want a computer, like Apple, that can
turn any color tv into a dazzling array of color graphics*
The more you learn about computers, the more your
imagination will demand. So you'll want a computer
that can grow with you as your skill and experience
with computers grows. Apple’s the one.

How to get one.

The quickest way is

to get a free copy of
the Consumer Guide
to Personal Computing.
Get yours by calling
800/538-9696. Or by
writing us. Then visit
your local Apple dealer.
We'll give you his name
and address when

you call.

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

wv 4t (s & =

7 AoV b B Fa2 §

(=2

. Foo o BN~ - s Eorr)
A L 3
AL | P?V

[ra— -

ey

Circle 1-5 on inquiry card.

wd A |
r": L"E‘i‘ Lw I'E?'-!J ll-.'d F‘H* e, &1:

In California call (408) 996-1010.

VA T LA v
= 54 ) TR TRa =

[y
-

>4 58 %

¥
o] 3

Dr., upertino, e A

* BYTE March 1979



Altos Computer Systems
2378-B Waish Avenue
Santa Clara, CA 95050

Apple Computer
10260 Bandley Dr.
Cupertino, CA 95014

Digital Microsystems Inc.
{Formerly Digital Systems)
4448 Piedmont Ave.
Oakiand, CA 94611

Imsai Mfg. Corporation
14860 Wicks Blvd.
San Leandro, CA 94577

Industrial Micro Systems
633 West Katella, Suite L
Orange, CA 92667

North Star Computer
2547 9th Street
Berkeley, CA 94710

Percom Data
318 Bames
Garland, TX 75042

Polymorphic Systems
460 Ward Dr.
Santa Barbara, CA 93111

Problem Solver Systems
20834 Lassen Street
Chatsworth, CA 91311

Processor Applications Limited
2801 E. Valley View Avenue
West Covina, CA 91792

SD Sales
3401 W. Kingsley
Garland, TX 75040

Smoke Signal Broadcasting
6304 Yucca
Hollywood, CA 90028

Technico Inc.
9130 Red Branch Road
Coiumbia. MD 21045

Texas Electronic Instruments
5636 Etheridge
Houston, TX 77087

Thinker Toys

1201 10th Street

Berkeley, CA 94710

Vista Computer Company

2807 Oregon Court
Torrance. CA 90503

Circle 320 on inquiry card.
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Don’t Overlook LISP

John R Allen
18215 Bayview Dr
Los Gatos CA 95030

Most programming lan-
guages do very little to
reinforce the creative pro-
cess of algorithm discovery
and creation. They are
more concerned with the
execution of already con-
structed algorithms. This
month’'s guest editorial by
John R Allen elaborates
on this idea and discusses
the relative merits of LISP,
along with some general
philosophy about personal
computing. . . .CPM

Articles Policy

BYTE is continually seeking quality
manuscripts written by Individuals who
are applying personal computer systems,
designing such systems, or who have
knowledge which will prove useful to
our readers. For a more formal de-
scription of procedures and require-
ments, potential authors should send a
lorge (9 by 12 inch, 30.5 by 22.8 ¢m),
self-addressed envelope, with 28 cents
US postage affixed, to BYTE Author's
Guide, 70 Main St, Peterborough NH
03458.

Articles which are occepted are
purchused with a rate of up to $50 per
magazine page, based on technical
quality and sultabillty for BYTE’s
readership. Each month, the outhors
of the two leading articles in the reader
poll (BYTE's Ongoing Monitor Box or
“BOMB™') are presented with bonus
checks of $100 and 3$50. Unsoliclted
materials should be accompanied by full
name ond aqddress, gs well as return
postage.®

Pascal has reached critical mass; it has
flashed through the mainframe, minicom-
puter, and now the microcomputer field. It
has much to support its popularity; how-
ever, it represents but one point of view
about computing.

This discussion offers a contrasting posi-
tion, as “personified” by LISP. [ will discuss
not relative expressive power or syntax, but
rather that the forces and attitudes which
shaped the languages (and the kinds of
problems which the languages address)
represent diverse views of computation.
In the 1969 Software Engineering Con-
ference, Niklaus Wirth (creator of Pascal)
said:

! would like to discuss the trend
towards conversationality in our tools.
There has been, since the development
of timesharing and on line consoles, a
very hectic trend towards development
of systems which allow the interactive
development of programs. Now this is
certainly nice in a way, but it has its
dangers, and | am particularly wary of
them because this conversational usage
has not only gained acceptance among
software engineers but also in univer-
sities where Sstudents are trained in
programming, My worry is that the
facility of quick response leads to
sloppy working habits and, since the
students are going to be our future
software engineers, this might be rather
detrimental to the field as a whole.

Wirth was addressing programming devel-
opment in particular, but the question of
“sloppy work habits' has a broader connota-
tion. Many industrial and educational per-
sonnel still question the viability of interac-
tive composition of any kind of text. Sup-
posedly on line composition is wasteful and
incfficient; one should carefully think out
the text, writing it out in longhand or by
typewriter, then revise and amend, cut and

Continued on page 212



“After working all day with the computer at
work, it's a kick to get down to Basic at home. And
one thing that makes it more fun is my Shugart
minifloppy ™ We use Shugart drives at work, so
when | bought my own system | made sure it had a
minifloppy drive.

“"Why? Shugart invented the minifloppy. The
guys who designed our system at work tell me that
Shugart is the leader in floppy design and has
more drives in use than any other manufacturer. If
Shugart drives are reliable enough for hard-working
business computers, they've got to be a good
value for my home system.

“"When I'm working on my programs late at
night, | can’t wait for cassette storage. My
minifloppy gives me fast random access and data

transfer. The little minidiskettes™ store plenty of
data and file easily too.

“I made the right decision when | bought a
system with the minifloppy. when you lay out your
own hard-earned cash, you want reliability and
performance. Do what | did. Get a system with the
minifloppy.””

If it isn’t Shugart,
it isn’t minifloppy.

2 Shugart

435 Oakmead Parkway. Sunnyvale, California 94086

For a list of manufacturers featuring Shugart’s minifloppy in their systems, circle reader response number.
T™M minitloppy is a registered trademark of Shugart Associates

Circle 320 on inquiry card.
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Hereitis atlast... THE FIRST
FLOPPY DISK BASED COMPUTER
FOR UNDER 51000

The C1P MF

995

| Complete mini-floppy computer system
10K ROM and 12K RAM
Instant program and data retrieval

The Challenger 1P Mini-disk system features
Ohio Scientific’s ultra-fast BASIC-in-ROM, full
graphics display capability and a large library
of instant loading personal applications soft-
ware on mini-floppies including programs for
entertainment, education, personal finance,
small business and now home control!

The C1P MF configuration is very powerful.
However, to meet your growth needs it can be
directly expanded to 32K static RAM and a sec-
ond floppy by simply plugging these options in. it
also suports a printer, modem, real time clock
and AC remote interface as well as the OS-65D
V3.0 development oriented operating system.

8  BYTE March 1979

Or Start with the C1P
CASSETTE BASED
Computer for just $349.

The cassette based Challenger 1P offers the
same great features of the mini-disk system
including a large software library except it has
4K RAM and conservative program retrieval
time. Once familiar with personal computers,
you'll be anxious to expand your system to the
more powerful C1P MF.

You can move up to mini-disk performance at
any time by adding more memory and the disk
drive. Contact your local Ohio Scientific dealer
or the factory today.

*Both systems require a video monitor, modified TV or RF
converter and home television for operation. Ohio Scientific
offers the AC-3 combination 12” black and white TV/monitor
for use with either system at $115.00 retail.

Ali prices, suggested retail.

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101

Circle 290 on inquiry card.



Here’s how you can be fully computerized
for so much less than you thought

BUSINESS — EDUCATION — ENGINEERING — MANUFACTURING

We are pleased to announce the first
professional time-sharing system in the
microcomputer field.

Naturally, it's from Cromemco.

This new multi-user system will do
all of the tasks you usually associate with
much more expensive time-sharing com-
puters. Yet it’s priced at an almost un-
believably low figure.

Look at these features:

* You can have up to 7 terminals plus
a fast, 132-column line printer

®* You can have a large system RAM
memory that’s expandable to %2
megabyte using the Bank Select
feature

e Each user has an independent bank
of RAM

¢ You can have floppy disk storage of
up to 1 megabyte

® You have confidentiality between
most stations

* And, make no mistake, the system
is fast and powerful. You’ll want to
try its fast execution time yourself.

Circle 80 on inguiry card.

PROGRAMMERS LOVE OUR BASIC

This new system is based on Cro-
memco’s well-known System Three
Computer and our new Multi-User
BASIC software package.

Programmers tell us that Cromemco
Multi-User BASIC is the best in the field.
Here are some of its attractions:
¢ You can use long variable names

and labels up to 31 characters long

— names like “material on order”’

or “calculate speed reduction.”

* You get many unusual and helpful
commands that simplify programs
and execution — commands such as
PROTECT, LIST VARIABLES, NOLIST,
and many more.

Cromemco

Microcomputer Systems

e No round-off error in financial work
(because our BASIC uses binary-
coded decimal rather than binary
operation). And we've still been able
to make it FAST.

¢ Terminals and printer are interrupt-
driven — no additional overhead
until key is pressed.

¢ The conveniences in this Multi-User
BASIC make it much easier to write
your own application software.

e A line editor simplifies changes.

BENCHMARK IT — NOW

In the final analysis, the thing to do
is see this beautiful new system at your
dealer. See its rugged professional qual-
ity. Evaluate it. Benchmark it for speed
with your own routine (you’ll be agree-
ably surprised, we guarantee you).

Find out, too, about Cromemco’s rep-
utation for quality and engineering.

Look into it now because you can
have the capabilities of a fully compu-
terized operation much quicker and for
much less than you ever thought.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 * (415) 964-7400
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The single card computer

with the features
that help you in real life

COMPLETE COMPUTER

In this advanced card you get a pro-
fessional quality computer that meets
today’s engineering needs. And it's one
that's complete. It lets you be up and
running fast. All you need is a power
supply and your ROM software.

The computer itself is super. Fast
4 MHz operation. Capacity for 8K bytes
of ROM (uses 2716 PROMs which can
be programmed by our new 32K BYTE-
SAVER® PROM card). There’s also 1K of
on-board static RAM. Further, you get
straightforward interfacing through an
RS-232 serial interface with ultra-fast
speed of up to 76,800 baud — software
programmable.

Other features include 24 bits of bi-
directional parallel 1/0O and five on-
board programmable timers.

Add to that vectored interrupts.

ENORMOUS EXPANDABILITY
Besides all these features the Cro-
memco single card computer gives you
enormous expandability if you ever need
it. And it's easy to expand. First, you
can expand with the new Cromemco
32K BYTESAVER PROM card mentioned
above. Then there’s Cromemco’s broad
line of S100-bus-compatible memory
and I/0O interface cards. Cards with fea-
tures such as relay interface, analog
interface, graphics interface, opto-
isolator input, and A/D and D/A con-
version. RAM and ROM cards, too.

%

EASY TO USE

Another convenience that makes the
Model SCC computer easy to use is our
Z-80 monitor and 3K Control BASIC (in
two ROMs). With this optional software
you're ready to go. The monitor gives
you 12 commands. The BASIC, with 36
commands/functions, will directly ac-
cess |/O ports and memory locations —
and call machine language subroutines.

Finally, to simplify things to the ulti-
mate, we even have convenient card
cages. Rugged card cages. They hold
cards firmly. No jiggling out of sockets.

AVAILABLE NOW/LOW PRICE
The Cromemco Model SCC is avail-
able now at a low price of only $450
factory assembled ($395 kit).
So act today. Get this high-capability
computer working for you right away.

2

Card Cage 32K BYTESAVER PROM card

i m ¢ 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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C1 P: $349! Adramatic breakthrough in price and per-
o formance. Features OSI's ultra-fast BASIC-in-ROM, full graphics
\ display capability, and large library of software on cassette and

disk, including entertainment programs, personal finance,
small business, and home applications. It's a complete pro-
grammable computer system ready to go. Just plug-in a video
monitor or TV through an RF converter, and be up and running.
15K total memory including 8K BASIC and 4K RAM —
expandable to 8K.

C1P MF: $995! First floppy disk based computer

forunder $1000! Same great features as the C1P plus more

memory and instant program and data retrieval. Can be
expandedto 32K static RAM and a second mini-floppy. It also supports
aprinter, modem, real time clock, and AC remote interface, as well as 0S-65D
V3.0 development disk operating system.

C2'4P: $595' The professional portable that has over 3-times the display
capability of 1P's. Features 32 x 64 character display capability, graphics, full
computer type keyboard, audio cassette port, and 4 slot BUS (only two used in
base machine). It has 8K BASIC, 4K RAM, and can
be expanded to 32K RAM, dual mini-floppies and
a printer.

C2-4P MF: $1 599! ;. big personal

computing mini-floppy system at a special package
price. Contains the famous C2-4P microcomputer

with 20K static RAM, 5" mini-floppy unit for instant
program and data Ioading, RS-232 circuitry (for optional modem and printer),
and four diskettes featuring exciting games, personal, business and education

applications.

C2-8P: $799' The personal class computer that
can be expanded to a full business system. Has all the
features of the C2-4P plus an 8 slot BUS (3-times greater
expansion ability than the C2-4P). Can be expanded to 48K
RAM, dual floppies, hard disk, printer and business software.

C2-8P DF: $2599! A fullbusiness system avail-

able at a personal computer price! The systemincludes the
powerful C2-8P microcomputer (32K RAM expandable to
48K), dual 8" floppy unit (stores 8-times as much information
as amini-floppy), and 3 disks of personal, educational and
small business applications software. Has all the capa-
bilities of a personal systemincluding graphics plus
the ability to perform Accounting, Information Manage-
ment, and Word Processing tasks for small business.

Contact your local Ohio Scientific dealer.
Allpricesr,isu:g.g_eiuﬁrel_ail

' "|.'| !
4 AL

America’s largest full-line microcomputer manufacturer
1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101
BYTE March 1979 9
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OF KITCHENS AND COMPUTERS

As a data processing professional
of twelve years experience, | have come
to have great respect for the principle:
“Don’t make things more complicated
than they are.” In particular, this means
don’t put applications on a computer
if they are more easily done some other
way, no matter how much you like
computers. | refer in particular to
Richard Shuford’s ‘‘Proposal for a
Kitchen Inventory System, or Don't
Byte the Wand that Feeds You” {Decem-
ber 1978 BYTE, page 184).

An automated food inventory and
ordering system might be ideal for a
restaurant. Feeding large numbers of peo-
ple means ordering large amounts of
food; the cost of running out of an item,
or of overstocking perishables is relatively
high. The home kitchen, on the other
hand, deals with small quantities of a
virtually unlimited number of items.
Impuise buying is frequent, and will
cause menus to change. The cost of
mistakes is fairly small. Automatic
reordering is fraught with danger — just
when you finally use up the last can of
cheddar cheese soup ({bought in a
moment of madness), shazam; four more
appear.

My own kitchen inventory system
works just fine. It is made out of a piece
of paper from a legal pad, with the
words CHOPIN LISZT (sorry about
that) printed across the top, affixed
to the door of my refrigerator with a
bar magnet. The input device is a num-
ber two pencil.

There are thousands of applications
which lend themselves to automation
very well, and many where nothing else
will do — but a computerized shopping
list isn’t one of them. For computers
and computerists to gain the respect
{and avoid the enmity) of the rest of the
world, we need to be simplifiers, not
complicators. So please, don’t make
things any more complicated than they
are!

Bob Brown

Medical Association of Georgia
938 Peachtree St NE

Atlanta GA 30309

The kitchen inventory system may
not be every family's cup of tea. My own
buying habits are regular enough that
the system may help; perhaps yours
are not. Impulse purchases do not
necessarily disrupt the system. The user
may simply choose not to scan a product
which is not to be restocked.
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In a related communication, Mr
Brown advises us that a reprint of “‘The
Characteristics and Decodability of the
Universal Product Code' which appeared
in the IBM Systems Journal, volume 14,
number 1, is available as form G321-
5002 for $0.50 from IBM’s General
Systems Division offices . .. .RSS

COMPUTER HUMOR

Perhaps your readers will enjoy
the following bit of doggerel. Every
once in a while my husband Pat comes
up with a good one like the one below:

Count Dracula’s micro, it seems,
Would trouble his diurnal dreams.
What he felt was, you see,

Inferiority,

For it got all its bytes without screams.

Leah O’Connor
6315 W Raven
Chicago IL 60646

CONCERNING CHESS AND PASCAL

As a Pascal fanatic who had waited
a long time to run across a readable
chess program, | was thoroughly de-
lighted to find that the excellent theo-
retical article ““‘Creating a Chess Player"’
by Peter Frey and Larry Atkin (October
1978 BYTE, page 182) was to be fol-
lowed by a complete Pascal listing that
put the principles into practice. Having
said that, may | be allowed to voice
a few minor reservations?

First, although the authors are in
general admirably clear about separating
machine dependent and machine inde-
pendent code, | feel they should have
made clear that the contorted treatment
of bit boards results from a machine
dependent implementation restriction:
in CDC Pascal, sets may not have more
than 59 elements, so that a bit board
must be represented as two sets of 32
elements. Other implementations, such
as UCSD Pascal, do not have this re-
striction, so that the bit board manipula-
tions which form the backbone of the
program may be represented much more
naturally. Thus, IORRS {INRS, INRS,
IMRS) could become simply INRS :=
INRS + IMRS.

Secondly, | find that the program
does not exploit Pascal's self-document-
ing potential as much as it might, be-
cause the authors chose a cryptic naming
convention instead of using mnemonics.
After ten hours of intensive study,

Continued on page 226

See Sol’

at all these
fine
computer
centers

AL: Birmingham: Computer Center Inc.,

(205) 942-8567. CA: Costa Mesa: Orange County
Computer Center, (714) 646-0221. Los

Angeles: Computers Are Fun, (213) 475-0566.
Modesto: Computer Magic, (209) 527-5156.
Mountain View: Digital Deli, (415) 961-2670. San
Rafael: The Byte Shop, (415) 457-9311.

Walnut Creek: MicroSun Computer Center, (415)
933-6252. CT: Bethel: Technology Systems,
(203) 748-6856. FL: Ft. Lauderdale: Byte Shop
of Ft. Lauderdale, (305) 561-2983. Miami:

Byte Shop of Miami, {(305) 264-2983. Tampa:
MicroComputer Systems, (813) 879-4301.

IL: Lombard: Midwest Microcomputer, (312)
495-9889. |A: Davenport: Memory Bank,
(319)386-3330. MA: Walpham: Computer Power,
(617)890-4440. MD: Silver Springs: Computers
Etc., (301) 588-3748. Towson: Computers
Etc.,(301)296-0520. MO: Florissant: Computer
Country, (314) 921-4434. NH: Nashua:
Computerland of Nashua, (603) 889-5238. NJ:
Cherry Hiti: Computer Emporium, (609)
667-7555. Iselin: Computer Mart of New Jersey,
(201) 283-0600. NY: Endweill: The Computer
Tree, (607) 748-1223. Syracuse: Computer Shop
of Syracuse, (315) 637-6208. White Plains:

The Computer Corner, {914) 949-3282. NC:
Raleigh: ROM's ‘N’ RAM's, (919) 781-0003.

OH: Akron: The Basic Computer Shop,

(216) 867-0808. OR: Beaverton: Byte Shop
Computer Store, (503) 644-2686. Portland:
Byte Shop Computer Store, (503) 223-3496.
PA: King of Prussia: Computer Mart of
Pennsylvania, (215) 265-2580. RI: Warwick:
Computer Power, Inc., (401) 738-4477.

TN: Kingsport: Microproducts & Systems, (615)
245-8081. TX: Arlington: Computer Port,

(817) 469-1502. Arlington: Micro Store, (817)
461-6081. Houston: interactive Computers,
(713) 772-5257. Houston: Interactive Computers,
(713) 486-0291. Lubbock: Neighborhood
Computer Store, (806) 797-1468. Richardson:
Micro Store, (214) 231-1096. UT: Sait Lake
City: Home Computer Store, (801) 484-6502.
VA: McLean: Computer Systems Store, (703)
821-8333. WA: Bellevue: Byte Shop
Computer Store, (206) 746-0651. Seattle: Byte
Shop of Seattie, (206) 622-7196. WI: Madison:
The Madison Computer Store, (608) 255-5552.
Milwaukee: The Milwaukee Computer Store,
(414)445-4280. DC: Georgetown: Georgetown
Computer Emporium, (202) 337-6545.
CANADA: London, Ontario: The Computer Circuit
Ltd., (519) 672-9370. Toronto. Ontario:
Computer Mart Ltd., (416} 484-9708. Vancouver,
B.C.: Basic Computer Group Ltd., (604)
736-7474. ARGENTINA: Buenos Aires: Basis
Sistemas Digitales, 93-1988 or 57-7177.
AUSTRALIA: Sydney: Automation Statham,

(02) 709.4144. Sydney: A.J.F. Systems and
Components Pty. Ltd., 8076878. BELGIUM:
Bruxelles; Computer Land, 02/511.34.45.
COLUMBIA: Bogota: Video National, 326650.
DENMARK: Copenhagen: Peter W. Holm
Trading ApF 01-543466. MEXICO: MexicoCity:
Industrias Digitales, (905) 524-5132.

SPAIN: Barcelona: Interface S.A., (93) 301 7851.
SWEDEN: Stockholm: Wernor Elektronik, (0}
8717-62-88. UNITED KINGDOM: Huntingdon,
England: Comart, Ltd., (0480} 74356. London:
The Byte Shop Ltd.. 015542177, VENEZUELA:
Los Ruices, Caracas: Componentes Y Circuitos
Electronicos TTLCA, 355591,

Circle 305 on inquiry card.



Sol.The ma compute that won't

fenceyouin.

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
financial planning, analyze data in
the engineering or scientific
lab — and when day is done play
games by the hour.

Well, the game part is true.
The rest of the claims should be
taken with a grain of salt. Only
a few personal computers 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 Sol® It
costs more at the start but less in
the end. It can grow with your
ability to use it. Sol is not cheap.
But it’s not a delusion either.

Sol small computers are at the
very top of the microcomputer

spectrum. They stand up to the
capabilities of mini systems
costing four times as much.

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

Sol is 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!

Build computer power
with our software.

At Processor Technology we've
tailored a group of high-level
languages, an assembler and other
packages to suit the wide
capabilities of our hardware.

Our exclusive Extended BASIC
is a fine example. This BASIC
features complete matrix functions.
It comes on cassette or in a
disk version which has random as
well as sequential files.

Processor Technology FORTRAN
is similar to FORTRAN 1V and

has a full set of extensions designed
for the “stand alone” computer
environment.

Our PILOT is an excellent text
oriented language for teachers.

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 U.S.
and Canada.

For more information contact
your nearest dealer in the
adjacent list. Or write Department
B, Processor Technology,

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.

Processor lechnology
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Photo 2: The H8 processor board in position in the chassis.

Photo 3: Assembled H8 ready for testing.
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Photo 1: The H8 programmable memory board.

Building

Dr Paul R Poduska
21G Hampshire Dr
Nashua NH 03060

In response to growing public interest
in microcomputing during the past several
years, a number of microcomputer kits have
been marketed.

The Heathkit H8 microcomputer repre-
sents a departure from the S-100 bus design
mainstream. |t has the full instruction set
capabilities of other 8080A systems as
well as an innovative, user oriented front
panel control subsystem and a 10 position
mother board; yet it does not use the type
of large power supply found in some larger
systems.

It was the kind of design | was hoping
for. 1 was seriously considering the purchase
of a computer for some time, and prior to
the introduction of the HS8, | almost did
buy one. But | had a hunch that the Heath
Company might resolve some of the design
drawbacks that discouraged me from buying
other 8 bit kits.

What follows are my experiences, thus
far, of building, testing, and running this
computer kit. By the time you've finished
reading this article you should have a good
feel for what the H8 is, what it can do, and
how it compares with other kits on the
market. In addition, I'll give you a few
pointers and short programs that will enable
you to take advantage of some of the H8's
many features.
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the Heath H8 Computer

Unpacking and Building

My first few evenings with the H8 kit
were leisurely spent getting acquainted
with the materials and manuals. Opening
the 22 Ib carton, the first thing that caught
my eyes was a foose slip of paper with a
notice on it. It warned me to review all of
the manuals supplied with the kit before
putting anything together, and that if |
found it to be too complicated for my
knowledge and skill level, | could return it
to the Heath Company for a full refund. |
know of no other computer kit manu-
facturer who includes that kind of built-in
consumer protection from the outset.

The next items were the sets of manuals
and an attractive 3 ring binder to store
them in. | had assembled Heathkits before
and knew how thorough their documenta-
tion has always been; and | had seen some
mediocre documentation provided by other
companies in the computer kit industry. |
found 503 pages worth of assembly and
operating manuals which were far superior
to any that | had seen on the market.

in all fairness, | don't feel that this
point can be overemphasized. Building a
microcomputer is not like building a stereo
or piece of test equipment. The technology
and associated hardware of a computer
are unique in many ways. You may have
assembled and tested electronic kits before,

but unless you've also assembled digital
equipment, you probably won't be an expert
on this type of hardware. If you ever need to
troubleshoot your computer kit, much of
your previous knowledge about conventional
analog electronics won't be of use. There-
fore, it is important that you know what
you are assembling and how to do so cor-
rectly. You don’t have to be an electronics
wizard to build and operate the H8. Your
chances of building a computer kit that
works the first time you turn on the power
are nearly 100 percent with an H8, due in
part to the support services that the manu-
facturer provides.

After the first few evenings of studying
the manuals, | found a reasonably undis-
turbed space and, with tools in hand, began
the first stage of assembly.

The Chassis

Chassis assembly consists of installing
the power supply, frame, and several acces-
sories, including a small cone speaker. The
frame is made out of heavy sheet metal
on the top, bottom and back panel, and
structured foam on the sides. The bottom
is covered with rows of small holes necessary
for the H8's convection cooling system.
The ample 10 A power supply is located

Continued on page 124

Figure 1: The Heath H8
front panel. Many of the
16 keys are multifunc-
tional. The panel allows
quick entry of data and
programs into the com-
puter. Drawn from a dja-
gram courtesy of Heath
Company.
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A Map of the TMS-9900

Instruction Space

Henry Melton
2511 Dovemeadow
Austin TX 78744

14
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Now that the TMS-9900 16 bit computer
is being marketed to the computer experi-
menter, some easy way to handle its 63,480
individual op codes at a level of “hand
assembly’ is going to be necessary. The
standard method of programming the 16
bit machine involves higher level languages,
or at the very least, a good symbolic as-
sembler. The op codes of an 8 bit machine
are smaller in number and can be fairly
easily memorized by a machine level pro-
grammer confined to the limited resources
of hand assembly. But nearly every in-
struction on the TMS-9900 has to be con-
structed, calculated from the instruction’s
format, depending on the selected options
of the moment. That is the essence of the
machine's power, but it makes building
and analyzing programs at a machine
language level difficult. The charts in this
article should help simplify the matter.

The first of the op code maps (figure 1)
is an expansion of the first byte of a 16 bit
instruction. The second map (figure 2) is
a detail of the first rank of figure 1. Notice
that the most significant digits of the op
codes go down and the least significant
digits go across the charts. Each block con-
tains the mnemonic of the instruction, the
format type of that instruction, and the
number of variations {ie: the number of
different instructions that the mnemonic
represents).

For example, the instruction MOV, for
MOVE WORD, has a source and a destina-
tion word address, with one of four ad-
dressing codes for each, referenced to one
of the 16 registers in the workspace for each.
That gives 16 times 4 times 16 times 4, or
4096 possible individual instructions. Let’s
take a specific example. Suppose you come
across a C835 instruction in a hexadecimal
program dump. You look up that code on
the op code space map (figure 1 in this
case). It lies in the block for instruction
MOV, with an instruction format of I.
Comparing C835 with format | in table 1,
you find that:

Base op code = 1100.
Address mode of destination = 10.
Destination operand register = 0000.
Address mode of source = 11.
Source operand register = 0101.

Since the destination is indexed, the word
following the C835 is an address, and thus
part of the instruction. The index register,
however, is 0000 and the zero register isn't
allowed for index mode. Thus the following
address /s the destination address without
address modification. If it had been one of
the other registers, the following word
would have been added to the register value
to form the indexed address. The addressing
mode for the source is register 5, indirect
and autoincremented. The source operand’s
address is in register 5. Once the operand is
fetched, the address value in register 5 is
incremented by 2 (since it was a word in-
struction and the 9900 addresses specify
bytes). Thus the end result of the instruction
is that this source operand is moved to the
immediate address specified by the word
following C835.



“Our inventory is our existence.
Think we'd trust it to anything less
than Scotch Brand Diskettes?”

@
R Don Stone, Vice-President,

Mass. Auto Supply Company,
Inc., Boston, Mass.

Scotch Diskettes are the
diskettes you can depend upon
with the information your
business depends upon.

Each one is tested and
certified error-free before it
leaves our factory. Because we
know nothing less than
perfection is acceptable for
your vital business data.

Scotch Diskettes are
available in regular or mini
sizes, compatible with almost
any system.

To find out where you can
find Scotch Diskettes, call
toll free: 800-328-1300.

(In Minnesota, call collect:
612-736-9625.) Ask for the Data
Recording Products Division.

If it’s worth remembering,
it’s worth Scotch
Data Recording Products.

Circle 368 on inquiry card. BYTE March 1979 15



Key

-I’:-E _¥“em°"i° Figure 1. General map of all TMS-9900 instructions. This map covers operation codes from
— Tape

g 00XX to FFXX hexadecimal, with reference to the detail of table 2 for op codes from 00XX
Cih E:Sr;gf; y to OFXX. In interpreting a machine dump in hexadecimal, the first step is to look up a 2 byte
op codes operation code in this table, or in figure 2.

0XX 1XX 2XX 3XX 4XX BXX 6XX  7XX 8XX 9XX AXX BXX CXX DXX EXX FXX

See figure 2
0 g9
JMP JLT JLE JEQ JHE JGT JNE JNC JOcC JNO JL JH JOP SBO sBz TB
1 1 1 1 1 " 1 1 1 11 1 H " i i 1 "
256 256 256 256 256 256 256 256 256 256 256 256 256 256 256 256
COoC czc XOR XOP
2 (10 i i I1X
1024 1024 1024 1024
LDCR STCR MPY DIV
311V v IX IX
1024 1024 1024 1024
SzC
4 |1
4096
SCzB
511
4096
S
|
6
4096
SB
71!
4096
C
8l
4096
cB
9|1
4096
A
|
A
4096
AB
B 1
4096
MOV
Ci
4096
MOVB
D |
4096
sOC
E‘I
4096
SOCB
El !
4096
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‘Concerto in A Flat Mini.

Victor Borge demands the world's
{inest piano {or his concert work.
And when he performs at the
computer kevboard, he naturally
expects the best. The quality mini
recording media. That's why he
specifies Verbatim.

Circle 384 on inquiry card.

At Verbatim Corporation the whole
message is qualitv. Qur Verbatim
brand diskettes, cartridges and
cassettes capture vour data and
play it back bit lor bit, byvte for
bvte, verbatim.

Quality mini media is all we make.
When vou want to be sure vour
data will play, specify Verbatim.

Verbatim Corporation

FORMEREY INFORMATION T RAMINALS CORP
323 Soqucel Way, Sunnyvale,
CA 94086
(408) 245-4400. WX 910-339-938]1
lFor the name ol vour nearest
Verbatim distributor, call toll Trece:
(1) 800-821-7700, Ext. 515. (In

Missouri call: 800-892-7635,15xt. 519)

In Europe:

Information Terminals S.A.
Casc Postale 296

1215 Genceve 15
Switzertand

‘Telephone: 41 (22) 34-90-55
Telex: 22647 T'TGLE CH

In the Far East:

FE Far East Lud.

Havama Building 6oF

3-14, I-Chome

Hiroo. Shibuva-Ku

Tokvo 150, Japan

Tel, (03) 446-2917 ‘Telex: J47879

pEOPLE



Figure 2: For operation codes 00XX to OFXX, the details of interpreting a hexadecimal dump can be further understood with
the aid of this map. Once the format is determined, refer to table 1 for details of formats V, VI, VI and V|

00

01

02

03

04

05

06

07.

08

09

0A

oB

ocC

oD

OE

OF
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0X. 1X 2X 3X ax 5X 6X 7X 8X 9X AX BX CX DX EX FX
Illegal op codes
Illegal op codes
L Al ANDI ORI Cl STWP STST LWPI
Vil vill VI VIl VI Vil Vil Vil
16 16 16 16 16 16 16 1
LIMI IDLE RSET RTWP CKON CKOF LREX
Vil Vil Vil Vil Vil Vil Vit
1 1 1 1 1 1 1
BLWP B X CLR
Vi | Vi Vi
64 64 64 64
NEG INV INC INCT
i | | \
64 64 64 64
DEC DECT BL SWPB
Vi Vi Vi \
64 64 64 64
SETO ABS lllegal op codes
7 Vi
64 64
SRA
\%
256
SRL
\%
256
SLA
\%
256
SRC
\
256
lliegal op codes
Illegal op codes
Illegal op codes
litegal op codes
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Introducing The SwitchBoard™ 1/0 Interface,
the most complete interface available for S-100
systems. . .designed by George Morrow exclusively
for Thinker Toys ™.

The SwitchBoard™ interface provides 4 parallel
ports and 2 RS232/TTY serial ports. Plus, strobe
and attention ports. Plus, on-board facilities for 4K of
optional static RAM and 4K of user-supplied EPROM.

And every port is switch-programmable for total
flexibility in interfacing complex peripherals. . .such
as 12-bit daisywheel printers.

Each paralilel port can be switched for input or
latched output. Both serial ports can be switched to
any of 16 baud rates from 110to 19,200. Each strobe
and attention port flip-flop can be switched for pos
or neg pulsing.

AP+2S+Strobe-+Attention--RAM- EPROM=S199

And yet, The SwitchBoard™ Interface won't
hang you up on price or delivery. In kit form, it's just
$199. $259 assembled. 2114 4K static RAM option
(4 MHz 2-80 compatible), $70.

Ask your local computer shop to place your
order immediately for priority shipping. Or, if un-
available locally, order direct from Thinker Toys™,
1201 10th St., Berkeley, CA 94710.

Orcall for The SwitchBoard™ at (415) 524-2101
weekdays, 10-5 Pacific Time.

*Sockets provided; chip set optional.

9 A product of Morrow's Microstuff for

Thinker Toys’




Table 1: Instruction for-
mats of the TMS-9900.
This table details the fields
of the TMS-9900 instruc-
tions and is used in de-
coding a machine dump
once the instruction type
has been determined from
the two maps of tables 1
and 2.
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Bit Number

Type O 1 2 3 4 & .48 7 8 9 A B C D E F Number

| Opcode [ B[ Td | D | T s 4096
N Op code I Displacement 256
1l Op code D Ts S 1024
v Op code Cc J Ts S 1024
\ i 6p code l K w 256
vi | Opcode l T s 64
Vi Op code N 1
Vitl Op code N w 10r16
IX Op code D l Ts S | 1024
B — Byte or word operation (1=byte)

D — Destination operand register

S — Source operand register

w — Workspace register

Td — Address mode of destination operand

Ts — Address mode of source operand

C, K — Bit orshift count

N — Unused bits of the instruction. Set to zero.

Address Modes

Td

orTs

00 Workspace register

01 Workspace register mdirect

10 Indexed memory

11 Workspace register indirect, autoincrement

Hexadecimal modifiers for the Td (format |} and Ts (formats |, lll, IV, V! and IX)

fields. To generate an operation code reflecting the given addressing mode, add the
hexadecimal values listed in this table: .

K

Addressing Mode Td Ts
Workspace register 0000 0000
Workspace register indirect 0400 0010
indexed memory (symbolic) 0800 0020
Workspace register indirect

with autoincrement 0C00 0030

Shifted register or count values for D (formats I, 11l and 1X), C {format IV) and
{format V) fields. In constructing operation codes for these formats, the modifiers

for the register or count values indicated are added to the base op code from table 4:

Register or Count D (C) K
0 0000 0000
1 0040 0010
2 0080 0020
3 00C0 0030
4 0100 0040
5 0140 0050
6 0180 0060
7 01C0 0070
8 0200 0080
9 0240 0090

10 0280 00A0Q
11 02C0 00B0O
12 0300 00Co
13 0340 00D0
14 0380 00EQ
15 03C0 00F0




Specifications:

S-100 compatible. MFM
encoding, 35 tracks with ten
512-byte sectors per track.
179,200 bytes on double
density SA-400 and North Star
BASIC, DOS, and Monitor
included.

For further information, write
for full color catalog or contact
your local computer store.

Circle 285 on inquiry card.

New from North Star

Double Density Performance at

Single Density Prices

The new HORIZON computer and
Micro Disk System now record in dou-
ble density! That means each new
Shugart SA-400 minifloppy disk drive
accesses 180K bytes of on-line infor-
mation. All double density HORIZON
computers and Micro Disk Systems
have a redesigned controller which
allows the use of quadruple capacity
disk drives as they become available in
early 1979. A three-drive North Star
System with quadruple capacity disk
drives will access over a megabyte of
on-line information. But, best of all
there’s no price increase for double
density models.

North Star BASIC and DOS have been
upgraded to accommodate the in-
creased capacity and yet run existing
programs with little or no change. The
new disk system also supports single

density, so existing single density disk-
ettes can still be used. Single density
SA-400 drives previously purchased
with North Star systems can also be
used.

Pricing

HORIZON with one double density
SA-400 minifloppy (180K bytes), 16K
RAM, ZBOA processor and serial I/O
port: $1599 kit, $1899 assembled.

MICRO DISK SYSTEM with one double
density SA-400 minifloppy, controller
board and power regulation: $699 kit,
$799 assembled. (Cabinet and power
supply $39 extra each.)

NortH Star * CovipuTERS
2547 Ninth Street

Berkeley, California 94710

(415) 549-0858
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Table 2: Going the other way, this list of the
complete TMS-9900 instruction set shows
the format and semantics of each operation
possible with the machine. The base oper-
ation code, in hexadecimal, is modified by
arithmetic addition of appropriate codes
for details of the instruction as shown in
table 1. Thus for example, to generate the
code for comparing bytes between two
absolute memory addresses this table gives
a base op code of 9000 with format |. For
the destination address field, a modifier of
800 is added, and for the source address
field a modifier of 020 is added, yielding a
net instruction value of 9820 for comparing
two bytes at arbitrary memory addresses.
Information for this table is taken from
appendix E of the fanuary 1976 reissue of
the T! Model 990 Computer and TMS-9900
Microprocessor Assembly Language Pro-
grammer's Guide, document manual number
943441-9701, eliminating operations not
applicable to the TMS-9900.m
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Mnemonic

A

AB
ABS
Al
ANDI
B

BL
BLWP
C

cB

C
CKOF
CKON
CLR
cocC
CcZcC
DEC
DECT
DIV
IDLE
INC
INCT
INV
JEQ
JGT
JH
JHE
JL
JLE
JLT
JMP
JNC
JNE
JNO
Joc
JOP
LDCR
LI
LIMI
LREX
LWPI
MOV
MOVB
MPY
NEG
ORI
RSET
RTWP
S

SB
SBO
SBZ
SETO
SLA
SOC
SOCB
SRA
SRC
SRL
STCR
STST
STWP
SWPB
szC
SZCB
T8

X
X0pP
XOR

TMS-9900 Alphabetical Instruction List

Hexadecimal
Format Base Op Code Semantics

| A000 Add words
| B0OOO Add bytes

\2 0740 Absolute value

Vil 0220 Add immediate

\alll 0240 AND immediate

Vi 0440 Branch

| 0680 Branch and link

| 0400 Branch and load workspace pointer
I 8000 Compare words

| 9000 Compare bytes

VI 0280 Compare immediate

Vil 03C0 Clock off

a1l 03A0 Clock on

Vi 04C0 Clear operand

11 2000 Compare ones corresponding

Il 2400 Compare zeros corresponding
Vi 0600 Decrement by one

| 0640 Decrement by two

IX 3C00 Divide

Vil 0340 Computer idle (ie: no operation)
VI 0580 Increment by one

Vi 05C0 Increment by two

Vi 0540 Invert

I 1300 Jump if equal

1 1500 Jump if greater than

1] 1800 Jump if high

I 1400 Jump if high or equal

1 1A00 Jump if low

1l 1200 Jump if low or equal

I 1100 Jump if less than

1] 1000 Jump unconditional

1 1700 Jump if carry off

I 1600 Jump if not equal

I 1900 Jump if no overflow

1 1800 Jump if carry on

il 1C00 Jump if odd parity

v 3000 Load communication register
VIl 0200 Load immediate

VI 0300 Load interrupt mask immediate
Vil 03EQ Load or restart execution

VI 02E0 Load workspace pointer immediate

| C000 Move word
| D000 Move byte

I1X 3800 Multiply

Vi 0500 Negate

il 0260 OR immediate

Vil 0360 Computer reset

VIl 0380 Return with workspace pointer

| 6000 Subtract word
| 7000 Subtract byte
1l 1D00 Set CRU bit to one
1 1E00 Set CRU bit to zero

\ 0700 Set word to ones (FFFF)

\ 0A00 Shift left arithmetic

| EO0O00 Set ones corresponding, word (OR)

| FOO0 Set ones corresponding, byte {OR)

\Y 0800 Shift right arithmetic

\Y 0800 Shift right circular

\ 0900 Shift right logical

v 3400 Store communication register

VIl 02Co Store status

Vil 02A0 Store workspace pointer

Vi 06C0O Swap bytes _

| 4000 Set zeros corresponding, word (S AND D)
| 000 Set zeros corresponding, byte (S AND D)
I 1F00 Test CRU bit

\ 0480 Execute word as an instruction

IX 2C00 Invoke extended operation

1 2800 Exclusive OR




HOW TO STAY ON TOP

Controlling Your World
Staying on top means keeping things under
control. And. when it comes to staying on
top of your applications world, we've got a
way for you to do it at low cost.

Whether your particular application is bus-
iness, professional or scientific systems, you
can stay right on top of it with the
DYNABYTE DBS§/2 microcomputer.

Designed For Value. . .

When we designed the DB8/2. we knew
that it had to be a dependable performer in
handling large quantities of information.
So, every design decision was made with
quality and dependability in mind. The
DBS8/2 is a first-class producer.

For example, it uses two quad density 5.25-
inch disk drives with our cxclusive Dual
Density Disk Controller for up to 1.2 mega-
bytes of formatted storage. That gives you
more capacity than two single-density 8-
inch drives which means a lower cost per
kilobyte. The DYNABYTE DB8/2 is the
first microcomputer to offer enough stor-
age capacity on 5.25-inch disk drives to fully
utilize CP/M.* the most widely accepted
disk operating system.

Circle 110 on inquiry card.

We also supply and support BASIC.
FORTRAN and COBOL programming
languages. As for applications.packages in-
clude general ledger, accounts receivable,
accounts payable, word processing and
many other CP/M compatible programs.
. . .For Dependability

We've also built in reliability with edge
connectors that meet military specifications
and a regulated power supply built to U.L.
standards. Your DB8/2 will be cool and
dependable.

Before we ship it to you, we conduct factory
test and burn-in programs to assure relia-
bility of the entire integrated system.

.. .For You

You'll stay on top through our customer
support too. The DB8/2 is completely
modular to allow speedy support in the
field: and our bonded inventory of all sub-
systemt modules means we can deliver re-
placement subassemblies overnight to
almost anywhere in the U.S..

There’s More

The DB8/2 has a 4MHz Z-80 processing
module with 10 internal timers, interrupt
contro!, real time clock. one parallel and

two RS232 or current loop serial ports with
software selectable baud rates from 110
baud to 76800 baud: 32K of RAM, ex-
pandable to 64K without paging and up to
176K with paging: a 12-slot, fully-socketed
backplane; preregulated 30 amp power
supply.

If you need more storage, our DB8/4
Disk System is the mass storage companion
to our DB8/ | microcomputer and includes
two 8-inch floppy disk drives in either single
or double-sided configuration for up to 2
megabytes of mass storage. Like the
DB8/2, the combination of the DB8/ |
and DB8/4 features our Dual Density
Disk Controller, CP/M, 32K of RAM
expandable to 176K, 2 serial 1/0 Ports
and | parallel 1/0 port.

All three systems are designed to help you
stay on top.

For more information, call Rick Mehrlich

at (415) 965-1010, or see your local com-
puter dealer.

*CP/M is a trademark of Digital Research
1005 Eiwell Ct., Palo Alto, CA 94303 (415) 965-1010
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Why were all those




scientists of the’30s so mad?

That's easy. Because all they ever got was
defective or missing parts, inferior workmanship,
and garbled instructions. Sound familiar?

CCS: Here to Deliver

We're California Computer Systems. We'll
deliver to you what old Doc ordered and never
received. Kits without missing parts. Defect-free
workmanship backed by years of solid experience.
Quality engineering throughout. And easy-to-
decipher support documentation.

Electronics mavericks will appreciate us. We
intend to back the true computer hobbyist who
wants to do his own S-100 system with everything
from a bare metal box to etch and wire-wrap
boards suitable for designing original circuits.

For All S-100, TRS-80* & AppletUsers

We can offer memories, 1/Os and video pro-
ducts to S-100 users. And both TRS-80 and Apple
enthusiasts are represented in our philosophy.

