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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" keyboard

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

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216
= Circle 350 on inquiry card.
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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 set 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

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 774

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 computers.

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 Iook for.

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

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).

e o e e

i

In California call (408) 996-1010.
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Altos Computer Systems
2378-B Walsh Avenue
Santa Clara, CA 95050

Apple Computer
10260 Bandley Dr.
Cupertino, CA 95014

Digital Microsystems Inc.
(Formerly Digital Systems)
4448 Piedmont Ave.
Oakland, 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 Barnes
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 L ISP,
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
large (9 by 12 inch, 30.5 by 22.8 cm),
self-addressed envelope, with 28 cents
US postage affixed, to BYTE Author's
Guide, 70 Main St, Peterborough NH
03458.

Articles which are accepted are
purchased with a rate of up to $50 per
magazine page, based on technical
quality and suitability for BYTE's
readership. Each month, the authors
of the two leading articles in the reader
poll (BYTE's Ongoing Monitor Box or
"BOMB") are presented with bonus
checks of $100 and $50. Unsolicited
materials should be accompanied by full
name and address, as 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 students 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
inefficient; 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 fo get down fo 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 dafa

FUIALALY J9ISEW Lo

1 apn9

transfer. The little minidiskettes™
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

store plenty of

For a list of manufacturers featuring Shugart’s minifloppy in their systems, circle reader response number.
TM minifloppy 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 1000

The C1P MF

5995

& 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!

i
T

| \J

DHIO S MTIFIG MICRO
o DHIO SCIENTIFIC COMPUTER
LESHT SOFTWAR

)
3 pIS| =K

Y‘ W\ \ an

\ .yl

\ it
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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.

All prices, suggested retail.

N | - v QS P ) ) I RO e
1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101
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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:

e 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 72
megabyte using the Bank Select
feature

e Each user has an independent bank
of RAM

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

e You have confidentiality between
most stations

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

Circle 80 on inquiry 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:

e You can use long variable names
and labels up to 31 characters long
— names like “material on order”
or “calculate speed reduction.”

e 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.

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

e 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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Ak “\Standard Bus

for System
Expandability

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/O 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 S$S100-bus-compatible memory
and 1/0 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.

!": R ﬁ,»“ )
. b Py
=y brss ' - y g i

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

Foieis UC e 0L LN E el e gt gt il
Specialists in computers and peripherals

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 e (415) 964-7400
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omputer Line
SCIENTIFIC

C1 P: $349!Adramatic breakthrough in price and per-

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.

C1 P M F: $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
expanded to 32K static RAM and a second mini-floppy. It also supports
aprinter, modem, real time clock, and AC remote interface, as well as OS-65D
V3.0 developmentdisk 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 expandedto 32K RAM, dual mini-floppies and
a printer.

C2-4P MF: $1 599! 5. 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 loading, 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! Afullbusiness system avail-

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

Contact your local Ohio Scientific dealer.
All prices, suggested retail

Olil0 SCIENTIFIG

America’s largest full-line microcomputer manufacturer
1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101
Circle 290 on inquiry card. BYTE March 1979 9

CHALLENGER



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.
Impulse 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 Kkitchen 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 Ritchen 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 [BM’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. IA: Davenport: Memory Bank,
(819)386-3330. MA: Walpham: Computer Power,
(617)890-4440. MD: Silver Springs: Computers
Etc., (301) 588-3748. Towson: Computers

Etc., (8301) 296-0520. MO: Florissant: Computer
Country, (314) 921-4434. NH: Nashua:
Computerland of Nashua, (603) 889-5238. NJ:
Cherry Hill: Computer Emporium, (609)
667-7555. Iselin: Computer Mart of New Jersey,
(201) 283-0600. NY: Endwell: 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. RIl: 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: Salt Lake
City: Home Computer Store, (801) 484-6502.
VA: MclLean: Computer Systems Store, (703)
821-8333. WA: Bellevue: Byte Shop
Computer Store, (206) 746-0651. Seattle: Byte
Shop of Seattle, (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: Mexico City:
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.
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Sol.The sma copute that won't

fence you in.

A lot of semantic nonsense is
being tossed around by some of the
makers of so-called “personal”
computers. To hear them tell it, an
investment of a few hundred
dollars will give you a computer
to run your small business, do
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
computer 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.
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Photo 3: Assembled HS 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. It 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. | 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

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 loose 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,

Computer

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 dia-
gram courtesy of Heath
Company.
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A Map of the TMS-9900

Instruction Space

Henry Melton
2511 Dovemeadow
Austin TX 78744
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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 =k
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 Diskettes?”

