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" SYSTEM B
$4,495.00

40K Bytes RAM Memory
1,200,000 Bytes Disk Storage
Desk with laminated plastic surface

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

' SOUTHWEST TECHNICAL PRODUCTS CORPORATION
m 219 W. RHAPSODY
= SAN-ANTONIO, TEXAS 78216 Circle 350 on inquiry card.
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Model 2-2

Up to 512K of RAM/ROM

Z-ZD

{ompuner pront_.

Model 2-2D
One or two disks
Up to 512K of RAM/ROM
Up to 184K of disk

System Two
Dual disk
Up to 512K of RAM/ROM
Up to 184K of disk

Z-Z2D

Al wr i
Comap »;'.I',I;Ellj feng_ .

Fill your computer needs

with the industry’s

most professional microcomputers

#1 IN RELIABILITY

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

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

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

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

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

*Rated in The 1977 Computer Store

Survey by Image Resources, Westlake
Village, CA.

Circle 80 on inquiry card.

Up to 512 kilobytes of RAM and
1 megabyte of disk storage
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System Tives
Two to four disks
Up to 512K of RAM/ROM
Up to 1 megabyte of disk

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

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

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

Cromemco

Specialists in computers and peripherais

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

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

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

FOR TODAY AND TOMORROW

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

See them today at your dealer.

There's no substitute for getting
the best.

see next
page

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ¢ (415) 964-7400
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Specialists in computers and peripherals
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Robert Tinney’s painting on the
cover this month is a fanciful image
of computer chess. A Knight floats
above an ancient stone chessboard
with the ubiquitous floppy disk
beneath. Four articles in this issue are
devoted to the art of computer chess,
including the first part of a 4 part
series by the creators of Chess 4.6,
the world championship chess pro-
gram,

In This BUTE

One cause of seemingly unexplain-
able program errors may be incorrectly
operating memory. A Memory Pattern
Sensitivity Test discussed by Don
Kinzer will help to determine if your
memory is operating correctly.

page 12

If you need -12 or +15 V for your
latest hardware design, and have only
+5 V, what can you do? Read No
Power for Your Interfaces? Build a
5 W'DC to DC Converter by Steve
Ciarcia. Several inexpensive, practical
designs are described, to give you
everything from -15 to +15 V from
a +5 V source. page 22

In Part 1 of A “Tiny” Pascal Com-
piler, in the September 1978 BYTE,
Kin-Man Chung and Herbert Yuen
described the syntax of a Pascal subset
and described a hypothetical stack
machine, called a p-machine. This
month they describe a compiler that
generates codes for the p-machine.

page 34

Would vyou like a fast and easy
way to test your new memory board?
Author Russell Adams shows you how
in Testing Memory in BASIC. A simple
program loads the memory locations
with alternating 1s and Os to spot
those bad bits. page 58

The H8 computer from Heath fea-
tures a novel firmware front panel
monitor comprised of both hardware
and software elements. Gordon Let-
win, Heath software designer, de-
scribes the design philosophy and
the features of the system in PAM/8:

4 October 1978 © BYTE Publications Inc

. ~

A New Approach to Front Panel

Design. page 70

The winning program at the Second
West Coast Computer Faire's Micro-
computer Chess Tournament in March
of 1978 was Sargon, written in Z-80
assembler language. Sargon’s creators,
Dan and Kathe Spracklen, describe the
move generating portion of their pro-
gram in First Steps in Computer Chess
Programming. page 86

A computer allows you to try out a
variety of ideas with nothing more
than a program to see if they will
work. One way to use this potential is
to model electrical circuits in software.
Leonard H Anderson describes how to
perform Linear Circuit Analysis on
your computer. page 100

The eight Queens problem is a
venerable puzzle in recreational mathe-
matics. Terry Smith describes his
thought processes in working out a
solution in his article, Solving the
Eight Queens Problem. An occasional
dose of cleverness is often the key to
solving a difficult problem, as Terry
demonstrates. page 122