Remember our name—~California Computer
Systems—and look for our decal on display at
a nearby computer store. It's your sure sign of
complete satisfaction.

For additional information about CCS or any
of its fantastic products, just write:

California Computer Systems

309 Laurelwood Road, Unit 18
I Santa Clara, CA 95050

Circle 37 on inquiry card.

So Nobody Goes Away Mad.

“TRS-80 is a registered trademark of Radio Shack. a Tandy Co.
tApple is a registered trademark of Apple Computers. inc.
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John E Bertsch

8677 Vickie Lynn Ln
Apt 9

Brighton Ml 48116

Race Car for the SR-52

Race Car is a game of skill written for
the Texas Instruments SR-52 programmable
calculator, in which the player maneuvers
a car around a race track drawn on graph
paper. The object of the game is to drive the
car from the start to the finish line in the
best possible time without leaving the track.
The program calculates the coordinates of
the car based on steering, throttle and brake
information entered by the driver. Players
can choose to go left, straight or right
{relative to the driver’s seat), and to accel-
erate, brake or cruise. Each time the player
makes a move, 1 second of time elapses.

Listing 1: The Race Car program, written for the SR-52.

Loc

000
005
o011
014
017
023
028
033
038
042
047
050
056
062
066
069

071
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For each move, the program calculates the
X and Y coordinates of the car’s new posi-
tion and the elapsed time. The player
simply plots the car’s position and makes
the new move based on the present position.
Using different colored pens, two or more
players can race on the same track and
compete for the best finishing time.

The program moves the coordinates of
the car during the 1 second time interval
based on a velocity vector constructed by
the player’s decisions. Left and right steering
increments are fixed at +15° and -15°
respectively. For example, if you go left,
the velocity vector is rotated +15° from its
present direction. The acceleration and
deceleration constants are +1 division per
second? and -1 division per second2. If you
wish to accelerate, the magnitude of the
velocity vector is increased by one and the
distance traveled during that move will be
one division farther than the previous move.
If you decide to cruise, the magnitude of the
velocity vector remains constant and the
distance traveled during that move will be
the same as the previous move.

Text continued on page 30

L

Keys

(8T10) (0 ™D
ANV CoMs)  (Hfix )
anv) Cfix )

oD 3

1=

(RCL) 0 ) T
C_TJ (-,(Y ) o
o> a> 0>

(INV ) Cfix ) (HLT)
G @ > CE

o 6

3 ETO ) o

O CLCAD D)

368 B G

o
b=
o

:

o @D

i)
CDMS)
CoMs)
(L]
(LD
D
CLD)
CLCD) @ 3D
G D)
CED
(G
>
(G D)
(G
QLIS
A D
()

{

NG Commentary ——————

Store XX.YY,

0 Mask off YY and store XX.

Get XX.YY, mask off XX

D
= and store YY.
(HET

Store the starting angle.

Initialize X position.

) )] Initialize Y position.

8 ) Initialize velocity angle.
Set velocity magnitude

and elapsed time = 0.

Increment velocity angle
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Listing 1, continued:

Loc r Keys NG Commentary N
075 (BUM ) o D) by 15 degrees for left turn.
078 o H (dNv) fix (HLT)

082 D) D) (ONV) Decrement velocity angle

087 o 8 ) by 15 degrees for right turn.
090 CoO @) )

094 D) Increment velocity magnitude
096 @ Guv ) o) @D &) CCcH by 1 for acceleration.

102 CE Decrement velocity magnitude
w (T WO @ @ (8D by 1 for brake.

109 D) @ (UM ) O _o Increment elapsed time.

115 v 9 S0 ) o o Convert velocity vector

121 RCL o D) *P/IR to rectangular coordinates.
125 Guw)y (o (7 ®eLH (oo Coo Readjust X and Y coordinates.
131 O @&

134 (RCL) GO @ Convert Y coordinate to

139 GBRH T ) @G0 ) (T (T  integervale.

144 @®eLH (o6 (6 Convert X coordinate to

147 (SBR ) i integer value.

149 C ) (o) ‘G (€] Combine X and Y coordinate
154 > ¢oo D) and elapse time and

159 o) ' D) o @ display result.

164 GO ®D D @O D

169 Cwy (D @M

172 ¢BL) (B ) ®CL ) o CEDERGEED) Display magnitude of

178 (fix ) (HLT) velocity vector.

181 LBL GiD) 8§10 ) D) o Subroutine to convert

186 ¢D.MS) real number to integer form.
190 Cfix ) (0 ) *D.MS) Mask off fractional part

193 ¢fix ) (8§70 ) gD O of real number to convert

198 G O @D (T (T tointer. |

203 D)

204 o O GO DO (itpos ) (F27 ) If fractional part of

210 (RCL) o CZ)H Frtn ) real number is greater than
214 ¢ (7)) @D @D 0.5, then add 1 to integer
29 (FO (7O O CmD value,
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- ALTOS presents a new standard

in qua]ity and reliability

WE'RE ALTOS COMPUTER SYSTEMS. Our SUN-SERIES A CS8000 business/scientific
computer creates a new standard in quality and reliability in high technology computers.

HIGH TECHNOLOGY The ACS8000 is a single board,
Z80®* disk-based computer. It utilizes the ultra-reliable
Shugart family of 8 inch, IBM compatible, disk drives. A
choice of drives is available: single or double density, single or
double sided. Select the disk capacity you need, when you
need it: M, IM, 2M, or 4M bytes. The ACS8000 features
the ultimate in high technology hardware: a fast 4 MHz Z80
CPU, 64 kilobytes of 16K dynamic RAM, 1 kilobyte of 2708
EPROM, an AMD 9511 floating point processor, a Western
Digital floppy disk controller, a Z80 direct memory access,
Z80 Parallel and Serial 1/O (two serial RS232 ports, 1 parallel
port), and a Z80 CTC Programmable Counter/Timer (real time
clock). In essence, the best in integrated circuit technology.

O

COMPUTER SYSTEMS wer

BUILT-IN RELIABILITY The ACS8000 is a true single
board computer. This makes it inherently reliable and main-
tainable. The board and the two Shugart drives are easily ac-
cessible and can be removed in less than five minutes. All elec-
tronics are socketed for quick replacement. Altos provides
complete diagnostic utility software for drives and memory.

QUALITY SOFTWARE Unlimited versatility. The ACS
8000 supports the widely accepted CP/M® ** disk operating
system and FOUR high level languages: BASIC, COBOL,
PASCAL and FORTRAN IV. All available NOW.

PRICE ACS 8000-1, single density, single-sided ['/: Mb] $3,840

ACS 8000-2, double density, single-sided [1 Mb] $4,500

ACS 8000-3, single density, double-sided [1 Mb] $4,800

ACS 8000-4, double density, double-sided [2 Mb] $5,300

Brackets show disk capacity per standard two drive system. All

models come standard with 32 Kb RAM and two 8" disk drives as

shown above. Expansion to 64 Kb is $363 per 16 Kb. FPP, DMA,

software optional. Dealer/OEM discounts available. Delivery: 30
days ARO, all models.

*Z80 is a trademark of Zilog. Inc.

**CP/M is a trademark of Digital Research. Inc. Circle 6 on inquiry card.

WALSH AVENUE e SANTA CLARA e CA 95050 e (408) 244.5766
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Text continued from page 26

Remember that you are steering the race
car as if you were sitting in the driver’s seat,
so don't confuse your left and right
directions. The degree of difficulty can also
be set in the layout of the race track. Hair-
pin turns and straightaways will test your
skill and make the game exciting. 1've had
hours of fun racing with my friends and
family; | hope you will, too.®

User Accessible Labels:

A = Left Al =X.YT

B = Right ' = Vel

C =Cruise C,= X.Y Start
D = Accel D, = § Start

E = Brake E =lInit

Register Utilization:

00 = P/R conversion

01 = Work area

02 = Work area

03 = Initial X coordinate

ub 20 30 40 50 s:) X 04 = Initial Y coordinate
05 = Initial veclocity angle
. . . . 06 = X coordinat
Figure 1: A typical route for one player in the game of Race Car, written for 07=Y 233:(,;2:‘2
the Texas Instruments SR-52 programmable calculator. Players must stay 08 = Angte of velocity vector

within the bounds of the track (which is arbitrarily drawn on graph paper) or

09 = Magnitude of velocity vector
10 = Elapsed time

risk disqualification. Increments of change to acceleration and steering are 11 = Work area
deliberately restricted in order to make the game more challenging, but 12 = Work area
players have free choices within these limitations.

HwWwN

1.

Race Car Operating Instructions

Draw the race track on a suitable piece of
graph paper, preferably ten divisions to the
inch. Figure 1 shows an example of a typical
race track. The race track must be located
in the area bound by the lines X=0, X=100,
Y=0 and Y=100. It is a good idea to leave
space between the edge of the race track
and the boundaries, since the car might
leave the track. Select the combination
start and finish line on the track and the
initial direction of the car.

. Enter sides A and B of the program.
. Set the D/R switch to D.
. Enter the starting coordinates of the car in

the form XX.YY, where XX is the initial X
coordinate and YY is the initial Y coordi-
nate. Both numbers must be pqsitive inte-
gers between 0 and 100. Press *C .

Enter the initial direction of the car. This is
a positive angle in degrees measured from
the positive X axis to the initial direction of
the car. This angle should equal n x 15°,
wheren =0, 1,2,3,...,23. Press *D .

. Press *E to initialize the game. The initial

X and Y coordinates will be displayed in
the form XX.YY000.

. Select the direction in which you will steer

the car.

Press A to steer left. Zero will be displayed.
Press B to steer right. Zero will be displayed.

If you want to go straight, skip this step and
proceed to step 8.
8. Select the throttle and brake conditions.

Press C to cruise.
Press D to accelerate.
Press E to brake.

The position of the car and the elapsed time
will be displayed in the form XX.YYTTT,
where:

XX = X coordinate of the car.
YY =Y coordinate of the car.
TTT = Elapsed time in seconds.

9. Repeat steps 7 and 8 for each move. If the
car should leave the track, the player is
disqualified. Once the car passes the finish
line, the winning time is read from the
display.

10.To display the,magnitude of the velocity
vector, press "B . To return the display back
to XX.YYTTT, press "A .

11.To play 2 new game on the same race track,
press *E .
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NorthStar Systems
Go To Work "
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More and more, you see the North Star
HORIZON computer at work: in busi-
ness, research, and education. Its high
performance qualifies the HORIZON
for demanding professional applica-
tions. Over 10,000 users during the
past two years have proven that North
Star hardware has the reliability
for day-in, day-out computing. The
HORIZON is now a serious candidate
for any small system installation.

SOFTWARE IS THE KEY
TO HORIZON MATURITY

North Star BASIC and DOS have been
used to develop hundreds of com-
mercial program packages. These
packages establish that North Star
software has the completeness and
convenience necessary for serious
program development. Because of the
many independent vendors offering
software using North Star BASIC and
DOS, the HORIZON owner now has
the widest selection of software in the
microcomputer industry! Software
available includes: word processing,
general ledger, accounts payable/
receivable, mailing list processing,
inventory and income tax prepar-
ation. Program development systems
such as assemblers, debuggers,
editors, PILOT and FORTRAN are
also available.

EXPAND YOUR HORIZON

The basic HORIZON computer in-
cludes a Z80 microprocessor, 16K
bytes of RAM memory, an I/O interface
and one Shugart minifloppy disk drive.
The HORIZON can be expanded to 60K
bytes or more of RAM, three disk
drives, and three /O inter-
faces. Performance
can be enhanced by
the addition of the
North Star hardware
floating point board.
Also, S-100 bus pro-
ducts from other
manufacturers may
be used to expand
the HORIZON.

For more informa-
tion, contact your
local computer store.

NortH * STAaR

CovPUTERS

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

Circle 285 on inquiry card. BYTE March 1979 31




Mark Klein
Sanborn Regional School District
Kingston NH 03848

Excerpts from ‘"The Nam-
ing of Cats" in OLD
POSSUM’'S BOOK OF
PRACTICAL CATSby TS
Eliot are reprinted by per-
mission of Harcourt Brace
Jovanovich Inc, copyright
1939 by T S Eliot; copy-
right 1967 by Esme Valerie
Eliot.

Files on Parade

File Management

In part 1 we discussed the concept of the
file. In part 2 we conclude with some practi-
cal techniques for using files.

Getting a list of the files on your system
is a task you probably perform often. Table
6 is a sample directory (which also appeared
in part 1 as table 4a). Notice the command
string used to produce the table just above
the directory itself. In table 6 the first aster-
isk is the prompt, the computer’s signal to
enter a command. The letter Q is the Query
command, used to produce file directories.
The next asterisk is a wild card name instead
of the file name: it means ‘“‘give me (a list of)
all the files on this device.” Finally there is
a software switch, [1, specifying floppy
disk drive number 1.

Depending on the operating system, wild
card characters can also be used. The PerSci
controller, for example, allows a command
string like:

Q FIL??2.MPK/1
which means:

List [Q] all files on drive number 1
whose extension (version) is MPK, and
whose file name begins with the letters
FIL, regardless of what the next few
letters are.

This article was produced on a text editor
and for convenience the different parts were
given different file names: FILFIG.MPK
held the list of figures; FILCAP.MPK held
the figure captions; FILAR1, FILAR2, etc,
held text proper. The extension .MPK

Table 6: Floppy disk directory generated by microcomputer. This table is
repeated from part 1 of this article.

k

*Q*1

FILES 08-09 09 771219
TEXTPROC.TDL 0101
BIGRUMP.TDL 01-24
BASIC.TDL 04-20
EDIT.TDL 0707
IODRIVER.EEN 0804

0023 0022 064 771219 771219
0074 0073 033 771219 771219
0065 0064 001 771219 771219
0023 0022 001 7711219 771219
0005 0004 051 771219 771219
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Part 2: Using Files

identified the files as belonging to me. Thus
the command string above would produce
a directory listing of all files holding parts of
this article.

Using Defaults

If parts of a command string are omitted
the operating system automatically inserts a
proper type of specification chosen from a
preprogrammed list. This preprogrammed
list is called the system default specification
or just defaults. If the /I is left off the
microcomputer command string in table 6,
that system would automatically search for
the files on floppy disk drive 0, which
happened to be the default device when the
directory was made.

Defaults are used as a convenience not
just in specifying file devices but also in file
names. Large and small timesharing systems
usually assign to each user some identifying -
code number, referred to by terms like ac-
count number, user ID, or programmer num-
ber. This number is incorporated into the
file name, to associate a particular file with
a particular user. A common system default
lets a user omit this part of the file specifica-
tion when the user is referencing his or her
own files.

Another useful and common kind of de-
fault provides extensions to the file name
according to the program that produced the
file. For example, data files created in Multi-
user BASIC have a default extension begin-
ning with .D. Other data files might have
an extension .DAT; FORTRAN files
could have default extensions .FOR; input
files for a macroassembler could be expected
to have the extension .MAC; and that
assembler might produce binary object files
with a default extension of .OBJ.

File Names

T S Eliot understood the complexities of
a similar subject when he wrote, in O/d Pos-
sum’s Book of Practical Cats, that:

“The Naming of Cats is a difficult
matter.
it isn't just one of your holiday
games;



(b)

Character Meaning
6 read, run and update
{only useful for virtual arrays)}
7 read and run
run only
9 run only, but allows program to perform any
privileged file operation
any other — for group library file, your group,
character or a public library file: read and run
— any other file: no access

(a)
Position Significance
F 1 determines access for all users in
| same group
L
E
2 determines access for all other
N users
A
™M
E |3 thru 6| no special significance
[ ° separates name and extension
E 7 B > BASIC program; D =
X data file
T
3 8 group identifier
N
S
| 9 positions 8 and 9 together form
(0] the user’s 1D
N

You may think at first I'm as mad as a
hatter

When | tell you, a cat must have

THREE DIFFERENT NAMES.”

As it is with cats, so it is with files. First,
it's good to give a file a family (or group)
name. The extension is one place for this,
and some of the default extensions make
good group names. Properly chosen exten-
sions or family names will allow the use of
wild card file names and thus greatly acce-
lerates getting directories of groups of files.

Old Possum can help with the other two
names. ‘‘First of all,”” he says, ‘‘there’s the
name that the family use daily.” These
should be “sensible, everyday names’ such
as Spacewar, Mastermind, Payroll, Heatplan
or Help. They can be plain or fancy, but
they must be descriptive. Often these every-
day names actually refer to a system of pro-
grams, perhaps linked together. The user
may not even be aware of this linkage and
might refer to this system of programs by its
everyday name. ‘‘Run the Help program”
one user might advise another, without con-
sidering or needing to consider that this is
really a collection of programs, subprograms
and data files.

Finally, a file:

. . needs a name that’s particular,
A name that’s peculiar, and more dig-
nified. ..."”

If each file on a device does not have a
unique name there will be serious problems.
Further, computer operating systems put
stringent restrictions on file names, restric-
tions necessary if the operating system is to
efficiently handle requests dealing with files.
A common restriction is the one on the
number of characters in a file name. In

Table 7: A multiuser file protection system. Table 7a summarizes the signifi-
cance of position in the file name. If position 9 is blank, it is assumed to be
a group library file. If positions 8 and 9 are blank, a public library file is
assumed. Table 7b shows the characters in file names that affect file access
when they are used in positions 1 and 2. The number 8 causes the user’s
storage area to be erased when the program terminates.

TDL’'s 8 K BASIC, names must be one char-
acter. DEC’s RT-11 permits six characters,
the PerSci controller allows eight, and the
latter two provide for additional extensions.
Thus keeping the name particular and pecul-
iar requires some thought.

File Protection Systems

Another consideration in choosing a par-
ticular and peculiar file name is how it fits
into the local file security system. As soon as
more than one person begins using a com-
puter system there should be some way of
controlling access to files. A simple way is to
have users keep their files on their own cas-
settes or disks. But when user A creates a
splendid new program and user B borrows
A’s cassette to copy the program, problems
begin.

[t is painful to remember how many
times | thought the file I wanted to erase
was on drive 0, and the good version was
on drive 1.

Physically controlling your media gives
good file security, but we often loan out our
tapes and disks. Write protecting the media
or device helps also, but is often impossible,
inconvenient or overlooked. Carefully chos-
en file names are a further protection.
There are several degrees of file access which
can be controlled in part on many systems
by the file name. These degrees of access
might be:

RUN: allows executing the file.
READ: allows copying or listing the
file.

UPDATE: allows modifications to the
file.

Table 7 partially describes the way to

Note: “‘Using Files’’ con-
cludes the 2 part series,
“Files on Parade.”” The
table and listing numbering
is continued from part 1.
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Table 8: Representative
file transfer commands
from several processors.

Controlling
Command Program Computer What Is Being Done
OLD BAGELS BASIC (most versions) Micro, The program Bagels is
PDP-11, etc copied from secondary
memory {disk} to primary
memory.
SAVEB TDL 8K BASIC Micro A program called B is
transferred to cassette
tape.
L BASIC.TDL/1 PerSci Disk Operating Micro The TDL BASIC interpreter
System is loaded from floppy disk
drive 1 into memory.
SY:9BAGEL.B= RT-11 PDP-11 A version of Bagels on
CTO:BAGELS.MPK Peripheral Interface cassette drive O is copied
Program onto the system disk, where
it is given the name
9Bagel, and the extension
.B.

choose names in Multiuser BASIC to control
user access. When working with several files
at once, on different devices or media, it is
good practice to use procedures similar to
those in table 7, and to make sure your file
names are uniquely chosen. Mastermind
might now have to be called 7MASTR.BAS,
but it will still be there tomorrow after
others finish using it today.

So choose your file names well. Many
times | have seen a programmer who has
created a file and is about to name it. He sits
in front of his terminal:

‘... in profound meditation,
The reason, | tell you, is always the
same:
His mind is engaged in a rapt contem-
plation
Of the thought, of the thought, of
the thought of his name:
His ineffable effable
Effanineffable
Deep and inscrutable singular Name.”

[All quotations from “The Naming of Cats,"’
Old Possum’s Book of Practical Cats, by TS
Eliot, Harcourt, Brace, New York, 1939.]

Computer
Microcomputer Minicomputer
{PerSci DOS) {(DEC RT-11, PIP)
Operation
CT1: *.MPK/D
FILE D BAGELS.MPK /1 . : .
DELETION (detete BAGE LS.MPK ig:':;ia',\'ﬂg:gsfx: ;’;sette
from floppy drive #1) drive #1)
SY:/S
DIRECTORY G N L .
SQUISH (“Gap™ drive 1) { Squish the system disk)
RENAME N 9BAGEL.B BAGELS.B e

Table 9: Comparison of some microcomputer and minicomputer file house-
keeping functions. DEC uses the term squish rather than pack.
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Manipulating Files

There are many file operations besides
the assembling of directories that are per-
formed at the command level. Most of
these operations fit into the general frame-
work of moving a file from one place (de-
vice, library, etc) to another. The transfer
can be represented symbolically as:

DESTINATION: FILENAME,
EXTENSION <SOURCE: FILENAME.
EXTENSION.

Copying a file from one floppy disk to
another, listing a file on a terminal, and
moving a file from cassette to primary
memory are examples of file transfer.
The specific commands vary greatly from
system to system, and, even within a system,
from one language or utility tool to another,
Table 8 illustrates a small selection of these
commands.

Deleting a file is also a kind of file trans-
fer; the file is moved to “nowhere.” On a
directory device, the directory reference to
the deleted file is usually removed; the file
itself is probably still on the medium and
can often be recovered if its absolute loca-
tion is known.

Another file transfer operation, the media
pack, eliminates gaps on disks and tape due
to deleted files, and packs together the re-
maining files to make room for more. A disk
can usually be packed without the use of a
second disk drive, but cassettes often require
repacking on another medium.

Finally, renaming a file can be thought of
as a file transfer within the symbolic format
above. The destination and source do not
change, but the file name and extension do.
Table 9 compares typical minicomputer and
microcomputer pack, delete and rename
operations.
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Multiuser
BASIC
Function Implementation
assign a status; 10 OPEN “9VISRO.
assign a mode; B53" FOR OUT-
assign a channel PUT AS FILE
#2
write on a file 20 PRINT #2: L$
read information 30 INPUT #2: A,
from a file B1, T3
test for end of 40 |IF END #2
file THEN 100
move data pointer 50 RESTORE #2
within the file
make the file per-
manent; deassign 60 CLOSE #2
the channel;
change the file
status

Table 10: Types of program file control
statements. The line numbers used in the ex-
amples are to emphasize that these are state-
ments within a program.

File Control

In addition to the file manipulations pre-
viously described, there are several kinds of
file control statements designed to be part of
an application program. Instead of a file
handling operation happening in response to
a command from the keyboard, using per-
haps the monitor system or operating sys-
tem commands, this second kind of file con-
trol happens in response to a program state-
ment. Again, the specific format varies from
language to language; unfortunately it also
seems to vary within a language like BASIC
from manufacturer to manufacturer. How-
ever the functions performed in response to
these statements are fairly standard. Table 10
is a summary of these functions, with ex-
amples from BASIC.

Assigning a unique channel, or data path,
to each active file is one way for the operat-
ing system to allow simultaneous (or at least
parallel) access to several files. Obviously
this is necessary in a timesharing system, but
it is also convenient for a single user reading
text from one file, editing it, and then writ-
ing it into an output file. In the first exam-
ple in table 10, the file 9VISRO is assigned
to channel number 2. (The maximum num-
ber of channels will depend on the system
configuration.)

The file status can be open or closed.
Here again the requirements vary from sys-
tem to system, and within systems according
to file access types. The PerSci disk operat-
ing system, for example, allows stream ac-
cess regardless of file status. But stream ac-
cess usually happens at command level. Re/-

ative access, used for data base applications,

requires a file status of open to store or re-
trieve file data.

The file mode requirements (input or out-
put) depend on access type too. For this
function, though, the distinction is clearer.
Once random access files are open, the mode
does not usually need to be specified be-
cause individual bytes can be changed with-
out touching other parts of the file. How-
ever sequential files must be updated as a
unit, and therefore a sequential file must
generally be set into either input or output
(read or write) mode. Remember that input
and output refer to the direction of informa-
tion flow relative to the processor, and not
to the storage medium: information comes
into the processor from the disk; infor-
mation goes out of the-processor to the
disk.

Testing for the end of a file and moving
a data pointer within a file are operations
characteristic of sequential access files. A
random access file has a fixed length, so pre-
sumably one knows where the end of it is.
Similarly, since individual bytes of a random
access file are directly addressable, it is un-
necessary to move a data pointer. In practice
these functions are performed by program
logic statements.

Some kinds of files are more rugged than
others; they stand up better to programmer
or user abuse. Aborting an information
transfer to a sequential file in the midst of
the transfer can cause the loss of the whole
file, for example. The close command, for
both access types, puts a lock on the file
door and frees up a data channel, too. Other
BASIC program statements (such as CHAIN,
END) will often do the same thing. Good
programming practice is to do it explicitly,
with statements such as CLOSE.

Explicit file initialization is also good
practice. Random access files, occupying a
specific part of a disk, could contain infor-
mation left on the disk by a previous pro-
gram. (Recall that file deletion usually
means that the directory entry, not the file
itself, is deleted.) At the other end of the
line, it is wise to erase a file containing sensi-
tive information when its usefulness is over.
These operations can all be done with file
control statements in programs.

Programming Techniques Using Files

Whole articles, even whole books, are
written to discuss file programming tech-
niques. This final section is not meant to be
that comprehensive. Rather, it is a quick dip
into the programmer’s bag of tricks—a look
at some of the methods used to deal with
the limitations of smaller systems. The em-



A Beautiful
Way To Interface

........

SOROC's ﬂ& a
and foremost
concern, to 2
design outstandun?
- remote video displays, has
resufted in the development
of the 1Q 140. This unit ;
reflects exquisite appearance
and performance capabilities
unequaled by others on the market.

The SOROC

1Q 120 is the resuft
of an industry-
wide demand

for a capable
remote video

. display terminal

With the 1Q 140, the operator
is given full command over data
being processed by means of a wide vanety

of edit, video, and mode control keys, etc. ,_.Fl b 4 which provides a
AL y A multiple of features
The detachable keyboard, with its X at a low affordable price.
complement of 117 keys, is logically ' The 1Q 120 terminal is a simple
arranged into 6 sections plus main keyboard e self-contained, operator / computer unit.
to aid in the overall convenience of operation. -
For example, a group of 8 keys for cSrsor control / The 1Q 120 offers such features as: 1920 character
14 keys accommodate numeric entry / 16 special function keys sscrqtecnh melmct)r%,l lotwer case, 932?20 exten%o?,
allow access to 32 pre-programmed commands / 8 keys make oo t‘;v' SeuY et '?"Sg‘('jss'o"l;f' es from 75 to
up the extensive edit and clear section / 8 keys for video set e an%s'prccl)jt;sgrrgggemE'xi)anrsﬁg;ao&igﬁ;sg;é:gﬁfls
u 8 keys control message int. . ’ ; ? \
P and” moxie.eOnfig SRR : gz print available are: block mode and hard copy capability with
Two Polling options available: 1) Polling compatible with Lear _printer interface. The 1Q 120 terminal incorporates a 12-inch,
Siegler's ADM-2. 2) Polling discipline compatibie with Burroughs. : CRT formatted to display 24 lines with 80 characters per fine.

Circle 342 on inquiry card.

ASOROC 165 FREEDOM AVE., ANAHEIM, CALIF. 92801
TECHNOLOGY, INC. (714)992-2860 /7 (800)854-0147




FRINT
PRINT
FRINT
FRINT
FRINT
FRINT
FRINT
PRINT
FRINT
PRINT
FRINT
FRINT
FRINT
FPRINT
PRINT
FRINT

"TYFE THE LEITER CORRESFONDTING T YOUR CLASS:®

E~--FRACTICAL.

A--FRACTICAL EIOLOGY, FER. A®
k- ~PRACTICAL EIOLOGY, FER., E®

EIOLOGY, FER., E*

"CLASS"5 \ INFUT 5%
*TYFE THE NUMEER OF THE OFTION YOU NEED:®

1-ENTER SCORES FOR WHOLE CLASS*®

2-ENTER SCORES FOR SOME STURENTS®

3-LIST STURENTS WHO HAVE COMFLETEDY A GIVEN ITEM®
4-LIST STURENTS WHO HAVEN’T COMFLETEDRN A GIVEN ITEM®
S~IHISFLAY SCORES FROFILE FOR AN INDIVIDUAL STUDENT®
6~DISFLAY FROFILE FOR A SELECTED GROUF OF STUDENTS®
7-DISFLAY CUMULATIVE TOTALS FOR ALL STUDENTS®
8-LIST OR MODIFY STUDENT NAMES OR ITEM HEADERS®
9-CREATE EACKUF FILES®

F$="9VISRO.E8°+S$ \ CHAIN F3%

Listing 2: BASIC code for an option choice menu. When the option is chosen,
the required code is chained into main memory by line 300.
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phasis is on techniques available in ver-
sions of BASIC that support named files
which can be called from secondary mem-
ory devices such as cassettes or floppy disks.

Shortening Program Size

For student programmers at Sanborn Re-
gional High School, where | teach, and
especially for students with grandiose plans
and unprivileged user numbers, the most
frustrating error message is PTB, which
means the program is too big. There are
three file related approaches to this problem
that we urge on the students—approaches
that fit into our push for modular program
design.

First, for programs that have a linear logi-
cal flow, we encourage breaking the program
into small segments that can be connected
by CHAIN statements. A CHAIN statement
such as

110 CHAIN “WUMPS2.BAS™

erases the program currently in main mem-
ory (perhaps called WUMPUS.BAS), and re-
places it with the program file WUMPS2,
BAS. Variables whose values are needed in
the second, or chained-to, segment, can be
declared in a COMMON statement in the
first segment. A typical usage of the CHAIN
statement is to segment some long game.
The first segment might request information
from the user: “Do you want instructions?”’
If yes, instructions are given; if no, there is a
branch directly to the end of segment 1.
In either case, the logical flow reaches the
end of the first segment, where there is a
CHAIN statement to a program file that con-
tains the code for the main body of the
game,

A second method works well for applica-
tion programs that give the user a choice of
options. This method puts the menu of
choices in one program file and each of the
various options, or ‘“‘meals,” in separate pro-
gram files. Listing 2 shows the code for a
typical option menu. The menu file and the
meals files could be connected by CHAIN
statements or by OVERLAY statements.

The OVERLAY statement calls a named
program file from secondary memory and
“lays it on top of’’ the program currently in
memory. Suppose the original program has a
line 100. After the OVERLAY statement in
the original program is executed, line 100 in
memory will be the one from the overlay
file. A line with a number either in the origi-
nal program or in the overlay file, but not in
both, will always be in memory after the
overlay.

For the multiple branch logical flow char-
acteristic of the menu and meal method, the
decision to use CHAIN or OVERLAY to
connect the program files usually depends
on how much logic and code can be shared
by the various meals. |f several of the op-
tions utilize the same set of subroutines, or
if the options access the same set of data
files, it makes sense to use overlay files.
Then, in lines that will not be overlaid, the
original program can hold the shared sub-
routines or statements opening and closing
the shared data files. If the meals are quite
disjoint, and there is little need to pass infor-
mation back and forth, chaining the seg-
ments will increase the modularity of the
code.

In either case the goals are to keep the
modules small and the interface between
them independent of the module used.
Smaller segments fit into more machines and
are easier to understand. The interface should
allow adding options or replacing an option
with an improved version without having to
modify all of the other options. This plug-
in quality facilitates writing code that is
easy to change and easy to use.

Data Files

The third technique for using files to
achieve modular program design is to sepa-
rate the data from the program operating on
it. An example is the payroll program men-
tioned in part 1. Another application is to
the tutorial, drill and practice, and testing
programs used in computer assisted instruc-
tion. A common type of program in this
group is one that gives a multiple choice
quiz. Variety can be added by putting a large
bank of questions and accompanying choices
in a data file. The main program can then
pick five or ten numbers randomly and call
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120
130
1 140
145
1460
170
180
190
200
210
250
260
270

REM %%% OFEN DATA FILE

OPEN °*GRIFE.D22°* AS FILE VF1$(20)=230
REM X%% NUMBER OF GRIFES = N

N=VAL (VF1(0))

PRINT °*WHAT IS THE NUMEER OF THE GRIFE YQOU WISH TO DELETE®$
INPUT I

uricmy=**

FOR K=D+1 TO N

VF (K-1)=VF (K)
NEXT K
REM %ok
N=N-1
VF1(0)=STRS$(N)

RESET N ANII SAVE UNIDER VF (0)

Listing 3: Using a virtual array with Multiuser BASIC. This allows the user to

think

he is using an array when actually there is a random access device which

is holding the bulk of the informution.

out the questions and choices matching
those numbers to make up a particular test
from the file. Using essentially the same kind
of programming, the words for the com-
puter’s side of a game like Hangman can be
kept on a data file.

A slightly more sophisticated method is
to use one master program to administer
several different multiple choice tests. The
user might supply the name of the test, and
the program would open the data file con-
taining the appropriate bank of questions.
The first word of the data file might hold in-

formation about how many questions are
in the file, how many choices per question,
how many questions comprise a test, etc.
The same master program can handle many
different question and answer banks.

Still another type of program can extract
information from more than one data file to
construct a question. For example, a quiz on
chemical formulae can be designed by ran-
domly taking one element name (calcium,
aluminum, sodium, ...) from one file, and
another (chloride, sulfide, sulfate, . . .) from
a second file.

A common feature of these examples
is that space-eating dimensioned arrays are
avoided by keeping the data in files, and
calling and using only a few elements at a
time from a file. When new data is called
out, it can be given the same variable name
as the previous small group of data. Virtual
arrays stored in random access files can be
thought of as extensions of this technique.
As listing 3 shows, the items in the file can
be addressed as if they were part of a dimen-
sioned array in memory. However no dimen-
sion statement is necessary in the program,
and the programmer has the best of both
approaches: access and update as if the
variables were in main memory, but space
utilization corresponding to their actual

 Mass storage for

Our DOUBLER double density floppy disk
controller features true double density recording
with a capacity of 512K bytes on each side of the
diskette. Doubler systems are easy to install and
use. A hardware UART is included on the controlier
to provide instant system communications. The
controller can do a power-on-jump to the on-board

put
sys

dual 8"drives with double density recording to
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Now users of the most popular microcom-
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PROM bootstrap. And its fast and reliable because
the board's hardware includes a phase-lock
oscillator and CRC error detection circuitry.

Micromation disk systems are designed to run
CP/M! the industry standard operating system.
You can choose higher level languages such
as MBASIC. CBASIC, FORTRAN, COBOL, or
PASCAL. And there's a wide selection of business
application packages to choose from.

Megabox systems open new opportunities
for owners of todays most popular microcomputers.
They feature the highest available capacity,
performance, and reliablity. And they are com-
patible with your system. But best of all, at $2295
a Megabox is priced for value. Ask for details at
your locai computer store or contact Micromation,
1620 Montgomery St., San Francisco, CA 94111
or phone (415) 398-0289.
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The Megabox with 1,000,000
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storage on files, an ideal arrangement for a
data base.

Files as Buffers

Finally, one more data file technique de-
serves mention: using files as buffers, as
temporary collection boxes for string or nu-
meric information. The names of the ele-
ments for the chemistry tutorial and the text
for a Help program are examples of data
stored in files on a relatively permanent
basis. In contrast to this kind of use. files
can provide transient storage for data. They
might be used as extra workspace for calcu-
lations or manipulations like sorts or holding
intermediate results.

Perhaps the chemistry tutorial program
creates three problems for the student to do
at home using random numbers. A file could
contain the answers to those problems,
to be accessed once the next day when the
student checks his or her answers against
those in the file. The answers would then be
erased.

The list of books or equipment loaned to
friends can be placed in the buffer file of a
home information program, with items re-
moved from the file as they are returned.
Buffer files can also be used to hold mes-

sages taken by a computer interfaced to an
automatic answer phone modem, or by a
computerized suggestion box (a gripe file),
or to hold mail in a computer conference.

Sometime there will be a secondary pro-
gram to examine, modify, and erase these
buffer files. At our high school, for instance,
a secondary program reads the gripe file and
removes meaningless or obscene comments
before the file is posted on the bulletin
board.

A Qualification

This article, an introductory tutorial, has
skimmed the surface of the concept of files.
The richness of file structures and the power
of the many techniques have led to varied
implementations, only a few of which are il-
lustrated here. Readers are urged to study
the manuals for the systems they use both to
learn the capabilities of those systems and to
find the exact syntax for the techniques de-
scribed in this article. With respect to file
structures and types, microcomputer sys-
tems in particular are closer to the Tower of
Babel end of the spectrum than they are to
any monolithic standard. Now is the time to
write about files, to learn about files and to
build file systems.n

TRS-80,

oyte storage capacity can be operated with
seneral ledger, accounts receivable, and payable.
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Your Own Computer

by Mitchell Waite and Michael Pardee
Howard Sams Co Inc

Indianapolis IN, 1977

80 pages

$71.95

The last three books | read were Passages,
Star Wars and Your Own Computer. You
see, in between the second and third books a
rather futuristic friend loaned me a copy of
BYTE, saying, “You won'’t believe this!”

I didn’t. A computer in every home? In
department stores? Right now? Being a
writer with a science fiction orientation,
| was shocked and simultaneously exalted
to find that companies were already selling
all kinds of low cost home computers, and
that perhaps | could buy and use one.

After devouring BYTE in less than two
hours, | called my friend and asked him if
he knew of any books that explained these
personal computers in simple terms, some-
thing a nontechnical person like me could
understand.

Two days later | went to the local com-
puter store and picked up a copy of Your
Own Computer, a book that has completely
changed my viewpoint about the future
of technology. | thanked the universe for
being so kind, told my friend, ‘“May the
force be with you,” and hid myself away
for the next day to learn what this home
computer thing was all about.

In the preface, the authors informed me
that the invention of the personal com-
puter is the most historic event since the
automobile, television and transistor com-
bined. This book was designed to remove the
the stigma of complexity and mystery that
surrounds computers, and would probably
be my first investment on the road to
acquiring my own computer. That made
me rather suspicious from the start. How do
they know I'll like computers? | might hate
them, but I'll admit | was interested.

Chapter 1 was quite interesting. Called
“Introduction,” it defined what computers
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(714) 886-6838
(714} 560-9912
(714) 464-5656
(415) 546-1592
(408) 253-8080
(805) 928-1919
(707)528-1775
(805) 495-3554
(714) 544-0542
(415) 935-6502

(303) 574-4150
(303) 759-4685

(203) 374-2227
(302) 738-9656
(305) 368-1122
{305) 566-0776
904) 731247
{404) 953-0406
(808) 521-8002
(312) 255-6488
(312) 9647762
(312) 967-1714
(312) 422-8080
(309) 6886252
(913) 492-8882
(502) 425-8308
(301) 948-7676

(616) 942-2931
(313) 356-8111

(612) 884-1474
(417) 883-7085
(603) 889-5238
(609) 795-5900

(201) 845-9303
(201) 5394077

(716) 836-6511
(607) 277-4888
(516) 742.2262

(704) 536-8500

(216) 461-1200
(614) 888-2215

(503) 620-6170
(7171 763-1116

(512) 452-5701
(214) 363-2223
(713) 977-0909
(713) 488-8153

(801) 3644416
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(206) 581-0388
(703) 893-0424
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BEFORE YOU BUY COMPUTER 1. wisiT "}

If the truth is that you want a
computer . . . then we want to be your
computer store.

We're ComputerLand, the #1
computer store chain in the U.S. What's
meaningful about that fact is, that
ComputerLand has been chosen by more
people as having what they've been
looking for. And, since you're looking, let
us tell you what you'll find, when you visit
a Computerland store.

You'll find a product line that's
continually evaluated to provide you with
the widest and best selectian in quality,
brand name microcomputers anywhere.
You'll find an enthusiastic and
knowledgeable staff able to interpret all
the equipment specifications, in terms of
how they apply to you, and in a way
you'll understand. You'll find demonstration
areas where you can get a firsthand
experience of running a computer yourself.

COMPUTERS
FOR BUSINESS

You'll find educational materials to give
you a total insight into the world of
microcomputers.

You'll find a fully equipped service
department to provide whatever assistance
is required to keep your computer running
in top-notch condition. You'll find computer
user's clubs to join, where you con shore
ideas with people os enthusiostic as
yourself. And, with each new visit, you'll
find excitement—from the people you deal
with, the equipment they offer, and from
your own ever-growing personal
involvement.

ComputerLand Corp.

14400 Catalina St.

San Leandro, CA 94577

(415) 895-9363

Franchise Opportunities Worldwide.

© ComputerLand Corp., 1978

Computerland’

computerize things like accounting,
inventory control, record keeping, word
processing and more. The net result is the
reduction of administrative overhead and
the improvement of efficiency which allows
the business to be managed more
effectively.

In the home, a computer can be used
for personal budgeting, tracking the stock
market, evaluating investment opportunities,
controlling heating to conserve energy,
running security alarm systems, automating
the garden’s watering, storing recipes,
designing challenging games, tutoring the
children . . . and the list goes on.

In industry, the basic applications are
in engineering development, process
control, and scientific and analytical work.
Users of microcomputers in industry
have found them to be reliable, cost-
effective tools which provide computing
capability to many who would otherwise
have to wait for time on a big computer,
or work with no computer at all.

GOMPUTERS
_ FOR INDUSTRY

Enough about us. How about what
computers do. To attempt to describe all
the things your computer might do, would
be to describe your imagination. So
instead, we'll briefly list some of the many
things for which small computers are
already being used.

In business, the advent of the
versatile and compact microcomputer has
put the benefits of computing within reach
of small companies. With systems starting
ot less than $6000, the businessman caon

COMPUTERS
FOR THE HOME

And now we come to you, which leads
us right back to where we started: If you
want a computer, then we want to be
your computer store.

Whether you wont o computer for the
home, business or industry, come to
ComputerLand first. We'll moke it easy for
you to own your first computer. Because,
simply put, we really want your business.
When you come right down to it, that’s
what makes us #1.

ComputerLand Europe
Europa Terrassen

8 Rue Jean Engling
Dommeldange, Luxembourg
Phone 43 29 05 Telex 2423

WE KNOW SMALL COMPUTERS
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for the average consumer were like, and
where they evolved (a natural evolution of
big computers, the further miniaturization
of electronic components due to the space
race, the development of large scale inte-
gration [LSI] by the semiconductor makers,
the pocket calculator, the digital watch and
the TV game).

Chapter 2, called ‘‘Personal Computer
Applications,” goes into just what personal
computers can do for you. Applications for
the home, business, classroom and just plain
fun are explained, using cartoons for punc-
tuation.

What really impressed me was that one
computer could do so many different
things. The examples that turned me on the
most were: “In the Office,” where the com-
puter would automatically display my
next appointment while it balanced the
company’s books; and “‘Organizing Your
Hobby,” where the computer would main-
tain a cross file of my photography collec-
tion. | was definitely getting turned on.

The next chapter, ‘‘Program for Your
Computer,” made it clear that it takes a
great deal of concentrated thought to write
computer programs, and that | probably
wouldn’t need to know much about pro-
gramming, since thousands of people were
already available to do the programming for
me. However, | would need to learn to
communicate my needs to a programmer
if | wanted to do something special with my
computer that wasn't already available from
a manufacturer, or someone else. Still, | was
assured that most of the programs ! would
ever want would be furnished by the people
who sold me the computer; so the pressure
to learn programming apparently was off.
That’s good because then | began to see a
computer as just another consumer product,
rather complex but still quite manageable.

In the next chapter, “Nuts and Bolts,”
i learned what kinds of things make a
computer tick. Computers have many
hookup parts and equipment. In a way,
they are a lot like cameras. Just as camera
owners buy lenses and other attachments
to enhance the power of their equipment,
computer owners may purchase ‘‘peri-
pherals’’ to beef up their systems and give
them more flexibility.

Although the authors promised to give
me enough information to enable me to
walk into any computer store and not be
snowed by the equipment, | felt rather
rained upon during one such visit. The
range of products offered in these com-
puter stores is amazing. | didn’t see any two

computers that looked, worked, or even
cost the same. However, after | finally
started talking to the store owner, | was very
glad that | had read the chapter about nuts
and bolts. Each time he would show me a
particular computer system, | would say
something like, ‘“Does it have a software
front panel?”, or “‘How much memory and
read only memory is there in the minimum
system?’’ My questions seemed to elicit
surprise, and | found the owner gleefully
explaining everything in fine detail.

One of the nicest things about the nuts
and bolts chapter was that | learned about
the most often used computer /O devices:
keyboards, video displays, front panels,
Teletypewriters, cassette tape mass storage,
floppy disk mass storage, etc. Photographs
of each device were included.

The final chapter in the book, entitled
“Getting Started,” explains how one goes
about taking the next logical step in under-
standing, or perhaps even buying, a personal
computer. Like the others, this chapter is
illustrated with our friendly computer
enthusiast trying his luck at learning more
about personal computers by going to
conventions, reading books and magazines
such as BYTE, visitjng computer clubs, and
of course going to a store.

For me one of the most useful parts of
the book was the appendix called ‘‘Glossary
of Computer Buzz Words.” Here | quickly
learned the meanings of the crazy words
used by computer people. | read the entire
glossary from A to X; it was very interesting.
Each word was defined and then used in a
typical sentence. | memorized a few of these
buzz words and used them on the computer
store owner. For example, while he showed
me a computer game called Star Trek that
didn't seem to be working right, | informed
him that perhaps his ‘‘buffer had over-
flowed.”” All | got was a chuckle, and then
a sigh.