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
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JLE - Mbemonic Figure 1: General map of all TMS-9900 instructions. This map covers operation codes from
256 - Lapeb - 00XX to FFXX hexadecimal, with reference to the detail of table 2 for op codes from 00XX
- pc‘,‘s';}b,e; ! 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 IXX  2XX  3XX 4XX 5XX B6XX  7XX  8XX  9XX AXX BXX CXX DXX EXX FXX

See figure 2
0 g
JMP JLT JLE JEQ JHE JGT JNE JNC JOC JNO JIE JH JOP SBO SBZ TB
1 Il 11 11 1 I 1 1 1 Il 1l I I fl 11 i i
256 256 256 256 256 256 256 256 256 256 256 256 256 256 256 256
COE czc XOR XOP
2 | i 11 1l 1X
1024 1024 1024 1024
LDCR STCR MPY DIV
3|1V v IX IX
1024 1024 1024 1024
sSzZ¢
4 |8l
4096
SCZB
511
4096
S
6 Il
4096
SB
7 |
4096
c
8| !
4096
CB
9 il
4096
A
|
A
4096
AB
B |
4096
MOV
Cl i
4096
MOVB
D [Ek
4096
sSOC
E |
4096
SOCB
gl
4096
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‘Concerto in A Flat Mini.

Victor Borge demands the world's
finest piano {or his concert work.
And when he performs at the
computer, keyboard, 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 quality. Our Verbatim
brand diskettes, cartridges and
cassettes capture vour data and
play it back bit [or bit, byte for
byte, verbatim.

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

Verbatim Corporation

FORMEREY INFORMATION TTRMINALS CORE
323 Soquel Way, Sunnyvale,
CA 94086
(408) 245-4400. TWX: 910-339-9381
For the name ol your nearest
Verbatim distributor, call toll [ree:
(1) 800-821-7700, Ext. 515. (In

Missouri call: 800-892-7655,Ext. 515)

In Europe:

Information Terminals S.A.
Case Postale 296

1215 Geneve 15
Switzerland

Telephone: 41 (22) 34-90-55
Telex: 22647 ITGE CH

In the Far East:

I'T Far East Ltd.

Hayvama Building 6F

3-14, 1-Chome

Hiroo, Shibuya-Ku

Tokyo 150, Japan

Tel. (03) 446-2917 Telex: J47879

pF_OP\_E £
W ANCTEE o
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Verbatim

MINL MAS
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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, VII and VI/I.

00

01

02

03

04

05

06

07.

08

09

0A

oB

oc

(1]}

0OE

OF
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0X. 1X 2X 154 5X 6X 7X 8X 9X AX BX CX DX EX FX

Illegal op codes

|llegal op codes
LAY Al ANDI ORI Cl STWP STST LWPI
Vi VI VIl VIl VI VIl Vil VI
16 16 16 16 16 16 16 1
LIMI IDLE RSET RTWP CKON CKOF LREX
VIl Vil Vil VIl VIl VIl Vil
1 1 1 1 1 1 1
BLWP B X CLR
Vi VI VI \
64 64 64 64
NEG INV INC INCT
VI VI VI Vi
64 64 64 64
DEC DECT BL SWPB
\| VI Vi VI
64 64 64 64
SETO ABS Illegal op codes
VI Vi
64 64
SRA
\
256
SRL
\%
256
SLA
\
256
SRC
\%
256

Illegal op codes

Illegal op codes

Illegal op codes

Illegal op codes

March 1979 © BYTE Publications Inc
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AP+25+Strobe-+Attention+RAM-+EPROM=5199

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

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 Z-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.

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

*Sockets provided; chip set optional.

A product of Morrow's Microstuff for

Thlnker 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 0030 e B el g8 i AT e B B B E e B s N umbar

| Opcode [B| Td | D g s 4096

1 Op code Displacement 2 256

111 Op code D Ts S 1024
v Op code C Ts S 1024
v Op code | K w 256

Vi Op code l Ts S 64

Vil Op code N 1

Vil Op code N W 1or16
IX : Op code D l Ts S | 1024

Byte or word operation (1=byte)
Destination operand register

Source operand register

Workspace register

Address mode of destination operand
Address mode of source operand

Bit or shift count

Unused bits of the instruction. Set to zero.