For someone who is looking for a
good quality video terminal which is
easy to work with and will be user
serviceable, the Heathkit H9 is the
solution. Terry Steeden describes his
pleasant experiences Assembling the
H9 Video Terminal and having it work
correctly the first time. page 130

Digital recording of computer pro-
grams and data is an attractive alterna-
tive to standard audio cassette record-

ing techniques because of its reliability

and simplicity. Ralph Burhans de-

scribes an updated version of earlier
digital recording schemes in A Simpler
Digital Cassette Tape Interface.

page 142

If you own a SwTPC 6800 com-
puter and want to increase the pro-
cessor clock speed with a minimum of
fuss, read Souping Up Your SwTPC
6800 by Steve A Hughes. The article
describes a simple circuit that plugs
directly into a socket on the 6800
processor board. Changing the clock
speed is then done by simply plugging
in a new crystal oscillator. page 144

Last year we ran a contest in which
readers were asked to design their own
PAPERBYTE!™ bar code readers and
submit them to us. One of the winning
entries, by Campbell Farnell and Glen
Seeds, is described in their article, A
Nove! Bar Code Reader. page 162

For a short introduction to the
world of computer chess, read Norman
Whaland’s A Computer Chess Tutorial.
The basic principles of chess strategy
and tactics are covered in discussions
of game trees, alpha-beta pruning,
minimax strategies and so on. page 168

Creating a Chess Player was written
by two people at the forefront of re-
search in computer chess: David Frey,
editor of Chess Skill in Man and Ma-
chine, and Larry Atkins, coauthor of
Chess 4.6, the world champion chess
program that recently beat a Grand-
master in a simultaneous exhibition.
The article discusses the thinking pro-
cesses in the chessplayer’s mind and
how such processes are transformed

into a computer program. page 182



ALTOS presents a new stands
in quality and reliability

-
¥,

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

HIGH TECHNOLOGY The ACS8000 is a single board,
Z80®* disk-based computer. It utilizes the ultra-reliable
Shugart family of 8 inch, IBM coempatible, disk drives. A
choice of drives is available: single or double density, single or
double sided. Select the disk capacity you need, when you
need it: %M, 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 1/O (two serial RS232 ports, 1 parallel
port), and a Z80 CTC Programmable Counter/Timer (real time
clock). In essence, the best in integrated circuit technology.

ALLO)

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 3$3,840. Standard ACS8000 system with 32 Kb RAM
and % Mb disk. FPP, DMA and software optional. Dealer/OEM
discounts available. Delivery: 3 weeks ARO.

*280 is a trademark of Zilog. Inc.

**CP/M is a trademark of Digital Research. Inc.
Dealer/rep inquirics invited.

Circle 7 on inquiry card.
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On Using a Personal Computer for a Practical Purpose

Editorisl

by Carl Helmers

Finally, it had to happen to me. We all
know that personal computers are supposed
to be a cross between a necessity and a
luxury. But the critics tend to harp on our
tendency to get carried away by the fun and
to ignore the practical uses of our wonderful
servants. As if to answer that justified
criticism, | finally came up with a genuine
practical use for a small computer in the
monthly operations of BYTE's editorial

and type preparation facility | would like
to have some day if and when | ever become
rich and famous. But this is a genuine, once
a month, cyclically run application program.

At BYTE, we have so far purchased two
Apple 11 computers (among others) for use
in educating our employees, and in order
to have some facilities around the office.
One of these Apple Il computers sits in
my office, and at the time of this exercise