Well, | finished the book and can honest-
ly say that for someone who previously
knew nothing about computers, | really
got my money’s worth. Besides learning
that computers are here to stay, | discovered
that the future of home computing is
changing fast and furiously. Although
delaying my purchase for a few years may
save me a lot of money, it will also mean
I'll miss out on a whole lot of fun and
excitement.

Keystone Elliot
POB 38
San Rafael CA 94901®
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microprocessor
experience from day one...
The Instructor 50. ) o

P.O. Box 2208Y

Leamingoby doing is still the best method of education. And when it comes to Culver City, CA 90230

learning about 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 immediately provides “hands on” cAUFORMA
experience for gaining microprocessor knowledge—in your home, office, or in the Phone Orders Y et
classroom. (213) 641-4064 Covr Cuy CA30730

Superior to other microprocessor learning aids, the Instructor 50 is a COM- BTN T e
PLETE package—including a built-in power supply (50/60 Hz), an LED — — Sante Ans. CA 92705
prompting display, and both functionar and hexadecimal keyboards. You e ANCRONA | ANCRONA L e Coms B

oy 83> > . . E
also get S-100 compatibility for adding memory and other peripherals. This lets | o293 | A2 389300 | s i
ou expand the machine’s capability—and your microprocessing applications

owledge. Moreover, you can easily build a program library by recording your own P - CANADA. B.C
gD capechte ) O O BTV (L

The Instructor 50 comes complete with a Users’ Guide, along with step-by-step | rours 0r 37220 | vousten, x77050 VW gve
. t. f h .th . . . [ 1254 5541 (kA K] 9-3489 16041 324-0707
instructions for those with no previous microprocessor experience. p

Signetics offers one of the broadest choices of microprocessors in the industry. 3 2
This knowledge stands behind the Instructor 50. When you need to learn about g===========ssasastam==1

! ; A s : 1
microprocessors, start with Signetics. Start with the Instructor 50. Send for your ANCRONA :
descriptive brochure today. : P.0O. Box 2208Y I
[ Culver City, CA 90230 1
We can help you understand microprocessors. o i
Pieasesendme _______ _ Instructor 50(s}@ 1§
& $350.00 plus $3.00 ea. postage and handling. ¥
Calif. residents add 6% sales tax. :
] - )= O Check enclosed [ Master Charge visa I
I l I Interbank Number F—_ :
: Account Number _ 1
§ Sii 3 Exp D t
a subsidiary of US. Philips Corporation  § ~9""""® xp Dt '
g Send To: 1
‘I Name — - :
: Address — [
i City State Zip :
L-------u--------------
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A Microprocessor for

Photo 1: Processing. Photosensitized wafers are exposed with a particular
mask pattern using ultraviolet light. The entire environment is otherwise
ultraviolet-free.

Photo 2: Breadboard debug. The gate level TTL model of the processor
involves ten boards of 80 to 120 integrated circuits each. Many of the re-
quired 10,000 connections will be wrong. The system must be tested to find
and correct construction and logic errors.

Crowds are not unusual;, here we have Don Tietjen, Katy Miller, James
Tietjen, Steve Messinger (almost hidden), Mike Shapiro and Bill Keshlear.
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Terry Ritter and Joel Boney P t 3.
Motorola Inc a r °
3501 Ed Bluestein Blvd

Austin TX 78721

Clock Speed

In part 3 we conclude our discussion of
the Motorola 6809 processor with some
thoughts on clock speed, timing signals,
condition codes and software design phi-
losophy for the 6809.

We expect that our logic and circuit
design cohorts will be able to get signifi-
cant production at a 2 MHz bus rate {and
possibly faster) with the 6809. But this
value alone means next to nothing as a
figure of processor merit (we did consider
using a very high frequency on chip oscil-
lator so we could win the clock rate race,
but decided at the last minute that a
resonant cavity would not be acceptable
to most users).

Other processors use an internal state
machine to implement the required in-
ternal operations. These processors fre-
quently require multiple states and multi-
ple clock edges to implement operations
which are done in one cycle on 6800 class
processors.

The 6800 class machines are all random
logic machines with multiple dynamic
sequencers. This method of microprocessor
design selects a different set of engineering
trade-offs as opposed to the state machine
approach. In particular, less critical timing
is necessary, but suspending the processor
for a long time is difficult. We provide two
external methods of stopping the machine:
DMAREQ (which has a maximum asyn-
chronous latency of 1.5 bus cycles, and
which will recover the bus from DMA (direct
memory access) periodically to allow the
dynamic microprocessor to perform a re-
fresh cycle) and HALT (which has a maxi-
mum latency of 21 cycles, but relcases this
bus completely).

Signals

The 6809 processor will be made in two
versions: the on chip clock version (for small
systems) and the off chip clock version (with
extra signal lines for additional processor
status information). This will allow a cost-
effective utilization of pins for each pro-
posed market.

The bus timing signals are E and Q. E is



the Revolution: The 6809 e

Final Thoughts

the same as on 6800 systems (previously
called §2), a square wave clock with a period
equal to one bus cycle. Q is the quadrature
clock, and leads E by one quarter bus
cycle. Good addresses should be available
from the processor on the leading edge of
Q; data is latched (by the processor or
selected memory or peripheral) on the
trailing edge of E.

Two signals are used for clock control
in the on chip clock version. DMAREQ
halts the processor internally (and puts the
output lines of the processor in the high
impedance state using three state circuitry)
but allows E and Q to continue to run to
provide system clocks for a DMA transfer.
MREADY being low extends a memory
access in increments of the high frequency
oscillator period until MREADY is brought
high.

If BA=0 (the processor is running) BS=1
means that a vector fetch is occurring
(IACK). This signal can be used to develop
vector-by-interrupting-device hardware that
transfers control directly into the desired
interrupt handler without polling.

Two signals are available in the off chip
clock version to assist in multiprocessor
systems. The last instruction cycle (LIC)
pin is high during the last execution cycle
of any instruction, thus giving bus arbitra-
tion a head start. BUSY is high during read
modify write, (from the read through to
modify) to indicate that memory exclusion
is required. Exclusion is required in multi-
processor systems.

Condition Codes

The 6809 condition code flags are the
same as those used in the 6800 (N, Z, V
and C), and are affected similarly by most
operations. Some exceptions are the double
byte operations, since the flags are always
set to represent the result of the entire
operation, whether single or double byte.
(This is implied by the fact that both data
length operations have the same root
mnemonics).

While very simple in concept (the con-
dition flags being mere by-products of
arithmetic and logic unit [ALU] operations),
their use with various data representations

Photo 3: Plotting the circuit layout. Huge precision plotters display the
computer data base which will become the chip. The layout plot is then
checked by circuit engineers both for proper interconnection and exact
transistor sizing. Any problems thus uncovered will be repaired by editing the
data base.

Photo 4: Digitizing. Computer aided design (CAD) technician Lisa Fink
enters a cell layout into the data base. The cursor on the light table is used to
transfer precision measurements to the computers. An already digitized cell is
shown on the video display.
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Photo 5: Diffusion. Into
the furnace goes another
batch of wafers in the
process of becoming inte-
grated circuits. Operating
near 1000° C, the quartz
liner glows incandescent.
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and the rich set of conditional branch con-
ditions can seem quite complex. First, we
will define the flags as follows.

N: set if and only if the most significant
bit of the result is set (this would be
the 2's complement “sign” bit).

Z: set if and only if all bits of the result
are clear (the result is exactly 0). set

V: if and only if the operation causes
a 2's complement overflow. Notice
that the expression (N @ V) will give
the correct sign, even if the sign is
not properly represented in the result.

C: set if and only if the operation causes
a carry from the most significant bit
(for ADD, ADC) or,

set if and only if the operation
does not cause a carry from the most
significant bit of the arithmetic and
fogic unit (for subtract-like opera-
tions — SUB, SBC, CMP — carry flag
represents a borrow) or,

set according to rules for rotate
or shifts or,

set if and only if bit 7 of the

result is set (for MUL).

® Notice that the C flag is not the
simple result of the carry in the
8 bit arithmetic and logic unit,
but depends on the type of
operation performed.

® Notice also that the carry flag
represents a borrow after subtract-
like operations. This was done on
the 6800, for convenience.

Next, let’s define the use of the branches.
Simple conditional branches:

Test True False
Z=1 BEQ BNE
N=1 BMI BPL
C=1 BCS BCC
V=1 BVS BvVC

Signed conditional branches:

Test True False
(N® VIA Z=1 BGT BLE
N®O V) = BGE BLT
z=1 BEQ BNE
(N® V) vZ=1 BLE BGT
IN® V) =t BLT BGE

Unsigned conditional branches:

Test True False
C AZ=1 BHI BLS
c=1 BHS BLO
Z=1 BEQ BNE
Ccvz= BLS BHI
c=1 BLO BHS

Note: The unsigned branches are not, in
general, useful after INC, DEC, LD, ST,
TST, CLR or COM.

And finally, the flag resuits of known con-
ditions of comparison are as follows.
After SUB, SBC, CMP:

If register is less than memory value
(2's complement values) (N @ V)=1.
If register is lower than memory value

(unsigned values) C=1
If register is equal to memory value
{signed or unsigned) Z=1.

Because some instructions do not (and
should not) affect carry, only the equal and
not equal branch tests (BEQ, BNE) are use-
ful after these instructions (INC, DEC, LD,
ST, TST, CLR, COM) operate on unsigned
values. When operating on 2's complement
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GOOD-BYE(

Since Intertec Infroduced Its new INTERTUBE Video Terminal, a
lot of OEM's {and dedlers, too) are saying “good-bye” to their
high cost, low performance terminals. The INTERTUBE is such a
good buy that OFM's find it almost impossible to justify using
anything eise. 3

You'l say good-bye too when you compare INTERTUBE's price /
performance ratio with any other terminal on the market
today. Standard INTERTUBE features include: a 42" display In a
24 line by 80 column format, 428 upper and lower case ASCIl
characters, reverse video, blinking, complete cursor address-
ing and control, an 48 key numeric keypad, separate back-
space, tab, shifiock, local, on-line and print keys, special user
-defined function keys, protected and unprotected fields, line
insert/delete and character Insert/delete editing, eleven
special line drawing symbols, 15 selectable baud rates from 75
to 9600 BPS, haif and full duplex operation, an RS-232 interface,
and ... would you believe it ... there is morel A special “Status
Protect” key allows you to enable only those features required
in your system and “lock-out” all others, thereby assuring flexible
operation in both “smart” and “dumb" environments.

By now you're probably becoming very uneasy if your iast
terminal purchase wasn't an INTERTUBE. Brace yourself. You're
going to become sicki OEM's realize there are no hidden costs
of ownership with the INTERTUBE. You can have ali the perform-
ance you need without having to add expensive options.
Standard user-oriented features are: an RS-232 printer port;
“block” transmission modes, parity and baud rate error detec-
tion, a self-test mode, a 25th “STATUS" Line which displays the
current status of the terminal, a fransparent mode to simplify
program debugging, and selectable display intensities for
“easy-on-the-eyes” operation with minimized operator fatigue.

Circle 174 on inquiry card

+ Price, performance, design, reliability ... what more could an

OEM want? Availability? We've got itt Our new 420,000 square
foot manufacturing facility tums out a lot of INTERTUBES each
day. And because we confrol the manufacturing process right
down to injection molding our own cover assemblles, your
delivery schedules are never interrupted. Order today and
chances are your first units wlli be on their way within 48 hours:
Incredible!

Call or write us now. We'll show you what a “good buy” the
INTERTUBE redily is and why more and more OEM's are saying
“good-bye" to the competition.

r= INJERTEC
DATA
[ SYSEMS

2300 Broad River Road, Columbia, S.C. 29210
(803) 798-9100
TWX: 810-666-2115

*In moderate OEM quantities.
Quantity one end-user price - $874.00




Photo 6: Wafer probe.
Each circuit is separately
checked while still on the
wafer. This equipment
automatically steps to the
next chip after any bad
result or when all tests are
good. A production 6800
is shown.
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values, all signed branches are correctly
available.

Some Software Design Philosophy

The design of successful software differs
from other types of engineering design in
that good software can be easily changed,
but is exceedingly unforgiving. The creation
of working software involves intimate con-
tact with quality.

Any program, working or unworking, is
a representative of the philosophy of truth;
the machine will execute the program,
good or bad. Only applicable programs are
useful, however, and utility is where we
encounter quality. Many individuals in-
doctrinated into a society founded upon
truth can scarcely understand why such
truthful programs do not work, for isn’t
one truth just as good as another?

Any program that is to be fixed or
changed must be analyzed: the written
code must be read and understood. Reading
is a problem — most computer languages
are very difficult to read simply because
so many options are possible from each
statement. Finding the coherent design
of a program is nearly impossible when,
as it is being read, thousands of options
exist. It is the paradox of programming
that a disciplined, restricted, structured
programming language gives programmers

greater freedom to understand their
programs.

Consider the analysis of programs: any
program segment having multiple condi-
tional branches that cannot be separated
must be analyzed for all possible conditions
of input data before we can be assured that
the program will operate correctly.

Program segments having branch paths
that cross may be impossible to analyze
rigorously due to the combinatorially larger
number of paths that the program may ex-
ecute. Where control structures are always
properly nested, crossed branch paths can-
not occur and analysis is easier.

Programming structures which have basi-
cally one entry point and one exit are easily
detached from surrounding code and are
easier to understand and test. This is
the fundamental tenet of structured
programming,

Every attempt should be made to code
in  modules. Modules are self-contained
entities (usually subroutines) which allocate
and deallocate their own local storage.
Naturally, the actual code should be heavily
commented to allow a reader to understand
what is being attempted, But one mark of a
good module is that it contains a header
block which fully describes a/f aspects of
the inputs to the module and results from
it. This description should be so detailed as
to allow the module to be totally recoded
from this information alone. We hope that
the description was arrived at before the
module was written. It is a mark of good
software design that the actual coding is
but a minor part of the project; it occurs
after all modules have been completely
described. The finished modules should
be individually tested for all possible input
values, and should demonstrate that error
handlers will operate when a supposedly
invalid input value occurs, Modules which
are recoded at a later date must pass the
original tests.

Software in the Revolution

The microprocessor revolution is fueled
by continual technical advancement that
produces hardware with ever higher capa-
bility and ever lower cost. Yet, it is a re-
quirement of the revolution that software
be written to make that cheap hardware
do anything.

Most present microprocessor software is
custom software written for a specific pro-
ject. Project specific software is rarely pub-
lished, partly in the (unreasonable) hope of
maintaining trade secret protection, and
partly because finished project software is
rarely of publication quality. Commercial
software is rare for a number of reasons:
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MicroPRO

MICROPRO _,
SUPER-SORT

*MicroPro International Corporation proudly announces the incorporation of SUPER-
SORT™ into Microsoft COBOL, FORTRAN and BASIC. Now, exclusively from MicroPro
you can have the full level 2 COBOL sort verb implemented by joint cooperation be-
tween Microsoft and MicroPro. Enjoy the fastest, most flexible sort/merge/extract
available together with Microsoft’s compilers! COBOL/S™ $850, FORTRAN/S™ $600,
BASIC/S™ $450.

Other Quality Software from MicroPro:

® WORD-MASTER™ — Screen Oriented word processing on any CRT .. .. .. $150.00
or Video Board using CP/M** TEX** — Output Formatter ........ ... $ 75.00

e ISAM-ANSI standard level two, multiple key access, three level indexing, . . $150.00
written in M-80 Assembler, relocatable, interfaces to COBOL,
FORTRAN, and BASIC, uses less than 6K, up to 9 disks in 1 file.

e CORRESPONDER™ — Powerful form letter generation to user mailing
lists. Handles*correspondence and volume mailings with custom
salutations and variable file-derived or user-specified substitutions in
letter text. Creates mailing list files and prints cheshire

or vertical labels. w/o CBASIC . . . . . .. $95.00

with CBASIC (requires CBASIC torun). ... ... . ... . . . ... .. ... ....... $185.00

® SUPER COMBO I — Word-Master, Super-Sort (stand alone), . . .. ..... . ... $475.00
Tex, & Corresponder ($520 value)

**CP/M and TEX are Trademarks of Digital Research. Prices and Specifications subject to change without notice.

©1978, MicroPro International Corporation. All rights reserved.

L 1 1 1 ] . 2 ! : ! 1 1 1 ! r : 1 1 1 1 1| | 1"1
Clip and Mail This Form to: MicroPro International Corporation at 1299 - 4th Street, San Rafael, CA 94901
Please Type or Print Clearly ORDER FORM — Dealer/OEM Inquires Welcomed SPECIEY MEDIA 5%~ O 8" 0O

Send To: | agree to abide by MicroPro’s End-User Agreement
and return the signed End-User Agreement or return
software unopened.

Name I
I 0O COBOL $750.00 0O COBOL/S™ $850 - I
I C 3 FORTRAN $500 O FORTRAN/S™ $600
e O BASIC $350 (O BASIC/S™ $450
O SUPER-SORT | '™ $250 O Manual only $25
Address 0O SUPER SORT Il without relocatable feature (standalone) $200
O SUPER SORT Il Stand Alone — without select/exclude feature
$150

City, state, zip code
0O WORD-MASTER™ $150 O Manual only $25

O TEX** $75 0O Manual only $15 —

Check Attached or Charge OISAM  $150.  OManual only $25

Mastercharge J CORRESPONDER™ $95 0O Manual only $15

Visa No. J SUPER COMBO | %475

Exp. Date_ POSTAGE & HANDLING __§350 Il
COD (10% deposit required) O ——t I

Signature (if ordering diskettes or paying with credit card)

Dealer Inquiries Invited: 1299 - 4th Street, San Rafael, CA 94901 (415) 457-8990 (new) or (707) 544-2865 (old)



EPROMs out at
the touch of afinger.

After programming a 2708 or 2716 EPROM you won't
need a screwdriver to pry it out of SSM’s new PB1 board
equipped with Textool sockets. Just flip the lever and lift it
out. And on the same board there are 4 sockets waiting for
2708 or 2716 EPROMs that can be independently addressed
to any 4k or 8k boundary above 8000 hex. Two boards in one.

PB1 has two separate programming circuits so 2708 or
2716 (5v) type of EPROMs can be programmed without
modifying the board. Programming voltage is generated
on-board by a DC-DC converter; no need for an external
power supply. Programming sockets are Dip Switch
addressable to any 4k boundary. And complete software is
provided for programming and verifying EPROMs.

With our Magic Mapping™ feature, unused EPROM sockets
don'ttake memory space, so you are never committed to the
full 4k or 8k of memory. The board can be configured for 0 to
4 wait states. Use fast or slow EPROMs. All lines are burfered.

The PBI1 kit is available at over 150 retail locations or
directly from SSM for $139.95 (with Textool sockets) or
$119.95 (without Textool sockets). All SSM kits are backed
by a 90 day warranty. Assembled, one year warranty.

SSM manufactures a full line of S-100 boards, including
CPU, Video, 1/O, RAM, EPROM, Music, Prototyping,
Terminator, Extender and Mother boards. For complete
details just send for our new, free brochure.

PB1 2708/2716 Programmer & 4k/8k EPROM Board

LED indicating
programming mode

Textool Programming
programming sockets protect switch \

: "'h"ﬂ'ﬁ': ’_L"""ﬁ!l:

E OERER.
J.l;;lim;_”

EPROM
addressing switches

2116 Walsh Ave., Santa Clara, CA 95050
—y '/ J (408) 246-2707

We used to be Solid State Music. We still make the blue boards.

Programming

power supply EPROM sockets
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there must be a market for the (machine
specific) software before the investment
in program development is made, but the
customer base may not exist until good
programs are available. It is also difficult
to consider investing in software that can
be so easily copied (stolen) and used.

The copying problem is not new;
musical reproductions have long coexisted
with the possibility of consumer recording
and reproduction for a close circle of
friends. This occasionally happens, but it is
usually too much bother to tape the music
you want (assuming that the original pro-
duct is available at a reasonable cost).
Software should be distributed as a reason-
ably priced physical product that is useful
to a broad consumer base.

This is an old idea, but it just hasn’t
worked. The problem is not in the idea, but
in the second generation microcomputer
architectures which limit the applicability of
any particular program read only memory.
The 6809 microprocessor is designed speci-
fically — through the use of position inde-
pendent code, stack indexing, and indirect
addressing — to allow the creation of stan-
dard program read only memories. This
creates a market opportunity for a brand
new standard software industry. We knew
this when we included these features; you're
welcome, entrepreneurs!

Summary

We wrote this series of articles not only
to disclose the 6809 but mainly to put
down in print the rationale and reasoning
behind the 6809. It would have benefited
us if the designers of the 6800 had docu-
mented their rationale. We would also like to
think we have stimulated some interest in
the personal computing community for
solutions to the software problem and for
the study of computer architecture. The big
challenge for architects in the next decade
and beyond will be to design computers that
can effectively utilize the huge number of
devices — 1,000,000 transistors by 1985 -
that semiconductor technology will be able
to put on one 25 mm?2 piece of silicon.

No computer is designed in a vacuum,
and we would like to thank all of our cus-
tomers and the people at Motorola who gave
us valuable input. Special thanks go to the
dozens of people — too many to enumerate
— who have been or are still actively in-
volved in the design, implementation and
production of the MC6809. Without their
individual talents and dedication to what
seemed to be impossible tasks and impos-
sible schedules, the MC6809 could not have
been realized.=



March 3-4, Micro-Expo '79, Texas A and
M  University Memorial Student Ctr,
College Station TX. Sponsored by The
Texas A and M Microcomputer Club,
the activities at the third annual Micro-
Expo '79 will include exhibits by dealers
and hobbyists, a programming contest,
and a computer chess tournament, as
well as seminars on topics of interest 1o
both the novice and the experienced
computer enthusiast. Contact Larry
Brown at (713) 693-5748 or Scott
Edwards at (713) 845-5531.

March 10-11, Personal Computer Fair,
Pacific Science Ctr, Seattle WA. The fair
wifl acquaint people with personal, home
and  hobby computer applications.
Visitors will see a variety of nontechnical
demonstrations and have numerous
opporiunities for hands-on experimen- -
tation. Contact Susan Stocker, Pacific
Science Ctr, 200 Second Av N, Seattle
WA 98109.

March 17, The Computer Faire, Dela-
ware State College, Dover DE. This faire
will deal with current technology of
computers for the classroom and pers-

sonal use. Contact Lynda Baker, New

Castle County School District Area |1, The way you

Henry B duPont Middle School, Benge check Ilne-by-llne with

and Meeting House Rds, Hockessin DE an A P Intra-Switch or

19707. Intra-Connector.

March 19-20, Mictocomputers: Oper- Yqu plug yourlntro-Switch in-line

ating Principles, Hardware and Software with §tondord soc'ket connectors,

Seminar, Holiday Inn, Palo Alto CA. 9nd instantly you've got a separate,

Polytechnic Institute of New York and independent on-off switch for each atright angles. Instant line-by-line
the Institute for Advanced Professional and every line in your flat ribbon probeability—and an easy way to
Studies are presenting this 2 day seminar cable. To switch, you nudge with a tap your system and daisy chain it
for engincers, programmers, and tech- pencil point. It's that quick. into new areas.

el mansgels invalueriy il sslection Imagine how much time and Both Intra-Connectors and Intra-

of microprocessors and design of micro-
processor-based systems. The seminar
will cover the wunderlying concepts

trouble Intra-Switch will save you in Switches come in 20, 26, 34, 40 and
your diagnostic and quality testing, 50-contact models.

gowending  IiloIOpEocessal  @peragan, your programming and selective Where? At your nearby A P deal-
architecture, and systems design. Micro- line inhibiting. er. Where's that? Phone (toll-free)
computer elements and their inter- Or, plug in your intra-Connector 800-321-9668. And ask for the com-
relationships will be discussed, empha- (see box) the same way, and you plete A P cafalog, The Faster and
sizing features important in determining have an exira set of male contacts Easier Book.

whether a particular microcomputer will
be suitable for a given task. Contact

Prof Donald D French, Institute for AP PRODUCTS

Advanced Professional Studies, 1 Gate-

way Ctr, Newton MA 02158, (617) INCDQPDQATED
964-1412. Box 110D e 72 Corwin Drive

Painesville, Ohio 44077
Tel. 216/354-2101

March 19-21, Federal DP Expo Confer- TWX: 810-425-2250

ence and Exposition, Sheraton Park
Hotel, Washington DC. This fifth annual

government show will feature computer Faster al]d EaSier is What we're a" about.

related hardware, software and service.

Continued on page 76
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Ready to plug in and run the moment you receive
it. Nothing else to buy, no extra memory. No
“booting” with PerCom MINIDOS™, the remark-
able disk operating system on EPROM. Expand-
able to either two or three drives. Outstanding
operating, utility and application programs.

For more
information
see your local
PerCom dealer
or call
toll free
1-800-527-1592
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For the low $599.95 price, you not onty get the disk drive, drive power
supply, SS-50 bus controller/interface card, and MINIDOS™, you also
receive:

® an attractive metal enclosure e a fully assembled and tested inter-
connecting cable ® a 70-page instruction manual that includes operat-
ing instructions, schematics, service procedures and a complete list-
ing of MINIDOS™ e technical memo updates — helpful hints which
supplement the manual instructions e a 90-day limited warranty.

SOFTWARE FOR THE LFD-400 SYSTEM
Disk operating and file management systems

INDEX™ The most advanced disk operating and file management
system available for the 6800. INterrupt Driven EXecutive operating
system features file-and-device-independent, queue-buffered
character stream {/0. Linked-file disk architecture, with automatic file
creation and allocation for ASCII and binary files, supports sequential
and semi-random access disk files. Multi-level file name directory
includes name, extension, version, protection and date. Requires 8K
RAM at $A000. Diskette includes numerous utilities $99.95
MINIDOS-PLUSX An easy-to-use DOS for the small computing sys-
tem. Supports up to 31 named files. Available on ROM or diskette
complete with source listing . .............cooevinvinnenns. $39.95

BASIC Interpreters and Compilers

SUPER BASIC A 10K extended disk BASIC interpreter for the 6800.
Faster than SWTP BASIC. Handles data files. Programs may be
prepared using a text editor described below $49.95
BASIC BANDAID™ Turn SWTP 8K BASIC into a random access data
file disk BASIC. Includes many speed improvements, and program
disk CHAINing $17.95
STRUBAL +™ A STRUctured BAsic Language compiter for the pro-
fessional programmer. 14-digit floating point, strings, scientific func-
tions, 2-dimensional arrays. Requires 16K RAM and Linkage Editor
(see below). Use one of the following text editors to prepare programs.
Complete with RUN-TIME and FLOATING POINT packages $249.95
Text Editors and Processors

EDIT68 Hemenway Associates’ powerful disk-based text editor. May
be used to create programs and data files. Supports MACROS which
perform complex, repetitive editing functions. Permits text fites larger
than available RAM to be created and edited $39.95
TOUCHUP™ Modifies TSC's Text Editor and Text Processor for Per-
Com disk operation. ROLL function permits text files larger than
avaitable RAM to be created and edited. Supplied on diskette com-
plete with source listing $17.95

Assemblers

PerCom 6800 SYMBOLIC ASSEMBLER Specify assembly options
at time of assembly with this symbolic assembler. Source listing on
diskette $29.95
MACRO-RELOCATING ASSEMBLER Hemenway Associates’
assembler for the programming professional. Generates relocatable
tinking object code. Supports MACROS. Permits conditional
assembly $79.95
LINKAGE EDITOR — for STRUBAL +™ and the MACRO-Relocating
assembler $49.95
CROSS REFERENCE Utility program that produces a cross-
reference listing of an input source listing file $29.95
Business Applications

GENERAL LEDGER SYSTEM Accommodates up to 250 accounts.
Financial information immediately available — no sorting required.
Audit trail information permits tracking from GL record data back to
source document. User defines account numbers $199.95
FULL FUNCTION MAILING LIST 700 addresses per diskette. Power-
ful search, sort, create and update capability $99.95
PERCOM FINDER™ General purpose information retrieval system
and data base manager $99.95
™ rrademark of PERCOM Data Company, Inc.

Ordering information
To order, call toll free 7-800-527-1592. MC and VISA welcome. COD
orders require 30% deposit plus 5% handling charge. Allow three
weeks for defivery. Allow three extra weeks if payment is by personal
check. Texas residents add 5% sales tax.

PERCOM ‘peripherals for personal compuling’
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John P Costas PhD

Senior Consuliting Engineer

General Elactric

Court St, Bldg 4, Rm 38A

Syracuse NY 13201

Cryptography in the Field

Part 1: An Overview

Cryptography could be described as the
science or art of transforming messages into
forms that render them unintelligible to out-
siders. This is an old and fascinating field
and the interested reader could hardly do
better than to read a most remarkable book
on this subject by David Kahn called The
Codebreakers.

A few dcfinitions are nceded before
proceeding. Plaintext is the message Lo be
put into secret form. The mcssage, after
cryptographic transformation, is known as
a cryptogram. An authorized individual who
is privy to the secrets of thc system is said
to decode or decipher the mcssage when
converting the cryptogram to plaintext.
Cryptanalysis is the science or art of extract-
ing the meaning of a cryptogram without
the key. Cryptology is the science or art
encompassing both cryptography and crypt-
analysis.

A code is a cryptographic transformation
in which no fixed relationship is maintained
between the number of symbols in the plain-
text and the corresponding cryptographic
transformation or codetext. An example of
a code is shown in table 1. To encode a

Encoding Decoding
plaintext codetext nulls codetext plaintext

BALANCE 78452 17593 17590 AFTERBURNER
BALANCE SHEET 43987 43874 17591 DETACHED
BALL 15638 12958 17592 UNLIKELY
BALLAST 28457 84355 17593 (nNULL)
BALLISTIC 12953 17594 JAMMING
BALLISTIC 87465 17595 STATUTE OF LIMITATIONS
BALLISTIC 72589 17596 BALLOON

MISSILE
BALLOON

17596

Table 1: A simple 2 part code example. The encoding section is alphabetically
arranged and the decoding section is numerically arranged. To further frus-
trate the efforts of anyone intercepting the message, nulls are frequently used
(a null is a portion of ciphertext having no plaintext equivalent).
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message the plaintext word or phrase is
found in an alphabetical listing in the en-
coding section and the corresponding code-
text group {in this case 5 digit numbers)
is entered into the cryptogram. Note that
commonly used words (eg: ballistic) may
have more than one codetext equivalent.
These are known as homophones. There may
also be codetext groups that have no plain-
text equivalent; these are known as nulls.
The coding clerk is encouraged to select
at random from a group of homophones
and also to throw in an occasional null in an
effort to frustrate the work of the crypt-
analyst.

In the decoding section, the codetext
groups appear in their numerical order. The
security of a code is enhanced when the
codetext numerical order is scrambled rela-
tive to the plaintext alphabetical order.
When this is done the codebook contains
separate encoding and decoding sections.
Such codes are known as 2 part codes. The
resulting codetext is often given a further
cryptographic  transformation  (encipher-
ment); the overall process is then known as
Superencipherment.

In many applications, a cipher is pre-
ferred to a code. A cipher is a cryptographic
transformation in which a fixed relationship
is maintained between the number of plain-
text symbols and the number of symbols in
the resulting cryptographic transformation
(ciphertext). An example of a simple cipher
would involve replacement of each plaintext
letter by the next letter in alphabetical order.
Plaintext A becomes ciphertext B, plaintext
B becomes ciphertext C, etc. Some feeling
for the difference between codes and ciphers
may be obtained by noting that linguists arc
often assigned to break codes while mathe-
maticians handle the ciphers.

This article deals mostly with field
ciphers, of which there are two main classi-
fications: substitution and transposition. In
the former, new symbols are substituted for
the plaintext symbols to form the cipher-
text. In the latter, the original symbols are



plaintext alphabet: A
p

B CDETFGH
ciphertext alphabet: ATRI C2ZL

I J KL
ONKB

MNOPQRSTUVWXY?Z2
DEFGHJMQS UV WXY

Table 2: This relatively simple cryptographic procedure can be used as a field cipher. First
the plaintext alphabet is written, then the ciphertext is written underneath it. The message
is coded by using the ciphertext alphabet in place of the plaintext alphabet. The former is
arrived at by using a keyword. In this case, the keyword Patricia Zlotnik is written followed by
the unused letters of the alphabet. No letters are allowed to repeat.

retained but the order of appearance is
scrambled to prevent disclosure of meaning.

Field Ciphers

Field ciphers are traditionally relatively
simple cryptographic procedures which can
be implemented readily in the field using
only pencil and paper. The definition of
pencil and paper is updated here to include
the ubiquitous electronic pocket calculator.
Common to these systems is the use of an
easily remembered word or phrase which
serves as a key in the cryptographic process.
In the illustrative examples that follow we
will use as a demonstration keyphrase:

PATRICIA ZLOTNIK
and as a demonstration message:

MAY UP BID PRICE TWENTY
PERCENT ON TRACT ONE ONLY.

In one form of a monoalphabetic substi-
tution, the key is first written by eliminating
repeated letters, followed by the remainder
of the alphabet in order as shown in table 2.
By substitution from this table, M becomes
D, A becomes P, etc. The following crypto-
gram results for the demonstration message:

DP XSG AORG |
OTI QV | EQXG
| JTIE QFERQ)
PTQFE | FEBX

The ciphertext is represented here in the
standard form used by cryptographers, in
groupings of five characters. The ciphertext
should be read across both columns rather
than across one (eg: the ciphertext in this
example would be DPXSGAORG]OTIQV).

The cryptogram purposely does not pre-
serve word groupings. How good is this ci-
pher? 1t is both unbreakable and worthless.
If the only message ever sent is the single 3
letter word:

CAT
then the cryptogram:

TPQ

is beyond rational cryptanalysis. On the
other hand, even very light usage (such as
the demonstration message) allows simple
frequency analysis to begin the destruction
of the cipher. The fact that the letter | has
been used to replace the plaintext E will not
remain a mystery for long. By any practical
measure, monoalphabetic ciphers of this
type are clearly useless.

Useless or not, one can present a super-
ficially convincing argument for monoalpha-
betic substitution. It could be correctly
noted that there are approximately 4 x 1026
possible plaintext to ciphertext alphabet
equivalents using this system. (This, of
course, is the number of permutations pos-
sible in a 26 character alphabet.) Therefore,
even if a fast computer could be found that
would check, say, one billion trial solutions
per second, it would still take over ten billion
years to exhaust all the possibilities. These
are impressive but totally meaningless
statistics. Presenting the cryptanalyst with
a large number of possibilities is a necessary
but not a sufficient condition for crypto-
graphic success.

Improved security may be obtained by
the use of polyalphabetic ciphers, which
may be demonstrated using the Vigenére
tableau of table 3. (The Vigenere tableau is
named after the French cryptographer
Blaise de Vigenére who popularized the

plaintext alphabet

e ABCD = ————- XYz
[

2 Al AaBcD @ ———-- XYz
82 B|[BCDE = ————- YZA
s C|CDEF  ————- ZAB
8 D|DEFG  ————- ABC
&

a . 5

; 0 .

§ .

E x| xvza  ——___ UVW
£ vy|vyzAB = ———-—- VWX
S 2| zAaBC = ———__ WXY

Table 3: The Vigenére tableau is used to
generate a polyalphabetic cipher. To en-
cipher, the plaintext message is first written
out. Then the keyword is repeatedly written
on top of the plaintext. The ciphertext is
obtained by selecting the letter which is at
the intersection of the plaintext alphabet
column and the keyword character row.
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key : P ATRI C) AZLOTNI KPATR - -—-—
plaintext: MAYUPBI DPRI CETWENTY - - -
ciphertext: B AR L X DQDOCWVRBGTNMP — - — —

Table 4: An example of the encryption process using the Vigenére tableau
shown in table 3.

method although he did not invent it.)
This table is bordered by the plaintext
alphabet at the top and ciphertext alphabet
designators at the left. The ciphertext
alphabets in the body of the table are
merely rotations of the normal alphabet.
Enciphering is done by writing the key
phrase repeatedly over the plaintext and
enciphering each plaintext character by the
corresponding keyphrase alphabet designator.
in the example shown in table 4, lctter M is
enciphered from alphabet P, letter A is en-
ciphered from alphabet A, letter Y from T,
etc. By switching alphabets in this way we
frustrate the simple frequency analysis
which was so effective in the previous cipher
example. Clearly, any given plaintext letter
(such as E) has a different ciphertext equiva-
lent in each of the different alphabets.

The cryptanalyst can attack this system
by searching for thc repcating key length
{in this case 15). Once the keylength is es-
tablished, he or she will rearrange the cipher-
text in matrix form in which the row length
is equal to the keylength. The columns of
this matrix cach involve the same ciphertext
alphabet. Frequency analysis by columns
soon reveals the specific key used and the
whole structure then collapses.

One ploy sometimes used to frustrate the
cryptanalyst is to use a coherent running
key. The key could be taken from a readily
available book, for example. By this method,
the repetitions of the key are eliminated and
the cryptanalyst is forced to work harder for
a solution, which he or she can get, given
enough cryptogram material and time.

A very significant advance in cryptog-
raphy was introduced by a concept which
may be generally described as autokey. In
this system, the plaintext itself is used as the
key. A given plaintext character selects the

key : P A T R | Cc 1 A Z L O T N | K

column order: 11 01 13 12 04 03 05 02 15 08 10 14 09 16 07
M A Y U P B | D P R | E T W
E N T Y P E R C E N O N T R
A C T O N E O N L Y

Table 5: A transposition table arranged for the keyword Patricia Zlotnik and
the example message “‘May up bid price twenty percent on tract one only.”
In the transposition method, the keyword is first written out and numbered
in alphabetical order. The message is then written in columns under the
keyword. The resulting columns are read out in numerical order to produce
the ciphertext.
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alphabet for encipherment of the next
plaintext character, and so forth. One of
the problems of using autokey is that the
key and the recovered plaintext are one and
the same. Thus the system tends to self-
destruct after the first error. The error
propagation properties of autokey are
often cited as the reason for not using this
technique in field ciphers.

Transposition Ciphers

An important cipher class is the trans-
position cipher. As the name implies, the
meaning of the message is hidden because
the order of the characters is scrambled in
the ciphertext. To demonstrate transposi-
tion, we again call upon our friend Patricia,
but this time her name is written out com-
pletely to form the keyphrase. The letters
in the keyphrase are then numbered accord-
ing to alphabetical order. When two or more
identical letters exist, they are sequentially
numbered from left to right. When this is
done, there results a scrambled set of in-
tegers from 1 to the number of characters
in the keyphrase (in this case 15). The
message is then written under these column
designators in rows of keyphrase length. An
example for the demonstration key and
message is shown in table 5.

Once this is done, the ciphertext is read
out in column order: ANC, DCN, BEE, etc.
When put in the standard 5 letter groups, the
cryptogram becomes:

ANCDC NBETETP
PNI RO TTWRR
NYENI TMEAU
YOYTT COPEL

Since the deciphering clerk knows both
the key and message lengths, he or she can
quickly determine the length of each column
in the original matrix. The cryptogram is
then copied in column form and the message
read out by rows. Multiple transpositions are
often done using the same or different key-
phrases. Null cells in the transposition ma-
trix are sometimes used to strengthen the
cipher.

Substitution ciphers replace characters
but leave them in their original positions.
The cryptanalyst can use this invariant to
advantage. Transposition destroys the order
but does not hide the content. Combinations
of transposition and substitution can provide
complementing strengths to produce very
effective ciphers.

Playfair Cipher

It is interesting to consider briefly an



When you've decided to let PASCAL work
for you, give it the best home — Control
Systems' UDS 470.

Our unique PASCAL-IN-PROM feature 2 —
lets OEM’s have their cake and eat it too: f 1
the simplicity of assembly-language plus o -

the power of PASCAL. The PASCAL
program is compiled (instead of assem-
bled) and the compiler output (P-code) is
burned into PROM/EPROM.

Hardware for our rugged UDS 470,
designed for hostile environments, has
performed successfully forovertwoyears -
controlling grain elevator operations in the
U.S. and Canada.

* UCSD PASCAL
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to 6809 or 68000

* 32K RAM
* 16K EPROM
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©wS0U0O0O»-HDID

mpwzZe-Am<m

Orom—4voeo-Hr-Hw

omZ<xoCcmcm

X ELWA OHWUW
Y Z MW I HOMNE
OBTFW MS S P I
AJ LUDO E AONG
OOFCWM FEXTT
CWCF 2z YI PTEF
E OB HM WEMOGC
S AwWC 2z S NY NW
MG XEL HEZCU
FNZYL NS BTB

Table 6: The two messages shown here were sent by coastwatchers in the
South Pacific during World War Il. The first message uses “ROYAL NEW
ZEALAND NAVY” as the key and the second message uses “PHYSICAL
EXAMINATION. ” These messages follow the Playfair cipher rules except
that letter pairs, when falling in a digraph, were left unenciphered.
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important contribution to cryptlography
made by Charles Wheatstone of clectrical
measurement fame. Recference is made here
to the famous Playfair cipher (named,
ironically, after the man who enthusiastically
promoted Wheatstone and his idca). The
ciphertext alphabet is written as in the
monoalphabetic example but is reformatted
to a 5 by 5 square with |,]J occupying the
same cell and used interchangeably. Our
demonstration key would yield:

PATRIJ
CZLON
KBDEF
GHMQS
UVWXY

Enciphering is donc by letter pairs with
the following four rules:

® |f the plaintext pair falls in the corners
of a square, usc as the ciphertext the
other two corncr characters taken in
corresponding row order.

® |f the plaintext pair falls in the same
row, take as the ciphertext the charac-
ters immediately to the right of each
plaintext character in order. Consider
each row Lo have cylindrical continua-
tion so that the character to the right
of the last character in a row is the
first character of that row.

® |[f the plaintext pair falls in the same
column, take as the ciphertext the
character immediately below each
plaintext character in order. Consider
cach column to have cylindrical con-
tinuation so that the character below
the last character in a column is the
first character in that column.

® Encipher double letters by inserting an
X between the letter pair in the plain-
text.

Deciphering mercly reverses the above
procedure. We have here one of those opera-

tions that is quicker to execute than to ex-
plain. Using the demonstration keyword
square and the demonstration message
yields:

O T© I
NOZH
A 00C
rRARAL
o x »
mM— O R
ZZr -
O0O—m
ZACr
s——-

This digraphic substitution procedure
can be very cffective considering its relative
simplicity. The reasons for this may be seen
from the fact that while there are only 26
characters in the alphabet, there are 676
digraphs (combinations of two letters). The
highest letter frequencies are 12% (E) and
9% (T). The highest digraph frequencies are
3%% (TH) and 2%% (HE). The cryptanalyst
thus faces many more entities with a much
more uniform frequency distribution in the
Playfair than in the character-for-character
processing examples given previously.

The Playfair can, of course, be broken,
and had the Japanese done this in World War
Il for the two cryptograms in table 6, the
course of contemporary American history
might have been radically changed. These
cryptograms were sent by coastwatchers in
the South Pacific. There is no clear call 1o
action as far as the first message is con-
cerned. However, the reader must surely
agree that the second message required
immediate action. This is especially true
since the Japanese had adequate vessels and
troops in the area to resolve the matter
without difficulty. Both messages follow
the Playfair rules except that letter pairs,
when falling in a digraph, were left unen-
ciphered. Even though these messages were
(apparently) not deciphered and acted upon,
military history is replete with examples in
which the course of events was dramatically
changed by poor cryptographic practice or
by brilliant cryptanalysis. (These messages
are taken from the Kahn reference which
contains fascinating stories of this type.)

Vernam Cipher

The only cipher gencrally accepted as
being absolutely secure is the invention of
an American, Gilbert S Vernam. His system
is known in the trade as the onetime key or
onctime pad. Some perspective on the con-
tribution made Lo cryptography by this man
may be gained by noting that his system, for
which patents were filed in 1918, is the
standard system used today, 61 years later,
on the Washington to Moscow hot line.
Vernam's work involved Exclusive OR
operations with a random binary key. An
cquivalent set of operations is presented
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encipher

key: 15(P)
plaintext: +12(M)
ciphertext: 1(B)
decipher

ciphertext: 1(B)
key: —15(P}
plaintext: 12(M)

0(A)
+0(A)

“ola)

0(A)
—0(A)
olA)

19(T) 17(R) 8(1) -
+24(Y) +20(U)  +15(P) =
T7R) KIS 23ix)

17(R) 11(L) 23(x)

—19(T) -17(R)  — 81
241(Y) 20(U) 15(P) =

Table 7: When all letters of the alphabet are numbered sequentially, messages
may be enciphered and deciphered by adding together the numerical values of
the plaintext and the keyword (modulo 26) to obtain the ciphertext. The
deciphering process is performed by subtraction.
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here except that a different base for the
residue arithmetic is used.

Return now to table 3. Let the letters
of the alphabet be replaced by the numbers
0 through 25. Thatis,A=0,B=1,C=2,.. .,
Y =24, Z = 25. When this is done it will be
immediately noted that in numerical form
each of the ciphertext alphabets is equal to
the plaintext alphabet plus the value of the
ciphertext alphabet designator, modulo 26.
In residue arithmetic all numbers lie in the
range of O to 1 minus the base value. The
base is repeatedly added to or subtracted
from any arithmetic result until this range
is achieved. For example, alphabet D (value
3) equivalents are obtained by adding
3 to the plaintext or alphabet A values. Once
this numerical format is established, tables
such as that of table 3 are no longer needed,
since encipherment and decipherment may
be done as shown in table 7 by simple addi-
tion and subtraction. The arithmetic used in
this case is modulo 26.