==l

A~

Address Modes
Tdor Ts

00 Workspace register

01 Workspace register mdirect

10 Indexed memory

11 Workspace register indirect, autoincrement

Hexadecimal modifiers for the Td (format |) and Ts (formats |, 1I1, IV, VI and 1X)
fields. To generate an operation code reflecting the given addressing mode, add the
hexadecimal values listed in this table: i

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 |, Ill and IX), C (format IV) and

K (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 00Co 0030
4 0100 0040
5 0140 0050
6 0180 0060
7 01C0 0070
8 0200 0080
9 0240 0090
10 0280 00AO0
1 02C0 00BO
12 0300 00CO
13 0340 00D0
14 0380 00EO
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 fromNorth 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

MNosm Saa K CovuTeRs

HORIZON

H IS

<O

y 23

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, Z80A processor and serial /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 I. 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 Tl 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

Cl
CKOF
CKON
CLR
COoC
czc
DEC
DECT
DIV
IDLE
INC
INCT
INV
JEQ
JGT
JH
JHE
JL
JLEE
JLT
JMP
JNC
JNE
JNO
JoC
JOP
LDCR

LIMI
LREX
LWPI
MOV
MOVB
MPY
NEG
ORI
RSET
RTWP

SB
SBO
SBZ
SETO
SLA
sOC
SOCB
SRA
SRC
SRL
STCR
STST
STWP
SWPB
SzC
SZCB
TB

XOP
XOR

TMS-9900 Alphabetical Instruction List

Format

|

|

VI
VI
VIl
|
VI
Vi
|

|
VIl
VII
VI
VI
11
1]

Hexadecimal

Base Op Code Semantics
A000 Add words
BO0O Add bytes
0740 Absolute value
0220 Add immediate
0240 AND immediate
0440 Branch
0680 Branch and link
0400 Branch and load workspace pointer
8000 Compare words
9000 Compare bytes
0280 Compare immediate
03CO0 Clock off
03A0 Clock on
04CO0 Clear operand
2000 Compare ones corresponding
2400 Compare zeros corresponding
0600 Decrement by one
0640 Decrement by two
3C00 Divide
0340 Computer idle (ie: no operation)
0580 Increment by one
05C0 Increment by two
0540 Invert
1300 Jump if equal
1500 Jump if greater than
1B00 Jump if high
1400 Jump if high or equal
1A00 Jump if low
1200 Jump if low or equal
1100 Jump if less than
1000 Jump unconditional
1700 Jump if carry off
1600 Jump if not equal
1900 Jump if no overflow
1800 Jump if carry on
1C00 Jump if odd parity
3000 Load communication register
0200 Load immediate
0300 Load interrupt mask immediate
03E0 Load or restart execution
02EO0 Load workspace pointer immediate
C000 Move word
D000 Move byte
3800 Multiply
0500 Negate
0260 OR immediate
0360 Computer reset
0380 Return with workspace pointer
6000 Subtract word
7000 Subtract byte
1D00 Set CRU bit to one
1E00 Set CRU bit to zero
0700 Set word to ones (FFFF)
0A00 Shift left arithmetic
E000 Set ones corresponding, word (OR)
F0O00 Set ones corresponding, byte (OR)
0800 Shift right arithmetic
0B0O Shift right circular
0900 Shift right logical
3400 Store communication register
02C0 Store status
02A0 Store workspace pointer
06C0 Swap bytes M
4000 Set zeros corresponding, word (S AND D)
5000 Set zeros corresponding, byte (S AND D)
1F00 Test CRU bit
0480 Execute word as an instruction
2C00 Invoke extended operation
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 DB8/2 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
DB8/2 is a first-class producer.

For example, it uses two quad density 5.25-
inch disk drives with our exclusive 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 DBS/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-
system 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
control, 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/ 1 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
DBS8/2, 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 Elwell Ct., Palo Alto, CA 94303 (415) 965-1010
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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, 1/0Os 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
pu

309 Laurelwood Road, Unit 18
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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Jesklop

Wonders

Race Car for the SR-52

John E Bertsch

8677 Vickie Lynn Ln
Apt 9

Brighton MI 48116

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

011

014

017

023

028

033

038

042

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

INV

*LBL

RCL

RCL

g

GTO

Keys
el LI L TR
Cix
D, KT0 )
(R {RCL ) I [
N B O Co oty
o g7 S
GO CE i)
@) INV ¥fix (HLT)
GETD + (BED) CO s dig)
Co 3 €D
R 20y
G A T R )
GOy Iy AT
I ) LU
ST SR L2l

N7 Commentary =
Store XX.YY.