office. Now this practical application is by

no means the kind of automated editing Continued on page 147

Total Standard Deviations
Rank Topic Weighted Count Away from Mean
1 Applications to everyday life 12888 2.178
2 Household automation with computers 12886 2.177
3 Personal data base design and implementation 10911 1.179
4 Applications to personal business 10683 1.064
5 Voice recognition by computers 10654 1.049
6 The art of programming 10552 997
7 Logical games (require much thinking, no dexterity) 10277 .858
8 Voice synthesis with computers 10014 725
9 The art of hardware design 9875 655
10 Computer control of mechanisms 9832 .633
11 Graphics software design 9707 570
12 Artificial intelligence: general interest in Al 9523 477
13 Action games (require much thinking, no dexterity) 9465 448
14 Educational uses of computers 9439 435
15 Computer system design 9311 370
16 Text editing and processing 9233 .330
17 Graphics hardware design 8876 .150
18 Applications of computers to engineering 8766 092
19 Experimentation with designs 8723 .073
20 General robotics: whole systems 8642 032
21 Applications of computers to physical science 8593 0.
22 Chess and computers 8553 -.013
23 Computer communications networks 8424 -.079
24 Simulations of real or mythical situations 83156 -.134
25 Al pattern recognition 8221 -.181
26 Design of information structures 8111 -.237
27 Use of graphic displays for artistic purposes 7556 -517
28 Mathematical analysis and algorithm design 7551 =520
29 Language design 7534 ~-.529
30 Compiler or interpreter design 7273 -.669
31 Al: representations of knowledge 6982 -.848
32 Al: Natural language parsing 6531 =1.035
33 Computers used for musical purpose:
real time performance 6477 =1.062
34 Applications of computers to biological sciences 5785 -1.412
35 Amateur radio and computers 5369 -1.623
36 Computers and music: stochastic composition 5138 -1.739
37 Application of computers to social sciences 4745 ~1.938
38 Al: theorem proving 4686 -1.968
Table 1: Respondents were asked to assign a numerical preference from 0 (no interest) to 10
(highest interest) for each of these 38 categories. The column labelled total weighted count con-
tains the sum of counts in each possible response (1 to 10) multiplied by the response itself.
Thus if a count of 29 were found in the interest weight 7 for some category, the contribution
to the weighted sum would be 7 x 29 = 203. The standard deviation and mean were calculated
for the data, and the deviation from the mean was expressed in the rightmost column in units
of one standard deviation for each category. These data were “output’ to a typewriter from the
screen of the Apple Il using a manual process, then typeset in the usual method.
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North Star Systems
Go To Work

st

3T

T:

T

i

——— T . =

5.\

]
More and more, you see the North Star L‘

HORIZON computer at work: in busi-
ness, research, and education. Its high
performance qualifies the HORIZON
for demanding professional applica-
tions. Over 10,000 users during the
past two years have proven that North
Star hardware has the reliability
for day-in, day-out computing. The
HORIZON is now a serious candidate
for any small system installation.

SOFTWARE IS THE KEY
TO HORIZON MATURITY

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

EXPAND YOUR HORIZON

The basic HORIZON computer in-
cludes a Z80 microprocessor, 16K
bytes of RAM memory, an |/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 l/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 % STaRr

CovrPuTtERS

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

that won't
fenceyouin.

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

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

Remember, there's no
free lunch.

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

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

Circle 305 on inquiry card.

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

Build computer power
with our software.

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

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

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

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

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

already been written in this well
established language.

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

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

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

Use it anywhere you want versatile
computer power!

Sold and serviced only
by the best dealers.

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

For more information contact
your nearest dealer listed on
the following page. Or write Depart-
ment B, Processor Technology
Corporation, 7100 Johnson
Industrial Drive, Pleasanton, CA
94566. Phone (415) 829-2600.

In sum, all small computers
are not created equal
and Sol uvsers know it to their
everlasting satisfaction.

ProcessorTechnology
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See Sol’
at all these
fine
computer
centers

AL: Birmingham ICP Computerland,

{205) 979-0707. CA: Berkeley: The Byte Shop.
(415) 845.6366. Citrus Heights: Byte Shop.

(916) 961-2983. Costa Mesa: Orange County
Computer Center. (714) 646-0221. Hayward:
Computertand of Hayward. (415) 538-8080.
Lawndale: The Byte Shop. (213) 371-2421
Modesto: Computer Magic, (209) 527-5156.
Mountain View: Digital Deli. (415) 961-2670.