Vernam realized that under heavy traffic
loads substitution ciphers all broke down via
the Achilles heel of the key, be it repeating
keyphrase, coherent running key, or auto-
key. His solution to the problem was 1o gen-
erate a truly random key, make two or more
copies, and arrange for the used key to be
destroyed at both ends of the system after
first use. In some cases the key is in paper
tape format and a knife is provided at the
exit position of the paper tape reader so that
the keytape is destroyed automatically as
soon as it is read (ie: a onetime tape). In
other cases the key is written on pads of
paper (digits O thru 9, base 10 system) and
the sheets of the pad are torn off and
destroyed as soon as each is used (je: a
onetime pad).

Trap Door Operations

The bulk of the open literature in the
field of cryptography todaytakes us chron-
ologically to the end of World War Ii. The
state of cryptographic art at that time was

represented by the mechanical and electro-
mechanical cipher machines. Some punch
card sorting mechanization for cryptanalysis
is also occasionally referenced. The security
curtain has since fallen, and quite obviously
that curtain hid a revolution in cryptography
brought about by solid-state digital data pro-
cessing technology. Until very recently this
concrete curtain quietly separated two co-
existing computer user groups. The emer-
gence of large commercial data networks and
the need for preserving the privacy of data in
transmission and storage has resulted in cryp-
tographic work on both sides of that curtain.
Topics such as the one reviewed in this sec-
tion have apparently opened an uneasy dia-
log between these two groups.

Residue arithmetic, as used by Vernam
and demonstrated in the simple example of
the previous section, plays a key role in
some recent cryptographic techniques that
have been disclosed. In these techniques the
encryption key (which can be made public)
is comprised of a pair of positive integers
(E,N). The message is first converted by any
consistent means to some integer number M
between 0 and N-1. The encryption process
is then:

C =ME (modulo N) (1)

The message number M is raised to the power
E, the result is divided by N and the re-
mainder forms the ciphertext number C,
which represents the cryptogram. (In one
published example, E = 9007 and N is 129
decimal digits in length. This is residue arith-
metic with a vengeance!)

The deciphering key (which is kept
secret) involves two integer numbers (D,N),
and the decryption process is:

M = CE (modulo N) (2)

The ciphertext value C is raised to the power
D, division by N is then done, and the re-
mainder is the original message number M.
This can be converted back to alphanumeric
format for final delivery.

A 3 step process is used to generate N,
D and E.

® Generate two random prime numbers
P,Q (of the order of 100 decimal digits
each in a practical system) and let N =
PXQ. Thus N is typically a 200 decimal
digit composite number.

® Select number D to be relatively prime
to (P-1) X (Q-1). Any prime number
greater than both P and Q is a possible
selection.

® Select an E value such that the product
E X D equals unity, modulo the prod-
uct (P-1) X (Q-1).
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This cryptographic process is novel in
that knowledge of the enciphering process
(E,N) does not reveal the deciphering pro-
cess (D,N). The terms one-way and trap door
have been applied to such operations. This is
to be compared to the cryptographic pro-
cesses we have been discussing in which
knowledge of the key allows one to go in
either direction between plaintext and
ciphertext with equal ease. Consider now
two parties 1o a transaction: a customer C
and a bank B. Let Ec and Eb be the (public)
encryption processes of the customer and
bank, respectively. Let Dc and Db be the
(secret) corresponding decryption processes.

The customer may take a funds transfer
order T in plaintext and apply his secret
decoding operation to it to produce Dc(T).
This transformation may be converted by
anyone back to T by applying the public
Ec operation. For transmission to the bank,
however, the customer encrypts Dc{T) by
applying the bank's (public) encryption
operation Eb. Thus

Eb[De(T)]

is transmitted to the bank. Interception of
the message at this point may be tolerated
since only the bank can decipher the Eb
operation. Once this is done the bank has
Dc¢(T) to which the bank may casily apply
the customer’s public encryption operation,
Ec, to obtain the plaintext T. That is:

T = Ec(Dc(T))] (3)

is done at the bank.

Three important features are to be noted.
First, the data was protected in transit by the
bank Eb operation. The bank is sure of the
sender’s identity from equation (3) because
only ¢ knows the backward Dc operation
which was applied to T. Also the bank cannot
alter T after receipt since Dc(T) stands as ver-
ification. The bank cannot produce a Dc(T")
to correspond to some altered T' funds
transfer order.

The security of these systems is dependent
to a great extent on the computational diffi-
culty of factoring the compound number N.
It is claimed that this procedure is computa-
tionally infeasible for sufficiently large values
of N using the best algorithms and the fastest
computers. (The presentation in this section
follows very closely material recently pub-
lished by R L Rivest and his associates at
MIT.)

In part 2 of this article | will discuss
program Crypto which performs substitution
and transposition. This part shows how a
calculator can be converted to a field cipher
machine of significant capability.®
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The Standard

Data Encryption Algorithm

Part 1: An Overview

Recently, | have seen many articles de-
scribing new commercial encryption equip-
ment using the Standard Data Encryption
Algorithm. There have also been recent
announcements of integrated circuits, like
the Intel 8294, which implement the stand-
ard. The Standard Data Encryption Algo-
rithm has been published by the National
Bureau of Standards for use in the protec-
tion of computer data. The algorithm is
described in FIPS Publication 46, available
from the US Department of Commerce.
After months of being bombarded with
publicity regarding the encryption method,
it finally struck me that | had found a per-
fect project for my KIM. The challenge
became to implement the algorithm with
the basic memory provided and to achieve
sufficient processing speed to make it
practical for use by others. Along the way,
| hoped to investigate the advantages and
disadvantages of the 6502 in performing
the necessary tasks.

Cryptography Basics

Cryptography involves the use of a
scheme to transform intelligible text into an
unintelligible form and to later recover the
original text. The transformation process is
known as encryption and the recovery pro-
cess is known as decryption. Cryptographic
techniques have been used for centuries to
allow individuals to communicate without
fear of outsiders discovering what they are
saying. The individuals who communicate
generally possess a cryptographic key which

controls the encryption and decryption pro-
cess. Unless someone knows the key used to
encrypt the data, he or she will not be able
to correctly decrypt the data. The number
of possible keys is usually made so farge
that it is impractical to try decrypting the
data using all key possibilities. It must be
clear that the critical factor in protecting
the data is the secrecy of the key used.

The cryptographic technique employed in
the Standard Data Encryption Algorithm is
known as a codebook. In this case, a 64 bit
block of data is transformed to a corre-
sponding 64 bit block of data known as a
cipher. Each time a particular set of data is
provided as input, the same cipher will result:
assuming the same key is used. The Standard
Data Encryption Algorithm uses a 56 bit key
to control the encryption. As mentioned
before, this was chosen to give a large num-
ber of possible keys (ie: 2°%). Some esti-
mates have been made that it would require,
on the average, approximately 2500 years on
a general purpose computer significantlz
faster than a CDC 7600 to examine all 2°
(ie: 7.2 X 10'®) possible keys in order to
determine the particular key used to encrypt
a block of data.

Restrictions

The National Bureau of Standards posi-
tion on the implementation of the Standard
Data Encryption Algorithm is that software
implementations are not in compliance with
the standard. The standard, however, applies
to use on federal systems, not private com-



puters. [f you have any reservations con-
cerning your intended use of this method,
check the applicable regulations.

Algorithm Overview

A very simple diagram of the operations
involved in the encryption algorithm is
shown in figure 1. The input (plaintext) is
first subjected to an initial permutation op-
eration, which reorders the bits. Most of the
work of the encryption is done in the box
labeled product transformation. Details of
this transformation will be described later.
The block transformation is a simple ex-
change of the left and right 32 bits of data.
The last step is a permutation operation
which is the inverse of the initial permuta-
tion operation. The output of this step is
the ciphertext.

In case you’re wondering where the key
comes in, it is the controlling factor in the
product transformation. Note also the rela-
tionship of the initial permutation to its
inverse. The fact that they are inverses
means that if you perform an operation
using a function and then reorder again
using the inverse of the function, the result
will be the original word. Of course the same
thing occurs if the inverse and then the func-
tion is applied to the word. Tables 1a and 1b
show the permutation tables for the initial
permutation and its inverse. The permuta-
tion operation should be interpreted as
follows: proceeding from left to right, bit 1
of the permuted word is bit 58 of the input,
bit 2 of the permuted word is bit 50 of the
input, etc. | was originally confused about
the numbering scheme chosen for the bits,
since | was accustomed to bits being num-
bered 0 thru 7 going from right to left. The
correspondence between the Standard Data
Encryption Algorithm numbering scheme
and typical computer numbering is depicted
in figure 2.

Algorithm Operation

A more detailed diagram of the encryp-
tion algorithm is provided in figure 3. The
basic operations are quite straightforward.
What is shown is basically an expansion of the
product transformation box from figure 1.

Let’s look atthe basic operationsinvolved
after the initial permutation. The 64 bits of
permuted input are split into two groups of
32 bits each, called left (L) and right (R).
The subscripts on L. and R indicate the itera-
tion of the algorithm. The first thing that
occurs is the generation of K1. K1 is known

PLAINTEXT 64 BITS INPUT

|

INITIAL
PERMUTATION

PRODUCT
TRANSFORMATION

BLOCK
TRANSFORMATION

INVERSE
INITIAL
PERMUTATION

€4 BITS OUTPUT

CIPHERTEXT

Figure 1: An overview of the Standard Data Encryption Algorithm.

(1a)
58 50 42 34 26 18 10 2
60 52 44 36 28 20 12 4
62 54 46 38 30 22 14 6
64 56 48 40 32 24 16 8
57 49 41 33 25 17 9 1
59 51 43 35 27 19 1 3
61 53 45 37 29 21 13 5
63 55 47 39 31 23 15 7

(1)
40 8 48 16 56 24 64 32
39 7 47 15 55 23 63 31
38 6 46 14 54 22 62 30
37 5 45 13 53 21 61 29
36 4 44 12 52 20 60 28
35 3 43 1 51 19 59 27
34 2 42 10 50 18 58 26
33 1 41 9 49 17 57 25

Table 1: Permutation tables for the initial and inverse initial permutation (1a
and 1b respectively). The initial permutation table is read as follows: bit 1 of
the input goes to bit 58 of the output, bit 2 of the input goes to bit 50 of the
input, etc.

| 23... ...62 63 64
STANDARD DATA
ENCRYPTION NOTATION
7 07 07 0 07 0
TYPICAL COMPUTER
l BYTE O I BYTE | I e e I BYTE 6 I BYTE 7 ]NOTATION

Figure 2: Corresponding numbering between the Data Encryption Standard
and typical microcomputer bit numbering.
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64 BITS INPUT

A
INITIAL
PERMUTATION

as the swbkey, and is generated directly from
the encryption key. In fact, each Ki is gen-
erated from the key. Don’t worry yet about
exactly what each Ki is or where it comes
from — that will soon be explained. A func-
tion, f(RO, K1), is now generated using K1
and RO as inputs (again, the details will be

Li=RO

Ri=LO®f (RO,KI )

@ explained shortly). The next operation is the
modulo 2 addition (ie: exclusive OR) of
f(RO, K1) to LO. Therefore, LO ® f(RO, K1)
replaces the old LO. Finally, the current left-
most 32 bits are exchanged with the current
rightmost 32 bits. This completes one itera-
tion of the algorithm and involves all the
basic operations. To complete the product
transformation, the steps above are repeated

L2=Ri R2=Li®f{RI,K2)
| T
| ————— == —————
O G S—
]
Lo _d
==~z
7 T =S
¥ ¥
LI5=RI14 RiS5zLI4@f(RI4,KI5)

@ as shown in figure 3. The encryption process
is completed by performing the block trans-
formation and the inverse initial permuta-
tion operation.

An important fact about the modulo 2
addition step is that it is reversible. This
reversibility allows ‘the decryption process
to recover the original plaintext. In fact, as
I will show, you can use the same algorithm

—@ steps to do the decryption as you used for

encryption.

Something for Nothing?

In case my arguments of the simplicity
of the Standard Data Encryption Algo-
rithm haven’t convinced you, | should point
out that it wouldn’t be fair to expect 2500

LI6sRI5S

RI6sLIS®f(RI5,KI6)

I

INVERSE
INITIAL
PERMUTATION

BLOCK
TRANSFORM

64 BITS OUTPUT
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Ki6 years of protection from an algorithm which
wasn't somewhat involved. Figures 4a and
4b provide illustrative examples of the
encryption and decryption processes. | have
used only two iterations in the product
transformation, but the principle is the same
for 16 iterations. Notc in particular how the
same algorithm is used for decryption, ex-
cept that the subkeys are applied in reverse
sequence. In figure 4b, the results of each
transform are shown after the modulo 2
addition. For example, the first transform
results of L1 are obtained by computing
R2 @ f(L2, K2) = [L1 e f(R1, K2)] e
f(R1, K2) = L1. Remember how modulo 2

Figure 3: A detailed operation of the Standard Data
Encryption Algorithm encryption process. Note that
this flow diagram (and the following flow diagrams)
do not use standard flowchart symbology.
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Figure 4: A simplified encryption and decryption process using the Standard Data Encryption Algo-
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inverse process. Although only two iterations of transformation and swapping are shown, 16 are actually

performed.

(4b)

CIPHERTEXT

-

INITIAL
PERMUTATION

—

'

R2=LI®f(RI,K2)

RIZLO®f(RO,KI)

®

Y

BLOCK
TRANSFORM
Lo RO

INVERSE
INITIAL
PERMUTATION

PLAINTEXT

®
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addition works. Following the decryption
through figure 4b, you can see how the
encryption steps are reversed. The resull is
the original plaintext.

64 BIT KEY

PERMUTED
CHOICE
|

Algorithm Details 28 BITS 28 BITS

' b

In order to program the encryption algo-
rithm, it is necessary lo understand the co 0o
details of two operations that | have alluded
to. The first is the generation of the subkeys
K1, K2, ...K16; thesecond is Lhe generation
of the function f (R K}.

CIRCULAR LEFT CIRCULAR LEFT
SHIFT | BIT SHIFT | BIT
Subkey generation is depicted in figure 5.

The process starts with the 64 bit key that ct DI

you provide for the encryption. Actually,
PERMUTED
CHOICE
2

only 56 of these bits are used; the remaining
eight can be used as parity bits. The first

CIRCULAR LEFT CIRCULAR LEFT
SHIFT | BIT SHIFT 1 BIT

transformation of the key is called permuted
choice 1. Permuled choice 1 permutes the
56 bit key and aiso regroups it into two 28
bit words, called CO and DO. The generation
of subkey K1 is done by circular shifting
both CO and DO left and then permuling

computer mart of new jersey

computer mart of pennsylvania

PERMUTED
CHOICE
2

the
microcomputer
people®

e — — e ——

Computers don’t make a cis DIS
computer store, PEOPLE do. Our

people have been involved with

microcomputers since day one.
We offer experience and

expertise unparalleled in the

microcomputer industry. Whether pie

you are in the market for a [ |
complete system, peripherals,

custom software, service, or just PERMUTED
some friendly advice; there simply
is no other place to go.

CHOICE
2

Computer Mart of birw by Computss moe af Pensayivanio
mmﬂ:ﬂ 27 550 Bullsln Mk Figure 5: A process flow diagram showing
o gt Lot how subkeys K1 thru K16 are produced

from a single key.
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Absolutely

Second edition will be printed and mailed Summer 1979

Foreign orders {except Can-

It’s the first true microcomputer shopping guide. Loaded with
advertisements, photos and useful information on thousands of
companies and products. Over 150 pages. There’s nothing else like

it anywhere! You can get your free copy by filling out the questionnaire

and mailing it to us. Do it today. Offer expires May 15, 1979

FREE! (A $6.00 value!)

1st Edition |
Still Available J
Only $5.98 ppd.  —

ada) must include $2.00 for

postage. Please limit:

Offer void where prohibited

One book per family
Companies — one per department
{one per questionnaire)

Send to:

P. O. Box 598

Cleveland, Ohio 44107

The Computer Data Directory

* ]
Questionnaire (216) 221-5440
5 T D S - D D D D S S G S L S SR @B ER Please type or print clearly S S D ED O 0D OG5 05 0D 0 DD G5 GD o 00 5 G
Name Title
Company Phone _( )
Address O Business O Home
City State Zip
Signature Date
You must answer all questions for FREE offer
Occupation : Main interest:
A. O Professional E. O Student A. O Hardware B. O Software C. O Both
B. O Engineer F. O Hobbyist .
C. O Business G. O Other Do you write your own software?
D. O Education A. O All B. O Most C. O Some D. O None
My system brandnames include: In order of preference, what would you like to see in our
Processor Memory new shopping guide?
Mainframe Disk A.____Advertisements E.___Computer Stores
Software Other B.___ Product Descriptions F.__ Computer Clubs

Approximate investment to date: $

My system is/will be used for:

A. O Business only3 D. O Education
B. O Hobby only E. O Research and Development
C. O Business & Hobby F. O

sk If for business, what applications do you use now?

A. O Accounting/Inventory D. O Legal
B. O Word Processing E. 0O Engineering
C. O Medical Fi

%K Which ones do you plan for the future:
A.0 B.O C.0 D.O E.O F. 0O

What type of business?

How many employees?

C.__Product Photos G.___Reader Service Card
D.___Suggested Systems H.

What will you use our guide for?

C. O Research
D. O Marketing

A. O Product Comparisons
B. O Price Comparisons

Which of these magazines do you read?
A. O Byte G. 0 On_Line

B. O Creative Computing H. O Personal Computing

C. O Computer Dealer I. O Computerworld

D. O Computer Retailing J. O Computer Decisions

E. O Kilobaud K. 00 Smal!l Business Computers
F. O Interface Age L. O

Tell a Friend

Companies..Do we have your product information?

Call or write today!
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Table 2: Tables for using 64 Bit Key
permuted choice 1 and
permuted choice 2 (table (24) I
2a and 2b respectively). * Y
The permuted choice 1
table (table 2a) is used to 517 49 41 33 gzs ;z; 9 63 55 47 39 31 23 15
58 50 18 7 62 54 46 38 30 22
develop CO and DO from 10 2 69 51 43 35 27 14 6 61 53 45 37 29
the key. Bits 8, 16, 24, 32, 19 1 3 60 52 44 36 21 13 5 28 20 12 4
40, 48, 56, and 60 of the
key are not used. The
permuted choice 2 table
(table 2b) is used to co DO
develop subkey Ki from Ci 28 Bits EAES
and Di.,
Ci Di
28 Bits 28 Bits
Number
J Iteration of Circular
(Zb) Number Left Shifts
[ 1 1
14 17 11 24 1 5 2 1
3 28 15 6 21 10 3 2
23 19 12 4 26 8 4 2
16 7 27 20 13 2 5 2
41 52 31 37 47 55 6 2
30 40 51 45 33 48 7 2
44 49 39 56 34 53 8 2
46 42 50 36 29 32 9 1
10 2
| 1 2
12 2
Subkey Ki 13 2
48 Bits 14 2
15 2
16 1
Table 3: A summary of the number of left
R 32 BITS circular shifts applied to Ci and Di at each
T iteration of subkey generation.
SELECT E

48 BIT RESULT

48 BIT SUBKEY

s2

) (C

sS4

) (

s5

S6 s8

DC= ) DC
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PERMUTATION P

Figure 6: Details of the
function f(R,Ki). Note
that each mapping func-

32 BIT RESULT

tion S1 thru S8 changes a
6 bit input to a 4 bit

f{R,Ki)

output.



C1 and D1 using permuted choice 2 to form
a 48 bit subkey. Permuted choice 1 and
permuted choice 2 are shown in tables 2a
and 2b. Each successive subkey is generated
in the same way: by shifting Ci and Di left
(by one or two bits) and then using permuted
choice 2. Table 3 shows the number of left
shifts to be applied to Ci and Di for each
iteration in the subkey generation.

Once K1, K2,..., K16 have been gen-
erated, it is not necessary to generate them
again until the key is changed. The same
set of subkeys is used for each encryption
and decryption operation shown in figures
4a and 4b.

The final operation to understand is
f (R,K), depicted in figure 6. The first
operation is called select E. This is really a

54
14 4 13 1 2 15 1 8
0 15 7 4 14 2 13 1 10
4 1 14 8 13 6 2 11 156
16 12 8 2 4 9 1 7 5
52
15 1 8 14 6 11 3 4 9
3 13 4 7 15 2 8 14 12
0 14 7 11 10 4 13 1 5
13 8 10 1 3 156 4 2 1"
S3
10 0 9 14 6 3 15 5 1
13 7 0 9 3 4 6 10 2
13 6 4 9 8 15 3 0 n
1 10 13 0 6 9 8 7 4
Sa
7 13 14 3 0 6 g9 10 1
13 8 11 5 6 15 0 3 4
10 6 9 0o 12 Nn 7 13 156
3 15 0 6 10 1 13 8 9
Ss
2 12 4 1 7 10 1 6 8
14 1 2 12 4 7 13 1 5
4 2 1 11 10 13 7 8 15
1 8 12 7 1 14 2 13 6
Se
12 1 10 156 9 2 6 8 0
10 15 4 2 7 12 9 5 6
9 14 15 5 2 8 12 3 7
4 2 12 9 5 15 10 1"
)
4 11 2 14 156 0 8 13 3
13 o mn 7 4 9 1 10 14
1 4 11 13 12 3 7 14 10
6 11 13 8 1 4 10 7 9
Sg
13 2 8 4 6 15 11 1 10
1 15 13 8 10 3 7 4 12
7 1 4 1 g 12 14 2 0
2 1 14 7 4 10 8 13 15

10
12

moO~

BauN

-
oo,

-
N O ©

permutation operation similar to the initial
permutation operation previously discussed,
except that the result has more bits than the
input. Table 4 shows the select E permuta-
tion table. The 48 bit result of this operation
is then added modulo 2 to the subkey.

This result is reduced to a 32 bit result
using a set of mapping functions known as

S1,S2,...58. These are used as shown in
figure 6. Each group of six bits, going left
to right, is mapped into a 4 bit word using a
distinct mapping function. The mapping
functions are shown in figure 5, and an
example of how they are used is shown in
figure 6. The six bits input to each S map-
ping function are used to generate a row
address and column address as shown. The
selected matrix entry is converted from its

6 12 5 9 o 7 Table 4: The Select E
12 1 9 6 3 8 ermutation table. The

9 7 3 10 & o0 P :

3 14 10 0 6 13 output contains more bits
than the input in order to
match length of subkey.

2 13 12 0 5 10

1 10 6 9 1 5

12 6 9 3 2 15
7 12 0 5 14 9 Input to Select E
32 Bits
12 7 11 4 2 8 *
5 14 12 1 15 1
2 12 5 10 14 7 32 1 2 3 4 5
14 3 1" 5 2 12 4 5 6 7 8 9

8 9 10 1 12 13
12 13 14 15 16 17
16 17 18 19 20 21

8 5 11 12 4 15 20 21 22 23 24 25

2 12 1 10 14 9 24 25 26 27 28 29

3 14 5 2 8 4 28 29 30 31 32 1

5 1N 12 7 2 14 +

3 15 13 0 14 9 Output from Select E

15 10 3 9 8 6 48 Bits
12 5 6 3 0 14
0 9 10 4 5 3
3 14 7 5 11
13 14 o n 3 8

4 10 1 13 1 6

1 7 6 0 8 13

9 7 5 10 6 1

5 12 2 156 8 6

6 8 0 5 9 2

0 15 14 2 3 12

3 14 5 0o 12 7

6 11 0 14 9 2

10 13 15 3 5 8

9 0 3 5 6 1

Table 5: Matrices for the selection functions S1 thru S8. Each Si maps a 6

bit input into a 4 bit output.
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0 10001 Input to S1

Table 6: llustration of the \V ol

use of S1 mapping func- 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
tion. The middle four bits

of input give the column 00|14 4 13 1 2 15 11 8 3 10 6 12 5 9 0 7
index. The first and last Row 01| 0 15 7 6 12 11 9 5 3 8
bits are the row index. The Number

: 4 1 4

binary value of the se- e ! e b ! ol & 0%
lected table entry is out- 03|15 12 8 1 3 14 10 0 6 13
put.

1010 Output from S1

QOutput from S1 thru S8
32 Bits

j

decimal representation to binary. A final
;g 1; %g ?; 32 bit permutation, P, is then performed
1 15 23 28 as shown in figure 6 to gi_ve the output
5 18 31 10 f (R,K). Table 7 shows this permutation
2 8 24 14 ksle
32 27 3 9 ) ,
Table 7: Table for 19 13 30 6 This completes the details of the Standard
tut'eP. e Loyt 22 N 4 25 Data Encryption Algorithm and should
grion i j allow you to develop your own implemen ta-
tion. My particular implementation for the

f(Ri, Ki)

6502 on the basic KIM-1
32 Bits 2. It should provide you with some interest-
ing insights into program optimization.®

is given in part

Everything you always wanted

to plug into your PET
wone:  APPLE or TRS-80*

Centronics 150 Ipm, of 20, 40
P1 Parallel Model {cable. soft-,

Anderson-Jacobsen 170 Selectric,
Bidlrectional s90s' M u ! .

PET Graphilcs Ball . . . $200. ’

RS 232C Serlal Option. $200.

TRS Graphics Ball .

Upper/lower case
Pet, TRS-80 graphics option

@ Apple Modem
MEMQRY (Save $100 or more)

AM Board, option
Additional 8K
CONNECTO RS ETC
TRS-80 40 $9.95,
Exp. Int. Ext, cord$19 95+2*(Ft-2)
JEEE or User Portw/cover$9.95
Cassette w/cover $4 .95

@ Dual Stereo Cassette Deck ldeal
for micro tapes w/promptmg$250
C-10 Blank cassettes . . . $1.49

Minidisks (5'')..$4.95 10 for$40

Call or write for free brochure. Exclusive JOYSTICK package | NICTOTMOMIX

[ éh;‘ F’HR ‘:UP "
L4
gl

-~

ST
q,'n-|

4
o
T
D

S

P -1
-

kb ek
u"t rﬂn»—o—-

Cash prices shown.Major credit cards accepted.

Minimun shipping $2.50. Pa. residents add 6%. Post Office Box 0., DEpt. C Phllﬁd@lphla, PA 19105
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L

{needs dual joystick package)-$19.95
with 4 char. sizes, tractor feed Play against an opponent while your
$1195, Pet Modem, $320, Ser- PETchecks and saves moves. Options:

® ial Int $98 {Apple $62). Play by phone, play against your PET,
$12 d. 2. Astrology:$14.95. 3. Statement re-

@® 16K Dynamic RAM (TRS-80 ---& e el ----‘. numbering and cross reference:$9.95.
SpeCIfFY keybd. or exp. ,m%«|m APPLE 1T:] 1. 3 Dimensional Maze {16K)

435 \yicrotronix disc system seen by TRS—&) with A/J 841$14

SOFTWARE

or 80 char.(Upperfiower case).  (*butwere afraid you couldn’t afford) LLAS:80:]1. Data Management/Report Gen-
ware, add $50) PUMULESELNRNMERNNEGSMERMUGML  $200; Disk System: $300. Give your

$

@ S1 Serial Modei (cable, soft- "mﬁ TRS-80 the editlng features of a

ware add $50) ., $549. ll l £ I $4000+ Burrough's TD800 series ter-
L] minal. Automatic data entry and cus-
tom reports. Generate complete
screen graphics with full cursor con-
i trol. 2. MICROCHESS (L} or 11-4K)
@ Expandor 123P Impact 41 : $19.95. 3 difficulty levels, 3, State-

® }ratctorlfeeg i ) . P ment renumbering and cross reference.
ntegra ata i
$795. . [PET:]

Joystick Microchess-

96, 2. Hi-Res Graphics
Editor (16K) $17.95
3. Statement renum-
bering $9.95 (8K)
TOLL FREE
MICROLINE for:
Orders, TRS-80
Tech. Newsletter
Info free catalogue
800-523-455
InPA & CAN
215) 665-1112
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Calor, VP-580 add-on Color Board allows program
cantrol of Bbrilliantcolars forgraphics, color games.
Plus 4 salectable background colors. Includes
sockets for 2 auxiliary keypads (VP-580). $69:

Sound. VP-595 Simple Sound Board provides 256
tone frequencies. Great for supplementing graphics
with sound effects or music. Set tone and duration
with easy instructions. $24°

Music. VP-550 Super Sound Board turns your VIP into a music i
synthesizer. 2 sound channels. Program control of frequency,
time and amplitude envelope (voice) independently in each
channel. Program directly from sheet music! Sync provision
tor controlling multiple VIPs, multitrack recording or other
synthesizers. $49°

Memory. VP-570 RAM Expansion Board adds 4K
bytes of memory. Jumper locates RAM in any 4K
block of up to 32K of memory. On-board memory
protect switch. $95°

EPROM Programmer. VP-565 EPROM Programmer Board
comes complete with software to program, copy and
verify 5-voit 2716 EPROMs—comparable to units
costing much more than the VP-565 and VIP put
together! Programming voltages generated on
board. ZIF PROM socket included. $99°

EPROM Interface. VP-560 EPROM Interface
Board locates two 5-volt 2716 EPROMs (4K
bytes total) anywhere in 32K of memory.
VIP RAM can be re-allocated. $34°

ASCH Keyboard?!* Fully encoded, 128-character ASCI|
encoded alpha-numeric keyboard. 58 light touch keys
including 2 user defined keys! Selectable upperand lower
case. Handsomely styled. Under $50°

. Tiny BASIC:* VP-700
——— Expanded Tiny BASIC Board
puts this high-level Janguage
on your VIP. BASIC stored
in 4K of ROM. Ready forim-
mediate use—no loading
necessary. This expanded
BASIC includes the standard
Tiny BASIC commands plus
12 additional—including
color and sound control!
Requires external ASCI|
encoded alpha-numeric
keyboard. $39°

Auxiliary Keypads. Program
your VIP for 2-player inter-
action games! 16-key keypad
VP-580 with cable ($15")
connects to sockets pro-
vided on VP-590 Color Board
or VP 585 Keyboard Interface
Card ($10*)

COSMAC VIP lets you add
computer power a board at a time.

With these new easy-to- easy to program and operate.

buy options, the versatile
RCA COSMAC VIP
(CDP18S711) means even
more excitement. More
challenges in graphics,
games and control func-
tions. For everyone, from
youngster to serious hobby-
ist. And the basic VIP com-
puter system starts at just $249* assembled
and ready to operate.
Simple but powerful—not just a toy.

Built around an RCA COSMAC micro-
processor, the VIP includes 2K of RAM. ROM
monitor. Audio tone with a built-in speaker.
Plus 8-bit input and 8-bit output port to inter-
face relays, sensors or other peripherals. It's

Circle 322 on inquiry card.

Powerful CHIP-8 interpre-
tive language gets you into
programming the first
evening. Complete docu-
mentation provided.

Take the first step now.

Check your local com-
puter store or electronics

A parts house. Or contact

RCA VIP Marketing, New Holland Avenue,
Lancaster, PA 17604. Phone (717) 291-5848.

“Suggested retail price. CDP185711 does not include video monitor or cassette recorder.

“*Available 1st Quarter. 1979.

The fun way
into computers.
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Continued from page 53

March 19-21, Modern Integrated Cir-
cuits, George Washington University,
Washington DC. This course is structured
to meet the needs of engineers, scien-
tists, and technical managers who desire
a better understanding of the latest
technological advances in the area of
integrated circuits. As such it examines
all aspects of integrated circuit tech-
nology, starting from fundamental prin-
ciples of construction and operation, to
the most recent devices, their character-
istics and specifications. A significant
part of the course deals with the appli-
cation of integrated circuits in linear and
digital systems. Specific topics to be
covered include detailed design examples
of circuits using operational amplifiers
and active filters, as well as computer
arithmetic units, registers, and memories.
Contact George Washington University,
Continuing Engineering Education Pro-
gram, Washington DC 20052.

March 19-21, Project Management for
Computer Systems, Atlanta GA. This
seminar is designed for the computer
oriented professional responsible for the
development and implementation of
complex EDP systems. The seminar will
illustrate techniques for planning, imple-
menting, installing, and controlling pro-
jects. Contact The University of Chicago,
Center for Continuing Education, 1307
E 60th St, Chicago IL 60637.

March 21-23, Microcomputer Hardware
and System Design Seminar, Holiday
Inn, Palo Alto CA. Polytechnic Institute
for New York and the Institute for
Advanced Professional Studies are pre-
senting this 3 day seminar for engineers,
programmers and technical managers
with a working knowledge of digital
hardware design and familiarity with the
underlying concepts governing micro-
processor operation, architecture, and
systems design. This seminar will cover
the operation, architecture, instruction
set, and design techniques for 8 bit
microprocessors. Contact Prof Donald
D French, Institute for Advanced Pro-
fessional Studies, 1 Gateway Ctr,
Newton MA 02158, (617) 964-1412.

March 25-28, Expo '79 Los Angeles
Marriott, Los Angeles CA. Expo '79 is
held in conjunction with the 16th
Numerical Control Society Annual Meet-
ing and Technical Conference. Contact
Numerical Control Society, 1800 Pick-
wick Av, Glenview IL 60025, (312)
724-7700.

March 26-28, Data Processing Operations
Management, Houston TX. This seminar
will emphasize the management skill and
techniques applicable to the data pro-
cessing operations function. The curri-
culum is designed toward practical,
applied management techniques to pro-
vide a sounder understanding of the
ways of managing data processing
operations more effectively. Contact The
University of Chicago, Center for Con-
tinuing Education, 1307 E 60th St,
Chicago IL 60637.
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March 26-28, Minicomputers and Dis-
tirbuted Processing, New York NY. This
seminar will examine the uses, eco-
nomics, programming and implemen-
tation of minicomputers. Current hard-
ware and software will also be evaluated.
Contact The University of Chicago,
Center for Continuing Education, 1307
E 60th St, Chicago IL 60637.

March 26-30, Data Base Concepts and
Design, AMA Management Center,
Chicago IL. Sponsored by the American
Management Associations, this course
will feature practical information to help
the participant understand structure,
concepts, design, software, and manage-
ment. Contact American Management
Associations, 135 W 50th St, New York
NY 10020, (212) 586-8100.

March 27-29, The Midwestern Computer
Expo, McCormick Pl, Chicago IL. Expo-
sition by the leading vendors of data
processing equipment and services. Con-
tact Lee Mulder, The Caravan Group,
60 Austin St, Newton MA, {617) 964-
4550.

April 3.5, Specifications of Reliable
Software, Hyatt Regency Hotel, Cam-
bridge MA. This conference is sponsored
by the |IEEE Computer Society. Contact
Douglas T Ross, Softech Inc, 460 Totten
Pond Rd, Waltham MA 02154, (617)
890-6900.

April 5-6, Computers in Ophthalmology,
St Louis MO. This is a course in appli-
cation of computers to ophthalmic
patient care and clinical reseach. Sessions
dealing with data bases, automated
patient testing, artificial intelligence,
and image processing are being planned.
Contact Robert Greenfield, DSc, Bio-
medical Computer Laboratory, Washing
University School of Medicine, 700 S
Euclid Av, St Louis MO 63110.

April 56, 1979 Computer Users Con-
ference, East Texas State University,
Commerce TX. The theme of this
conference will be '‘Educating in a
Computer Society.” Contact Henrietta
Gale, conference coordinator, Dept of
Computer Science, East Texas State
University, Commerce TX 75428.

April 9-11, Data Processing Operations
Management, Miami FL. This seminar
will emphasize the management skill and
techniques applicable to the data pro-
cessing operations function. The curri-
culum is designed toward practical,
applied management techniques to pro-
vide a sounder understanding of the
ways of managing data processing

' operations more effectively. Contact

The University of Chicago, Center for
Continuing Education, 1307 E 60th St,
Chicago IL 60637.

April 9-12, Interface '79, McCormick
Pl, Chicago IL. This is the seventh annual
conference and exposition on data
communications and computers. Contact
The Interface Group, 160 Speen St,
Framingham MA 01701.

Get Your
Up-Grade
~ Kit Here:

AL: Birmingham: Computer Center, (205) 942-8567:
Huntsville: Computertand, (205) 539-1200. AZ:
Tuscon: Myotis Enterprises, (602) 326-5306. CA:
Berkeley: Byte Shop, (415) 845-6366; Davis: Capitol
Computer Sgltems, {916) 483-7298; El Cerrito: Compu-
terland, (415) 233-5010; Hayward: Comruterland. (415)
538-8080: La Mesa: EDP Management Inc., (714) 462-
5400; Los Altos: Computeriand, (415) 941-8154; Marina
Del Rey: Base 2, (213) 822-4499; Mt. View: Byte Shop
Computer Store, (415) 969-5464; Digital Deli, (415) 961-
2670; Palo Alto: Byte Shop, (415) 327-8080Sacramento:
Capitol Computer Systems, (916) 483-7298; San Diego:
Byte Shop of San Diego, (714) 565-8008; San Francisco:
Byte Shop, (415) 434-2983; Computer Center Inc., (415)
387-2513; Computer Store of San Francisco; (415) 431-
0640; Computeriand, (415) 546-1592; San Jose: Elec-
tronic Systems, (408) 226-4064. San Rafael: Computer
Demo Room Inc., (415) 457-9311; Santa Clara: Byte
Shop Computer Store. (408) 249-4221; Walnut Creek:
Computerland, (415) 835-6502. CO: Denver: Compu-
terland of Denver, (303) 759-4685; En%lewood: Byte
Shop, (303) 761-6232. CT: Fairfield: Computerland of
Fairfield, (203) 374-2227; New London: R & R Computer
Store, (203) 447-1079. FL: Ft. Lauderdale: Computer
Age, (305) 791-8080; Computerland, (305) 566-0776.
Jacksonville: Williams Radio & TV, (904) 354-5460;
Panama City: Boyd Ebert Corp., (904) 769-4492; Tampa:
Microcomputer Systems, (813) 879-4301 GA: Smyrna:
Computerland of Atlanta, (404) 853-0406. HI: Hono-
lulu: Computerland, (808) 521-8002. IL: Champaign:
Byte Shop, (217) 352-2323; Niles: Computerland, (312)
967-1714; Oak Lawn: Computerland, (312) 422-8080;
Peoria: Computerland, {(309) 688-6252, KY: Louisville:
Computeriand, (502) 425-8380. MA: Cambridge:
Computer Shop, (617) 661-6270; Waltham: Computer
Mart Inc., {617) 899-4540. MD: Rockville: Computer-
tand of Gaithersburg, (301) 948-7676. MI: Ann Arbor:
Newmann Computer Exchange. (313) 994-3200; East
Lansing: New Dimensions in Computing Inc., (517) 337-
2880; Kentwood: Computerland of Grand Rapids, (616}
942-2931; Royal Oak: Computer Mart, (313) 576-0900.
MN: Bloomington: Computerland of Bloomington, (612)
884-1474; Minneapolis: Computer Depot Inc., (612) 927-
5601. NB: Omaha: America Computers, (402) 592-
1518. NC: Raleigh: Byte Shop, (919) 833-0210. NJ:
Budd Lake: Computer Lab of NJ, (201) 691-1984; Clark:
$-100, (201) 382-1318; fselin: Computer Mart of NJ,
(201) 283-0600; Succasunna: Computer Hut, (201) 584-
4977. NY: Carle Piace: Computerland of Nassau, (516)
742-2262; Eimira Heights: Red Ten Electronics, (607)
734-3566; ithaca: Computerland of Ithaca, (607) 277-
4888: Johnson City: Micro World, (607) 798-9800; New
York City: Computer Mart of NY, (212) 686-7923;
Syracuse: Computer Shop of Syracuse inc., (315) 446-
1284; White Plains: Computer Corner, (914) 949-3282.
OH: Cincinnati: Digital Design, (513) 561-6733; Colum-
bus: Mini Micro Computer World Inc., (614) 235-5813;
Ohio Microcomputer Specialists, (614) 488-1849;
Dayton: Computer Solutions, (513) 223-2348. OK:
Oklahoma City: Microlithics Inc., (405) 947-5646;
Micronics, (405) 942-8152. PA: Frazer: Personal
Computing Corp., (215) 647-8463; Philadelphia: Micro-
tronix, (215) 665-1112; State Coilege: Micro Computer
Products Inc., (814) 238-7711. TX: Austin: Computer-
land, (512) 452-5701; Dalias: KA Electronic Sales, (214)
634-7870; Ft. Worth: Patrick Associates, (817) 531-2761;
Garland: Digital Research Corp., (214) 271-2461;
Houston: Computerland of SW Houston, (713) 977-
0909; Houston Computer Mart, (713) 649-4188; San
Antonio: Micromart, (512) 222-1426. UT: Orem: John-
son Computer Electronics, (801) 224-5361. VA:
Alexandria; The Computer Hardware Store Inc., (703)
548-8085; Computers Plus, (703) 751-5656. Ariington:
Arlington Eiectronics Wholesalers, (703) 524-2412,
WA: Bellevue: Computerland of Bellevue, (206) 746~
2070; Seattle: Magnolia Microsystems, (206) 285-7266.
WI: Madison: Computertand of Madison, (608) 273-2020;
Neenah: Fox Valley Computer Store, (414) 725-3020.
CANADA: ONTARIO: Mississauga: Arisia Micro-
systems, (416) 274-6033; Toronto: Computer Mart Ltd.,
(416) 484-9708. BRITISH |SLES: CHESIRE: Cheadie:
New Bear Computing Store, 061-491-0134. ESSEX:
Iltford: Byte Shop Ltd., 01-554-2177. HARTFORD-
SHORE: New Barnet: Computer Components, 14
Station Rd. ISRAEL: Haifa: Microcomputer Eng. Ltd..
31-070. WEST GERMANY: Munich: ABC Computer
Shop, Schellingstrasse 33, 8000 Munchen 40; Micro-
computer Shop, Toelzerstr, 8, D-815 Holzkirchen:
:I'Vehde; ?igitronic Computer Systems, Bei-der Doppe-
iche 3-5.

Ithaca Audio
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~ The Simple Up-Grade™

" Trying to add computer

memory Is not much furt jt
you don't get everything
you need.

\
%gg)d‘

Everything you need to up-grade your
TRS-80 t0 a 16K system.

* 8 tested and guaranteed 16K RAMs
o New proagramming jumpers ® Easy-lo-follow inslcuctions
* Only ol requued 15 a household scrivwdnivar

ITHACA
AUDIO

Nra Yoo 148"

Receiving. unprogrammed
jumpers and having to
program them Yyourself ‘is
nqt much better. Most
important,-that’s the place
where  the problems are
introduiced. g

-

So Ithaca "Audio’s better
idea is the Simple Up-

Grade: Each ‘Simple Up- -

Grade Is specially designed
to make' addihg memory
foolproof., We:_include all
the parts you’ll need; 8
prime, tested .16K_RAMs,
along with concise step by

step directions and dia-
grams. And if a personality
jumper is required, It's
premade,

The TRS-80" memory
expansion was our first
Simple Up-Grade. Now
there are two more—for
owners of Apple II' and
Exidy Sorcererf computers.
Each kit is 100% guaran-
teed—if a part ever fails, we
replace it FREE. Your Ithaca
Audio dealer has them in
stock, only $140. Now you
can afford to add high
quality, high density memo-
ry to your -system -for
remarkably little—far less
than you would expect to
pay from Radio Shack,
Apple, or Exidy directly.

‘\{%\b‘{c

2eEEO
5&,0@‘*

Everything you need to up-grade your

Sorcerer in blocks of 16K,

Hik

« 8 tested and-guaranteed 16K RAMs.
* New programming jumpers
e Use only a screwdriver and soldering iron

* Easy inslruclions ITHACA
AUDIO

ek

Everything you need to up-grade your

Apple Il in blocks of 16K.

fﬁlﬁ l:" ‘TI‘
=

* 8 tested and guaranteed 16K RAMSs.
e New Memory Select Units

* Use only a household screwdriver,
* Easy inslructions,

ITHACA
PA;UNDIO

© 91 ithach New York 14850

L N

These Simple Up-Grades
are Ithaca Audio’s first step
in adding more capability
and reliability to your
computer at lower cost.
Other Up-Grades are on the
way to your dealer now.

ITHACA
AUDIO

P.O. Box 91
Ithaca, New York 14850
Phone: 607/257-0190

*TRS-80 is a registered trademark of
Tandy Corp.

tApple Il is a registered trademark of
Apple Computer;inc.

tSorcerer is a registered trademark of
Exidy, Inc.
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Get a

ASCAL

| =4 | o =
Not just a machine
that emulates one.

The Pascal engine doesn't merely interpret P-Code, its instruction
setis P-Code. This powerful computer runs the full UCSD Pascal
Operating System and includes all of the following items:

@ Pascal microengine™ with 32 bit FLOATING
POINT instructions including floating point
MULTIPLY & DIVIDE with provision for expanding
instruction set to include double precision.