Mask off YY and store XX.

ETEE, Get XX.YY, mask off XX
=) and store YY.
Store the starting angle.
Initialize X position.
@ Initialize Y position.
( g ) Initialize velocity angle.

Set velocity magnitude

and elapsed time = 0.

Increment velocity angle



“If this MXVI from CCS had been
available in the ’30s, I would have had

the secret of invisibility wrapped up
in half the tie:, HEI:I‘VlSIBLE AN

E e The place was alive with “‘mad

£ doctors’’ 40 years ago. For good
reasons. They couldn’t get what they
wanted. Labs were piled high with
incomplete kits, defective gear, and
undecipherable support documentation.

All that's history now that Califor-
nia Computer Systems has arrived on
the computer hobbyist scene. We'll see
that no electronics maverick goes
away mad.

Three proofs positive: our new
M-XVI Static RAM Module for S-100 bus
58 1| : % : BAESN  systems...our new PT-1 Wire-Wrap

AHE ‘ & |38 Board...and our new Soldertail
SR - ’ ' : ¥ Prototyping Board. The M-XVI features
: . g 2 ® include: fully static design, use of
PR S BUEREE  popular 2114 static RAMSs, ability to
. P i SRR meet IEEE proposed S-100 signal stan-
dards, full buffering, addressability in
4K blocks, and bank select by bank
port and bank byte. The PT-1 Wire-Wrap
Board has all S-100 signals specified
and provisions for four regulators. The
Soldertail Board has all S-100 signals
labelled, provisions for four regulators,
and can accept 16-24-and-40 pin
spacing.

Take a tip from the Invisible

Man. He's quit derailing
C = trains, robbing banks,
1§ and scaring helpless
i damsels since CCS
gave him what he
*F wants. If you're looking
for satisfaction, too,
: " check out our new
product line today at your nearby
computer store.

P e e A atass
4 A ¢ t
e \

Perr iyt

I

e Aot w

e e

California Computer Systems

E 309 Laurelwood Road
' Santa Clara, CA 95050

(408) 988-1620

So Nobody Goes Away Mad.

Circle 37 on inquiry card.




Listing 1, continued:

Loc i Keys == Commentary ————
075 (SUM ) GLO) @ by 15 degrees for left turn.
078 Coy v

082 G D (INV ) Decrement velocity angle

087 CROne) by 15 degrees for right turn.
000 o

094 @ Increment velocity magnitude
096 CT D - CEVD LD @) EEIORN (Gt by 1 for acceleration.

102 @ Decrement velocity magnitude
104 @ @D GO0 @GE:ID) by 1 for brake.

109 (i) ) {0) Increment elapsed time.

115 D) @) CLCED) (@O (507 ) Convert velocity vector

121 (RCED) (@0 @8 (G, to rectangular coordinates.
125 o @0rs)  (TE0) Readjust X and Y coordinates.
13 L N

134 STy (RCcD) (D) () Convert Y coordinate to

139 ik T e ) integer value.

144 RCL CED) CoD) Convert X coordinate to

147 (SBR) Gl integer value.

149 E i) GO) @) X)) Combine X and Y coordinate
154 G:) @) @ and elapse time and

159 G D) @O @ (@CEN) () display result.

164 s Lo e e W e

169 > @

172 =B ®CL ) ) @) =) Display magnitude of

178 (HCT) velocity vector.

181 E1) o v Subroutine to convert

186 (INV ) (*D.MS) real number to integer form.
190 fix o) *D.™MS) Mask off fractional part

193 INV *fix STO (U S G D) of real number to convert

198 (RCL)) @ @) to integer. »

203 @

204 = (S @ =) If fractional part of

210 (RCD) @Oy (T, real number is greater than
214 LBL G205) (0s) 0.5, then add 1 to integer

219 (i), =) value.
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" ALTOS presents a new standard

in quality and reliability

NTF

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: LM, 1M, 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 I/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.