San Francisco. Computer Center. Inc . (415)
387-2513 San Ratfael: Yhe Byte Shoo. (415)
457-9311 Walnut Creek: The Byte Shop. (415)
933-6252 CO: Bouider: Byte Shop. (303)
444-6550. Denver: Byte Shop. (303) 399- 8995
CT: Bethei: Technology Systems, (203) 748-6856
FL: Ft. Lauderdale: Byte Shop of Ft. Lauderdate.
(305) 561-2983. Miami. Byte Shop of

Miami. (305) 264-2983. Tampa: Microcomputer
Systemns, Inc.. (813) 879-4301. GA: Atlanta
Atianta Computer Man, (404) 455-0647  iL:
Lombard: Midwest Microcomputer. (312)
495-9889. |A: Davenport: Computer Store of
Davenport, (319) 386-3330. KY: Louisville:
Martronix Associates. (502) 459-0500. MD:
Towson. Computers Etc..(301) 296-0520.

MN: Minneapolis: Computer Depot. (612)
927-5601. MO: Florissant Computer

Country. (314) 921-4434. NH: Nashua:
Computeriand of Nashua, (603) 887-5238 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. New York: Computer Mart
of New York, (212) 686-7923. White Plains:

The Computer Corner, (914)949-3282. NC:
Raleigh: Roms ‘N’ Rams. {(919) 781-0003

OH: Akron: The Basic Computer Shop. (216}
867-0808 Columbus: Byte Shop, (614}
486-7761. Dayton: Computer Mart of Dayton,
(513) 296-1248. OR: Beaverton Byte

Shop Computer Store. (503) 644-2686. Portiand:
Byte Shop Computer Store, (503) 223-3496.
Salem: Computer Pathways, {(503) 399-0534
PA: King of Prussia: Computer Man of
Pennsylvania. (215) 265-2580. RI: Warwick
Computer Power. inc. (401) 738-4477.

SC: Columbia: Byte Shop. (803) 771-7824. TN:
Kingsport: Microproducts & Systems, (615}
245-8081. TX: Arlington: Computer Port. (817}
469-1502. Arlington: Micro Store, (817)
461-6081. Houston' Interactive Computers, (713)
772-5257. Houston: Interactive Computers.
(713) 486-0291. Lubbock: Neighborhood
Computer Store, {806) 797-1468. Richardson
Micro Store. {214) 231-1096. UT: Sait

Lake City: Home Computer Store (801) 484-6502
VA: McLean The Computer Systemns 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:
Washington: Georgetown Computer Emporium.
{202)337-6545. CANADA: London. Ontario:
Computer Circuit Ltd., 737 Richmond St. (519)
672-9370. Toronto: Computer Mart Ltd.. 1543
Bayview St.. (416) 484-9708. Vancouver: Basic
Computer Group Ltd., 1548 West 8th Ave..
{604) 736-7474. ARGENTINA: Buenos Aires:
Basis Sistemas Digitales, Colombres

849-1-A 93-1988 or 57-7177 AUSTRALIA:
Sydney Automation Statham Pty Ltd.. 47

Birch St.. (02) 709.4144. Carnegie: Sontron
Instruments. 17 Arawatta St.. (03) 569.7867.
BELGIUM: Bruxelies: S.PR.L. Finncontact,
Square Larousse. 5, 2/345-98-95. COLOMBIA:
Bogota: Video National. Diagonal 34N 5-62,
326650. GREECE:Athens:Attikos,Inc..41 Char.
Tricoupi T.T. 145, 3604091. JAPAN: Tokyo:
Japan Personal Computers, Ltd.. Yamamoto Bidg.
No. 11-18. (03) 375-5078.5079. MEXICO:
Piateros: Industrias Digitales, S.A. de C V., (905)
524-5132. PHILIPPINES: San Juan:
Integrated Computer Systems. Inc., Suite 118,
LIM KET KAl Bldg.. OrtigasAve. SWEDEN:
Stackholm: Wernor Eiektronix. Torsvagen 61, Box
72.{0) 8 717-62-88. UNITED KINGDOM:
Huntingdon. England: Comart. L.td, 24A Market
Square. St. Neots, Cambridgeshire. (0480)
74356. VENEZUELA: Los Ruices, Caracas:
Componentes Y Circuitos Electronicos,