® 64K bytes (32K words) of RAM
expandable to 128K bytes. (64K words)

® FLOPPY DISC CONTROLLER with
direct memory access (DMA)
switch selectabie for:
== single, or double density
== 8" floppy or mini floppy
== 1 to 4 drives (same type)

® Complete UCSD Pascal Operating System
==PASCAL compiler ==File Manager
==BASIC compiler ==Screen oriented editor
==GRAPHIC package ==Debugger

©® Two RS-232 asynchronous ports
(110-19,200 baud)

® Two 8-bit parallel ports
® Auto test microdiagnostics
@ Documentation

$2900 Complete with stylized low profile housing
and power supply

Special Introductory price 52500 through 3/31/79

g CUTTING EDGE OF
TECHNOLOGY, Inc.

19th fioor, 61 Broadway, New York, N.Y. 10006
212-480-0480
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April 16-20, Data Communication Sys-
tems and Networks, George Washington
University, Washington DC 20052. See
March 5-9, Washington DC.

April 23-26, Middle Eastern Electronic
Communications Show and Conference,
Bahrain Exhibition Ctr, Bahrain. The
exhibition will consist of companies
marketing communication systems, pro-
ducts, and services. Contact Gerry
Dobson, MECOM °'79, Arabian Exhi-
bition Management, 11 Manchester Sq,
London W1M 5AB.

April 23-27, Data Base Concepts and
Design, San Francisco CA. See March
26-30, Chicago IL.

April 24-26, Electro/79 Show and Con-
vention, New York Coliseum and Ameri-
can Hotel. Contact William C Weber Jr,
general manager, Electronic Conventions
Inc, 999 N Sepulveda Blvd, El Segundo
CA 90245.

April 30-May 2, First Annual Interna-
tional Conference on Computer Capacity
Management, Washington DC. This con-
ference is sponsored by the Institute
for Software Engineering. Contact the
Institute for Software Engineering, POB
637, Palo Alto CA 94302.

May 7-11, Data Base Concepts and
Design, Kansas City KS. See March 26-
30, Chicago IL.

May 15-17, Micro/Expo 79, Centre
International de Paris, Paris FRANCE.
Contact Sybex Inc, 2020 Milvia St,
Berkeley CA 94704.

May 15-17, First Education Computer
Fair, Detroit Plaza Hotel, Detroit MI.
This fair will be held in conjunction with
1979 Association for Educational Data
Systems 17th Annual Convention. The
theme of the fair will be the use of
microprocessors in education. Contact
Bruce G Alcock, Riverdale Country
School, W 253 St and Fieldston Rd,
Bronx NY 10471.

May 15-18, 1979 Association for Educa-
tional Data Systems 17th Annual Con-
vention, Detroit Plaza Hotel, Detroit MI.
The convention program will focus on
computer applications, computer re-
sources, computer related curriculum,
application development methodologies,
and futures. Exhibits, user group meet-
ings and vendor sessions will also be
offered. Contact Arthur W Daniels Jr,
31202 Dorchester, Madison Heights Ml
48071.

May 21-24, Eighth Annual Incremental
Motion Control Symposium, Ramada
Inn, Urbana IL. Contact Dr B C Kuo,
POB 2772, Station A, Champaign IL
61820.

Northeast Personal and Business Com-
puter Show, Hynes Auditorium, Boston
MA. See BYTE’s Bits, page 224, for
information concerning change from pre-
viously published date.®



COMPUTE

-

For Homeowners, Businessmen, Engmeers Hobbyists Doctors, Lawyers, Men and Women

We have been In business for over nine years building a reputo-

s Virtually Machine Independent —

these programs are writ-

tion for providing a quality product at nominal prices — NOT
what the fraffic wlill bear. Our software Is;

s Versatile — as most programs allow for multiple modes of
operation.

¢ Tutorlal — as each program is self prompting and leads you
through the program (most have very defalied instructions
contained right in thelr source code).

o Comprehenslve — as an example our PSD program not only
computes Power Speciral Densities but also includes FFT's,
Inverse-fransforms, Windowing, Sllding Windows, simulta-
neous FFT's variable data sizes, efc. and as a last word our
software is:

* Readable - as all of our programs are reproduced full size
for ease in reading.

ten in a subset of Dartmouth Basic but are not oriented for any
one particular system. Just in case your Basic might not use
one of our functions we have Included an appendix in Vol-
ume V which gives conversion algorithms for 19 different
Basic's; that's right, just look it up and make the substitution for
your particular version. If you would like to convert your
favorite pro?rom into Fortran or APL or any other language,
the appendix in Volume Il will define the statements and their
parameters as used In our programs.
Over 85% of our programs in the first five volumes will execute in
most 8K Basic’s with 16K of free user RAM. if you only have 4K
Basic, because of its lack of string functions onily about 60% of
our programs in Volumes | through V would be useable, how-
ever they should execute In oniy 8K of user RAM.
For those that have specific needs, we can tailor any of our
programs for you or we can write one to fit your specific needs.

Vol. | Vol. Il Vol. lil Vol. IV Vol. V Vol. VI
Business & Games & Blnomial Beam Bllling Bingo Andy Cap Ledger Maintains Company accounts and generates
Personal Pictures Ch+-Sq. Conv Inventory Bonds Baseball financlal reports. Inciudes routines 'or Py, Inx
Bookkeeping Fou Coefl Fiter Payroll Buli Compare Dept A/R, A/P
Programs Animais Four  Confidence | Fit Risk Enterprise Confid 10 Vol. Vil
qu.';cw Confidence2  Infegration 1 Scheduie 2 Footbait Descrip g
Bum" o :f’ Cormelations Infegration 2 Shlpﬂng Funds{ Differ Chess Designed fo challenge the average piayet
ng o Cycle Curve Irdonsity Stoc! Funds 2 Engine fally comprehensive. Great fun for all, offers a
Compound Cannons Lola Switch Go-Moku Fourter unique opportunity for beginners In need of an
Cyclic e Checkers Dual Plot Macro Jack Horse opponent.
Decision Craps Exp-Dis Max. Min. Ufe Infogers
Decision 2 %ﬁgm Least Squares Navald Loans Logic Medbll  For Doctors and Dentists allke, a compiete
Depreciation t Palred Opfical Mazes Playboy patient billing system which also pemits the
E'Mclem I'.'IUdYU Plot Planet Poker Primes maintaining of a patient history record.
ow nol® Piotpls PSD ] Probal
o R, repan o T S M
Invesiments  Sky Diver ogression o (o RodSarn o final copy In a variety of formats.
Mortgage nk Stat 2 gg\em Tan Refire Utiity  Disk utity program with memory testing.
Optimize Yeach Me T-Distribution s Savings Roulefte
Qn'g%'“ Pictures Unpalred Track SBA Santa Vol. Vill
A Newman Varlance 1 Tra Ticactoe  Stati0 10407ox Yo
Rate Vorance 2 Variable Stat# X xpayers retum, temized deductions or
opldd tins Xy Vector Steel standard
Retum 2
schedule 1 Ms. Santa APPENDIX A T\?op Balance Reconclles bank staternents
zgg'ﬂN ool M Checkbook Balances your checkbook
;‘Guge APPENDIX B inst10 78 Coillpdmssm cost on bank inanced Hems;
ce cars, .
Policeman
santa’s Slelgh Deprec 2 ngmees depreciation, 4 methods, any time
Y
Virgin APPENDIX C — FAVORITE PROGRAM CONVERSIONS
Vol |-$2495 | Vol - $2495 Vol til - $39.95 Vol. IV - $9.95 Vol.V - $9.95 Vol. VI - $49.95 Vol VIl - §39.95 Vol VIl - $19.95
1~ . Advanced Business X 2 X 95 X 3 . A R ]
Bookkeeping Math/Engineering BINNG. inventory General Purpose Experimenter's Program Mini-Ledger Professional Homeowner's
Games Plotting/ cs lnvﬁr‘nems Programs Programs
Basic Statement Def. Payroll

AVAILABLE AT MOST COMPUTER STORES
Master Charge and Bank Americard accepted.

Our Software is copyrighted and may not be reproduced or sold.

&) SCIENTIFIC RESEARCH

PO. Box 490099-B

Add $1.50 per volume handling, all domestic shipments
and PO. Box which go parcel post. Foreign orders add $8.00/volume for air
shipment and make payabie in U.S. dollars only

Key Biscayne, FL 33149
(305) 361453
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All figures in this article
are courtesy of Zilog.

Preview of the Z-8000

The Z-8000 (shown in figure 1) is Zilog’s
new entry in the field of 16 bit processors.
It is a single chip processor with more raw
processing power than many popular mini-
computers. Benchmarked against the popu-
lar PDP-11 family, the Z-8000 is between
the 11/45 and the 11/70 in speed for many
simple instructions. The processor also intro-
duces several sophisticated minicomputer
hardware techniques such as memory man-
agement, separate system/user operation
modes, separate memory space for data,
stack contents and code, and long word
instructions. The remainder of this review

will offer a very brief description of the
Z-8000 so that future thinking personal
computer experimenters can begin planning
applications for it.

Architecture

The Z-8000 is a general register machine
with 1 and 2 address instructions, faintly
reminiscent of a PDP-11. It comes in two
varieties: segmented or nonsegmented, in
reference to the memory management
capability which will be discussed later. |
will discuss only the segmented processor

Figure 1: Pin diagram of Zilog's new Z-8000 16 bit processor. The device is both fast and versatile, with over 110 instructions
in its instruction set. The Z-8000 is availdble in two versions: segmented and unsegmented. The segmented version uses an
outboard auxiliary integrated circuit called a memory management device to provide memory segment mapping or relocation
and memory protection (the memory in the Z-8000 is divided into 64 K byte blocks called sections).
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ADI2 [o—>
<«— READ/WRITE ADII fe—e BUSAK
<——1 NORMAL /SYSTEM ADIO je—e
<+—— WORD/BYTE ADS |e—» BUSRQ
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STATUS sT3 AD7 je—e ) ADDRESS/DATA BUS s
] s12 28000 ADS o= —
«— STI ADS [e—s MREQ
*«— STO ADG |[e—» _
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ADO [e—e ) NMI
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o ' SNS |
—e{ NMI | SNg —— I RESET
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DECOUPLE Vi
WAIT
wiB
N/S
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Address/data (inputs/outputs, active high, 3 state). These multi-
plexed, address/data lines are used both for /O and to address
memory,

Address strobe {output, active low, 3 state) indicates addresses are
valid.

Bus acknowledge {output, active low). A low on this line indicates
the processor has relinquished the bus.

Bus request (input, active low). This line must be driven low to
request the bus from the processor.

Data strobe {output, active low, 3 state). This line times the data
in and out of the processor.

Memory request (output, active low, 3 state) is a timing signal
that eases the interface to dynamic memories.

Multimicro in (input, active low) tests for the state of the multi-
microprocessor request.

Multimicro qut {output, active low).

Nonmaskable interrupt {input, active low).

Nonvectored interrupt (input, active low).

System clock is 3 transistor-transistor logic leve! clock input.
Reset (input, active low) resets the processor.

Read write (output, low = write, 3 state} provides early status
information for a read or write cycle.

Segment number {outputs, active high, 3 state).
Segmentation trap (input, negative edge triggered).

Status (outputs, active highl. These lines specify the following
statuses: memory . stack poil q . instruction fetch
first word, instruction fetch subsequent words, internal operation
or halt, VI acknowledge, NVI acknowledge, NMI acknowledge,
1/0 reference, refresh, segmentation 1/0, set bootstrap, reset boot-
strap.

Stop (input, active low) single steps instruction execution,
Vector interrupt {input, active low).

Wait (input, active low) tells the processor that the memory or /0
device is not ready for data transfer,

Word /byte reference {output).

Normal/system mode (output).




Ira Rampil

Rm 415D

Dept Anesthesiology

Univ of Wisconsin Hospital
Madison WI 53706

since the nonsegmented processor is a func-
tional subset of the former. Nonsegmented
mode is a software selectable option in the
segmented processor.

The processor has sixteen 16 bit registers
which are logically subdivided (figure 2) into
sixteen 8 bit registers, eight 32 bit registers
and four 64 bit registers. All of the 8 and 16
bit registers are available as general purpose
accumulators. Fifteen of the 16 bit registers
are available as index registers. Registers 14,
or 14 and 15 serve as stack pointer depend-
ing on the segmentation mode in effect.
There are two sets of these registers to pro-
vide for separate system and user stacks.
There is a 64 bit status register which con-
tains the program counter and various flags.
There is also a rate programmable refresh
counter for servicing dynamic memories.

There are seven discrete data types recog-
nized by the Z-8000. !n ascending order of
size they are bits, BCD (binary coded deci-
mal) digits (4 bits), bytes (8 bits), words (16
bits), long words (32 bits), byte strings (8n +
8 bits), and word strings (16n + 16 bits). The
string types consist of sequential bytes or
words preceded by a word count. Strings
may be accessed in either ascending or de-
scending address order.  Bytes are the
smallest directly addressable data type. Bits
and binary coded decimal are dealt with
using special instructions such as SET B
(set bit), and DAB (decimal adjust).

One of the most unusual features of this
processor is the large memory space. The
segmented Z-8000 has 24 address lines yield-
ing 16,777,216 directly addressable bytes.
The system and the user may both have their
own memory, as may program code, data,
and data stack, for a grand total of 96 M
bytes of on line memory. The memory is ar-
ranged in 64 K byte blocks called segments.
An outboard support integrated circuit,
called the memory management unit (MMU),
is available to provide, transparently to the
user, segment mapping or relocation and
memory protection. To access this mountain
of memory, there are eight addressing
modes, illustrated in figure 3.

The Z-8000 has over 110 different in-
structions, many of which have several pos-
sible addressing modes. The instruction set
is summarized in table 1. There are many
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STATUS AREA
POINTER
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Figure 2: Z-8000 registers. The Z-8000 has sixteen 16 bit registers logically
subdivided into sixteen 8 bit registers, eight 32 bit registers, and four 64 bit
registers. The 8 and 16 bit registers are available as general purpose accumu-
lators, and 15 of the 16 bit registers are available as index registers.
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powerful instructions which are not usually
seen in microcomputers. Not many micro-
computers or small minicomputers have ex-
tended precision multiply and divide, or
translate, increment, and repeat. There are
string comparison operations and block
move operations. The decrement and jump-
on-nonzero instruction of the Z-80 has been
extended to allow any word or byte length

register as an index counter. There is also a
system call instruction which performs a
software interrupt to the operating system.
This is a very convenient means of com-
munication between the user and system.
There are other so-called traps that imitate
an interrupt to the operating system. They
are used to preserve software integrity, and
occur when there is an illegal memory or

instruction reference, or when a user mode
program attempts to execute a privileged or

Figure 3: Z-8000 addressing modes. /O (inputfoutput) instruction. A parti-

REGISTER R
REG
| INSTRUCTION }—'1 OPERAND

THE OPERAND VALUE IS THE CONTENT OF THE REGISTER.

INDIRECT REGISTER IR

REG
INSTRUCTION ADDRESS OPERAND
THE OPERAND VALUE IS THE CONTENT OF THE LOCATION
WHOSE ADDRESS IS IN THE REGISTER.
DIRECT ADDRESS DA
INSTRUCTION
ADDRESS }————={ orerano ]
THE OPERAND VALUE IS THE CONTENT OF THE LOCATION
WHOSE ADDRESS IS IN THE INSTRUCTION.
IMMEDIATE M
INSTRUCTION
OPERAND
THE OPERAND VALUE IS IN THE INSTRUCTION.
INDEX X
REG
|_INSTRUCTION —|—={  DISPLACEMENT
[ ADDRESS } + OPERAND

THE OPERAND VALUE IS THE CONTENT OF THE LOCATION WHOSE ADDRESS IS THE
ADDRESS IN THE INSTRUCTION, OFFSET BY THE CONTENT OF THE REGISTER.

BASE ADDRESS BA
REG
INSTRUCTION ADDRESS

I DISPLACEMENT } OPERAND

THE OPERAND VALUE IS THE CONTENT OF THE LOCATION WHOSE ADDRESS IS THE
ADDRESS IN THE REGISTER,OFFSET BY THE DISPLACEMENT IN THE INSTRUC-
TION.

BASE INDEX 8X
REG

INSTRUCTION - ADDRESS '
DISPLACEMENT OPERAND

THE OPERAND VALUE IS THE CONTENT OF THE LOCATION WHOSE ADDRESS IS THE
ADDRESS IN THE REGISTER ,OFFSET BY THE DISPLACEMENT IN THE REGISTER.

RELATIVE ADDRESS RA

INSTRUCTION
| DISPLACEMENT IL OPERAND

THE OPERAND VALUE IS THE CONTENT OF THE LOCATION WHOSE ADDRESS IS THE
CONTENT OF PC OFFSET BY THE DISPLACEMENT IN THE INSTRUCTION.

PC
ADDRESS
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What this country needs
is a good 8000 small business computer.

We agree! Now for less than $8000, you can purchase an
Ohio Scientific small business computer system com-
plete with software packages for Accounting, Information
Management and Word Processing. Here are the system’s
capabilities in detail:

Accounting: Supports accounts receivable, payables,
cash receipts and disbursements, general ledger, balance
sheet, P & L statement, payroll, inventory and order entry
for small businesses.

Information Management: Stores any collection of
information in disk files via a Data Base Manager. Can
instantly retrieve information, generate lists, reports and
mailing labels from this data as well as perform
statistical analysis. All without any additional software.
An optional “Query” system can answer conventional
“English” questions pertinent to information in the
system asked by untrained office users.

Word Processing: Can handie letters, reports and
manuscripts. Uses totally electronic editing with disk file
storage. Has character and line Edit, Find, Change,
Delete, Transfer, Duplicate and Append capabilities. On
output, it has text justification, proportional spacing,
hyphenation and many more features.

Circle 290 on inquiry card.

Yes, an under $8000 Ohio Scientific small business
system includes all this software as well as 48K bytes
of 180 nanosecond main memory, dual 8” floppy disk
drives for 600K bytes of disk storage, a 1920 character
upperi/tower case CRT terminal, a 132 column tractor feed
line printer, and the programming language BASIC for
user generated programs if desired. And the system
doesn’t stop here, it has the performance and modular
construction for growth with your use. The system can be
expanded to nearly one million bytes of main memory, 80
megabytes of disk storage and 16 users (time share
configuration), or it can be connected to a network of
other small computers (distributed processing configura-
tion). Numerous optional systems and applications soft-
ware packages are available including the programming
languages FORTRAN and COBOL and applications soft-
ware for specific businesses.

Ohio Scientific small business systems are sold,
leased and serviced nationwide by a network of business
system dealers. Call or write to arrange a demonstration

with your local dealer.

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101
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cularly interesting subset of instructions
concerns the use of a pair of pins on the
Z-8000 packaged called ul and p0. These
pins, and the instructions which govern
them, allow for the combination of Z-8000
into efficient multi-processor or network
systems. The only regrettable lack ['ve no-
ticed thus far is the absence of memory-to-
memory instructions.

Performance, in terms of execution
speed, is a major factor in the selection of
a processor. In table 2, | have tabulated the

approximate speed of several common pro-
cessors for simple tasks. Obviously, the
Z-8000 is way out in front, competing very
favorably with a popular medium sized mini-
computer whose processor’s cost is more
than two orders of magnitude greater. The
Z-8000’s speed and memory make it the best
thing yet for personal applications which in-
volve number crunching. | can easily imagine
it as the heart of a personal FORTRAN or

Text continued on page 91

Memory Management

main advantages in the Z-8000:

code.

cal memory.

Memory management, as the name implies, is a clever technique to
handle large amounts of memory in a flexible fashion. In most com-
puter systems, this management requires the large memory to be
broken up into smaller {eg: 64 K byte) chunks. Each program or task
residing in memory is assigned into its own unique chunk or segment.
In general, segments may vary in length, but a program residing in a
particular segment may not exceed that segment in length. Often a
program will not need to directly address a vast amount of memory,
and if a particular application program or set of programs will fit into
segments, then management can be used. Management provides three

1. Since programs are constrained to fit in 64 K bytes or less, a 16
bit address is sufficient instead of the 24 bits required to address
16 M bytes. This obviously leads to a more compact and efficient

2. Programs residing in segments are mapped into what is known as
logical or virtual address space. Virtual addresses are simply the
addresses of locations in a segment from hexadecimal 0000 to
FFFF. They are called virtual because they are relative only to
the start of their segment and need not bear any relation to the
actual physical addresses in the memory circuitry. Programs in
segments are thus totally relocatable, needing only to inform the
memory management device of the physical starting address of
the particular segment. Figure 4 demonstrates this principle. Note
that consecutive segments need not appear consecutively mapped
into physical memory and also that segments may overlap physi-

3. Segmenting ecasily provides for memory protection. Since the
memory management device knows the length of each segment,
any attempt by a user task to access physical memory outside of
its segment causes a segment violation and a software interrupt to
the operating system. This is very useful when running a time-
sharing system or debugging a new program.

The memory management device works simply by adding a constant
base address for each segment to any memory references issued by that
segment. The device in the Z-8000 also checks a number of conditions
such as system versus user state, code versus data, read write versus read
only, and valid base address in addition to the segment size. If any mis-
matches or faults occur, the operating system is informed.




64K bytes of
fast, low
power dyna-
mic RAM.

$69500

32K bytes of
faster static

R O | 5050
i |

Both Our UNCommon Dynamic and our UNCommon Static RAMS have the following
features and specifications:
® Compatible with: IMSAI, VECTOR, SOL, TDL, MITS, IA, CROMEMCO, NORTH STAR,
and most other S-100 systems.
® Inputs buffered with 1 LS TTL load.
@ Outputs are all three state,
® Memory selectable and deselectable in 4K increments.
® DIP switch selectable addressing.
® Phantom selectable on pin 67.
® Disc compatible. DMA compatible to IMHz.
® Reliability — all boards are fully tested
a. Bus address and control line timing skew.
b. Word pattern sensitivity.
c. All boards are burned-in.
® Full documentation.
® Industrial quality design and components. Glass epoxy boards. Silk screened
legends. Gold plated edge connectors. All IC’s on sockets.
® Delivery — Stock to 30 days.
® Guaranteed performance for one year on parts and labor. Full refund if returned
undamaged within 14 days.

Our UNCommon Dynamic RAM Features: Our UNCommon Static RAM Features:
® 64K bytes of dynamic RAM with ® 32K bytes of static RAM using
on board transparent refresh. 300n Sec low power static
® S-100 interface compatible with RAMS
crystal controlled timing IN- ® No wait states or cycle stealing
DEPENDENT of bus or processor with 8080, 8085, or Z80 pro-
timing. cessors up to 5MHz.
® No wait states or cycle stealing ® Organized in 8 independently
with 8080 or 280 to 4MHz. Up addressable 4K byte increments

to SMHz with | wait state. at 4K boundaries.

1 wouldt ke 1o order the 1ollowing, hully assembledt wod Name
ey WNCommONEon) Please bill my {1 BA, [0 VISA. or [J MASTERCHARGE account.
UNCommon Dynamic RAMS c No.: EXGitati Address
0 DM6400 04K RAM - 3695 ard ~ O___ piration date: -
O DM4800  4HK RAM - $550 Four digits above name on Mastercharge card: City State Zip

0 DM3200 32K RAM - 8420
16K RAM

O DAIGOO $295 Phone

UNCommon Static RAM AN orders shipped postpaid Al ordlers in US. funds.

C15M3200 32K RAM - $595 MEASUREMENT 867 North Main Street Flease acd 0% on il xcers cutsate U SA. Canuitaanc
systems & controls Orange. California 92668

£ aa money orcter tor i

c“(nl“?f:u:.n(.::;:‘r« .-:cdmg‘\?s::;-:ﬁu Please aliow 14 incerperated Telephone: (714)633-4460

clays for checks 10 Clear bank. Thak you
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Table 1: Summary of the Z-8000 instruction set, slightly condensed.

Op coda
CLR
EX

LD
LD
LD
LDA

LDM

LDM

POP

PUSH

Op code
ADC
ADD
cp

cpP
DAB
DEC

Div

EXTS
INC

MULT

NEG

-

The instruction set table is samewhat abridged due to space considerations. For example, almost all deta

-

Operands

b - bit number

CC - condition code
CTLR - a control register
dst - destination

FLGR - flag register

Addressing Modes

BA - base addrass
BX - base index

D& - direct address

manipulation type instructions (ia: data transfers, or arithmetic] have associated forms for the handling of
byte length and long word length operands. The mnremonic for an altérnate length operand |5 created by
appending a B (for byte) or an L (for long word) to the standard op code mnemonic. Far exampls, a byts
length COMPARE (CP) would be CP B = CPB, The symbals and abbreviations used in this table are defined as
follows:

Miscellaneous

4= i5 replacad by
@ - indiract
Rpne Bn+1 - register pair

IM - immediate
IR - indirect register

int - any interrupt enable bit R - reglster
n - a small integer R& - relative addrass
src - source X -index
Loads and Exchangas
Addressing SBC R.src Subtract with carry R
Operands Operation Modes R— R —src — carry.
SuB R,src Subtract R,IR,DA.X,IM
dst Clear R,IRDA,X R~ R —src.
dst— 0.
R src Exchange R,IR,DA.X
temp+—src Logical
src— R
R« temp. Addressing
R src Load src to register R,IR,DA,X,IM, Op code Operands Operation Modas
Resrc. BA,BX,RA
dst,R Load register to dst iR,DA X, BA, AND R,src And R,IR,DA X,IM
dst— R BX,RA R+«- R AND src.
dst,iM Load to memory immediate iR, DA X com dst Complement R,IR,DA X
dst— IM. dst— NOT dst.
R src Load address DA X ,BA BX RA OR R,src Or R,IR,DA,X,IM
The address is computer from R—R OR src.
src and stored in R, TEST dst Test R,IR,DA X
R.src,n Load multiple memory to registers iR,DA X dst OR 0.
Load n registers starting at TCC CC dst Test condition code R
register R from location starting Set lower bit of register if CC
at src (n=1t0 16). is true, reset otherwise.
dst,R,n Load multiple register to memory IR,DA X X0OR R.src Exclusive or R,IR,DA X, IM
Load n words starting at dst R~ R XOR src.
from n registers starting with
R (n=11t0 16).
dst,IR Pop R,IR,DA X Program Control
dst— iR
{autoincrement). Addressing
IR src Push R,IR,DA,X,IM Op cods Operands Operation Modes
{autodecrement)
IR+ src. CALL  dst Call subroutine IRDAX
Autodecrement SP
@ SP—PC
Arithmetic PC —dst.
CALR dst Call relative RA
Addressing Autodecrement SP
Operands Operation Modes @ spP-—-PC
PC «— PC + dst
R sre Add wi Range +4094 to - 4096 bytes.
2 Rr’gh,c:r:‘i carry. R CPBJR  R,IM,CCdst Compare and jump relative RA
A src Add R.IR.DA.X,IM R—IM. If CCis true PC — PC + dst
R—R +gsrc. Range +254 to —256 bytes
R.src Compare R,IR.DA,X,IM Flags are not affected.
R — sre DJINZ R dst Decrement and jump on nonzero RA
Flags are affected. Sl =i
dst,IM Compare memory with immediate IR,DA X If R0 PC— PC + dst
dst — IM. Range 0 to —256 bytes
dst Decimal adjust R Flags are not affected.
Decimal adjust of dst. IRET Interrupt return -
dst,n Decrement by n R,IR,DA,X PS — @ SP
dst—dst — n Autoincrement SP,
(nis 110 16). JP CC dst Jump copditional IRDAX
R.sre Divide (signed) R.IR,DA,X,IM If CCis true PC — dst.
R ~{R. R Vsre JR CC dst Jump conditional relative RA
R"" ,"'de"" I1f CC is true PC — PC + dst
dst Exehd sign R AL e 19 SR
Extendgsign of R to R RET cc Return conditional -
. q ok n+1 n- R IR DA X If CC is true PC — @ SP
st.n acrementioyin JR.DA, Autoincrement SP.
‘(’:'l’s' 1"5‘:)*1'6‘) sC n System call =
R.src Multiply (signed) . R.IR,DA,X,IM Bush instruction
R Bragh= (R 40 sre. @ SP — Old PS
dst Negate R.,IR,DAX PS — New system call PS
dst— 0 — dst. {N=0 10 255).
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WIRE -WRAPPING
TOOL

$49%

BATTERIES NOT INCLUDED
BIT & SLEEVE NOT INCLUDED

MODEL BW928

. BATTERY OPERATED @ BACKFORCE OPTIONAL

(2) Standard "C” Ni Cad Batteries (not included) Model BW928-BF $52.95
@ INTERCHANGEABLE BITS & SLEEVES @ POSITIVE INDEXING
(not insludec @ LEIGHT WEIGHT

@ REVERSIBLE ROTATION *LEXAN "' Housing
For unwrapping, reverse batteries
*LEXAN'" GENERAL ELECTRIC

OK MACHINE & TOOL CORPORATION

3455 Conner St., Bronx, N.Y. 10475 e (212) 994-6600 « TELEX 125091




Table 1, continued:

Op code

8IT
BIT
RES

RES
SET
SET

TSET

Op code
RLDB
RRD8B

RLB
RLC

RR

RRC

SDA

SDL

SLA

SLL

SRA
SRL

Op code

cpPD

CPDR

CPI

CPIR

CPSD

CPSDR

CPSI

Operands

b.dst
R.dst
b, dst
R dst
b dst
R dst

dst

Operands

R src
R src
dst.n
dst,n
dst.n
dst,n

dst,R

dst,R

dst.n
dst,n
dst,n

dst,n

Bit Manipuiation
Operation

Test bit static
2 flag~ NOT dst,
Test bit dynamic
Z flag— NOT dst.
Reset bit static
dst, — 0.
Reset bit dynamic
dstg — 0.
Set bit static
dst, — 1.
Set bit dynamic
dstg — 1.
Test and set
S fiag — sign of dst
dst+ All 15,

Rotate and Shift
Operation

Rotate digit left.
Rotate digit right.
Rotate left by n
nis1or2.
Rotate left through carry by n
nis1or 2.
Rotate right by n
nis1or2.
Rotate right through carry by n
nis?tor2.
Shift dynamic arithmetic
Shift dst by content of R
Left or right depending on sign
Range +31 to —32.
Shift dynamic logical
Shift dst by content of R
Left or right depending on sign
Range +31 to —-32.
Shift left arithmetic by n
n is 1 to size of data element.
Shift left logical by n
n is 1 to size of data element,
Shift right arithmetic
n is 1 to size of data element.
Shift right logical by n
nis 1 to size of data element.

Block Transfer and String Manipulation

Operands

Rx,src,Ry,CC

Rx,;src,Ry,CC

Rx,src,Ry,CC

Rx,src,Ry,CC

dst,sre,R,CC

dst,src,R,CC

dst,src,R,CC

Operation

Compare and decrement

Rx — src
Autodecrement src
Ry — Ry - 1.
Compare, decrement and repeat
Rx — src
Autodecrement src
Ry — Ry - 1

Repeat until CC false or R = 0,
Compare and increment
Rx — src
Autoincrement src
Ry — Ry — 1.
Compare, increment and repeat
Rx — src
Autoincrement src
Ry — Ry — 1.
Repeat until CC faise or Ry=0.
Compare string and decrement
dst — src
Autodecrement dst and src
R—R-1.
Compare string, decrement and repeat
dst — src
Autodecrement dst and src
R—-R -1
Repeat until CC faise or R=0.
Compare string and increment
dst — src
Autoincrement dst and src
R—R -1.
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Addressing
Modes

R,IR,DA X
R
R.IR,DA X
R
R,IR,DAX
R

R,IR,DA,X

Addressing
Modes

D I ®»® I IIDID

D

D D I D

Addressing
Modes

IR

IR

IR

CPSIR

LDD

LDDR

LD!

LDIR

TRDB

TRDRB

TRIB

TRIRB

TRTDSB

TRTORB

TRTIB

TRTIRB

Op code

IND

INDR

IN}

INIR

ouT
ouTD

OTDR

dst,src,R,CC

dst,src,R

dst src,R

dst,src,R

dst,src,R

dst,src,R

dst,src,R

dst.src,R

dst,src,R

srcl1,src2,R

src1,5rc2,R

scr1,src2,R

srcl src2 R

Operands

R,src

dst src,R

dst src R

dst,src,R

dst,src,R

dst,R

dst,src,R

dst,src,R

Compare string, increment and repeat
dst — src
Autoincrement dst and src
R—~R -1
Repeat until CC false or R=0.

Load and decrement
dst — src
Autodecrement of dst and src
R—<~R-1.

Load, decrement and repeat
dst — src
Autodecrement of dst and src
R—-R-1
Repeat until R=0.

Load and increment
dst — src
Autoincrement of dst and src
R—~R -1,

Load, increment and repeat
dst — src
Autoincrement of dst and src
R—-R -1
Repeat until R=0.

Transiate and decrement
dst — src {dst)
Autodecrement dst
R~R-1.

Translate, decrement and repeat
dst — src (dst)
Autodecrement dst
R-R -1
Repeat until R=0.

Translate and increment
dst — src (dst)
Autoincrement dst
R~R-1.

Translate, increment and repeat
dst — src (dst)
Autoincrement dst
R—-R -1
Repeat untii R=0.

Translate and test decrement
RO — src2 {srcl)
Autodecrement srcl

—R-1

Translate and test, decrement
and repeat
RO ~ src2 (src1)
Autodecrement src1
R-~R-1
Repeat until R=0 or R0+0.

Transiate and test increment
RO — src2 (src1)
Autoincrement srcl
R~R-1,

Translate and test, increment
and repeat
RO« sre2 (src1)
Autoincrement srcl
R~R -1
Repeat until R=0 or R0=0.

input Output

Operation

{nput
R « src.

Input and decrement
dst < src
Autodecrement dst
R~R -1,

Input, decrement and repeat
dst — src
Autodecrement dst
R—~R-1
Repeat until R=0.

Input and increment
dst — src
Autoincrement dst
R—~R-1.

Input, increment and repeat
dst — src
Autoincrement dst
R—-R -1
Repeat until R=0,

Qutput
dst — R,

Output and decrement
dst «— src
Autodecrement src
R—~R-1.

Output, decrement and repeat
dst — src
Autodecrement src
R~R -1
Repeat until R=0.

IR

Addressing
Modes

IR,DA
IR

IR

IR, DA



SYM-1, 6502-BASED MICROCOMPUTER
FULLY-ASSEMBLED AND COMPLETELY INTEGRATED SYSTEM that's
ready-to-use
ALL LSI IC’S ARE IN SOCKETS

28 DOUBLE-FUNCTION KEYPAD INCLUDING UP TO 24 “SPECIAL”

FUNCTIONS

EASY-TO-VIEW 6-DIGIT HEX LED DISPLAY

KIM-1* HARDWARE COMPATIBILITY

The powerful 6502 8-Bit MICROPROCESSOR whose advanced

architectural features have made it one of the largest selling “micros”

on the market today.

* THREE ON-BOARD PROGRAMMABLE INTERVAL TIMERS available to

the user, expandable to five on-board.

4K BYTE ROM RESIDENT MONITOR and Operating Programs.

Single 5 Volt power supply is all that is required.

1K BYTES OF 2114 STATIC RAM onboard with sockets provided for

immediote expansion to 4K bytes onboard, with total memory expan-

sion to 45, 536 bytes.

USER PROM/ROM: The system is equipped with 3 PROM/ROM ex-

pansion sockets for 2316/2332 ROMs or 2716 EPROMs

ENHANCED SOFTWARE with simplified user interface

STANDARD INTERFACES INCLUDE:

—Audio Cassette Recorder Interface with Remote Control (Two
modes: 135 Baud KIM-1* compatible, Hi-Speed 1500 Baud)

—Full duplex 20mA Teletype Interface

—System Expansion Bus Interfoce

—TV Controller Board Interface

—CRT Compatible Interface (RS-232)

APPLICATION PORT: 15 Bi-directional TTL Lines for user applications

with expansion capability for added lines

EXPANSION PORT FOR ADD-ON MODULES (51 I/O Lines included in

the basic system)

SEPARATE POWER SUPPLY connector for easy disconnect of the d-c

Synertek has enhanced KIM-1* software as well as the hardware. The
software has simplified the user interface. The basic SYM-1 system is
programmed in machine language. Monitor status is easily accessible,
and the monitor gives the keypad user the same full functional capabili-
ty of the TTY user. The SYM-1 has everything the KIM-1* has to offer,
plus so much more that we cannot begin to tell you here. So, if you want
to know more, the SYM-1 User Manual is available, separately.

SYM-1 Complete w/manuals $269.00
SYM-1 User Manval Only 7.00
SYM-1 Expansion Kit 75.00

Expansion includes 3K of 2114 RAM chips and 1-6522 1/O chip.
SYM-1 Manuals: The well organized documentation package is com-
plete and easy-to-understand.

SYM-1 CAN GROW AS YOU GROW. Its the system to BUILD-ON. Ex-
pansion features that are soon to be offered:

power 8K Basic ROM $159.00
AUDIBLE RESPONSE KEYPAD TV Interface Board 349.00
QUALITY EXPANSION BOARDS DESIGNED SPECIFICALLY FOR KIM-1, SYM-1 & AIM 65

These boards are set up for use with a regulated power supply such as the one below, but, provisions have been made so that you can add
onboard regulators for use with an unregulated power supply. But, because of unreliability, we do not recommend the use of onboard
regulators. All I.C.’s are socketed for ease of maintenance. All boards carry full 90-day warranty.

All products that we manufacture are designed to meet or exceed industrial standards. All components are first qualtiy and meet full
manufacturer’s specifications. All this and an extended burn-in is done to reduce the normal percentage of field failures by up to 75%. To you,
this means the chance of inconvenience and lost time due to a failure is very rare; but, if it should happen, we guarantee a turn-around time of
less than forty-eight hours for repair.

Our money back guarantee: If, for any reason you wish to return any board that you have purchased directly from us within ten (10) days after
receipt, complete, in original condition, and in original shipping carton; we will give you a complete credit or refund less a $10.00 restocking

charge per board.

VAK-1 8-SLOT MOTHERBOARD

This motherboard uses the KIM-4* bus structure. It provides eight (8)
expansion board sockets with rigid card cage. Separate jacks for audio
cassette, TTY and power supply are provided. Fully buffered bus.

VAK-1 Motherboard $129.00

VAK-2/4 16K STATIC RAM BOARD
This board using 2114 RAMs is configured in two (2) separately
addressable 8K blocks with individual write-protect switches.
VAK-2 16K RAM BourdI wit‘:\ only $239.00
8K of RAM ( 2 populated)
VAK-3 Complete szt’:if chips to $175.00 VAK-8 PROTYPING BOARD
This board allows you to create your own interfaces to plug into the

expand above board to 16K
VAK-4 Fully populated 16K RAM $379.00 motherboard. Etched circuitry is provided for regulators, address and
data bus drivers; with a large area for either wire-wrapped or soldered

VAK-5 2708 EPROM PROGRAMMER IC circuitry.
This board requires a +5 VDC and +12 VDC, but has a DC to DC VAK-8 Protyping Board $49.00

POWER SUPPLIES
ALL POWER SUPPLIES are totally enclosed with grounded enclosures for safety, AC power cord, and carry a full 2-year warranty.
FULL SYSTEM POWER SUPPLY

This power supply will handle a microcomputer and up to 65K of our
VAK-4 RAM. ADDITIONAL FEATURES ARE: Over voltage Protection on 5

multiplyer so there is no need for an additional power supply. All
software is resident in on-board ROM, and has a zero-insertion socket.

VAK-5 2708 EPROM Programmer $269.00

VAK-6 EPROM BOARD
This board will hold 8K of 2708 or 2758, or 16K of 2716 or 2516
EPROMs. EPROMs not included.
VAK-6 EPROM Board $129.00

VAK-7 COMPLETE FLOPPY-DISK SYSTEM (may '79)

KIM-1* Custom P.S. provides 5 VDC @ 1.2 Amps
and +12 VDC @ .1 Amps

volts, fused, AC on/off switch. Equivalent to units selling for $225.00 or KCP-1 Power Supply $41.50
more.
Provides +5 VDC @ 10 Amps & +12 VDC @ 1 Amp SYM-1 Custom P.S. provides 5 VDC @ 1.4 Amps

VAK-EPS Power Supply $125.00 VCP-1 Power Supply $41.50

*KIM is a product of MOS Technology

ENTERPRISES

INCORPORATED

2967 W. Fairmount Avenue
Phoenix AZ. 85017

(602)265-7564

&=

Prices in effect Nov. '78
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Table 1, continued:

ouTI

OTIR

SINB

SINDB

SINDRB

SINIB

SINIRB

souTB
souUTDB

SOTDRB

souTIB

dst,src,R

dst src,R

R.,src

dst,src,R

dst,src,R

dst,src,R

dst,src,R

dst src

dst src,R

dst,src,R

dstsrc,R

Qutput and increment IR
dst < src
Autoincrement src
R—-~R-1.

Output, increment and repeat IR
dst — src
Autoincrement src
R—-R -1
Repeat until R=0.

Special input DA
R - sre.

Special input and decrement IR
dst - - src
Autodecrement dst
R—R-1.

Special input, decrement and repeat iR
dst +- src
Autodecrement dst
R—-R -1
Repeat until R=0.

Special input and increment IR
dst ~ src
Autoincrement dst
R«~R-1.

Special input, increment and repeat IR
dst «= src
Autoincrement dst
R+~R -1
Repeat until R=0,

Special output DA
dst — src.

Special output and decrement IR
dst «- sr¢
Autodecrement src
R+~R -1

Special output, decrement and repeat IR
dst = sr¢
Autodecrement src
R R-1
Repeat until R=0.

Special output and increment IR

dst = src
Autoincrement src
R—R-1.

Addressing
Modes

SOTIRB dst,src,R Special output, increment and repeat IR
dst — src
Autoincrement src
R—-R -1
Repeat until R=0.
Processor Control
Op code Operands Operation
COMF LG flag Complement flag -
Any combination of flags
z,C,Vv,PS,
DI int Disable interrupt =
Any combination of NVI V1.
El int Enable interrupt -
Any combination of NV, VI.
HALT HALT.
LDCTL CTLR,src Load to control register R
CTLR—src.
LDCTL dst,CTLR Load from control register R
dst— CTLR.
LDCTLB FLGR,src Load to flag byte R
FLGR+ src.
LDCTLB dst,FLGR Load from flag byte R
dst— F LGR.
LDPS src Load program status
PS-- src.
MBIT Test i -
Z— pl.
MREQ dst Multimicro request. R
MRES Reset u0
0 0.
MR LSE Multimicro release. -
MSET Set u0
80— 1.
NOP No operation.
RESF LG flag Reset flag -
Any combination of flags
Z,C,Vv,P,S.
SETFLG flag Set flag -
Any combination of flags
Z,C,V,P,S.

Z-8000 Peripheral Support Circuits

Name

Z-MBU

Z-FIFO

Z2-Ci0

Z-S10

Z-UPC

Z-Bus RAM

Function

Microprocessor buffer unit for high speed elastic buffering between
processors, and processors and peripherals. Organized in a 256 by
8 bit FIFO (first in first out) configuration. Can be used to interface
Z-Bus systems to most other microprocessors.

First in first out buffer memory provides expansion of the Z-MBU
to 16 bit words and any depth.

Counter/timer and parallel 1/0 circuit contains three counter/timers
and three parallel ports. Two of the parallel ports are eight bits wide
and provide four handshaking modes, including IEEE-488 instru-
ment bus protocol. The third port is four bits wide. The counters
are all 16 bits wide.

Serial 1/0 circuit contains two independent full duplex synchronous/
asynchronous receiver/transmitters (USARTs). Each data channel
contains full modem controils, programmable clock generator, and
parity or CRC error code generation and checking.

Universal peripheral controller is a Z-Bus compatible version of
Zilog's new Z-8 8 bit microcomputer on a chip. It includes 124
general purpose registers, 2 K of masked read only memory, an
internai UART, and two counter/timers.

There are two versions of these programmable memory circuits
which directly interface to the Z-Bus. Both are organized as byte-
wide structures to reduce the complexity of smali, local memory
design.

1. 4 K by 8 pseudostatic programmable memory has internal
and transparent refresh circuitry. lts access time is in the
range of 200-300 ns.

2. 2 K by 8 fully static programmable memory has access times
below 150 ns.
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Table 2: Comparison of the Z-8000 to several popular processors in the performance of several

simple tasks.

Task 2-80001 8080A-12 2-80A3 Lsl-114 PDP 11/455

Load Byte 0.75 1.0 2.95 0.90

(Register to Register)

(A register in 2-80, 8080}

Load Word 2.25 40 5.6

{Memory to Register) 2.86

{to HL in Z-80, 8080}

Add (16 bit} 2.25 9.618 5.257 6.3 2.86

Muitiply (16 bit} 17.50 = 27 — 64 5.64
Notes:

VIRTUAL

1.
2.
Manual ,9/75.
g. 4 MHz clock, no memory wait, no refresh; data from Z-80 Reference Manual.
5.
1976-1977.
6. BC—(nn) LD BC, (MEM)
HL<HL+BC ADD HL,BC.
7. HLEDE XCHG
HLZ > (nn) LHLD (MEM)
HL<HL+DE DAD D.

Text continued from page 84

APL machine which could run large appli-
cation packages such as SPICE for circuit
analysis or SPSS for statistics, and solve dy-
namics equations on line for real time
graphics simulations like lunar lander, or
very large chess playing programs.