ALLOD

COMPUTER SYSTEMS :s

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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Figure 1: A typical route for one player in the game of Race Car, written for
the Texas Instruments SR-52 programmable calculator. Players must stay
within the bounds of the track (which is arbitrarily drawn on graph paper) or
risk disqualification. Increments of change to acceleration and steering are
deliberately restricted in order to make the game more challenging, but

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. I've had
hours of fun racing with my friends and
family; | hope you will, too.m

User Accessible Labels:

A = Left A,’ AT

B = Right B, = Vel

C = Cruise C,= X.Y Start
D = Accel D, = 0 Start

E = Brake E = Init

Register Utilization:

00 = P/R conversion

01 = Work area

02 = Work area

03 = Initial X coordinate

10 20

players have free choices within these limitations.”

04 = Initial Y coordinate

05 = Initial veclocity angle
06 = X coordinate

07 =Y coordinate

08 = Angle of velocity vector

10 = Elapsed time
11 = Work area
12 = Work area

Race Car Operating Instructions

1. 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 positive inte-
gers between 0 and 100. Press *C .

5. 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°,
wheren70,1,2,3, oo 4 423. Press *D .

6. Press *E to initialize the game. The initial
X and Y coordinates will be displayed in
the form XX.YYO000.

7. Select the direction in which you will steer
the car.

HWN

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 a new game on the same race track,
press *E .

30  March 1979 © BYTE Publications Inc

09 = Magnitude of velocity vector




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
SEETTTITES h : software using North Star BASIC and
A i e : 3 Btz DOS, the HORIZON owner now has

: AT 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 /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 1/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 * STaR

CoviPUTERS

2547 Ninth Street
Berkeley, California 94710
(415) 549-0858
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Mark Klein
Sanborn Regional School District
Kingston NH 03848

Excerpts from “The Nam-
ing of Cats” in OLD
POSSUM'S BOOK OF
PRACTICAL CATS by 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??22.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; FILART, 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  08-04

0023 0022 064 771219 771219
0074 0073 033 771219 771219
0065 0064 001 771219 771219
0023 0022 001 771219 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 Old 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
I 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
E 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:

133

. . . needs a name that’s particular,
A name that’s peculiar, and more dig-
nificdae

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-
jar 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.

It is painful to remember how many
times | thought the file | 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.
SAVE B 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
CT0: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 7TMASTR.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
FILE D BAGELS.MPK/1 Gl A MED
DELETION | (emeAGELSMPK | (eeeamemor
from floppy drive #1) e #1')
SY:/S

DIRECTORY G M 5 y
SQUISH (“Gap"* drive 1) ( Squish the system disk)
RENAME N 9BAGEL.B BAGELS.B i e e L

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 “howhere.” 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.

Circle 5 on inquiry card. e
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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 |F 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 asingle 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/-

atjve 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-
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100 FRINT *TYPFE THE LETTER CORRESFONDING TO YOUR CLASS:®
110 PRINT * A ACTICAL ERIOLOGY» FER. A"

120 FRINT * B--FRACTICAL RIOLOGY» FER. E*

130 PRINT * C~--BISCI"™

160 FRINT * E~~FRACTICAL RIOLOGYy FER. E*®

170 FRINT "CLASS"3 \ INFUT S%

200 FRINT *TYFE THE NUMEBER OF THE OFTION YOU NEEDS®
S OME RN 1-ENTER SCORES FOR WHOLE CLASS*®

220 FRINT

* 2-ENTER SCORES FOR SOME STUDENTS®
230 PRINT * 3-LIST STULDENTS WHO HAVE COMFLETED A GIVEN ITEM®
240 FRINT * 4-LIST STUDENTS WHO HAVEN‘T COMFLETED A GIVEN ITEM®
250 FRINT * 5-DISFLAY SCORES FROFILE FOR AN INDIVIDUAL STUDENT®
260 FRINT * 6~DISFLAY FROFILE FOR A SELECTED GROUF OF STUDENTS®
270 PRINT * 7=-0ISFLAY CUMULATIVE TOTALS FOR ALL STUDENTS®
280 FRINT * 8~LIST OR MOLIFY STULENT NAMES OR ITEM HEADERS®

290 FRINT * 9-CREATE EBACKUF FILES®
300 F$="9VISRO.E8"+S% \ CHAIN F%

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.