TTLCA 355591

Processor
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TOP-DOWN MODULAR
PROGRAMMING

| enjoyed the article, “Top-Down
Modular Programming,” by Albert D
Hearn in July 1978 BYTE, page 32; |
thought he did a good job of explaining
the subject. While | realize that he was
purposely trying to simplify matters,
| do take exception to his comment that
a module should be no more than SO
lines long.

The concepts of structured pro-
gramming are intended as guidelines,
not as the dogma for a programmer’s
religion. All of the better known pro-
ponents of the methodology stress this
point, along with the idea that you must
approach the study of structured pro-
gramming with your eyes open, making
your own evaluation. In this light let
us explore the 50 line limit.

One of the bases for breaking a
program up into modules & so that a
complex problem can be handled with
small, easy-to-understand pieces of code.
One of the thoughts about module size
is, therefore, that a module ought to be
able to fit on the printed page. This is
so that all the information about the
module is in one place and the pro-
grammer doesn't have to thumb through
several pages to read the code for a single
module. (Having experienced *modules’’
running as long as 10 to 15 pages, |
heartily agree with this philosophy.)

In professional programming instal-
lations this idea has frequently been
translated into a local standard of about
50 lines of code, since this is the number
of lines which are printed on an 8% by
11 inch (21.25 by 27.5 c¢m} page coming
out of a line printer (allowing for
headers, footers, etc). For the personal
computer enthusiast, however, this limit
might be more conveniently set at 24, 32
or 40 lines the sizc of the video
display.

For many more complex problems,
it is possible that a significant module
cannot be constructed in 24 lines. This is
no problem — just make the modules
longer. The point is to try to restrict
the module size to a length which en-
hances the programmer’s ability to
understand the code.

The basics of structured program-
ming must be studied, evaluated, and
possibly modified to work in each
individual situation. Vherc are a lot of
great ideas included in the structured
programming lore, but they should not
be adopted blindly.

Jim Fleming
2220 Sims Dr
Columbus IN 47201

Continued on page 156

Circle 305 on inquiry card.

56 GREAT LOCATIONS

GComputerland’

NOW OPEN:

ALABAMA
Huntsville
CALIFORNIA
Dublin
El Cerrito
Hayward
Los Altos
Los Angeles
Mission Viejo
San Bernardino
San Diego
San Francisco
San Jose
San Mateo
Santa Rosa
Thousand Oaks
Lawndale
Tustin
Walnut Creek
COLORADO
Colorado Springs
Denver
CONNECTICUT
Fairfield
DELAWARE
Newark
FLORIDA
Boca Raton
Ft. Lauderdale
GEORGIA
Atlanta
HAWAII
Honolulu
ILLINOIS
Arlington Heights
Downers Grove
Niles
Oak Lawn
Peoria
INDIANA
Ft. Wayne
KENTUCKY
Louisville
MARYLAND
Rockville
MICHIGAN
Grand Rapids
Detroit
MINNESOTA
Bloomington
NEW HAMPSHIRE
Nashua
NEW JERSEY
Cherry Hill
Bergan County
Morristown
NEW YORK
Buffalo
Ithaca
NO. CAROLINA
Charlotte
OHIO
Cleveland
OREGON
Portland
PENNSYLVANIA
Harrisburg
TEXAS
Austin
Dalias
Houston
WASHINGTON
Bellevue
Federal Way
Tacoma

WASHINGTON, D.C.