According to sources at Zilog, the Z-8000
and its memory management device support
chip will soon be available in large quantity.
The Z-8000 is compatible with the already
available Z-80 family of support chips such
as the SIO (serial 1/0), the CTC (timers),
and the P1O (parallel 1/0), etc. A new series
of extended support chips for the Z-8000
is also in the works. So far five LSI peri-
pheral devices and a new memory family
have been announced. The text box on
opposite page contains a brief description
of these new devices. The usual line of
microprocessor support products including
single board computers, evaluation boards
and development systems will also be
available. Although details are not available
as | write this, the system bus structure will
probably be oriented toward high perform-
ance multiprocessor systems. As for soft-
ware, Zilog has announced a disk based
development system and the PLZ, BASIC,
COBOL, FORTRAN languages. Also there
is a Z-80-to-Z-8000 translator. | expect a
real time, multitasking and multiprocessing
operating system to be available soon in
order to take advantage of this processor’s
many resources.®

€ [

ADDRESSING
SPACE

SEGMENT O

4 MHz clock, no memory wait, no refresh; data from Zilog 2-8000 advance specification, April 1978.
3.125 MHz clock, no memory wait, no refresh; data from /ntel 8080 Microcomputer System Users

4 K byte 'onboard memory disabled: data from LSI-71/PDP 11/03 Processor Handbook, 1975-1976.
11/45 with 8 K byte core stacks, even bytes; data from PDP 11/04/34/45/55 Processor Handbook,

r——-

PHYSICAL
ADDRESSING
SPACE

ue 1O
FFFFy

SEGMENT O

SEGMENT |

0000y

uP T0
FFFFy

S e Y

I

SEGMENT |

SEGMENT 2

0000y

ue 10

FFFFy

SEGMENT N

SEGMENT 2

MEMORY MANAGEMENT DEVICE

SEGMENT
27

| SEG #J/

15 [
OFFSET

0000y

A

ADDRESSED |

——ELEMENT

e et S _-—-.X_

SEGMENT N

VIRTUAL
PROGRAM
COUNTER

SEGMENT 127

| uP TO
| FFFFy

0000y

uP YO
FFFFy

N

| SO S,

FFFFFFy

{b) SEGMENTED ADDRESSING SPACE

Figure 4: Logical to physical address translation using the memory manage-
ment device. The Z-8000 allows the programmer to make use of virtual mem-
ory addresses, which are simply the addresses of locations in a memory
segment from hexadecimal 0000 to FFFF. Virtual addresses are relative only
to the start of their segment and need not bear any relation to physical ad-
dresses in memory. The clever use of virtual memory techniques can yield
high-powered programming results.
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Seethe
BrighterWriter-

Programming Ouickies at these stores.

Alan R Miller
New Mexico Tech
Socorro NM 87801

Inverse Trig Functions

All except the very smallest BASIC
interpreters provide sine, cosine, tangent
and inverse tangent functions. None, that
| am aware of, have the inverse sine or
inverse cosine functions. These two func-
tions are very simple to generate using the
inverse tangent function. Lines 10 and 20
of listing 1 contain the definition of the
inverse sine and inverse cosine, respectively.
Lines 30 to 80 contain a driver function for
demonstration purposes.®

Listing 1: 10 DEF FNSN (X) = ATN {1/SQR{1/{X*X}-1))
20 DEF FNCS (X} = ATN (SQR[1/(X*X)-1))
30 PRINT “A  ""ARC SIN"," SIN”,”ARC COS",”COS"
40 INPUT “ARC"; A
50 B=FNSN(A)
60 C=FNCS(A)
70 PRINT A; B, SIN(B],C,COSIC)
80 GOTO 40

Machine Laagusge Puzzier

Christopher Strangio
CAMI Research

43 Bailey Rd
Watertown MA 02172

(For the 6800 processor)

Odd Tones

The following program is entered and
run:

(For the BOBO processor)

L3: MVI A, #x L3: LDAA 3x
L2: MVI B, #A8 (hex) LZ: LDAB #AS {hex)
Lt: DCRB LT: DECB
JNZ L1 BME L1
DCR A DECA
ouT 00 STAA @FFO0 (assume port O is
this location as &
simple output lateh)
JNZ L2 BME L2
JMP L3 BRA L3

By connecting a small speaker (in series
with a 220 ohm resistor) between the least
significant bit of port 0 and ground, we hear
a tone. However, for X equal to an odd
number, an audible blip is heard periodi-
cally, while for X equal to an even number,
no blip is heard at any time. Why is a blip
heard for odd Xs only? Try these programs
or simply analyze the waveforms, then turn
to page 178 for an answer.®

Computerland
At most stores, nationwide.

Arizona

Byte Shop: Phoenix. Tempe, Tuscon

Calitornia

Byte Shop: Lawndale. San Jose. Citrus
Heights

Capital Computer. Davis

Computer Demo Room: San Ralael.
Sunnyvale

Computer Store. Santa Monica

Computer Merchant. San Diego

Jade Computer Products. Hawthorne

Colorado

Computer Tech.. Denver

District of Columbia

Georgetown Computer. Washington

Florida

Computer Age. Pompano Beach

Micro Computer. So. Daytona

Protessional Computing. W. Palm Beach

Georgia

Roy Abell & Assoc.. Columbus
Hawaii

MicroComputer Systems. Honolulu
linois

Ilini Micro. Naperville
Indiana

Data Domain. Bloomington
lowa

Memory Bank. Davenport
Kansas

Computer System, Wichita
Kentucky

Pragma Tech. Louisville
Louisiana

Micro Computer. New Orleans
Massachusetts

Computer Mart. Waltham
CPUShop. Charlestown
Michigan

Computer Mart. Royal Oak
Hobby Elec., Flint

Newman Computer, Ann Arbor
Tri-Cities Computer Mart, Saginaw
United Micro Systems, Ann Arbor
Nebraska

Omaha Computer. Omaha
New Hampshire

Computer Mart. Nashua

New Jersey

Computer Mart, Iselin

New York

Computer Mart. New York
CompuWorld. Inc.. Rochester
Mini-Micro Mart, Syracuse
Ohio

Cybershop Micro, Columbus
Dayton Computer. Dayton

21st Century Shop, Cincinnati
Oklahoma

Vern §t. Products. Papulpa
Oregon

Computer Pathways. Salem
Real Oregon Computer. Eugene
Pennsylvania

Microtronics, Philadeiphia
Texas

Byte Shop. Richardson
Interactive Computer. Houston
Micro Mike's. Amarillo

Micro Mart. San Antonio
Vermont

Computer Mart. Essex Junction
Virginia

Computer Place. Roanoke
Computer Systems Store. McLean
Computers Plus, Alexandria
Washington
Empire Electronics. Seattle
West Virginia

Micro Data Systems. Osage
Wisconsin

Byte Shop. Greentield

Integral Data Systems, Inc.
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Pay a little bit more
and get a printer that’s
brighter than your computer.
The BrighterWriter:

When a few dollars more buys
you afirst-class impact printer,
why settle for atoy? The Brighter-
Writer gives you quality to start
with. And versatility that stays
even if you outgrow your
present personal computer,

Built smart like the big ones.
The BrighterWriter’s a smart
printer. There's a microcomputer
inside. It outwits even the bigger,
higher-priced printers. So you
get versatility to do all kinds of
printing. And power to grow on.

mingsann  Prints tat, skinny,

555, tall, small.*
#°% ymilesm  This printer can
shedef be as creative

. asyourimag- ¢

" demeimdt iNAtion, Stretch
@R outvour char

acters. Squeeze them close.

Make them high. Low.

Bold. Banner. You nameit. -

Plugsinto yourcomputer.

Most popular personal
computers interface to the
BrighterWriter. Simply and
quickly. Hundreds of
BrighterWriters are working in
Apple, TRS-80, Heathkit, S-100
and many other personal com-
puter systems right now.

Pictures and fancy "
symbols.*

The BrighterWriter
drawsoutyourcre- n-;p ‘L"'
ativity. You can print g &E’
drawings, graphs, - —
diagrams, bold symbols, or just
about any graphic you can
imagine.

- "'"“'mﬁ"’

Picture your page asthou-
sands of dots. The BrighterWriter
can fill in the dots, plot them con-
tiguously, stack them, or scatter
them. And its special set of gra-
phic characters
simplifies the
process.

Prints any char-
acter a typewriter
. * can.Faster.
The Brlghtererter can prmt
plain and simple. With 7x7 dot
matrix clarity. You get all the let-
ters, numbers, and standard

. symbols ofa
regular

ﬂ@ Abnghter

typewriter. Atup
to 80 cps throughput.

Ordinary paper.

Fancy or plain, the Brighter-
Writer prints on ordinary paper.
Better yet, it prints on many
shapes ot paper. Single sheets.
Roll. Fanfold.

Want more copies? The
BrighterWriter prints multiple

copies without extra adjustments.

Foureasy buttons.

Operating the BrighterWriter
couldn't be simpler. Up-front con-
trols are easy to getto. A power

*Some of these advaniagesrequiire exira-cost options.

Circle 173 on inquiry card.

button to turn it on. A test button to
self-test your printer. A paper feed
button to advance the sheets or
forms. Aline feed buttonto
advance the paper aline at
L atime.
L el % Prints
cmy-which- way.
The BrighterWriter comes in
two models. The [P-225, at $949,
gives you a BrighterWriter with
tractor-feed drive for precision
forms control. This one can
handle everything from labelsto
8¥." paper widths.
It has eight form lengths and
gives you all the features of our
[P-125.

buy. R
Our IP-125,

friction-feed ,Brighter Writer
has a 96 character set and
prints on 82" wide paper.
Upper and lowercase. It prints
expanded characters, too,

You can choose a RS-232 serial
or parallel interface. $799

Lots of goodies.

There's more. Choose all kinds
of options for your BrighterWriter.
Upto 132 characters perline, var-
iable character densities, larger
bufters, special graphics pack-
ages, interface cables, and more.

Give us a call or write. Integral
Data Systems, 14 Tech Circle,
Natick, MA 01760, (617)237-7610.

Better yet, see the Brighter-
Writer at the store nearest you.

@ Integral Data Systems, Inc.
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Designing with Double

Printed Circuit Boards

David Lamkins
DBL Electronics
83 Morgan Cir
Ambherst MA 01002

Materials Required for Layout Design
Pencils: Red, Blue and Black
Eraser and Pencil Sharpener
Tracing Vellum
Grid
Printed Circuit Design Template
Light Table
Large Scratch Paper Pad

Your Schematic, Integrated Circuit Pinout
Data, etc

Scotch Magic Transparent Tape

Table 1: Materials required for printed
circuit board layout.

PLEXIGLAS~ 5/

)
\:/ B

————— LAMP

i | WORKBENCH/ | [

Figure 1: The author's design for a homebrew light table used for drawing

printed circuit board layouts. A sheet of Plexiglas or other clear plastic
HHuminated by a lamp is used as the drawing surface.
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Magazines for electronic hobbyists some-
times run articles about do-it-yourself
printed circuit layout and construction.
Unfortunately | never saw an article which
presented a unified printed circuit design
strategy for large and very large systems
{eg: a board with 20 or more integrated
circuits).

Consequently, when the time came for
me to design the printed circuit boards for a
system involving more than 900 semiconduc-
tors, with greater than 60 percent of that
count being integrated circuits, | didn't
know where to begin.

Determination is the prime motive force
in a project that large, so | went ahead and
started. Along the way | took notes about
what | learned. Using the methods | de-
veloped, you should be able to design
double sided printed circuits for your own
behemoth kluge without undue anger or
frustration.

To undertake a large printed circuit
project, you should be properly equipped.
Simple “pen and ink on grid paper” tech-
nigues may be adequate for small boards,
but on a larger layout, even with only 20
integrated circuits, you will have an absolute
minimum of almost 300 integrated circuit
leads. Try drawing that many pads on 0.1
inch centers, not to mention interconnecting
traces and associated components, and you
will end up in a sobbing heap on your work-
shop floor.

Table 1 lists the materials necessary to
the initial design of your printed circuit
layout.

The black pencil will be used to delineate
components and pads on your drawing.
The red pencil is used to mark conductor
runs for the solder side of the board, while
the blue pencil marks runs on the com-
ponent side. A necessary adjunct to the
pencils is the eraser and pencil sharpener.
Most likely, neither will see as much use as
the pencils themselves, but both should be
close at hand.

The tracing vellum should be good
quality. You will not appreciate tears or
holes as a result of the erasing you will be
doing.

A grid is essential to good planning.
Grids are precision printed on dimensionally
stable Mylar and are available in a variety



of styles. Your selection will depend largely
on the scale to which you draw your design.
The most commonly used scales are 4x,
2x, and 1x. The 4x and 2x scales find wide
use commercially, where use of automated
manufacturing techniques requires extreme-
ly tight tolerances on component position-
ing. The other advantage of a larger scale is
reduced eyestrain. For our purposes, the 1x
scale is probably best since materials cost is
lowest and the need for photoreduction
facilities is alleviated. Therefore, your grid
should have 20 lines per inch to allow com-
ponent placement to the nearest 0.05 inch.
You might find a grid with 10 lines per inch
adequate, but many lead spacings do not fit
exactly on a 0.1 inch grid, and you will
quickly tire of trying to visually approxi-
mate the halfway mark.

The printed circuit design template helps
you draw resistors, capacitors, diodes,
transistors, integrated circuits, trimmers and
edge fingers accurately and repetitively. Be
sure you get the 1x size.

A light table is necessary to light your
grid from the back and make the grid
lines visible through the vellum. Commercial
light tables are available, but they are not
inexpensive. A homemade substitute can be
as simple as a piece of Plexiglas leaning
against a box on a table with an incandes-
cent or fluorescent desk lamp providing the
illumination {see figure 1). Should you use
an incandescent lamp, a low wattage is
recommended to minimize heating of the
grid.

A pad of scratch paper should be kept
handy for sketching of trial layouts, quick
computations, doodles, etc.

| use Scotchbrand Magic transparent
tape; it is the only readily available tape !
have found that will hold the grid and art-
work in place on the light table without
oozing or creeping due to the heat of the
light.

These materials along with your sche-
matic and related pertinent data are all you
need to lay out a printed circuit board.

Table 2 outlines the layout strategies |
follow in order of execution by heading,
and in order of relative importance by
subheading.

Initially, you should study your sche-
matic to identify functional groups of
components. Carry this out to as detailed
a level as you are able. The procedure will

Divide circuit into functional groups.
Define board interface.

Calculate board size.

Trial position integrated circuits.

Locate analog circuitry close to interface.
Group components by functional groups.

BLON=

® Position other Components.

Arrange circuits symmetrically around shared integrated circuits.
Arrange functional groups to minimize number of interconnects.

1. Keep analog traces short with inputs separated from outputs.
2. Provide supply bypassing at each linear and TTL integrated circuit and at any
other circuitry sensitive to supply noise or circuitry generating fast edges.

¢ Don’t crowd components.
® Route traces.

Shortest runs first.

Runs local to functional group.
Inter-group runs.

Runs to interface.

Power runs last.

orLN=

o Check spacings.

Avoid blocking power and
ground pins.

Table 2: Some printed circuit board layout strategies.

enhance your understanding of the circuit
in general as well as the interrelations
among subcircuits and the correspondence
between circuits and components that
influence your design. Additionally, you
may be able to define critical areas at this
time, such as the need for shielding, isola-
tion, or heat removal. Be sure that all unused
logic inputs and nonstandard supply pinouts
are explicitly included in your schematic.

Your board interface is a definition of
how signals connect to and from the printed
circuit board. The interface may be con-
figured as edge connections, solder pads for
single leads or ribbon cable, a special con-
nector, or any combination of these. Your
system’s physical design may place con-
straints on the locations of the interface
connections. |f your system is so large that
a single board implementation is impractical,
or if your system is being constructed
modularly, you should define macrofunc-
tions or subsystems into which your overall
system can be partitioned. First, define a
system by which individual boards can be
interconnected. Then, treating each parti-
tion as a complex component, define any
requirements for shielding, isolation, or
heat removal. You may want to consider
using a printed circuit backplane or mother
board to make system interconnections
{see figure 2). The mother board is a good
place to locate your power supply and front
panel controls if you want a truly modular
system.

Now calculate the board size. An ab-

About the Author

Davld  Lamkins 5 o
twenty-three vear old con-
sultant in the analog and
dlgital  electronics  fleld,
and has been working
since 1974 on o digital
electronfc music system,
David’s  hobbles alsa (n-
clude playing the gultar
and reading sclfence
fiction.
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_.CARD-EDGE CONNECTORS
:7\
]

A\

.
e

POWER
SUPPLY

>CONTROLS
Figure 2: A typical ar-

rangement of printed cir-
cuit boards used for large
circuit  designs.  Several
“daughter” boards are
shown plugged Into a
“mother”  board. The
latter s’ used to facili-

— JACK )
tate board interconnec-
tions and reduce wiring
( to a minimum.
MOTHERBOARD
Table 3: Average printed
circuit board areas taken
up by commonly used
electronics components.
—— DAUGHTER BOARDS Board Area
— i - Component Type {Square Inches)
1/8 W resistor 0.075
% W resistor 0.09
¥ W resistor 0.14
1 W resistor 0.27
a-a q 2 W resist 0.44
solute minimum figure can be obtained by resistor
calculating the total area occupied by RNS55 precision resistor 0.12
componen'ts (tab!e 3)'. !n pract'lce, you will Signal diode 0.06
never achieve this minimum figure with a (D035)
double sided board, but it is helpful to know b siod 0.09
how much component area you have. A Moo " :
more realistic figure to start with is 2 to 3 . )
square inches per integrated circuit, tending Snellisigeapaciioy 0.06
o oA (CK60-61)
toward the higher side if the board has many
discrete components, large passive com- Large disk capacitor 0.16
ponents, or a large number of edgeboard (CK62-64)
10 pins. If the board is constrained to be a T0-18 0.09
certain size, you will have to try to make it 105 0.16
all fit, although it could be very difficult if ) ’
you have much less than 2 square inches per TO-66 0.64
integrated circuit. 103 10
Now, take a sheet or two from your
scratch pad and sketch a few trial arrange- 14 lead DIP 0.18
ments for'your integrated arcglts. There are 16 lead DIP 0.21
several things you should strive for. Most
important is to locate any analog circuitry 24 lead DIP 0.66
close to its associated board interface. This 28 lead DIP - 19
minimizes any adverse effects due to coup-
ling or feedback that could be caused by 40 lead DIP 2.34
long analog lines. Next is the arrangement of .156 inch connector finger 0.06
components by functional groups. |f a multi-
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TARBELL SETS STANDARDS
For Hobbyists and Systems Developers

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and
development to produce new and efficient components to fill hobbyists’ changing needs.

TARBELL
CASSETTE INTERFACE

Plugs directly into your IMSAIl or ALTAIR®

Fastest transfer rate: 187 (standard) to 540 bytes/second
Extremely Reliable—Phase encoded (self-clocking)

4 Extra Status Lines, 4 Extra Control Lines

37-page manual included

Device Code Selectable by DIP-switch

Capable of Generating Kansas City tapes also

No modification required on audio cassette recorder
Complete kit $120, Assembled $175, Manual $4

Full 6 month warranty on kit and assembled units

TARBELL FLOPPY DISC
INTERFACE

e Plugs directly into your IMSAI or
ALTAIR® and handles up to 4
standard single drives in daisy-
chain.

¢ QOperates at standard 250K bits
per second on normal disc format
capacity of 256K buytes.

e Works with modified CP/M*
Operating System and BASIC-E
Compiler.

¢ Hardware includes 4 extra IC
slots, built-in phantom bootstrap
and on-board crystal clock. Uses
WD 1771 LSI Chip.

® Full 6-month warranty and exten-

sive documentation.
e PRICE: CP/M with BASIC-E Compatible Disc Drives

Kit $190 ...... Assembled $265 and manuals: $100 Ask about our disc drives priced as low as $525.

¢ Gold plated edge pins

® Takes 33 14-pin ICs or

¢ Mix 40-pin, 18-pin, 16-pin and
14-pin ICs

¢ Location for 5 volt regulator

¢ Suitable for solder and wire wrap

* ALTAIR/IMSAI compatible
Price: $28.00
For fast, off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers

across the country. Or write Tarbell Electronics direct for complete information.

*ALTAIR is a trademark/tradename of PERTEC
CP/M is a trademark/tradename of Digital Research

TARBELL
PROTOTYPE
BOARD

Model 1010

r /
l ; 950 DOVLEN PLACE e SUITE B* CARSON, CALIFORNIA 90746
h’Oﬁl (213) 538-4251 » (213) 538-2254

Circle 360 on inquiry card. BYTE March 1979 97



Figure 3: Typical routing
of conductors on a two
sided printed circuit
board. Contrasting colors
are used to show wire runs
on the respective sides of
the board. Note the use of
the dedicated through-
hole.
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section integrated circuit is shared by two
or more functional groups, try to arrange
these groups close to the shared integrated
circuit. It is often advantageous to make
use of the symmetrical layout of many
multisection integrated circuit pinouts.
Functional groups should be arranged rela-
tive to each other to minimize the number
and length of interconnections between
groups. If a lot of lines go to an edgeboard
connector, try to leave a clear route for
them.

Tape the grid to the light table, then tape
a sheet of vellum over the grid and proceed
to lay out the board. Begin by defining the
edges of the board in black pencil. Next,
using black pencil and the template, locate
the integrated circuits on the board using
your best trial sketch as a guide. Leave
plenty of space around the integrated cir-
cuits, because interconnections can consume
a lot of board space.

Try to arrange the integrated circuits in
a consistent XY grid to maximize the open
paths a trace can follow from here to there.
Leave plenty of room around the edges of
the board; some of the longer traces are
most easily routed there.

Still using template and black pencil,
position the discrete components. In ana-
log circuitry, maintain short signal leads
and separation between input and output
of high gain stages. Be sure to provide ade-
quate bypassing: One bypass capacitor per
integrated circuit is not too much. Don’t
crowd components. Keep in mind that
you may need access to integrated circuit
pins for servicing, and leave room to adjust
trimpots. Also, keep important test points
out in the open. Avoid locating small com-
ponents out of sight below larger, over-
hanging components, and don't allow com-
ponents or groups of components to block
access to integrated circuit pins. During this
process, you may find you’ll have to move
things around somewhat to fit everything
where you want it. This may require some
erasing.

Now comes the difficult part. Using red
and blue pencils and eraser, draw the traces

on the veilum. Red is used for solder-side
runs and blue for component-side runs.
Trying things out on scratch paper can save
you much erasure.

The shortest traces will be those inter-
connecting the pins of a single integrated
circuit to one another. Do these first. Use
red whenever possible to minimize the num-
ber of component-side runs. You should be
able to get this far without creating any
connections that start on one side of the
board and finish on the other side (except
via a hole used for a component lead). The
next longest runs will be interconnections
within a functional group: Do these next.
If possible, avoid blocking access to inte-
grated circuit power and ground pins.

Next should be runs connecting func-
tional groups together, followed by runs
to the edge-board interface, if used. Some-
where along the way you'll have to start
using dedicated through-holes to run signals
past areas that are blocked in completely
(see figure 3). Depending on the complexity
of your circuit, you shouldn't really need
more than one or two through-holes per
integrated circuit on the board.

As you proceed, you'll want to keep
track of the connections made. | usually do
this by numbering the integrated circuits on
the layout, then marking them on the sche-
matic to correspond. As | make a connec-
tion, | mark a slash through the lead on the
schematic. For circuitry that uses identical
sections repeatedly, | simply copy the first
section as required.

The last connections are power and
ground to the integrated circuits. The prac-
tice of saving these connections until last is
uncommon, but it reduces drastically the
number of dedicated through-holes on a
larger board. It's easier to route two or
three runs through a jungle of interconnec-
tions than it is to individually reroute each
trace of that same jungle to go around two
or three power runs. At any rate, the power
runs should be heavy enough for the type
and amount of logic being used. When work-
ing with TTL integrated circuits, be aware
that some formidable current transients are
coupled to ground; be sure to beef up that
trace accordingly. CMOS at low speeds is
relatively immune to power supply noise.

In routing some of the longer traces, you
may think that access to some places is
blocked by runs on both sides of the board.
in such a case group all the interconnections
in one area on one side of the board and
move them in one direction; then move the
interconnections on the opposite side of
the board in that area in the other direction.
You now have a clear space between the two



ANNOUNCING!

For a modem connection to be legal in the
eves of the Federal Communications Com-
mission (FCCY, it must have an
approved Data Access Arrangement
(DAA-CBT or CBS) or the modem
must be approved for direct
connection, The MM-103 accom-
plishes all the protective
functions required by the
FCC with a miniaturized.
proprietary protective
coupler and on-hoard
hilling delay and level
control. We have there-
by saved vou, the user,
the cost of the DAA,

A computer without communications canonly
WHISPER. Give a computer a modem and
it can SHOL to other computers, to
time-share svstems. to remote terminals,

to CBBSs. to vour friends with

computers, and to devices and

places only vou can think of.

Both modem and telephone system SREMICIN:RANS
approved as “‘Multifunction Data BRI IEERCIIE!
allows control and sensing of auxilia gSENTJIuTN

-50 dBm sensitivity

Auto answer

Auto originate

Auto dialer with computer-controllegRJEINFIT

61 to 300 haud tanvwhere over the lon R ELILRIG SIS
network)—rate selection under comjJiizq SNl

600 baud over local telephone syste g

Flexible. software-controlled. mask 1 {aRIl{g Rt I EEASSI)]
Precision dial-tone detector

Phone is answered under softwar SEQ1§P

One vear limited warranty
Ten-day unconditional return pyldl

Potomac Micro-Magic, Inc.
P.O. Box 11149 Alexandria, VA 22312 (703) 750-3727
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Table 4: Materials required
to construct a printed
circuit  board  artwork
master.

Figure 4: Figure 4a illus-
trates a common printed
circuit board problem. The
designer wishes to run con-
ductors across a group of
existing perpendicular con-
ductor runs. Figure 4b
shows how the problem
can be solved by using a
two sided printed circuit
board with two through-
holes. Figure 4c is a short-
hand notation for the con-
figuration shown in figure
4b. As before, contrasting
colors indicate conductors
on the respective sides of
the board.
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Mylar sheets
Black donut pads

0.093 inch (essential)
0.075 inch and 0.111 inch (helpful)
{Other sizes per personal preference)

Black drafting Tape

0.015 inch, 0.040 inch, 0.062 inch
suggested

Integrated Circuit lead pattern stick-ons
Targets

Drafting pen

PC design template

Grid

Light table

Scotch Magic transparent tape

From table 1

groups for routing your connection via a
dedicated through-hole (see figure 4a & 4b).
At this point, you probably don’t want to
erase and move all those lines. | use a short-
hand method to indicate this rearrangement
(see figure 4c).

Once all the traces are drawn in place,
make sure you have enough room to route
traces through the crowded spots. Signal
traces can be as narrow as 0.015 inch, in
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fact, you will find this width very easy to
work with because tape in this width is ex-
tremely flexible. Spacings of 0.050 inch be-
tween conductors are easy to achieve. Avoid,
if possible, running conductors closer than
0.1 inch to pads where no connection is
intended. Leave at least 0.1 inch between a
trace and the board edge. If you find you
will have too little room for traces in a given
area, calculate how much related com-
ponents will need to move and mark the
distance and direction on the vellum.

Congratulations! You now have a design
that will be the basis of your tape-on-Mylar
artwork master. Table 4 lists those materials
necessary for the preparation of the artwork
master.

Mylar drafting film comes in sheets and
rolls. The price advantage of buying in roll
form is slight and the curl of sheets cut from
aroll is a nuisance at best.

Black donut pads come 500 to a pack.
The 0.093 inch size will work for almost
everything, but it’s nice to have 0.075 inch
pads on hand for the finer leads of transis-
tors and diodes plus 0.111 inch pads to con-
nect lead wires to the board.

| use three tape widths for most of my
designs. The 0.015 inch width finds the
greatest use. Power and ground runs usually
use 0.040 inch or 0.062 inch widths.

Integrated circuit patterns are worth
every penny for the time they save. If your
requirements are modest, buy just one pack
of 16 lead DIP patterns. These can be cut
down to make 14 or 8 lead DIP patterns,
and they can be split down the middle and
arranged to make 24, 28, or 40 lead DIP
patterns. Round 8, 10, or 12 lead TO-5
patterns can be accommodated by bending
the device leads to fit DIP spacing. | find
the 0.075 inch round pad style most suit-
able. Check the catalogs of the sources listed
at the end of this article; many styles are
available.

Targets come 250 per package, and, al-
though expensive, are absolutely essential
to assure accurate alignment of the three or
four layers of artwork.

A drafting pen is used with the printed
circuit design template to make an assembly
drawing of your board. It will cost about
$7.50 at an art supply store and is truly a
joy to own.

Remove your vellum layout sheet from
the light table and keep it nearby. Securely
tape a Mylar sheet over the grid. Locate two
targets in diagonally opposite corners of
the Mylar and carefully align the centers
with a grid intersection. The targets may be
located inside or outside of the board area.
If located within the board area, they can



BEYOND TRS-§

When Microsoft put Level Il BASIC on

TRS-80, you got a glimpse of its full
potential.

Now Microsoft introduces:

TRS-80 Fortran

and TRS-80 will never be the same!

TRS-80 FORTRAN includes the finest
Z-80 development software available:

Z-80 Macro Assembler, versatile Text Editor,
and Linking Loader.

Circle 228 on inquiry card. TOtal price: only $350.00

TO: Microsoft. 10800 NE Eighth. Suite 819. Bellevue. WA 98004 N ei{[eRdal-Kelell]eTe]o-1ele NOITIB] =13
NOW, or send for free
[J Send me free TRS-80 FORTRAN overview. overview for more details

[J Send me TRS-80 FORTRAN and Z-80 development soft- about TRS-80 FORTRAN.
ware for $350.00.

TRS-80 FORTRAN is supplied on
two minidiskettes and requires a
32K system with one disk drive.

(] check enclosed [ Master charge [ visa

Card Number Exp. Date Deaier inquiries invited.

Cardholder’s Signature

MICROSOFT

Address 10800 NE Eighth, Sulte 819
City State Zip Bellevue, WA 98004

EE SN e GEENE SIEDE EEEE EEEEE SUSE IR s




Flgure 5: Two techniques
for applying drafting tape
around corners. Flgure 5a
shows the preferred meth-
od for narrow traces; fig-
ure 5b shows the tech-
nlque for wide traces.

Table 5: Recommended
drill  sizes for drilling
standard printed circuit
board pad holes.
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A

(a)

0.075 inch pad #71 drili
0.093 inch pad #64 drill
0.111 inch pad #55 drill
0.126 inch pad 1/16 inch drill

double later as mounting holes. Define the
board edges with short pieces of tape at the
board’s corners.

Now, working with a ruler marked in
tenths of an inch and your vellum layout,
transfer the component and through-hole
locations to the Mylar using donut pads and
stick-ons. Be sure to take into account the
shifts notated as the last step of the layout
preparation. Once all the components and
through-holes appear as pad groups on the
Mylar, align the vellum over the Mylar and
check for missing or misplaced pads. This
sheet now contains all the component pads
that will appear on both sides of the board.
Remove the vellum.

Tape a second sheet of Mylar directly
over the first. Align targets with those on the
first sheet. Using black tape, transfer all the
lines appearing in red on the vellum to this
sheet of Mylar. Take heed of any notes on
the vellum to shift traces from their indi-
cated positions. Narrow tapes are best
routed directly with gentle corners where
necessary. Wider tapes do not curve as
easily and require cut corners for sharp
bends (see figure 5). This sheet now con-
tains all traces located on the solder side
of the board. There are no pads on this
sheet. The same procedure is followed using
a third Mylar sheet and the blue lines for the
component side traces.

For the sake of completeness, you should
now make an assembly drawing on a fourth
layer of Mylar sheet. This is done using the
template by inking the component outlines
aligned with their respective pads. The

component designation or value should be
included within or beside the outline using
pen and ink or dry transfer lettering.

Your master artwork is now complete
and should be rechecked for accuracy.

To make negatives of solder-side and
component-side artwork for use in photo-
graphically etching your board, simply
align the Mylar sheet containing only pads
with either of the sheets containing only
traces before making a contact negative.
The details of the negative-producing opera-
tion are well covered in the hobbyist maga-
zines, and most local electronics stores sell
printed circuit board etching kits.

You now have a negative for each side of
your printed circuit board. Before coating
your board with photoresist, pick two holes
near diagonally opposite corners and ac-
curately transfer their locations to the
laminate. Use a very small drill to make
these two holes. You now have reference
points by which you can align the negative
on each side of the board. The board is now
photo etched on both sides.

All that remains is to drill the holes,
mount the components, and solder the
leads. Table 5 shows recommended drill
sizes for various sizes of pads. When mount-
ing components, crimp the leads flat against
the solder side. Dedicated through-holes are
stuffed with a short piece of wire crimped
to the board on both sides. Solder leads on
both sides of the board where necessary for
through-board connections. As an alternative
to soldering on both sides, you can crimp
eyelets in the holes or get someone to
process your board with plated through-
holes.

Well, that’s all there is to it. Now you can
put that very large project of yours on a
printed circuit board. (The very first printed
circuit board | ever designed had 26 inte-
grated circuits, 144 resistors, 44 capacitors,
28 transistors, 30 diodes, and 23 indicators.
I completed the master artwork using the
techniques | have just described in less than
40 hours.) A homebrew double sided printed
circuit board may be just the solution you're
looking for.m

Sources of printed circuit board artwork
supplies:

1. Bishop Graphics Inc.
20450 Plummer St
Chatsworth CA 91311
(213) 993-1000

2. Chartpak Graphic Products
1G River Rd
Leeds MA 01063
(413) 584-5446




ANNOUNCES DDS 1

THE FAMOUS OPEN-HEART SURGEON
FOR MICROCOMPUTERS

DDS 11 IS AN INCREDIBLY
POWERFUL LEARNING AND
DEBUGGING SYSTEM

DDS 11 the famous Dynamic Debugging Sys-
tem is an incredibly powerful, learning and
debugging system. Although designed for
microcomputers, it is even more sophis-
ticated than the built-in debugging environ-
ments supported by most large main frames.
DDS 1l is a remarkably expanded version of
DDS 1. And with its 50 commands, DDS 11 is
much different from DDT.

A FEW OF DDS II's
MANY FEATURES

* Assembles and disassembles all 8080
code for fast and easy patching.

e Performs ‘‘software open-heart surgery"
on the microprocessor and the memory,
artfully displaying on the screen all regis-
ters, program instructions and memory.

e Simulates dual screen capability by
offering you the ability to switch on
command from the DDS 1l display to the
program output. I’s like having two
video monitors for the price of one.

» Updates the display while monitoring
every step of the program.

» Offers alteration at will of all registers,
instructions or memory.

e Includes a full array of monitoring
tools, e.g., breakpoints, conditional
stops, stack range errors, etc.

e Comes in different versions running
on either the VDM videoboard or the
Lear Siegler ADM 3A.

Circle 309 on inquiry card.

DDS II's EXTRA BENEFIT
FOR BEGINNERS

DDS 1l is an ideal tool to learn how to write
assembly language programs. It is like a win-
dow exposing the inner workings of your
computer.

PRS DDS Il comes with a complete and in-
structive handbook explaining every pro-
cedure step by step. This unique documenta-
tion is written in clear and easy-lo-
understand English and avoids esoteric
technical language.

But PRS documentation for DDS 11 is more
than clear and precise instructions in a
graphically appealing manual. You learn at
the same time.

Indeed, PRS DDS 1l documentation offers
you a true fluency in computer-user
dialogue.

DDS 11 IS PROTECTED IN A
BEAUTIFUL CASSETTE OR

DISK FOLDER

The PRS cassette (or floppy disk) and
manual for your DDS Il program are protec-
tively nestled in an efficient and durable
gold-imprinted folder. Wherever you file it,
in your room or office, the decor will be
enhanced by its elegance.

DDS 11 FROM PRS IS SUPPORTED
BY MAJOR BRANDS

¢ CUTS relocatable cassette VDM version:

Gentlemen:

bbsn

Name

PRS THE PROGRAM OF THE MONTH CORPORATION

: New Product Releases From
|
| 257 Central Park West. New York. N.Y. 10024

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

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

runs with SOLOS/ CUTER monitor; or

ADMA3A version: runs with SOLOS/

CUTER monitor on the Lear Siegler

ADMA3A terminal.

XITAN (TDL) relocatable cassette VDM

or ADM3A version: interfaced to ZAP-

PLE monitor and VDM board or the

Lear Siegler ADM3A terminal

TARBELL VDM or ADM3A cassette

version: interfaced to the APPLE

monitor (8080A version of ZAPPLE)

and VDM board or the Lear Siegler

ADM3A terminal.

e CP/M 8" single density floppy disk
VDM version or ADM3A version

* CP/M 5% " MICROPOLIS floppy disk
VDM version or ADM3A version

e CP/M 5% " NORTH*STAR floppy disk
VDM version or ADM3A version

IMPORTANT NOTE:
DDS Il can easily be patched to run with

other DMA videoboards or other cursor ad-
dressed video terminals.

AN AD CAN NOT DO JUSTICE TO DDS

I You must run it to appreciate its com-
pleteness.

VISIT YOUR NEAREST DEALER
TODAY TO OBTAIN YOUR DDS 11
FROM PRS FOR ONLY $49.95 PER
CASSETTE OR $64.95 PER DISK

Let your dealer demonstrate the excellence
of PRS DDS Il. Use the coupon below to
obtain the name of a dealer in your area.

Title

Corporation

Address

State Zip

|
i
| Ciy
|
|

Reference 3B9
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Aw, cut it out!

o

P T \}S\\ /—4 \ New CP/M N\
L L /" Our Micro imp[ema”’a’.
;W s CP \COM CP'M Doy Mations: Software
|' Mod\\‘egg.ﬁo has 78K i eDens/fy with [ Manual
e North
\ 1ot T a/\‘—a.\vﬁ/ storage Hel Star. Manual/ Alone
\‘\N'_“_é : per dnve / Micro ang 5‘,{!.3”, TOP Text Output Processor — Creates page-numbered.
= ~—C 1COM. justified docume3r1!s frora source text files. Available only as
. Software e part of A3 or A3+ package.
[avd !
th  Manual
DIGITAL RESEARCH ° manual/ Alone (0 SUPER BASIC — Sub-set of Xitan Disk BASIC with exten-
o d
. . . sive arithmetic and string features but without random access
— (] CP/M FDOS — Diskette Operating System complete with | data file support. Available optionally with features to support
o Text Editor, Assembler, Debugger, File Manager and system ) ; 99/§zo
IO S e ! . ; h - ; VDB Xitan video outputboard . .................. $
\)‘P* »N utilities. Available for wide variety of disk systems including
O‘J\x\'be‘ge North Star. Helios Il, Micropolis, iCOM (all systems) and Altair. O A3 package includes Z-TEL, TOP. ASM and Super BASIC
o3 5\0‘%?? Supports computers such as Sorcerer, Horizon, Sol Sv%em G5 haaAn5aa 5086083850 058a50AA600E00AbARDR $249/$40
i i COMPAL-80 and iCOM Attache. Speci
B T o AL-80 and o ey O A3+ package incuges Disk BASIC. Z-TEL. TOP. ASM,
T T R e Z-BUGand LINKER ....................... ... $409/$40
(0 MAC — 8080 Macro Assembler. Full Intel macro definitions.
Pseudo Ops include RPC, IRP, REPT. TITLE, PAGE, and 5 MICROPRO
MACLIB. 2-80 library included. Produces Intel absolute hex "
output plus symbols file for use by SID (see below) $100/$15 a Sune:' b|So:"t I — %or}, lr(n%rlge. g;tr;ctinunh;‘:itzmas% "az':ggl:at?
executable program or linkable modul g
(] SID — 8080 symbolic debugger. Full trace, pass count and Sorts fixed o?gvariable records with data in binary, BCD,
break-point program testing system with back-trace and his- Packed Decimal, EBCDIC, ASCH, floating, fixed point, expo-
togram utilities. When used with MAC, provides full symbolic nential, field justified, etc. etc. Even variable number of fields
display of memory labels and equated values ...... $85/$15 PEF 1ECOM! ...ttt eniinnen et $250/$25
(O TEX — Text formatter to create paginated. page-numbered {3 Super Sort Il — Above available as absolute program only
and justilied copy from source text files, directable ‘s° d'fg OF $200/$25
printer ... 85/$15
O Super Il — As H without SELECT/EXCLUDE ..$150/
(O DESPOOL — Program to permit simultaneous printing of szg Sort LIl
data from disk while user executes another program from the
CONSOIB o+ e evv et e e et n e i cian s $50/$1 O 1ISAM — Callable system with triple level index fult ANSI levet
It COBOL capability. Utifity included to convert existing se-
il 1S $145/$28
MICROSOFT quentiat filesto ISAM ............. ... .o 14
O Disk Extended BASIC* — New version, ANSI compatible 0 Word Master Text Editor — in one mode has super-set of
i o e rames. WHLEIWEND, chariog,tafate e o g J0ns S s i,
length file (*:3 55 60000009600600008 0686606008 . h Lo .
9 recorcs e screen editor for users with serial addressable-cursor terminal
(O FORTRAN-80*— ANSI '66 (except lor COMPLEX) PIUS  \ooiuiiiiiitinine it eine i aeeanaeenes $150/$25

{gggz,e’fﬁ’;smnsih'"g“dese'e"f,ggap'e,°gie°',jg’8 T anking #s,. % ~[J Corresponder — Mail list system. supporting form letter

, library wi anager. includes - see | > h - " C :

below) ry ........... g ...................... 3400/(325\ dl/)r,g;'soso/, \ generation with personalized greetings. Reference fields per-
\"Scg, > @ }

. s . ) re | mit sorting and extraction by name, address fields or reference

COBOL-80" — ANSI '74 Pseudo-compiler with relocatable Utey,, /) data using Super Sort. Requires CBASIC ......... $95/$25

object runtime package. Format same as FORTRAN-80 and 3 .

MACRO-80 modules. Complete ISAM, interactive ACCEPT/ o (O BASIC/S — Microsoft BASIC with Super Sort Capability

DISPLAY, COPY,EXTEND .................... (1 LT L5 50804060 000000600806660304006800 6608006990804 $400/$25
O MACRO-80 — 8080/Z80 Assembler. Intel and Zilog (J FORTRAN/S — Microsoft FORTRAN-80 with Super Sort

mnemonics supported. Relocatable linkable output. Loader, capability ........ ... $550/$25

Lrary Maneger and Cioss Reference Lt s gk 3 COBOLIS — iroof COBOL-80 i Super So capatity
O MACRO-80 plus FORTRAN subroutine library available. Li- /oo i

brary includes ABS. SIGN, EXP. DLOG, SQRT, DSQRT, SOFTWARE SYSTEMS

ATAN, DATAN @IC. €1C. ............oooin..s $219/$15 O CBASIC Disk Extended BASIC — Non-interactive
[0 EDIT-80 — very fast random access text editor for text with o BASIC with pseudo-code compiler and runtime interpreter.

without line numbers. Global and intra-fine commands sup- Supports full file control, chaining. integer and extended preci-

ported. File compare utility included .............. $89/$15 sion variables etc. Version 1 users can receive Version 2 and

new manual for $45 with return of original di ..$95/815
*See MICROPRO for Microsott languages with sort capabihties w S urn of original diskette ..$ $

XITAN (software requires 2-80 CPU) e

O General Ledger — interactive and flexible system providing
proof and report outputs. Customization of COA created in-
teractively. Multiple branch accounting centers. Extensive

(0 Disk BASIC — Fast powerlul interactive interpreter. PRI-
VACY password security. Can dynamically open a large

I BN D DS DD DD DN D O .
a

number of files simultaneously for random or sequfgtéall 'zg checking performed at data entry for proof. COA correctness

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ $ $ etc. Jgumal entries maybbe batched prior to posting. Closing

O Z-TEL — Text editing language. Expression evaluation itera- procedure automatically backs up input files. All reports can be

tion and conditional branching ability. Registers available for tailored as necessary. Requires CBASIC ........ $995/$20

text and commands. Macro command strings can be saved on O Accounts Receivable — Open item system with output for

sk forre-use ... $69/520 internal aged reports and customer-oriented statement and bil-

O ASM Macro Assembler — Mnemonics per Intel with Z-80 ling purposes. On-Line Enquiry permits information for Cus-

extensions. Macro capabilities with absolute Intel hex or re- tomer Service and Credit depariments. Interface to General

locatable linkable output modules ................ $69/$20 Ledger provided it both systems used. Requ"eg_,gg;\ssz'g
O LINKER — Link-edits and l0ads ASM modules ...$69/$20 1 a' ar mim o oot noam N

Ink-eqits and loa Y . O NAD Name and Address selection system — interac-

O z-BUG debugger — Trace, break-point tester. Supports tive mail list creation and maintenance program with output as

decimal, octal and hex modes. Dissassembler to ASM lull reports with reference data or restricted information for mail

mnemonic set. Emulation technique permits full tracing and labels. Transfer system for extraction and transfer of selected

break-point support through ROM ................ $89/$20 records to create new files. Requires CBASIC .. ... $79/$20
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Filled out any huge coupons lately? Here's your chance.

Check off the items you want, furnish all of the necessary information
and send us this whole advertisement. Big coupon ... big values ...
big savings, from Lifeboat Associates, your Software Supermarket.