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.
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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. If 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
140
145
160
170
180
190
200
210
250
260
270

REM %%X% OFEN DATA FILE
OPEN °*GRIFE.D22" AS FILE VF1$(20)=2350
REM %% NUMBER OF GRIFES = N

N=VAL (VF1(0))

PRINT "WHAT IS THE NUMEER OF THE GRIFE YOU WISH TO DELETE®S$
INFUT D

VF1(n)=""

FOR K=D+1 TO N

UF (K-1)=VUF (K)

NEXT K

REM X% RESET N AND SAVE UNDER VF (0)
N=N-1

VF1(0)=STR$(N)

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 information.

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 controller
to provide instant system communications. The
controller can do a power-on-jump to the on-board

puters can add truly massive disk storage to their
systems with Micromation'sMegabox. It features
dual 8"drives with double density recording to
provide over one Megabyte of disk storage. Or you
can choose optional double-headed drives to
provide over two megabytes. Micromation is a

Now users of the most popular microcom-

leading supplier of floppy disk systems for micros.

A TRS-80" compatible Megabox plugs
directly into the TRS-80. This version of Megabox
includes provision to add up to 32K of RAM to
your TRS-80* system, so you can have up to 4
Megabytes of disk storage and 48K of RAM without
an expansion interface. This Megabox brings big
system performance to your system at one-third
the cost per byte of mini-floppy systems.

Our SOL*version of the Megabox installs with-
out modification, and the software is all ready to go.
Micromation's double density recording gives you
nearly twice the storage of the Helios* at a sub-
stantially lower price —and most importantly, you
can run CP/M* so you have access to the broadest
range of software available in microcomputing.

Combine an Exidy Sorcerer* with a Megabox
by plugging the controller into the Sorcer's* S-100
expansion bus. Boot from our Sorcerer* system
diskette and you're up and running without any
modifications to your hardware or software.
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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 torun
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 local computer store or contact Micromation,
1620 Montgomery St., San Francisco, CA 94111
or phone (415) 398-0289.

MICROMATION

The Megabox with 1,000,000
existing software to easily keep a
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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.m

TRS-80, Sol, Sorcerer.

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

$7.95

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!”

| didn’t. A computer in every home? In
department stores? Right now? Being a
writer with a science fiction orientation,
I 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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(214) 363-2223
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(801) 364-4416
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BEFORE YOU BUY COMPUTER 1, nisiT "1

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 selection 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 can share
ideas with people as enthusiastic 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’
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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.
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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
at less than $6000, the businessman can

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 want a computer for the
home, business or industry, come to
ComputerLand first. We'll make it easy for
you to own your first computer. Because,
simply put, we really want your business.
When you come right down fo it, that's
what makes uvs #1.

ComputerLand Europe
Europa Terrassen

8 Rue Jean Engling
Dommeldange, Luxembourg

WE KNOW SMALL COMPUTERS Phone 43 29 05 Telex 2423
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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,”
| 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 I/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, visiting 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’Ill miss out on a whole lot of fun and
excitement.

Keystone Elliot
POB 38
San Rafael CA 94901®
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eV
The Instructor 50.

Learning by doing is still the best method of education. And when it comes to
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”
experience for gaining microprocessor knowledge—in your home, office, or in the
classroom.

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

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

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

Signetics offers one of the broadest choices of microprocessors in the industry.

This knowledge stands behind the Instructor 50. When you need to learn about '

microprocessors, start with Signetics. Start with the Instructor 50. Send for your
descriptive brochure today.

We can help you understand microprocessors.

SiNELCS

a subsidiary of U.S. Philips Corporation

Circle 8 on inquiry card.

from day one...

ANCRONA
P.0. Box 2208Y

Phone Orders
(213) 641-4064

Culver City, CA 90230

CALIFORNIA
ANCRONA

11080 Jefferson Bivd.
Culver City, CA 90230
1213) 390-3595

1300 E. Edinger Ave.

ARIZONA
ANCRONA
4518 E. Broadway
Tucson, AZ 85711
(602) 881-2348

GEORGIA
ANCRONA

3330 Piedmont Rd. N E
Atlanta, GA 30305

3
1404) 261-7100

Santa Ana, CA 92705
(714) 547-8424

1054 E. EI Camino Real
Sunnyvale. CA 94087
1408) 243-4121

OREGON
ANCRONA
1125 N.E. B2nd Ave.
Portland. OR 97220
(503) 254-5541

TEXAS
ANCRONA
2649 Richmond

Houston, TX 77098

(713) 529-3489

CANADA. B.C
ANCRONA
5656 Fraser St
Vancouver. B.C

V5W 2V4
(604) 324-0707

A

Please send me
$350.00 plus $3.00 ea. postage and handling.
Calif. residents add 6% sales tax.