Software
with / Manual

Manual/ Alone
O QSORT — Fast sor/merge program for files with fixed record
length, variable field length information. Up to five ascending or
descending keys. Full back-up of input files created. Parameter
file created. optionally with interactive program which requires
CBASIC. Parameter file may be generated with CP/M assem-
blerutility .............. . ... L e $95/$20

OTHER

(0 WHATSIT — Interactive data-base system using associative
tags to retrieve information by subject. Hashing and random
access used for fast response. Requires CBASIC .$125/$25

(0 SOURCE 8080/Z-80 Disassembler — Disassembles
disk binary file to disk source files. Output may be created for
processing by MAC with its Z-80 library or by the Xitan AgM

................................................ $70/$1

O ZASM Assembler — Disk-based assembier for Zilog
Mostek mnemonic Z-80 code. Creates output in absolute Intel
hex. Requires Z-80tooperate ................... $45/810

O XYBASIC Interactive Process Control BASIC — Full
disk BASIC features plus unique commands to handle bytes.
rotate and shift. and to test and set bits. Available in Integer,
Extended and ROMabie versions ......... From $295/$25

O SMAL/80 Structured Macro Assembler Language —
Package of powerful general purpose text macro processor
and SMAL structured language compiler. SMAL I1s an assem-
bler language with IF-THEN-ELSE. LOOP-REPEAT-WHILE,
DO-END. BEGIN-END constructs ................ $75/$15

Please send me:

Fill it In.

Lifeboat Associates, 164 West 83rd Street. New York. N.Y. 10024 {212) 580-0082

Software
with / Manual
Manual/ Alone
O Selector Il — Data Base Processor to create and maintain
single Key data bases. Prints formatted. sorted reports with
numerical summaries. Available for Microsoft and CBASIC
(state which). Suppliedin source code ........... $195/$20

O Selector Il — Multi (i.e.. up to 24) Key version of Selector H.
Comes with applications programs including Sales Activity. In-
ventory, Payables. Receivables. Check Register. Expenses,
Appointments. and Client’Patient. Requires CBASIC. Supplied
insourcecode ...l $295/$20

(O BASIC Comparison — A comprehensive features and per-
formance analysis of five 8080 disk BASIC languages —
CBASIC, BASIC-E, XYBASIC, Microsoft Disk Extended
BASIC, and Xitan's Disk BASIC. Itemizes results of 21 different
benchmark tests for speed and accuracy and lists instructions
and fealures of each BASIC ... ... (send 20¢ S.A.S.E.) FREE

TRS-80

FORTRAN PACKAGE
Professional Disk-Based
Language and Utility Package
Written by Microsoft, creators of Level Il BASIC, the
package runs on a TRS-80 system with 32K RAM, one
or more drives and TRSDOS. The software is supplied
on diskettes and consists of a relocatable machine
code FORTRAN Compiler, Macro Assembler. a Link-
ing Loader, Subroutine Library, Text Editor . ....$325

I Lifeboat Associates

s

My computer configuration (specifying disk system):

Name

Add $! tem shipping ($2
min.) Add S§! additional
tor UPS C.OD

Manual cost apphcabic
dagamnst price of subse
quen!
chase.

software  pul

S— SUPER~
— == = — — — E— E—— 1
[ manual alone I w
1 manual alone
[ manual alone 1
— ~ e R—  TM
Sub total
O Check enclosed [ U.P.S. COD Y a___ Disk ?Vys1ems and tor
mats North Star single o
O visa [ Master Charge | Shipping double dens:ly'. gIB(A,;
— e single or 2D 256. Altair
Hehos 1, Micropohs Mod
Account # Exp. Date $1.00 for C.0.D. I or Il 5" soft seclor
— - S l-_ — ] (Micro 1COM SD Sales
of
Signature a Dynabyte). etc I

Address (No. P.O. Box)

City State

Zip

EFFECTIVE 1115/79

™ The Soltware Supermarket

The sale or each pro
prietary soliware pack
age conveys a hcense
for use on one system
only

is a trademark of Lileboat Associates
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Ken Tunnah is one of many innovators bringing
the micro revolution to the small business. As

a programmer, he knows computers and their
languages. As a businessman, he knows business
and its languages. And when Mr. Tunnah decided
to micro-computerize the accounting function at
Collpid-A-Tron, he turned to Structured Systems
software,

Says Mr, Tunnah: “The program is designed from
a CPA standpoint, for multiple corporations, which we
have, It'is flexible and gives me the ability to change
reporting by profit centers casily. It is up and running
quickly, and it just keeps on running. | think it’s the best
business software available.”

The best software available. That’s what
Structured Systems Group set out to create.

Structured Systems offers three sophisticated
accounting systems. Our General Ledger sottware is
big enough for multi-client write-up by the CPA,
or multi-corporate reporting for the business, but
small enough for the micro budget. The very
comprehensive Accounts Receivable and Accounts
Payable packages will operate independently, or
they will coordinate with the General Ledger.

Our systems record transactions easily and
correctly, and provide an audit trail from source
document to financial statements. And they will
maintain monthly and year-to-date information in

BYTE March 1979

“My Structured

Systems business
software has paid
for itself in labor
hours saved alone’”

Mr. Ken Tunnah, Colloid-A-Tron Inc., Buffalo, New York

dollars and in percentages. And they are reliable.

The three systems interact with the user to set up
parameters such as format and headings, account
titles and numbering, automatic billing or reminder
notices, credit limits, sales reports, a check register,
and much more.

The software is designed to run on an 8080 or
Z-80 CPU with 48K of memory, dual disks
with CP/M®, printer, keyboard, and CRT. To
make it all work for you, we have provided the most
extensive documentation and support in the industry.

We provide the capability to computerize complex
accounting functions on relatively inexpensive micro-
computer equipment. Ken Tunnah has told us what
that means: “I"ve bucked some trends. | looked around,
and decided that with the right software, | could get a
micro to outperform a $45,000 mini. I'm satisfied. It's
simple economics.”

We can refer you to a growing number of
sophisticated retailers experienced in Structured
Systems Group business systems. Or we can work
directly with you. We’d be happy to provide you
with more information on our product line, which
includes QSORT (a sort/merge program), CBASIC
(a business BASIC), NAD (a mailing and addressing
system), and our General Ledger, Accounts
Receivable, and Accounts Payable packages.

ECPIM is a registered teademark of Digital Research

Steuctured Systems Group

5208 Claremont Avenue
Qakland, CA 94618
Call us at (415) 547-1567. Or write.

Circle 353 on inquiry card.



BYTE News....

MORE COMPANIES JUMPING ON THE PASCAL BANDWAGON. The list of computer manufacturers com-
mitting themselves to support Pascal on their systems is growing rapidly. The list now includes American Micro-
systems (AMI) on their 6800 based system, Western Digital Corp on their 16 bit Pascal oriented microprocessor,
National Semiconductor on their SC/MP-II, General Automation on their 16 bit microprocessor, Apple on their
8 bit microcomputer and, soon, Intel, on their 8080/8085 development system.

INTEL, TEXAS INSTRUMENTS AND IBM MAKE MEMORY NEWS. Intel has again beat its competitors to the
marketplace with a new product. This time it is the 32 K byte programmable read only memory, called the 2732,
following in the footsteps of the 2716 and the 2708. It is pin compatible with the 2716 16 K erasable byte read
only memory, and is organized as 4 K by 8 bit words. It has a 450 ns access time and operates from a single 5 V
power supply. Further, a separate chip-enable input reduces power dissipation by 80 percent (from 150 mA to
30 mA) when the device is not selected. The single unit price is $147.30 and drops to $91.65 in quantity. Intel
claims the 2732 is now available in production quantities.

Texas Instruments has been sampling their new 64 K bit dynamic programmable memory (TMS-4164) since
last fall to selected customers and expects to be in quantity production by the last quarter of this year. Motorola
also recently began sampling their 64 K bit programmable memory and hopes to be in production by year-end
(initial price is $130).

IBM, at a recent International Electron Devices meeting, disclosed that they had made an experimental MOS
gate with channel lengths of 1.3 to 1.0 micrometers. This represents a significant breakthrough in very large
scale integrated (VLSI) circuit technology. Using this technology it is now possible to build a 256 K bit memory
part. Further, IBM reports that these devices have switching times of 230 picoseconds, which is three to four
times faster than previous MOS circuits, and dissipate one tenth the power.

BUBBLE MEMORIES INCREASING IN AVAILABILITY. Texas Instruments and Rockwell are currently the only
two manufacturers of bubble memories and their maximum size devices are only 256 K bits. National Semicon-
ductor is expected to start sampling their 256 K device later this year. Also, look for Intel to enter the market
before year-end. However, prices are still very high, compared to disk storage technology, and production is still
very limited. Don't look for their use in microcomputers until the early 1980s, when bit capacity is up in the
megabyte size and competition develops. Currently, bubble memories are being used in applications where the
electro-mechanical disk systems are not rugged enough.

FLOPPY DISK IMPROVEMENTS COMING. Floppy disks are going to be with us for some time to come. Itis
expected that next year will see the introduction of 5 to 10 M byte floppy disks due to higher track density. This
will be made possible by having the disk supply its own track positioning data and by improvements in media
technology, allowing for narrower tracks. 5 inch floppies will be expanded to the 1 to 2 M byte range, per disk.

Projections for 1980 are that bubble memory will drop to 0.1 cent per bit while disk will cost 0.0001 cent per
bit. Further, projections are for bubble memory prices to drop to only 0.02 cent per bit by 1985.

In the meantime, floppy disks, first introduced in 1973, saw sales of close to 270,000 units last year with sales
for this year expected to be over 350,000.

FLAT SCREEN TERMINALS ARE COMING. General Telephone and Electronics (GT&E) has announced that
they are far along in development of a flat screen display using cathodoluminescence. They are working on it
jointly with Lucitron Inc. GT&E predicts that the display will be in production by 1981 at the latest. A color
display, using the same technique, is also being developed. The system will permit large displays, up to 50 inches
(127 cm, measured diagonally) and approximately three inches thick. The Lucitron panels use a ‘‘self-scanning”’
system which does not require complex drive circuitry. The initial display panels will be used for computer ter-
minals, with television type displays, providing good gray scale, following a year or two later.

APL ON A MICROCOMPUTER FOR $2000 AVAILABLE SOON. APL buffs waiting patiently for a home APL
system will finally get their dream. Alan Rose, of Scientific Time-Sharing Corp, considered one of the APL author-
ities, reports that he and a small company called Quark will soon introduce a microcomputer system dedicated to
APL. It will run the full APL language, as implemented by IBM and Scientific Time-Sharing Corp. It will be easily
expandable in I/O and peripheral mass storage and will execute two to four times faster than the IBM 5100 APL
machine. The unit, which will use the Intel 8086 16 bit processor, will contain its own keyboard and display and
can be used in either a stand-alone mode or as an intelligent APL terminal to a host system. The best news is that
the system price will start at only $2000. Look for availability this summer.
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Although several ‘‘tiny APL"’ interpreters have been brought out for microcomputers, and IBM has a micro-APL
in their 5100 desktop computer, these implementations have left a great deal to be desired. Vanguard Systems in
Austin TX has available an excellent Z-80 APL interpreter which we understand will be licensed soon to one or more
computer manufacturers. Microsoft had advertised their version of APL for some time, but as far as we know have
not started delivery yet.

FCC TAKING ACTION ON RADIATING COMPUTERS AND GAMES. After severe interference problems that
occurred with Citizen's Band radio interference on television sets, the FCC sought to regulate devices which employ
radio frequency modulators. This is also the case with computers and electronic games that are connected to stand-
ard television sets via radio frequency modulators. Manufacturers are required to submit their units to the FCC for
approval and licensing. Passing the standards appears quite difficult and so far only a few units have obtained
approval. Several manufacturers have gotten around the problem by providing only video signal output, which
means that the user must use a video monitor or TV set with special video input. Some manufacturers have ignored
the FCC regulations and sold unlicensed units.

Recently the FCC served a cease-and-desist order on some personal computer system owners because of inter-
ference on neighbors sets. The FCC is also talking about imposing marketing sanctions on those companies who
fail to meet interconnect qualifications.

PERSONAL COMPUTERS GOING GREAT IN EUROPE. Sales of personal computer systems are going great on
the Continent. The Germans report that sales are soaring. An estimated 4000 PETs were sold in 1978, primarily to
home users. Commodore is manufacturing the PET in England. Tandy also reports greater than expected sales,
but has not disclosed figures. Tandy started selling the TRS-80 last summer through 340 stores. In Germany the
TRS-80 (Level I sells for $935 compared to $595 in the states. The Apple computer is being handled by ITT,
who reports excellent sales. The TRS-80 and Apple are manufactured in the USA. Things will change this year
as Seimens, one of the largest European electronics manufacturers, will soon announce their own personal computer
system.

Interestingly, one of the major sales outlets for personal computer systems has become department stores. Sev-
eral US department stores have tried selling personal computer systems but have withdrawn.

MICROPROCESSOR MAKERS MOVE INTO COMPUTER SYSTEMS BUSINESS. Integrated circuit manufac-
turers are going into competition with their customers, the computer systems manufacturers. Texas Instruments
was one of the first. They have been selling complete minicomputer systems for several years now. Additionally,
they have seen selling 16 bit systems using their 9900 processor and now also will soon introduce a personal com-
puter system using the 9900.

National Semiconductor is now selling a large system to replace IBM-370s and will soon offer for sale a micro-
processor version of the DEC PDP-11 16 bit computer system. Also, Fairchild will soon sell a system that is com-
patible with the Data General NOVA computer system.

Zilog late last year introduced their system using the Z-80. It is a business-oriented system and has a full comple-
ment of computer languages, including BASIC, FORTRAN and COBOL; business application software packages are
also offered. A Z-8000 based system is expected in the fall.

Intel is rumored to be working on a very powerful data base system using an associative processor to handle
searching, inserting, deleting, etc, among an array of storage devices and host interfaces. The system will utilize
a 16 bit processor and CCD memory that will represent a breakthrough in data base computer technology. Intro-
duction is expected in 1980.

TANDY REVAMPS ITS COMPUTER MARKETING. Early last year Tandy opened a computer store in its Fort
Worth TX building complex and also issued a computer catalog. The store and the catalog carried the Radio Shack
TRS-80 and a wide variety of products ranging from the IMSAI 8080 to the Video Brain computers. Tandy con-
sidered it an experiment. The TRS-80 accounted for 80 percent of the sales. Now Tandy has decided on a new
marketing approach. They have already opened five computer stores (Richardson, Dallas and Fort Worth TX, and
New York City and Washington DC) and plans to open others soon in Tampa, Atlanta, San Francisco and Los
Angeles. Each store will have a classroom and repair facilities.

Further, the stores will carry only three different computer systems. The TRS-80, Tandy-10 and Tandy-150
systems. The Tandy-10 is made for Tandy by Digital Data Systems (DDS) and will have a base price of $8995.
Using an 8080, it will have a video display, keyboard, 48 K bytes of programmable memory, two 8 inch floppy
disk drives, BASIC and a disk operating system similar to CP/M. The initial order placed by Tandy with DDS was
reportedly for 250 systems. The Tandy-150 will be assembled by Tandy and use a Computer Automation 16 bit
processor. Starting at $21,995, it will include a 10 M byte hard disk.

Sol Libes

ACGN]

995 Chimney Rdg
Springfield NJ 07081
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THEBYTE BOOK OF COMPUTER MUSIC combines
the best computer music articles from past issues of
BYTE Magazine with exciting new material—all written
for the computer experimenter interested in this
fascinating field.

You will enjoy Hal Chamberlin's “A Sampling of
Techniques for Computer Performance of Music”,
which shows how you can create four-part melodies
onyour computer. Forthe budget minded, “A$19 Music
Interface” contains practical tutorial information—and
organ fans will enjoy reading “Electronic Organ Chips
For Use in Computer Music Synthesis”.

New material includes “Polyphony Made Easy” and
“A Terrain Reader”. The first describes a handy circuit
that allows you to enter more than one note at a time
into your computer from a musical keyboard. The
“Terrain Reader” is a remarkable program that creates
random music based on land terrain maps.

Other articles range from flights of fancy about the
reproductive systems of pianos to Fast Fourier trans-
form programs written in BASIC and 6800 machine
language, multi-computer music systems, Walsh
Functions, and much more.

For the first time, material difficult to obtain has been
collected into one convenient, easy to read book. An
ardent do-it-yourselfer or armchair musicologist will
find this book to be a useful addition to the library.

ISBN 0-931718-11-2

Editor: Christopher P. Morgan
Pages: approx. 128

Price: $10.00

SUPERWUMPUS is an excit-
ing computer game incorpo-
rating the original structure of
the WUMPUS 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 Com-
pany. Programmed in both
6800 assemblylanguage 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). Thisis a
PAPERBYTE™ book.

SFRFERELTE viin

ISBN 0-931718-03-1
Author: Jack Emmerichs
Pages: 56

Price: $6.00

TINY ASSEMBLER 6800,
Version 3.1isanenhancement
of Jack Emmerichs’ success-
ful Tiny Assembler. The origi-
nal version (3.0) was described
first in the April and May 1977
issues of BYTE magazine,
and laterinthe PAPERBYTE™
book TINY ASSEMBLER
6800 Version 3.0.

In September 1977, BYTE
magazine published an article
entitled, “Expanding The Tiny Assembler”. This pro-
vided a detailed description of the enhancements
incorporated into Version 3.1, 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 PAPERBYTE™
bar code formats of both Version 3.0 and 3.1 make this
book the most complete documentation possible for
Jack Emmerichs’ Tiny Assembler.

» PRPEFEVIE ven

ISBN 0-931718-08-2
Author: Jack Emmerichs
Pages: 80

Price: $9.00

A walk through this book brings you into Ciarcia’s
Circuit Cellar for a detailed look at the marvelous
projects which let you do useful things with your micro-
computer. A collection of more than a year's worth of
the popular series in BYTE magazine, Ciarcia’s Circuit
Cellar includes the six winners of BYTE's On-going
Monitor Box (BOMB) award, voted by the readers
themselves as the best articles of the month: Control
the World (September 1977), Memory Mapped 10
(Novermnber1977),Program Your Next EROMin BASIC
(March 1978), Tune In and Turn On (April 1978), Talk
ToMe (June 1978), and Let Your Fingers Do the Talking
(August 1978).

Each article is a complete tutorial giving all the details
needed to construct each project. Using amusing
anecdotes to introduce the articles and an easy-going
style, Steve presents each project so that even a
neophyte need not be afraid to try it.

ISBN 0-931718-07-4
Author: Steve Ciarcia
Pages: approx. 128
Price: $8.00



BASEX, a new compact, compiledlanguage for micro-
computers, has many of the best features of BASIC
and the 8080 assembly language—and it can be run
on any of the 8080 style microprocessors: 8080, Z-80,
or 8085. This is a PAPERBYTE™ book.

Subroutines in the BASEX operating system typically
execute programs up to five times faster than equiva-
lent programs in a BASIC interpreter—while requiring
about half the memory space. In addition, BASEX has
most of the powerful features of good BASIC inter-
preters including array variables. text strings, arithme-
tic operations on signed 16 bit integers, and versatile
IO communication functions. And since the two lan-
guages, BASEX and BASIC, are sosimilar, itis possible
to easily translate programs using integer arithmetic
data from BASIC into BASEX.

The author, Paul Warme, has also included a BASEX
Loader program which is capable of relocating pro-
grams anywhere in memory.

ISBN 0-931718-05-8
Author: Paul Warme
Pages: 88

Price: $8.00

PROGRAMMING TECH-
NIQUES is a series of BYTE
BOOKS concerned with the
art and science of computer
programming. ltisa collection
ofthe best articlesfrom BYTE
magazine and new material
collected just for this series.
Each volume of the series
provides the personal com-
puter user with background
information to write and main-
tain programs effectively.

The first volume in the Programming Techniques
series is entited PROGRAM DESIGN. It discusses
in detail the theory of program design. The purpose
of the book is to provide the personal computer user
with the techniques needed to design efficient, effec-
tive, maintainable programs. Included is information
concerning structured program design, modular pro-
gramming techniques, program logic design, and
examples of some of the more commmon 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.

aad J%‘i-ﬁu»

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

Price: $6.00

SIMULATION is the second volume in the Program:-

ming Techniques series. The chapters deal with
various aspects of specific 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

Pubilication: Winter 1979

RA6800ML: AN M6800 RELOCATABLE MACRO
ASSEMBLER is a two pass assembler for the Motorola
6800 microprocessor. It is designed to run on a mini-
mum 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 pro-
gram or the ICOM Floppy Disk Operating System),
and some form of mass file storage (dual cassette
recorders or a floppy disk).

The Assembler can produce a programlisting, 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™ publication LINK68: AN M6800
LINKING LOADER for details.)

There is a complete description of the 6800 Assembly
language and its components, including outlines of
the instruction and address formats, pseudo instruc-
tions and macro facilities. Each major routine of the
Assembler is described in detail, complete with flow
charts and a cross reference showing all calling and
called-by routines, pointers, flags, and temporary
variables.

In addition, details on interfacing and using the
Assembler, error messages generated by the Assem-
bler, the Assembler and sampile IO driver source code
listings, and PAPERBYTE™ bar code representation
of the Assembler’s relocatable object file are all included.

This book provides the necessary background for
coding programs in the 6800 assembly language, and
for understanding the innermost operations of the
Assembler.

ISBN 0-931718-104

Author: Jack E. Hemenway
Pages: 184

Price: $25.00

to order books see next page.....
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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 modulesinmemory.ltproducesaload map
and aload module inMotorola MIKBUG loaderformat.
The Linking Loader requires 2 K bytes of memory, a
system console (such as a Teletype terminal), a sys-
tem monitor (for instance, Motorola MIKBUG read
only memory program or the ICOM Floppy Disk
Operating System), and some form of mass file stor-
age (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 imple-
menting 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: 72

Price: $8.00

Winter 1979

TRACER: A 6800 DEBUGGING PROGRAM is for
the programmerlooking for good debugging software.
TRACER features single step execution using dynamic
break points, register examination and modification,
and memory examination and modification. This book
includes a reprint of “Jack and the Machine Debug”
(from the December 1977 issue of BYTE magazine),

TRACER program notes, complete assembly and
source listing in 6800 assembly language, object
program listing, and machine readable PAPERBYTE™
bar codes of the object code.

ISBN 0-931718-02-3

Authors: Robert D. Grappel
& Jack E. Hemenway

Pages: 24

Price: $6.00

MONDEB: AN ADVANCED M6800 MONITOR-
DEBUGGER has all the general features of Motorola's
MIKBUG monitor as well as numerous other capabili-
ties. 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 MONDEB is less than 3 K.

Some of the command capabilities of MONDEB in-
clude displaying and setting the contents of registers,
setting interrupts for debugging, testing a program-
mable memory range for bad memory 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 loca-
tion to which control will transfer upon receipt of an
interrupt. This is a PAPERBYTE™ book.

ISBN 0-931718-06-6
Author: Don Peters
Pages: 88

Price: $5.00

BAR CODE LOADER. The purpose of this pamphlet
is to present the decoding algorithm which was de-
signed by Ken Budnick of Micro-Scan Associates at
the request of BYTE Publications, Inc, for the PAPER-
BYTE™ bar code representation of executable code.
The text of this pamphlet was written by Ken, and
contains the general algorithm description in flow
chart form plus detailed assemblies of program code
for 6800, 6502 and 8080 processors. Individuals with
computers based on these processors can use the
software directly. Individuals with other processors can
use the provided functional specifications and detail
examples to create equivalent programs.

ISBN 0-931718-01-5
Author: Ken Budnick
Pages: 32

Price: $2.00

BYTE BOOKS Division ¢ 70 Main Street ¢ Peterborough, New Hampshire 03458

Name Tinl

Street City
"I Check enclosed in the amount of $
L1 Bill Visa [ Bill Master Charge Card No.

Please send the books | have checked.
Computer Music $10.00
SUPERWUMPUS $6.00
Tiny Assembler (3.1) $9.00

! Circuit Cellar $8.00
BASEX $8.00
Program Design $6.00

BYTF BOOKS. BYTE BOOKS logo. and PAPI'RBYT
sre trademarks of BYTE Publications. Inc
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Company

State Province Code

Exp. Date

(] Simulation $6.00

RA6800ML $25.00
Link68 $8.00

[J TRACER $6.00

Mondeb $5.00
Bar Code Loader $2.00

Add 50¢ per book to cover postage
and handling

Please allow 6-8 weeks for processing vour ordet
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® 4MHz operation guaranteed on high-density (16K and up)
® Low current consumption with

boards, with no price penalty
guaranteed specs @ Static technology used exclusively
® Buffered inputs for minimum buss loading
tri-state outputs for maximum output drive

configurations for addressing flexibility
to industry standard board sizes
(not just 90 days)

and legended circuit board ® Complete documentation

® Gold-plated edge connector teeth that stand up to repeated

Insertions ® DIP switch address selection/deselection

® Sockets for all ICs, including low power Schottky support chips
® Over 4 years of experience in

® Optimized thermal design
the design and manufacture of memories

® Buffered
@ Unique muiti-block
® All memories conform
® 1 year limited warranty
® Double-sided, plate through, solder masked

'Most Econorams are available in 3 forms: unkit (sockets, bypass caps pre-soldered in place for easy assembly); assembled and tested;
or qualified under .the Cermled System Component (CSC) high-reliabllity program (200 hour burn-in, 4 MHz operation over full temperature range,
serial numbered, immediate replacement in event of failure within 1 year of invoice date).

NAME STORAGE BUSS SPEED UNKIT ASSM CsC
ECONORAM II” 8K X 8 $-100 2 MHz $139 $159 N/A
ECONORAM IV™ 16K X 8 $-100 4 MHz $295 $329 $429
ECONORAM VI™ 12K X8  Heath H8 2 MHz $200 $270 N/A
ECONORAM VII™ 24K X 8 $-100 4 MHz $445 $485 $605
ECONORAM IX™ 32K X8  Dig Group 4 MHz $649 N/A N/A
ECONORAM X~ 32K X 8 S-100 4 MHz $599 $649  $789
ECONORAM XI" 32K X 8 Intel/National 4 MHz N/A N/A  $1050
80110 & 8020

OTHER MEMORY PRODUCTS AND SPECIALTY ITEMS

TRS-80 CONVERSION
KIT $109

Our kit is guaranteed for 1 year, includes DIP
shunts, and uses 240 ns chips for operation at 4
MHz. Upgrades 4K TRS-80 to 16K or populates
Memory Expansion Module; our novice level
instructions make it easy. Also expands memory
in Apple and Exidy Sorcerer computers.

3 kits/$320.

]

L3

: ACTIVE TERMINATOR KIT $29.50

o Our much imitated design plugs into any S-100 motherboard slot to treat the

o S-100 buss as the RF system it really is, thereby reducing noise, glitches, ring-

: ing, overshoot, and other buss-related problems. Improves reliability, saves

o power compared to passive termination.

L]

L 0000000000000 00000000000000000000,
° 0000000000000 000000000000

£11 SLOT S-100 MOTHERBOARD UNKIT $90

Includes 11 edge connectors soldered in place for simplified assembly, and
active termination for reliable data transfer. Dimensions: 85" x 11,

18 SLOT S-100 MOTHERBOARD UNKIT $124

Same as above, but 18 slots and edge connectors, Dimensions 8.5" x 16.7”.
.......................................................................................................................

: MEMORY CHIP SPECIALS !!

2102L-1 (low power, better than 450 ns) 1K
static RAMs now only 99° while they last. Only
good on orders of 10 or more.

TMS4044 4K static RAMs, 450 ns, prime
parts — $7.95 each, 8 or more $6.95 each, 32 or
more $5.95 each, 64 or more $4.95 each. While
they last.

L 1]

PET TO S-100 INTERFACE BOARD $199.95

From HUH Electronics (designed by Mark Garetz). Mates S-100 boards to the
Commaodore PET, or serves as nucleus of stand-alone 6500 series system.
000000000000 000000000000000000000000000000000000000000000000

110 board, with two hardware UARTSs (no software UARTS that tie up your buss),
full RS-232 specs, handshaking, and true S-100 compatibitity ... well worth
walting for. Watch thls space for details In the months ahead.

HEATH H8 BARE BOARD
MEMORY SPECIAL $35

Don't need the full 12K of our standard H8
memory? We now offer the board, mounting
bracket, edge connector, and print for only $35.
Populate it with a few support chips and readily
available, low cost 2102s to build your memory
up to a full 12K whenever your budget permits.

. . . AND HERE'S WHAT WE DO
FOR AN ENCORE!

We've got some great new products up our sleeves. How about 16K and 24K
bank select memories (perfect for the Alpha Microsystems machine)? Or a
memory management board that retrofits S-100 machines (Altair, IMSAI, etc.) so
that they can address hall-a-Megabyte of memory? Then there’s our super S-100

WANT TO SEE OUR PRODUCTS ? VISIT YOUR LOCAL COMPUTER STORE.

TERMS: Orders under $15 add $1 handiing. Cal res
add tax. VISA®/Mastercharge® ($15 min) call our 24
hour answering service at (415) 562-0636. Allow 5%
shipping, excess refunded. COD OK with street
address for UPS, Prices good through cover month
of magazine.

Circle 150 on inquiry card.
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Designing a Robot from Nature

Part 2: Constructing the Eye

Andrew Filo
4621 Granger Rd
Akron OH 44313

1(a)

Photo 1: The author’s NELOC (neural logic cyberanimate). The manipu-
lator arm (with five degrees of freedom) and the 8008 computer (at upper
right) are shown. The object resembling a TV camera is actually a sus-
tained contrast detector used to obtain a rough image of the object to be
grasped (see photos 4a and 4b and figure 7). Just below and to the right
of the sustained contrast detector is a small box called the net convexity
detector (see photo 5), which detects the direction of motion of an LED
mounted on the hand of the manipulator and feeds this information into
the homebrew computer. Photos 1(b), 1(c), and 1(d) show the arm in
action.

114 March 1979 2 BYTE Publications Inc

The first piece of hardware to be built in
my system was the manipulator. From the
start it was obvious that a tongue-manip-
ulator concept would be impractical; | chose
remote operator control over the manip-
ulator arm because | wanted to program
manipulator motion by ‘“‘teaching,” and also
to assist the system during its operation if
necessary.

The manipulator | designed was roughly
modeled after a human arm, with regard to
its actions and dimensions. The manipulator
is capable of five degrees of freedom, making
it suitable for control by the motion of
joints in a remote operator’s arm. The proto-
type arm was originally designed to be
pneumatically operated, but electric motors
were substituted for convenience during
testing. The motors (which accurately sim-
ulate the actions of pneumatic pistons and
their servo valves) are electro-optically
controlled. To start a motor or open a valve,
the optocoupler connecting the motor or
valve to the circuit’s ground must be acti-
vated. Next, the forward or reverse coupler
must be illuminated, connecting the motor
or valve to a positive or negative voltage
source, thereby causing the motor or air
piston to extend or retract its portion of
the manipulator. The only feedback devices
located on the arm are two microswitches
located just before the limit of travel of
each joint. These microswitches provide
either a full extension or full retraction
signal for each joint. There is also a set of
tactile sensor switches located in the finger-
tips of the device. Even though this manip-
ulator may appear to have little in common
with the frog, almost every facet of its
design has been mentioned, in one form or
another, in the previous (see February 1979
BYTE, page 12) analysis. The optoisolators,
for instance, resemble the neuromusculfar
junctions in function, being the point where
control signals leave the processing system
and enter the motive system. The switches
in the joints approximate the neuromuscular
spindles. The tactile switches resemble the
innervated capsules in the skin. And the
entire manipulator itself is a folding, pre-
hensile device, as is the frog's tongue.




Net Convexity Detector

Other structures developed for the turret
system more closely resemble their biological
counterparts. To monitor the motion of the
manipulator more closely, my system re-
quires a device that can track the motion of
the arm. A matrix of net convexity detec-
tors proved more than adequate for the task.
By monitoring a small bright spot of light
either reflected from a retroreflector or
emitted from a brilliant LED (light emitting
diode) source located on the manipulator,
the net convexity detectors can easily
monitor the motion of the manipulator. The
net convexity detectors built for the turret
system utilize the concepts of receptor
geometry, weighting (for processing), and
output suppression for size discrimination.

Building a small matrix of net convexity
detectors could involve the use of possibly
hundreds of sensors and many processing
devices, but since | was not concerned with
building an accurate model of the net con-
vexity detector in the frog's retina, | could
trade off various design features. For ex-
ample, | deduced that 20 is the minimum
number of receptors required to define
motion on at least four axes. The geometry
of these receptors has to be in a matrix of
four columns by five rows with the high
sensitivity receptor occuring in the fifth
row, third column (see figure 6 and boxed
text at end of article). In the frog, a net
convexity detector may have up to 100
receptors in its receptor ficld, allowing
the frog to precisely monitor the angle of
the insect’s trajectory, but to duplicate
this would require the use of a mono-
lithic digital sensor of photodiodes if the
system were to be portable. Even a 4 by 5
matrix would require a 1 inch square surface
to contain all of the detectors. This means
that four net convexity detectors would
require a2 2 by 2 inch imaging surface —
impractical both in terms of size and optics.
Another serious problem was scanning and
processing the information from the photo-
electric devices.

Text continued on page 119

1(b)

1(d)
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Photo 2: Close-up of the manipulator’s hand.

Sources of Parts

A few items mentioned are available only from
single sources:

National Semiconductor 650 calculator mod-
ules are available from Poly Packs, POB 942,
South Lynnfield MA 01940.

The best sheet plastic and cement | have found
for hobby use can be purchased from Plastruct
Inc, 61 Monterey Pass Rd, Monterey Park CA

91754. Photo 3: Elbow of the manipulator.
(a) (b)
EXAMPLE VECTOR FIELD RESPONSES
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Figure 6: Shown at (a) is a sectional view of the net convexity detector, used to determine the motion vector of the man-
ipulator arm. Light entering the lens passes through one of 20 holes in a 4 by 5 array at any instant of time, and impinges
on one of a corresponding set of phototransistors. 19 of these photo-darlingtons (the low sensitivity detectors) activate the
1 key of a calculator module. The remaining photo-darlington activates the O key; its off-center location is used to
uniquely determine the arm’s direction of travel. (The final version of the unit does not use fiber optics bundles, except
inside the brass tube. See figure 9 and accompanying text box.) At (b) are some examples of typical vectors passing over
the retina, along with the corresponding calculator outputs.
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Infroducing
the Monday Machine.

For under $10,000 we give you
Sol® the small computer system for
electronic typing and general
purpose data processing, to brighten
your Monday and speed the
workload all the way through Friday.

Are you looking for a way to handie
your typing load faster and far more
efficiently? Are you looking for an easy to
use electronic typing system that you
or your secretary can learn in a matter of
hours? And are you looking for a general
purpose data processing system capable of
doing other tasks around the office such
as mailing lists. general ledger. accounts
payable/receivable and payroll”

Then you're looking for the Sol
“Monday Machine’

It's simply the best small
computer system!

You can store. edit and print out
text as long as 110 pages. You get 750.000
bytes of memory on diskette. Plus
a letter quality SolPrinter that runs at

480 w.p.m. And a video monitor.

For the past few months. we've been
selling our Sol Systems to selected
businesses prior to formal introduction.
One of our customers. a legal firm,
uses their Sol System to type wills and
contracts. Precedents and standard
paragraphs are stored on diskettes for
easy access.

The staff of this law firm was trained
to use the Sol System on a Saturday. By the
next Friday. no one could figure out
how the workload was handled without it.
The secretarial staff told us our
keyboard has a nicer feel than that of
the well-known maker of typewriters
and computers. When they aren't using
the Sol System for word processing.
they do the legal accounting and update
the work-in-progress report.

Processor Technology knows
computers and knows programs.

In the past two years. more than 10.000
Sol computers have been installed.

WeTre easily one of the most successful
pioneers in the small computer field
because our systems are sophisticated yet
easy o use.

More information or
a demonstration

Arrange for a demonstration now. Dial
the toll free number below to find
your local dealer. Or send in the coupon.

ProcessorTechnology

Processor Technology Corporation
7100 Johnson Drive. Pleasanton, CA 94566
O Please send more information on your
electronic typing and general purpose data
rocessing system.
Please arrange a demonstration too.

Name/ Title

Firm

Telephone
Address
City State’/Zip

=
|
|
|
|
|
|
|
|
|
I
|
|
|
L

TOLL-FREE DEALER LOCATOR HOTLINE (800) 227-1241. In CA (800) 972-5951.

Circle 305 on inquiry card.

Dealerships available in selected areas.
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fa) Q The figure numbering se-
B quence for this article has
B been continued from part
k ) OUTPUT 1 (February 1979 BYTE,
- - - = page 12).
? \ g K mweur
e
OPTICS BODY SENSOR
Figure 7: Details of the (6)
sustained contrast detec-
tor. At f(a) is a cross ACTUAL
section of the unit, which IMAGE
resembles a television cam-
. 9 H 1Fi, IMAGE PROM
era; (b). is a simplified A pRoM
block diagram of the sys- - PROCESSOR
tem. The sustained con-
trast detector is used to I I T 1 T
obtain a rough image of
the object to be grasped ADDRESSING
; CIRCUIT PROCESSED
by the manipulator. TMAGE
PROCESSED
D IMAGE
ADDRESS
INPUT

Photo 4: Interior of the sustained contrast detector. Shown at (a) is the lens (at left), the array of phototransistors (at right),
and the associated electronics. 4b shows the 4 by 5 prototype array (compare with final version in figure 7).
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Text continued from page 115

I solved both problems by using a simple
6 digit, 4 function calculator integrated
curcuit, the National Semiconductor MM
50736. Before | began work on the neural
logic cyberanimate, | had experimented with
this device and found it to be compatible
with photo-darlington transistors 2N5777
thru 2N5780. With the photo-darlington
transistors as input devices, the calculator
circuit could register pulsations of light from
a diffused LED source more than two feet
away. Clearly this device was capable of de-
tecting bright objects at short distances.
Additionally, it was possible to use the data
processing nature of the calculator circuit
to assign different values to the receptors
and, based on these values, produce two
distinct output signals. The weighted inputs
were made simply by attaching one photo-
darlington amplifier to the calculator circuit
where the 1 switch of the keyboard would
normally be connected, and a second photo-
darlington to what would normally be the
0 position.

The two types of output signals are the
results of the data which the photo-
darlingtons receive. Note that there are only
two photo-darlingtons connected to the cal-
culator circuit in figure 6, yet I had previously
stated that the minimum configuration for
the net convexity detector was a matrix of
20. This is because | used fiber optic pipe
for “receptors” and the photo-darlington
devices as detectors. Figure 6b shows the
arrangement of the optical fibers. 19 fibers
have a value of 1 (they are equivalent to
the low sensitivity receptors). All 19 of
these fibers are fused to the photo-darling-
ton that has a numerical value of 1. The re-
maining fiber is fused to the 0 value photo-
darlington (to simulate the high sensitivity
receptor). The completed device can detect
and record the trajectory of a small moving
penlight flashlight at a distance of 4 feet
(well beyond the extended length of the
manipulator); obviously, if the object’s
path does not cross the high sensitivity
detector, the data is invalid.

Sustained Contrast Detector

Another structure derived from my anal-
ysis is a sustained contract detector (figure
7). This device is a spinoff of a previous
electro-optic project. But without the anal-
ysis of the frog's eye | would never have
considered this application. The sensor
consists of a matrix of five rows by five
columns of photo-darlington transistors
(see photo 4). The columns of the sensor

are scanned by TTL (transistor-transistor
logic) devices controlled by the computer.
The 5 row output is fed into a program-
mable read only memory that serves two
functions. First, the logic voltage level on
the address lines of the programmable read
only memory sets the on/off contrast
levels for the sensors, thus eliminating the
gray scale conversion problem. Second, the
programmable read only memory is encoded
with a truth table that can vertically reduce

o
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Figure 8: Simplified system flowchart, showing parallel functions in the brain.
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Photo 5: The net con-

vexity detector, shown
with the National Semi-
conductor NS 650 calcu-
lator module (connecting
wires not fully visible).
The calculator module
used in the final version
is an MM 50736, which
has no readout. The NS
650 is useful for readers
who will not be interfacing
the unit to a computer im-
mediately, since it does
have a readout.
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a high contrast image line by line with the
computer’s assistance. The image reduction
process will horizontally outline an image
and vertically dimension it (see figure 7 and
photos 4a and 4b), enabling the computer
to gauge the dimensions of objects within
reach of the manipulator.

Finally, there was the design of the pro-
cessing system. By designing all of the most
external appliances first, | hoped to further
define some of the required characteristics
of the neural logic cyberanimate. The pur-
pose of my processing system (including the
computer program, preprocessing, and post-
processing elements) as stated before, is to
locate, classify, and manipulate objects
specified by control instructions. To
accomplish this, the system first has to be
able to recognize the command instructions
that specify the location of the object to be
manipulated and what is to be done with it.
Next, the system has to use measurements
of pressure and reflected light from the en-
vironment made by the sensory instruments.
Once in the processing system, this informa-
tion has to be recognized and labeled. Incor-
rect or unnecessary measurements will then
be eliminated. The filtered measurements
will then be combined according to their
information content (ie: optical and mechan-
ical data relating to the position of the
manipulator would be combined, etc). The
combined data, whether optical, optical-
mechanical, or mechanical, is then pro-
cessed according to its type. Optical data
is reduced to information pertaining to ob-
ject size and location. Optical and mechanical
information processing describes the loca-
tion and position of the manipulator. Pro-
cessed mechanical information relates
manipulator position and contact with an
object. Based on the results of this pro-
cessing, the system then has to grasp and
move the object as specified by the com-

mand instructions. Following this, the sys-
tem notifies the command system.

The processing system uses an 8008 pro-
cessor (not the best choice, but one which
was chosen for expediency since | already
owned one) interfaced to a series of 8223
programmable read only memories used to
decode gray scale images, fire the LEDs in
the optocouplers, and perform the various
other tasks in the system.

The algorithm for the NELOC system is
diagramed in figure 8. Notice in the algo-
rithm that sections of the program perform
functions similar to those discussed in the
cyberanimetric analysis of the brain. For
example, monitoring, filtration, and sup-
pression of sensory data, which are reticular
functions, are performed in the program.
Also in the algorithm are routines that
combine sensory data, process and coordi-
nate it, and control the input and output of
data-functions that simulate those of the
frog’s brain. Another routine placed in the
algorithm accepts instructions from the
I/O and converts them into a form that
can be used by the rest of the program. This
routine makes it possible to control the sys-
tem by external command.

During its trial operation, the neural logic
cyberanimate performed quite well. With
electric motors driving the manipulator arm,
it took the system about 60 seconds to find
and manipulate a test object. The most
impressive feature of the system’s opera-
tion is its ability to resolve the position of
the manipulator and the test object.

Conclusion

During the design and construction of the
NELOC system | encountered no major de-
sign problems because, from the start, it was
possible to determine what portions of the
system would be difficult to design or con-
struct, and, therefore, | could budget my
time and money accordingly. The benefits of
clearly defining the organization of the sys-
tem before designing the hardware are
obvious. | put about 120 hours into the
research, design, and construction of the
prototype neural logic cyberanimate. If |
had tried to develop these structures without
the cyberanimetric philosophy, it would
probably have taken much longer to design
anet convexity detector ora reticular system.

Of course the NELOC system itself
represents the equivalent of only a very
thin neurological slice through a simple
organism. By no measure is the neural
logic cyberanimate intelligent, but | believe
this design philosophy could be useful for
designing systems beyond the simple servo
system.
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~ Remember our name
if your memory goes blank

Sooner or later, you might have to replace
a defective memory board in your system.

And if your present boards are built to“hobby”
specifications, it’ll probably be sooner.

That’s when to remember our name —
INDUSTRIAL MICRO SYSTEMS,INC. Every board we
produce is built to industrial specs throughout;
we don'’t stop at gold-plated contacts.

Remember our name when you’re ready to
expand your memory capacity, too. Our 16K and
32K boards feature Memory Management and
Memory Mapping, respectively, which let you grow
beyond the 64K limit.

We make six different static RAM memory
boards for the S-100 bus, including 250 nanosecond

and 450 nanosecond versions of 8K, 16K and
32K sizes.

Although we've sold thousands, our name
is unknown. That’s because other quality-minded
manufacturers and systems houses bury us in
their products.

Now, however, you can select Industrial
Micro Systems brand memory boards at retail
computer stores everywhere. And get memorable
quality at unforgettable prices.

For full details call your nearest dealer today.

Industrial Micro Systems, 628 N. Eckhoff,
Orange, CA 92668. (714) 633-0355.

Dealer inquiries answered promptly.

INDUSTRIAL MICRO SYSTEMS,INC

The great unknown.

Circle 171 on inquiry card.

BYTE March 1979 121



BRASS
ISOLATOR TUBE

n

PHOTO- Y
DARLINGTON
TRANSISTORS

TOICITIIY

OPTICS

(a)

TO CALCULATOR
MODULE

PHOTO-DARLINGTONS —==—

MASK

BRASS TUBE

BACK

L

(6)

PLASTIC
TUBE

CABLE

Figure 9: Construction details of the net convexity detector.
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Building the Net Convexity Detector

The net convexity detector used in my
system is a good example of how a calcu-
lator circuit can be used for noncalculator
application. As illustrated in figure 9, the net
convexity detector is a very simple device.
The whole idea behind the circuit’s opera-
tion is that the sensory head can, in effect,
push the right keys on the calculator in
response to the motion of an image that is
a certain size and brightness. As explained
previously, the purpose of the net convexity
detector is primarily to define angle and
direction of a small bright object. In this
design, a mask is used as a template to gauge
the diameter of an image. If a bright, moving
image is small enough to illuminate only one
hole of the template at a time, the calculator
will register its movement as a series of
numbers. If the image is too large, and
illuminates more than one hole at a time, the
calculator will display only one number that,
in terms of a trajectory, would mean
nothing.

To build the net convexity detector it is
first necessary to build the sensor head.
Figure 9b is an exploded view of the sensor.
In the construction of the sensor it is neces-
sary to use a lens that forms a focal point at
a distance no shorter than 25 mm. Next a
case is constructed from sheet plastic. This
case should be at least twice as long as the
focal point of the lens and must be able
to hold a mask containing a 4 by 5 matrix
of holes. The simplest way to make the
mask is to use a piece of unclad perforated
circuit board with holes 2.5 mm on center.
Just cut a corner of the board off so the
piece will have four by five holes. The
mask must then be secured in the case so it
will be at the lens’s focal point. The inside of
the forward end of the case must now be
painted flat black. Two end pieces are cut,
one is drilled to accommodate the lens and is
glued to the front of the case. Next, a 4 lead
cable is brought through a hole drilled in the
end of the case. A short piece of plastic tube
is glued over this hole and filled with epoxy
to block light. Two photo-darlingtons are
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attached to this cable. Notice in figure 9
how a length of brass tube is aligned with
one of the photo-darlingtons. This tube must
be located in the second column of the first
row for the sensor to work properly. This
tube carries the image to the O value dar-
lington only. The tube must be carefully
glued to the mask and the darlington by a
very small amount of epoxy glue. The
photo-darlington and epoxy joint are then
painted black. Before attaching the back of
the case, make sure that the 1 value photo-
darlington is in the center of the case.

After the sensor has been completed, it is
a simple matter to complete the circuit. A
National Semiconductor calculator module,
the NS 650, has all of the solid state elec-
tronics for a calculator, including a 6 digit
display. By adding a battery, switch, and the
sensor head (see figure 10), the circuit is
finished.

To test the circuit, use a small penlite
type flashlight, moving it in board circles at
a distance of 3 feet away from the sensor.
Many 1s and a few Os should fill the display
until the calculator indicates an overflow.
If you move the light source on a straight
vector that crosses the hole to the isolated

|
L,
“T BATTERY
| . 2
T NS650 5
CALCULATOR
777
\ 2Ns 10 MODULE
HIII
TRANSISTOR —@ RESET
4
T2 ’
. 2N5777 q
lloll
TRANSISTOR
1

Figure 10: Circuit for

darlington you will get a certain readout.
Figure 6b shows all of the possible fields
of vectors, the direction that the object
must be traveling, and the output that
should be displayed by the calculator. All
other combinations are illegal.

Although the net convexity detector is a
very simple device, it must be built very
precisely. All surfaces should be flush,
parallel, or perpendicular. Optics should be
carefully aligned and all seams should be
checked for light leaks.=

the net  convexity
detector (pins num-
bered left to right as
in the orientation in
photo 5).
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Our MacroFloppy

goes twice the distance.

For °695.
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as $695.

Introducing the Micropolis MacroFioppy™:1041 and :1042 disk drive sub-
systems. For the 5-100/8080/2-80 bus. Packing 100% more capacity into a
5%-inch floppy disk than anyone else. 143K bytes, to be exact. For as little

The MacroFloppy:1041 comes with the Micropolis Mod | floppy packaged

inside a protective enclosure (without power supply). And includes an 5-100
controtler. Interconnect cable. Micropolis BASIC User’s Manual. A diskette con-
taining Micropolis BASIC, and a compatible DOS with assembler and editor.

(213) 703-121.

The :1041 is even designed to be used either on your desk top, or to be inte-
grated right into your S-100 chassis. )

The MacroFloppy:1042 comes with everything the :1041 has, and more.
Such as d.c. regulators, its own line voltage power supply, and, to top it off,
a striking cover. Making it look right at home just about anywhere.

Both MacroFloppy systems are fully assembled, tested, burned-in, and
tested again. For zero start-up pain, and long term reliability. Theyre also
backed up by our famous Micropolis factory warranty.

And both systems are priced just right. $695 for the MacroFloppy: 1041
and $795 for the MacroFloppy:1042.

You really couldn’t ask for anything more.

At Micropolis, we have more bytes in store for you.

For a descriptive brochure, in the U.S. call or write Micropolis
Corporation, 7959 Deering Avenue, Canoga Park, California 91304. Phone

Or better vet, see your local dealer.
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Continued from page 13

along the entire back panel as well as the
lower back corner of the mother board
(5 VDC voltage regulators are on each
circuit board). With two exceptions, every-
thing went together easily, and exactly as
presented in the assembly manual.

The first problem occurred when
| attempted to install the self-retaining
nuts in the side panels. For one thing,
it can be very difficult to press these nuts
into the very sturdy composition board
unless they are gently tapped with a hammer.
In addition, the part numbers for one of
the nuts on the left side panel as illustrated
in the assembly manual didn’t correspond
to the associated detail pictorial in the
illustration booklet.

The only other problem | encountered
during this stage of assembly was the
installation of the side pancls. Access to
the side panel self-retaining nuts at the bot-
tom rear corner of the chassis was obstruc-
ted by the previously installed screws and
nuts that hold the rubber feet to the bottom
of the chassis. My solution was to turn the
chassis onto the side panel to be attached
and insert and tighten the remaining screws
to the appropriate panel.

The Mother Board

The mother board consists of two sec-
tions: a portion of the power supply, and
ten rows of paired 25 pin plugs used later
for connecting circuit boards and cables to
the system bus. The installation of the
plugs can be tedious. If you have not had
much soldering experience, practice before
you begin this board.

The most challenging part of the mother
board assembly process is soldering some
500 pins which form the connectors for the
individual boards of the system. The re-
mainder of the board consists of a few
capacitors, resistors, and diodes. There are,
however, two instructions whose sequence
should probably be reversed. Specifically,
you are instructed to solder two electrolytic
capacitors to the board and then secure each
to the board with a self-locking cable tie.
Reversing this sequence insures that no
strain will be placed upon the soldered
capacitor leads by the cable ties when they
are tightened. The finished board is instalied
on the righthand side panel of the chassis
after the twisted pair of 18 V leads from the
power supply transformer are connected
to the board. | had no trouble obtaining
the proper resistance and power supply



MetaFloppy

The Micropolis MetaFloppy™ gives you more than four times the capacity of
anyone else’s 5%-inch floppy. Because it uses 77 tracks instead of the usual 35.

_ The field-proven MetaFloppy, with thousands of units delivered, comes
in a complete family of models. And, like our MacroFloppy™ family of disk
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age. For less money than you'd believe possible.
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uration. A controller. Power supply. Chassis. Enclosure. All cabling. A new BASIC

software package. And a DOS with assembler and editor, There's even a built-
in Autoload ROM to eliminate tiresome button pushing.

If that’s more storage than you need right now, try our
MetaFloppy:1053, with 630,000 bytes on-line. Or our Meta-
Floppy:1043, with 315,000 bytes on-line. Either way, you can
expand to over a million bytes on-line in easy stages, when you

need to. Or want to.

In other words, if your application keeps growing, weve got

you covered. With MetaFloppy.
The system that goes beyond the floppy.

For a descriptive brochure, in the U.S. call or write Micropolis
Corporation, 7959 Deering Avenue, Canoga Park, California 91304

Phone (213) 703-1121.
Or better vet, see your local dealer.
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test readings outlined in the manual, and
proceeded to the next step of assembly.

Front Panel Circuit Board

The H8 front pane! control systen has
many features which make using the H8 a
pleasure. One of these is the multifunction
console keypad that provides users with
direct, easy-to-usc commands to operate
the H8 without a terminal (see figure 1).
Another feature is the 7 segment LED
(light emitting diode) display system that
displays a variety of system status informa-
tion in an easy to read format not found on
many larger 8 bit systems. We'll take a
closer look at this unique system later, but
first let's consider its assembly.

The entire assembly procedure is very
straightforward. However, it is during the
assembly of this board that a second rather
tedious subassembly construction activity
is encountered. In particular, it is neccssary
to prepare the cables that run from the
board to the first row of plugs on the
mother board and between the front panel
and processor boards. The instructions and
illustrations for this stage of construction
are excellent and, if they are followed
exactly, you should have no problems. The

work performed on the cables is rather
delicate, requiring the same amount of care
and patience needed while assembling the
mother board. One construction hint: you
are instructed to mount four single element
LEDs on the upper left side of the board.
Make sure that each LED is mounted at
exactly the same height as the others
(0.25 inches from the board to the base of
each LED). This can be easily accomplished
by cutting a piece of 0.25 inch wire and
using this as a spacer placed underneath
each LED between the pairs of LED leads
prior to soldering each to the board.

The Processor Board

Another feature of the H8 is the pro-
cessor board, which comes preassembled.
This is a real advantage because many of
the problems that computer kit builders
encounter are caused by mistakes made
during assembly or installation of the
processor board (see photo 2).

With assembly of the circuit boards
and chassis complete, all that remains
is to install the components. Of course,
the H8 does not come with other boards
that are necessary to have a functioning
computer, such as extra memory and an
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Backgammon

Casmo | (blackjack)
Casino Il {craps)

Goif i
Library (100 programs) 44950
Backgammon 17685 P
Space Maze 885

Apple Il Organ X

Rocket Pilot ag9s

Saucer Invasion nes

SORCERER $14.95 each

Beat Ihe House * Ciic * Outwat ® Outwit Il ® Adventure » The Market * Biockade

uHaw
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*p EEEB

AT = A
EE

e -]
YT YOEWTW: TeTTUTmuTm

R

FERAREELPERERERRRERE

TTT

BERED

IMSAI

General Ledger $750
tnventory Control 350/750
Inventory Control (with invoicing) 950
Waord Processing 225
Cash Receipts/Oisbursement 150 each

COMPUCOLOR II - $19.95 each disk

MATH TUTOR--with Checkbook. Bio PERSONAL FINANCE |

rhythms, Math Dice, and Recipe PERSONAL FINANCE I
CHESS—with Acey Deucey & Line 5 EQUITY

STARTREK— with Lunar Lander BONDS AND SECURITIES
OTHELLO—with Dice & Concentration  BLACKJACK

HANGMAN—with Math Tutor, 2 on 10 The following are $24.95 each

TOLL FREE American Express TEXT EDITOR » ASSEMBLER
Master Charge and

800-223-731 8 VISA accepted

Send30c¢ i stamps Or coins to cover postage. (Dealer inquires invited.)
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Circle 68 on inquiry card.

I/O (input/output) board. These are
options the user purchases when buying
an H8 (and most other computers, for
that matter).

The Memory Board

If you want to use your H8 without
external devices, the H8-1 memory board
is the only other board you will need.
The H8-1 is a 4K byte programmable
memory board which can be extended to
a full 8 K by installing the optional H8-3
memory chip set. This board is easy to
assemble, and not much more need be
said about it — nothing, that is, except
a short story about a mistake | made which
also points to another nice feature of the H8.

Briefly, it happened like this: | was
assembling the H8's circuit boards with
extreme care, paying particular attention
to the quality of the instructions and illus-
trations and making notes in my manuals |
might want to use later. On the evening |
started putting the memory board together,
friends dropped over, and because the
board looked so simple to put together,
| decided to put part of it together while
we relaxed and chatted. As a result of my
divided attention, | installed a 14 pin IC
socket in a 16 pin socket location.

One of my visitors was just beginning to
get interested in computers (which was part
of my reason for doing some of the assembly
while company was around} and | showed
her the partially completed board. She
looked at it, asked a few questions, and then
said, "What are those holes for by the end of
that socket?”

| turned a bit red — | had blundered in
the middle of a demonstration. Well, for the
next 45 minutes we struggled to remove
the socket, clean out the solder that was
plugging the holes in the board and refit
another socket. The H8 as well as its acces-
sory kits come with sockets for all of the [Cs
including the 7 segment displays. If you ever
need to replace an IC, you won’t have to
struggle with unsoldering it and cleaning
off the board. And you won’t have to pay
extra for the socket sets when you buy the
kits. The finished board is shown in photo 2.

The H8-5 S10 Board

If you want to connect your H8 to a
console terminal or use the system software
stored on cassette tape, you'll also want the
H8-5 serial 1/O and cassette interface board.
It took quite a while to assemble because of
its relatively high component density, but it
presented no construction problems.



Testing and Alignment

After assembling the basic H8 system,
you are instructed to perform three program-
mable test routines as well as an alignment
of the cassette interface. The first test rou-
tine is a short program entered in machine
code through the front panel keypad. The
routine performs a general check of the H8
and at its end-of-run displays several mes-
sages on the front panel LEDs (ie: YOUR
H8...IS UP AND ... RUNNING). If the
test routine does not execute properly, the
reader is directed to an extensive trouble-
shooting flowchart that is ten pages in
length and very clearly written. | had no
trouble at this point and proceeded to the
next test routine.

The second of the two routines is a
memory test routine. It is also entered in
machine code through the front panel key-
pad. The program performs a thorough test
of every memory location on any 4 K or
8 K byte memory board by storing and
retrieving consecutive octal values from
000 through 377 in every memory location.
If an incorrect value is detected during a
compare operation, the program halts,
sounds an audio alert, and displays the
expected (rather than observed) contents of
the location where the test failed. The ad-
dress where the test fails and the actual
(or observed) contents of memory at that
location can both be displayed on the LEDs
by displaying the contents of the HL register
pair and the accumulator, respectively. If no
problems are encountered during execution
of this routine, it will continue to repeat the
test cycle until stopped by the user. Every-
thing worked fine for me as | watched the
memory content values go sailing by in the
display.

The last task to be performed is the
alignment of the cassette interface on the
cassette 1/O board. The procedure consists
of setting the two variable resistors on the
board to the correct positions as indicated
by the readout on an on board single
element LED test lamp. This LED also
comes in handy later for troubleshooting
the H8's circuitry. The adjustments were
quite tricky to make, but after two tries
and a number of test loads of software
cassette tapes, it worked very well. Had it
not worked, | could have referred to another
trouble-shooting flowchart to locate the
problems.

But everything did work. | proceeded to
play around with the keypad commands,
becoming familiar with what made my H8
“tick.” Finally it was time to install the
front panel cover and the louvered metal
chassis cover. | connected the serial 1/O

Up Your
Output.

MULTI-TASKING!

The TEMPOS Operating System is quickly becoming the standard in Multi-
User, Multi-Tasking operating systems for 8080 and Z80 microcomputers.
Multi-Tasking means that, even with only one user at one terminal, more
than one job can be running on the system simultaneously!If you have ever
had to go get a cup of coffee while you wait for your computer to print list-
ings, you know the advantages of a system that will handle one job while
you are working on another. TEMPOS is a true time sharing system, and
the maximum number of jobs is limited only by your memory.

MULTI-USER!

Want to share your computer with another user? With TEMPOS all it takes
is another terminal . . . up to seven interactive terminals are allowed! And
with Re-Entrant programs, each user does not need a complete copy in
memory. We include three Re-Entrant programs (the OPUS/THREE High-
Level Language, the TEXTED Text Editor, and FILES, a disc file
directory/manipulator) or write your own! In addition, we include an
assembler, a linking loader, over a half-dozen other utility programs and
over 60 system subroutines, callable by the programmer!

PROVEN!

With TEMPOS, you get a package that has been tested in our facilities for
over two years, and in the field at over 50 different installations. We have
used this system ourselves for everything from writing high-level languages
to developing applications to text editing to games. TEMPOS is undoubted-
ly the most flexible software tool on the market . . . and you can have it for
much less than you think!

COMPATIBLE!

TEMPOS is available for many different systems; pre-written drivers may
include yours. Or, using our interactive System Generation Routine, you
can add your own. Call or write now for our free catalog and the name of a
dealer near you. The TEMPOS Operating System is available for $787.00,
the manual set (price may be credited toward the purchase of the TEMPOS
package) for $21.50 (prices include shipping within the U.S.).

ADMINISTRATIVE
OOSYSTEMS
OOOINC.
00

1642 S. Parker Road, Suite 300, Denver, Colorado 80231
(303) 755-9694

Circle 2 on inquiry card.
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il Software
]
Exchange
With so many new names on the street, it’s
good to know that one company has been pro-
ducing and distributing top quality software for

|
the TRS-80 for almost as long as there has been
| aTRs-s0.

MASTERMIND LevellorLevel Il 16K......c.ccocoeeeeeinnn $7.95
ROBOT  LEVel [l 4K .ouersuibiusabibnpaiie s b s i mamgps o $4.95
'ROUND THE HORN Level il 18K........ccoooiiiiiiiinnnns $7.95 *
3-DTICTACTOE Levellor 16K ....coocoerviiiiiiiniiias $7.95
CONCENTRATION Leveltoril 16K........ocoovviiinnnnn. $7.95
SANTA PARAVIA Level Il 16K......cccooeviiiiiiiiiiiiiinnns $9.95
WHEEL OF FORTUNE Level 1 4K......coooiiiiiiiiinnnnn. $4.95
REMAINDER Level lorll 4K ......oooviiiiiiiiiiiiiiieiins $4.95
TIMEBOMB Level lor il 16K......covvvviiiviiiienineennn $7.95
CRIBBAGE Levellor Il 16K.....coooviieiiiiiiiiiinieiiinenns $7.95
END ZONE Level lor 1l 16K ...ocoiiiiiiiiniiiiiiiiiiinn, $7.95
BREAKAWAY Levellorll 4K............... SO | $4.95
TROLL'SGOLD Levelll 16K............... eyt TR $4.95
STARTREK I Level 16K ....oooviiiiiiiiiiiiiinnns $14.95
X-WING FIGHTER Level [l 16K........cooovviiiiiiiiiinen. $7.95
PORK BARREL Levelll 16K......ccccovvvviviiniiiiiiiiiiinnns $9.95

BRIDGE CHALLENGER Leve! Il 16K.....................

INVENTORY MGMT. Level Il 16K...........ccooovvvvvnenn, :
SMALL BUS. BOOKKEEPING Level | 4K or Il 16K....$15.00
BIORYTHYMS Level lorll 4K.......cooovvviiviiiiiinininnn, $3.95*
MICRO TAX '78 Level 11 16K...........cooovveviiiiiiinn, $12.95
TAROT Level lor 11 16K.......coocovvvirenineenenn, $7.95 *
MORTGAGE CALC. Level 1 4K.....coooovvvviiiiineiriin, $4.95
HOME FINANCE MGMT. Level Il 16K...........c.ooon.. $9.95
PERSONAL FINANCE Level Il 16K

RENUMBER Level Il 4K — 48K (specify).................. L
ZONE HOCKEY Level | 4K........ooovvviio $4.95
TEN PIN Level Il 16K

DISK SOFTWARE

INVENTORY 2.0 ............. $39.95
INVENTORY 2.2 ............. $59.95
ACCT. RECEIVABLE .......... $59.95

PAYROLL ¢vme e 00080 a5 sanmas i

*Special prices in effect for 30 days s
VISA
m Credit card orders accepted by phone W=

To order any of the programs listed above, and
to receive our complete catalog of TRS-80
software currently available on cassette, disk or in
source code listings, call or write:

17 Briar Clitt Drive  Mlilford, New Hampshire 03055

TR$-80 Software Exchange

Circle 326 on inquiry card.

cable to my H9 video terminal and was
ready to do the final test routine for the
serial 1/O channel on the serial 1/O board. It
consists of setting up the USART (universal
synchronous/fasynchronous receive/transmit
device) assigned to this channel and trans-
mitting and receiving characters to and from
the terminal. | was amazed at how easy it
was to do |/O routines from the front panel.
The final test was completed, so | left my
system for awhile to return to the H8 oper-
ating manual and software manual set.

The Benton Harbor Bus

The Benton Harbor Bus represents a
departure from the S-100 bus, which has
become one of the ‘'standards” of the
microcomputer industry. The H8 system
bus uses only 50 lines, compared with the
100 lines of the S-100. Since the S-100
was designed early in the history of the
microcomputer industry, it incorporates
bus lines which are no longer needed or
which have been replaced by more recent
system control hardware.

Manufacturing costs are kept down by
not having to machine an edge connector
tongue, not using gold plated edge connec-
tors, and replacing the expensive 100 pin
socketing system of the S-100 with much
less expensive plug and socket sets which are
assembled by the user.

Another feature found on the H8 is its
convection cooling system. This system
has been designed so that power supply
voltage decreases slightly every time a
circuit board is added to the mainframe.
As more boards are added, the propor-
tional amount of heat dissipation from each
circuit board regulator also decreases. It
is for this reason that you are instructed
to “locate circuit boards in alternating
positions for improving ventilation.” When
the time comes to add boards to the un-
occupied alternating rows of plugs on the
mother board, the effective heat dissi-
pation will be low enough to position
boards adjacent to one another. To im-
prove upon this scheme, all circuit boards
are installed on a slant to facilitate the
convection cooling process. The end result
is a quiet running machine which does not
require the added cost of a fan to keep
component temperatures down.

Costs are also kept down by the size
of the H8’s power supply. | saved a lot of
money by not buying an 8 bit machine with
a large power supply. The fact is that you
pay dearly for every extra and often un-
used ampere that a power supply delivers.
In this regard, the H8 delivers a full 10A,



which is sufficient to operate all of the
boards that the chassis can hold — up to
seven in addition to the front panel and
processor boards. It is also switch-selectable
for operation on either 110 or 220 VAC,
an advantage for European users. It also
includes a switch for normal or low level
line voltages, which may come in handy
in case of a brownout — you'll need a
separate generator for a blackout.

Split-Octal Notation

Before going on to discuss the firmware
that coordinates many H8 operations, we
should first describe the type of machine
language code notation used by the H8. The
H8 uses a number system called split octal,
a modification of straight octal that is well
suited to 8 hit computers like the H8. It
is also well suited for the H8 display system,
as you will see.

Split-octal notation is identical to octal
notation except that the two most signifi-
cant bits of each pair of data bytes are rep-
resented by one arabic numeral. In this
scheme 377 is the highest value that can
be represented by one 8 bit byte (ie: word)
of data. Thus:

377 =11 1 1 1 1 1 1.

R Ve

3 7 7

And, the highest value that can be repre-
sented by two 8 bit bytes of data would be
377.377. The H8 defines 1K bytes of
memory as 003.377 bytes and 8 K bytes
of memory as 037.377 bytes. The H8 is
designed to reserve certain portions of
memory for the system monitor and later
system expansion as shown in the H8
memory map (see figure 2).

PAM-8, the Front Panel Monitor

The functions and features discussed
above are tied together by another H8
feature — the front panel monitor — which
resides in 1 K bytes of read only memory
on the processor board. it also controls such
activities as initializing the system during
power-up, coordinating tape loads and
dumps, communication with the Console
Driver routine (part of every Heathkit
software package), processing restart and
clock interrupt vectors, and processing
user defined interrupt requests.

H8 Software

Someone once said a computer system is
no better than the software that comes with

Here’s Your BRAND

tOur GREAT PRICE]}
With LIGHTENING
FAST DELIVERY.

LIST  CASH*

ITEM CODE  DESCRIPTION PRICE  PRICE
MAINFRAMES

NS-H-1/D North Star Horizon 1 Doub. Dens Kit ~ $1599. $1339.
NS-H-1/0/A North Star Horizon 1 Doub. Dens Assm.S$1899. $1595.
NS-H-2/D North Star Horizon 2 Doub. Dens Kit ~ $1999. $1679.
NS-H-2/D/A North Star Horizon 2 Doub. Dens Assm.S$2349. $1973.
IM-PCS-40  IMSAI PCS-40 180KB Disk $2695. $2275.
IM-PCS-42  IMSAI PCS-42 400KB Disk $2995. $2535.
IM-PCS-44  IMSA! PCS-44 780KB Disk $3695. $3125.
IM-VDP-44 IMSAI VDP-44 780KB Disk System $4995. $4195.

CR-Z2

Cromemco Z2 Kit $ 595. § 536.

CR-Z2/A Cromemco Z2 Assm. $995. S 896.

CR-Z2D

Cromemco Z20 Kit $1495. $1345.

CR-Z2D/A Cromemco 22D Assm. $2095. $1886.
MEMORIES

NS-16K

North Star 16K 250ns RAM Kit $399. § 319.

NS-16K/A North Star 16K 250ns RAM Assm. $ 459. § 369.
DY-MS1625 Dynabyte 16K 250ns Static

RAM Assm. Y5551 444,

DY-MS3225 Dynabyte 32K 250ns Static

SE-8KZ

RAM Assm $ 995. 795.
Seals 8K 250ns RAM Assm. $ 280. 175.

CR-BSK-2 Cromemco 8K Bytesaver Kit $ 145, 131.
CR-BSK-2/A Cromemco 8K Bytesaver Assm. $ 245, 221.
CR-BSK-32  Cromemco 32K Bytesaver Kit $ 195, 176.
CR-BSK-32/A Cromemco 32K Bytesaver Assm $ 295. 266.

INPUT/QOUTPUT BOARDS

IM-S102-2 IMSAI S102-2 Kit $ 156. 133.
IM-V10-C IMSAI VIO-C Kit $ 325. 276.
CR-TUART Cromemco TU-ART Kit $ 195, 176.
CR-TUART/A Cromemco TU-ART Assm. $ 295. 266.
CR-PI108 Cromemco 8-Port 1/0 Kit $ 195, 176.
CR-PI08/A  Cromemco 8-Port 1/0 Assm $ 295. 266.

FLOPPY DISK SYSTEMS

NS-MDS/D  North Star Doub. Dens. Micro Disk Kit $ 699. § 587.
NS-MDS/D/A North Star Doub. Dens. Micro Disk

Assm $ 799. S 671.

MI-1042M1  Micropolis 143K Macrofloppy Assm. $ 795. $ 675.
Mi-1043M2  Micropolls 315K Metafloppy Assm. $1145. § 973.

*“This price is for payment by check or money order. Credit card
prices slightly higher. Prices F.0.B. our warehouse-shipping
extra

e ALL ITEMS COMPLETE AND FACTORY-FRESH WITH FULL
MANUFACTURER'S WARRANTY

TEAMS:

Snipping Charges: $12 for Mainirames. Floppy systems. or large units:
$1.75 per board
$2.25 mimmum per order

Delivery 1s stock to 30 days on mosi llems. Shipment is immediate for payment
by cashiers check. money order or charge card. Allow 3 weeks for personal
checks 1o clear

N.Y. stafe residents add approprate sates 1ax

Availability. prices and specs may change withoul notice

HOURS:
Monday-Friday 10-5
Eastern Time
Closed Sat. and Sun

P.O.Box 71  Fayetteville, New York 13066  (315) 637-6208
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Figure 2: The H8 memory

map.
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it. This is as true for large computers as it
is for microcomputers. The H8 software
packages are intended to function as an
integrated system. They include TED-8, a
line oriented text editor; HASL-8, a machine
language assembler; BUG-8, a machine lan-
guage debugger; and Benton Harbor BASIC,
Heathkit's version of the popular interactive
programming language created many years
ago at Dartmouth College. Let's see what
they're all about.

Common Elements

Each of these software packages con-
tains a console driver routine that enables
the H8 to communicate with a user’s console
terminal (Telctype, video display terminal,
etc) and a cassette or paper tape transport.
It occupies 355 decimal bytes of program-
mable memory in each software product
from locations 040.100 through 041.144.
Thus, all of the console driver routines are
available to users for special purpose modi-
fications as well as for use in user designed
software which would benefit from using the
same /O routines, including /O port
assignment. It is responsible for processing
console terminal interrupts, setting up and
reading USART ({universal synchronous-
asynchronous receiver-transmitter) modes,
commands and statuses, processing contro!
characters (such as CTL-C, CTL-Q, and
CTL-S), reading and writing single characters,
and processing character strings in the 28
character type-ahead buffer. During interrupt
processing, the console driver interacts with
the PAM-8 system monitor. The entire listing
of the console driver routine in assembly
language is provided in an appendix to the

software manuals. As in the case for the.

monitor, the console driver routine and all

END OF ADDRESS SPACE ——

other software for the H8 were developed
for Heath by Wintek. The Heath Company
cannot {under contract with Wintek) provide
any listings other than the partial listings
presented in the software manuals, and
“cannot provide consultation on user
developed programs or modified versions of
Heath software products.” However, with a
homebrew disassembler or memory dump
routine and the partial listings provided, you
might not have too much difficulty in gen-
erating your own unofficial versions of the
source codes,

Another common element to all Heath
software products is the software configura-
tion procedure that must be performed
before any software distribution tape is
loaded into the H8. The procedure provides
opportunities for the user to adapt each
software package to his or her own needs. A
list of program configuration parameters is
presented to the user, who can then define
items such as BKSP, which allows the user
to define which key will be used to contro!
the backspace function, HIGH MEMORY,
which allows the user to specify that section
of high memory that he or she does not
want used by the system program, and
LOWER CASE, which allows the user to
select either upper and lower case or upper
case only 1/O to the terminal.

A third element common to all Heath
software products is command completion.
The feature allows the user to enter the first
letter(s) of a program command, whereupon
the software routine, in conjunction with
the console driver, will print out the re-
mainder of the command. For example, a
text editor allows the PRINT command to
be evoked by typing P, and the system
responds with RINT, completing the com-
mand. The problem is that, if one is a fast

END OF
PROGRAMMABLE MEMORY — —

THE STACK AUTOMATICALLY STARTS

i

b R
e

= AT THE UPPER BOUNDARY OF MEMORY.
THE MONITOR WILL USE A MAXIMUM OF
120g {8040} LOCATIONS (INDICATED BY

USER

AREA

SHADED AREA)

USER PROGRAMS START
AT 040 100 WHEN LOADED

BEGINNING OF
PROGRAMMABLE MEMORY —

PROGRAMMABLE MEMORY
RESERVED FOR MONITOR

040 100

040 000 8K (DECIMAL)

RESERVED FOR EXPANSIONJ
NOT RECOMMENDED FOR

FRONT PANEL MONITOR
READ ONLY MEMORY

CUSTOMER USE

004 000
1K
000 000




INTRODUCING

DUAL DRIVE MINIFLOPPY FOR PET!

A FULL RANGE PROFESSIONAL A TOTALLY

OF R ——
OF PERIPHERALS + SOFTWARE ™= INTEGRATED

SUPPORT YOUR PET SUPPORT PET* SYSTEM

DOMESTIC & OVERSEAS DEALER INQUIRIES INVITED ON DISK SYSTEM & MEMORY

NOW THE DISKDRIVER DUAL DRIVE DISK SYSTEM
CAN ADD TOTAL SYSTEM CAPABILITIES TO PET!

#« DUAL MINI FLOPPY DRIVE {5.5") WITH 100K PER DISK SIDE FOR TOTAL 200K ON LINE.
« EXPANDABLE IN MARCH/APRIL 1979 TO 400K ON LINE VIA DOUBLE DENSITY FORMAT.
# DISKMON-DISK OPERATING SYSTEM (DOS) IS RESIDENT IN PROM VIA DISK CONTROLLER BOARD THAT PLUGS
DIRECTLY INTO THE INTERNAL EXPANDAPET MEMORY BOARD.*
DISKMON COMMANDS EXIST SIMULTANEOUSLY WITH THE BASIC LANGUAGE COMMANDS.
DISKMON ADDS 16 COMMANDS TO BASIC INCLUDING DISK DATA FILE COMMANDS.
DESIGNED FOR COMMERCIAL SPEED REQUIREMENTS — READS AN ENTIRE TRACK AT A TIME.
DISK DRIVES ARE AUTOMATICALLY TURNED OFF BETWEEN COMMANDS FOR LESS WEAR.
EXCELLENT DOCUMENTATION AND FULL SOFTWARE SUPPORT VIA FUTURE SOFTWARE.
DISKMON AUTOMATICALLY SUPPORTS COMMERCIAL TYPE PRINTER (CENTRONICS MODELS) VIA PARALLEL PORT.

THE DISKDRIVER, DISKDRIVER COMES COMPLETE WITH ATTRACTIVE BEIGE CABINET. BUILT IN POWER SUPPLY, DISK CONTROLLER

BOARD, ALL PLUG COMPATIBLE WITH YOUR PET (DISKDRIVER REQUIRES THE EXPANDAPET)

DOS, AND EXPANDAPET (/e THE FIRST TIME YOUR PET CAN BE UTILIZED AS A COMPLETE, TOTAL SYSTEM.
ARE ALL PRODUCTS OF  , AppLICATIONIDEVELOPMENT SOFTWARE AVAILABLE # BUSINESS PACKAGES IN MARCHIAPRIL.
COMPUTHINK #* FULL PRODUCT (HARDWARE & SOFTWARE) SUPPORT FROM COMPUTHINK AND DEALERS.

DKH642-1
EXPMEM
PRT200
PRT202
PRT100
NPK101

ASG200
ASM789D
LNK456D
EDT392D
DUGO078
DKLO67
FOR112
PLM118
FUTURE

HARDWARE/SOFTWARE PRODUCT DIRECTORY

DISKDRIVER DUAL DRIVE MINIFLOPPY SYSTEM (200K ON LINE STORAGE)

EXPANDAPET MEMORY EXPANSION BOARD (SPECIFY 16K, 24K, 32K) 16K MODEL

CENTRONICS COMMERCIAL PRINTER (MODEL 779-1) WITH FRICTION FEED.................... $1245
CENTRONICS COMMERCIAL PRINTER (MODEL 779-2) WITH TRACTOR FEED. . .. $1345
AXIOM HOBBYIST PRINTER (ELECTROSTATIC 55" WIDE PAPER) APPROX. .... $ 450
NEECO PERIPHERAL KEYBOARD (TYPEWRITER TYPE) AVAILABLE JAN $ 140

PET ASSEMBLER PROGRAMMER'S GUIDE (SHOWS HOW TO TAP INTO BASIC) wenena 1919:95
PET ASSEMBLER 6502 PROGRAMMING SOFTWARE (ON DISK—WITH MANUAL) $49.95
AUTOLINK PROFESSIONAL LINKING LOADER SOFTWARE (ON DISK—WITH MANUAL) $49.95
ASSEMBLER-EDITOR, ASSEMBLER SOURCE PROGRAM EDITOR (ON DISK—WITH MANUAL) ... $49.95
DISKMON USER'S GUIDE (PROVIDED WITH SYSTEM—CAN BE PURCHASED SEPARATELY).... $ 9.95
DISKMON (DOS) ASSEMBLER LISTING IN MANUAL FORM . $19.95
FORTRAN COMPILER FOR DISKDRIVER SYSTEM (AVAILABLE JAN./JFEB.). ..................... $69.95
PROFESSIONAL PLM COMPILER FOR DISKDRIVER (AVAILABLE JAN./FEB.) ................... $49.95
BUSINESS AND PROFESSIONAL PACKAGES STARTING IN JAN./FEB.

* NOTE PET IS A TRADEMARK OF COMMODORE AND IS SOLD ONLY BY AUTHORIZED DEALERS.

EASTERN U.S. & EUROPEAN WESTERN U.S. & CANADA

NEECO NEW ENGLAND ELECTRONICS COMPUTHINK
248 BRIDGE ST. 3260 ALPINE ROAD
SPRINGFIELD, MASS., 01103 COMPU THINK MENLO PARK, CA., 94025

415)854-2577
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typist or has used computer terminals before,
one tends to enter too many beginning char-
acters and thereby cause an error. For ex-
ample, | still haven’t gotten used to typing
just P to evoke the print command. So what
happens? | type out the entire command,
PRINT, and the result is PRINT RINT. The
problem is even more bothersome because
the command completion for some of the
same commands is different for different
software. Using the text editor (the above
example), typing just P evokes the RINT
completion; using BASIC, a PR evokes the
INT completion.

64KB MICROPROCESSOR
MEMORIES

* S-100 - $695.00
e LSI 11 - $890.00

TED-8, the Heath Text Editor

A text editor turns the user’s terminal

CI-S100 64K x 8
WILLH

T

-

b

CI1-1103 32K x 16

e 6800 - $995.00

CI1-8100 — 64K x 8 on a single board.
Plugs directly into the IMSAI, MITS,
TDL, SOL and most other S-100 Bus
computers. No wait states even with
280 at 4Mhz. Addressable in 4K in-
crements. Power requirement 6 watts.
Price $695.00.

Cl1-1103 — 8K words to 32K words in a
single option slot. Plugs directly into
LSl 11, LSI 11/2, H11 & PDP 1103.
Addressable in 2K increments up to
128K. 8K x 16 $390.00. 32K x 16 $890.00
qty. one.

C1-6800 — 16KB to 64KB on a single
board. Plugs directly into Motorola’s
EXORcisor and compatible with the
evaluation modules. Addressable in

4K increments up to 64K. 16KB $390.00.
64KB $995.00.

C1-8080 — 16KB to 64KB on single
board. Plugs directly into Intel's MDS
800 and SBC 80/10. Addressable in
4K increments up to 64K. 16KB $390.00.
64KB $890.00.

Tested and burned-in. Full year warranty.

- Chrislin Industries, Inc.

Computer Products Division

31352 Via Colinas ® Westlake Village, CA 91361 ¢ 213-991-2254
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into a typewriter of sorts with the added
capability to store what is typed into mem-
ory, and to edit the contents once stored. It
is essential for writing assembly language
programs and for preparing various kinds of
texts, such as newsletters and reports, for
personal use.

TED-8 is a line oriented text editor that
occupies approximately 4.3 K of user mem-
ory. It has commands for loading and dump-
ing both files and individual records, search-
ing for character strings, clearing the text
buffer, replacing and deleting lines, specifying
range statements which control the number
of lines upon which commands will operate,
creating new text, and editing existing text
in the buffer. It also includes a TAB com-
mand to facilitate the writing of assembly
language programs, a wide variety of range
commands, and a USE command that
provides the user with a current number-of-
lines count and memory usage information.

In my opinion, TED-8 is a reasonably
good small system text editor with con-
siderable flexibility. It is, however, some-
what inconvenient to use, especially when
one needs to edit a particular line but does
not know the exact line number and must
therefore cither count the lines (an incon-
venience if there’s a lot of text to cover)
or write and execute an often lengthy ex-
pression to specify the character string in
the line that is to be edited. Some of this
could have been avoided if a line numbering
system had been included, which could be
stripped off at the end of editing.

Another problem is that the text editor
and assembler are interdependent in somne
situations but must each be loaded separately
into memory. This makes repeated editing
and execution for program testing a real
chore. | would have liked to see these pro-
grams (TED-8 and HASL-8) put together as
one package, or have been provided with
a dedicated linking loader as part of the




PAM-8 monitor that would enable me to
load both programs into memory. Aside
from these two disappointments, | am
plcased with the general capabilities of
TED-8. For the small amount of memory it
occupies, it is relatively powerful.

HASL-8, the Heath Assembly Language

HASL-8 is a 2 pass assembler which
effectively means that you must load (play-
back) your source program (created by TED-
8) twice before the assembly of the source
program can be executed. (You can see how
often you may have to load and unload,
rewind and playback cassette tapes if you
are editing and testing even a moderately
sized assembly language program.) The out-
put of HASL-8 is object code which is the
machine language for the computer. In
addition, a source listing of your program
is generated, which includes not only the
text of your original program but also the
addresses which correspond to specific
assembly language and machine language
instructions (op codes). The Heath assembly
language resides in slightly less than 8 K
bytes of user memory and supports a com-
plete set of operators, tokens, and pscudo
opcodes (assembler directives), including in
the latter a large set of pscudo ops for error
detection and control of listings.

When a configured version of HASL-8 is
started, the user must first answer a series of
questions regarding the desired page size,
interpage gap size, listing port, whether or
not to produce a binary image of the source
program in memory, and whether or not to
save a binary image on tape. The program
then requests input of the source program
from tape, makes a second pass after the
tape is rewound, assembles the object pro-
gram, and dumps out a listing at the console
terminal. The listing includes single character
error codes in the far lefthand margin, and
run summary data at the end of the listing
(number of statements listed, remaining free
bytes in user memory, and the number of
errors detected). HASL-8 does not process
macros or provide a cross-reference listing of
user labels and associated addresses, both of
which would be a nice improvement in a
subsequent version. It is a fairly average
assembler for its size, but should be adequate
for most general purposc assembly language
programming. lts documentation is very
good, as is the documentation for all of the
software products from Heath.

BUG-8, the Heath Console Debugger

BUG-8 is one of the best software pack-
ages that comes with the H8. Residing in any

MICROPROCESSOR

ENGINEERS

EW SOFTWARE

ENGINEERS

When Opportunity Knocks...
GRAB IT!

Sure, you're a proficient and talented microprocessing engineer or
an EW software engineer, and things are going OK professionally,
but deep down inside there's a gnawing that says something's
missing. Not enough challenge, the same routine, mundane
assignments, not much professional growth

Here at AMECOM, a major Litton Systems division, we're working
on major NEW Avionics ESM programs with production foliow-on
to provide systems operating capability through the year 2000
requiring state-of-the-art development of muttifunction distributed
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ENGINEER or a REAL-TIME ELECTRONIC WARFARE
SOFTWARE ENGINEER, we have positions of uncommon
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with salaries to $35,000.00

Don't be bored any longer. Grab the initiative about opportunities
with an international leader; call COLLECT or send your resume
including salary history in confidence to:

W.L. McCAMIS  (301) 864-5600
Amecom is located in a pleasant Maryland suburb with your choice
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3 K bytes of memory, it provides the user
with powerful tools for writing, editing and
debugging machine language programs from
a console terminal in octal, decimal or ASCI!
format. It interacts with the PAM-8 monitor
and uses many of the PAM-8 routines. With
BUG-8 running as a full console monitor,
you can do any of the following:

® examine the contents of any memory
locations;

® change the contents of memory loca-
tions;

® examine the contents of any processor
register;

® change the contents of any processor
register;

® start program execution;

® perform single step execution of a
program;

® set program breakpoints;

clear program breakpoints;

® |oad and dump programs from OR to
tape.

The command format used in BUG-8 isshort,
which makes using BUG-8 a real pleasure
(the same kind of feature would be very
desirable as a configuration option for
TED-8).

Benton Harbor BASIC and Extended BASIC

When you purchase an H8 kit, you are
supplied with Heath’s 8 K byte, Benton Har-
bor BASIC. [n addition, Heath has also
marketed two versions of Extended BASIC
(versions 10.01.02 and 10.02.01) which pro-
vide the user with functions for string mani-
pulation and a number of other useful

Table 1: Comparison of execution times for three Heath BASICs for various
common functions, operators, and the FORINEXT statement. All times are
in milliseconds, with the real time clock enabled,

134

FUNCTION/
OPERATOR/
STATEMENT

A=B

ABS

+

INT

RND

PEEK

*

/
FOR/NEXT

8 K BASIC Extended BASIC Extended BASIC
(Version 05.01.00)  (Version 10.01.02)  (Version 10.02.01)
149 15.7 15.8
1.2 1.2 1.2
1.9 2.7 2.5
2.2 3.0 2.7
2.3 2.0 20
2.4 24 24
3.5 3.3 3.2
4.3 3.3 3.1
5.2 5.9 5.7
5.4 5.5 5.5
14.5 13.8 13.7
18.3 15.0 14.6
19.3 16.7 16.3
221 17.3 17.0
27.2 218 220
29.2 24.9 24.3
47.8 15.7 15.3

SQR

March 1979 © BYTE Publications Inc

features. Version 10.02.01 of Extended
BASIC also enables the user to load and
dump variables, program text, and both text
and variables. This latest version is a sig-
nificant improvement over the earlier version
of Extended BASIC in that it allows the user
to pass variables from one program to the
next.

There has been quite a bit of discussion
about the relative execution speed of various
versions and brands of BASIC that are on
the market. However, the benchmark tests
for Heath BASICs that have appeared in the
small systems literature have been per-
formed only under somewhat restricted
circumstances. [n particular, the H8 real
time clock was not enabled when Extended
BASIC benchmark tests were published,
which by omission and implication ex-
aggerates the speed of the 8 K byte version
of BASIC. Now, speed isn’t the only criterion
in evaluating a higher level language’s perfor-
mance, but to provide you with a more bal-
anced perspective on this issue, | give you
the following benchmark comparisons be-
tween the two versions of Extended BASIC
and the 8 K BASIC that comes with the kit.

A modified benchmark algorithm de-
veloped by ] G Letwin (a software engineer
for Heath) was used to conduct all of the
tests. All timings were accomplished using
the HS8 real time clock via the POKE and
PEEK commands. Table 1 presents the com-
parative data for execution time of various
functions in milliseconds. The real time
clock was enabled for all tests. The algo-
rithm | used is as follows:

110 B=1.1:C=1.5 (numeric constants)

120 POKE 8219,0:POKE 8220,0 (set clock = 0)

130 FOR |=1 TO 2000 (2000 iterations)

140 (line for each test function)

150 NEXT |

160 Y=PEEK (8219)+(PEEK (8220)*256)
{read run time)

170 X=(correction factor for “A=B")

180 T=({Y/500-X)/2000 (time in ms)

190 PRINT T=";T,”Y=":Y (output)

32767 END

The argument at line 180 computes the time
for execution of one operation of the func-
tion supplied at line 140 by dividing total
time in milliseconds (Y) by 500, subtracting
the time for the identity statement A=B, and