O Check enclosed [J Master Charge [ VISA
Interbank Number

Account Number

ANCRONA
P.O. Box 2208Y
Culver City, CA 90230

Instructor 50(s)@

Signature Exp Date
Send To:

Name

Address

City State Zip

L--_--------------------
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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 ar °
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 releases 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 = weovne

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.

48  March 1979 © BYTE Publications Inc

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
logic 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 BVC

Signed conditional branches:

Test True False
(N® V) A z=1 BGT BLE
NG V) = BGE BLT
Z=1 BEQ BNE
(N® V) Vz=1 BLE BGT
IN® V) =1 BLT BGE

Unsigned conditional branches:

Test True False
C AZ=1 BHI BLS
c=1 BHS BLO
Z=1 BEQ BNE
cV z=1 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 results 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



GOOD BUY, OEMs!

| INTERTEG DATA SYSTEMS |

GOOD-BYE COMPETITION!

Since Intertec introduced 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 OEM's find it almost impossible to justify using

anything efse.

You'll 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 12" display in a
24 line by 80 column format, 128 upper and lower case ASCII
characters, reverse video, blinking, complete cursor address-
ing and control, an 18 key numeric keypad, separate back-
space, tab, shiftlock, 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 756
to 9600 BPS, half and full duplex operation, an RS-232 interface,
and ... would you believe it ... there is more! 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 last
terminal purchase wasn't an INTERTUBE. Brace yourself. You're
going to become sickl OEM's realize there are no hidden costs
of ownership with the INTERTUBE. You can have all the perform-
ance you need without having fo 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 transparent 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 it! Our new 420,000 square
foot manufacturing facility turns out a lot of INTERTUBES each
day. And because we control the manufacturing process right
down fo injection molding our own cover assemblies, your
delivery schedules are never interrupted. Order today and
chances are your first units will be on their way within 48 hours.
Incredible!

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

= INTE?TEC
E SYST EMS

R

|ILII]

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.

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
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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/l 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:



MICROPRO INTERNATIONAL CORPORATION

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** — Qutput 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

oiverticaltlabelsuwW/a @BASICE, v & . it o MR il i bl sl il $95.00

With.CEBASIC (requites CBAS I b0 . o it i e (R g o i, bt s $185.00

® SUPER COMBO | — 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.
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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 lnquires Welcomed

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

software unopened.
Name |

J COBOL $750.00 [J COBOL/S™ $850
[0 FORTRAN $500 [J FORTRAN/S ™ $600

SPECIFY MEDIA 5%” O 8”0

Company 0] BASIC $350 1 BASIC/S™ $450
[0 SUPER-SORT I ™ $250 [J Manual only $25
Address [0 SUPER SORT Il without relocatable feature (standalone) $200
[J SUPER SORT Il Stand Alone — without select/exclude feature
$150

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

ENTEXE*$75 [J Manual only $15

Check Attached or Charge O ISAM  $150.  [IManual only $25

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

Visa No [J SUPER COMBO | $475 WETE. T S

Exp. Date POSTAGE & HANDLING $2.50

COD (10% deposit required) [J e I
L Signature (if ordering diskettes or paying with credit card) i
B s s e e e s ey A s e et G G pe=

Dealer Inquiries Invited: 1299 - 4th Street, San Rafael, CA 94901 (415) 457-8990 (new) or (707) 544-2.3;.‘»5 (old)



EPROMs out at
the touch of a finger.

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.

PBI 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 O to
4 wait states. Use fast or slow EPROMs. All lines are butfered.

The PBI 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
CPd, Video, 1/0, 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
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We used to be Solid State Music. We still make the blue boards.
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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.m
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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 to
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
will acquaint people with personal, home
and hobby computer applications.
Visitors will see a variety of nontechnical
demonstrations and have numerous
opportunities 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 SchoonDistrict Area II, The way you

Henry B duPont Middle School, Benge check line-by-line with

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

19707. Intra-Connector.

March 19-20, Microcomputers: Oper- Ivolflf"\ Eflggdygrlg Lgtﬁ;“g;%mg‘cl:gz

ating Principles, Hardware and Software ; !
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