WISCONSIN
Madison
INTERNATIONAL

Sydney, NSW Australia

Winnipeg, Canada

(205) 539-1200

(415) 828-8090
(415) 233-5010
(415) 538-8080
(415) 9418154
(213) 776-8080
(714) 770-0131
(714) 886-6838
(714) 5609912
(415) 546-1592
(408) 253-8080
(415) 572-8080
(707) 5281775
(805) 495-3554
(213) 3711-7144
(714) 544-0542
(415) 9356502

Call Directory Assistance
(303) 759-4685

(203) 374-2227
(302) 738-9656

Call Directory Assistance
Call Directory Assistance

(404) 953-0406
Call Directory Assistance
(312) 2556488
(312) 5600193
(312) 967-1714
(312) 422-8080
Call Directory Assistance
Call Directory Assistance
(502) 425-8308
(301) 948-7676

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

(612) 884-1474
(603) 889-5238
(609) 795-5900
(201) 845-9303
(201) 5394077

(716) 836-6511
(607) 2774888

(704) 536-8500
(216) 461-1200
(503) 6206170
(717) 736-1116
(512) 452-5701
Call Directory Assistance
(713) 9770909
(206) 746-2070
(206) 838-9363
(206) 5810388
Cal Directory Assistance

(608) 273-2020

29-3753
Call Directory Assistance

Circle 75 on inquiry card.
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BEFORE YOU BUY COMPUTER | wisT'] -

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 ComputerLandstore.

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'l understand. You'll find demonstration
areas where you can get a firsthand
experience of running a computer yourself.

" | .

You'll find educational matenials 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.

—— p— - P

™

Comp

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.

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

And now we come fo you, which leads
us right back to where we started: 1 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 to it, that's
what makes us #1.

vterland’

WE KNOW SMALL COMPUTERS

14400 Catalina S¢., San Leandro, CA 94577 {415) 895-9363 « Franchise Opportunities Available
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Listing 1: Memory EX-
CHANGE program written
for the 6800 to test for
memory pattern sensiti-

vity.

EO7E
E1D1
E067
EO6B

0000
0000
0002
0004
0006
0008

0009
oooc
000F
0010
0012
0013
0014
0016
0017
0019

001B
o010
00LlF
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8E AQ 7F
BD 00 90
37

DE 00

09

08

E7 00
5C

9C 02

26 F8

DF 06
DE 00
DF 04

A Memory Pattern Sensitivity Test

Faulty memory i a very difficult prob-
lem to detect. Most distributors of memory
board kits supply a simple memory test
designed to detect assembly errors such as
misplaced components, solder bridges, etc.
These tests are ineffective in detecting
certain types of memory related problems.
One of these problems, called pattern sen-
sitivity, manifests itself in the very dis-
turbing fact that accessing one memory
location alters another memory location,
but only when the memory contains a
certain pattern of bits.

It is my intention, through this article, to
make the experimenter aware of potential
memory problems and to provide some

information which may be helpful in
1 *
2 *
S EXCHANGE
4 * A MENORY TEST
5 n
6 *
7 *
B * FXTERNAL ROUTINES (MIKBUG ROUTINES)
9 POATA EQU SEO7E
10 oUrCH BQU  SEIDL
11 OUTHL BQU $E067
12 OUTHR BQU SEO6B
13+
14 »
15 * STORAGE
16 ORG O
17 BEGIN RMB 2
18 END B 2
19 XTEMPl RMB 2
20 XTEMP2 RMB 2
21 coLonr RMB 1
22 *
23+
24 INIT IDS #SAOTF set up stack
25 START JSR PCRLF go do CRLF
26 lOOP PSHB save starting point
27 IDX  BEGIN get beginning address
28 DEX adjust
29 INITLP INX point next location
30 STAB 0,X initialize
31 INCB set next value
32 CPX END see if done
33 BNE  INITLP if not, do again
34
35 ¢
36 BUBBLE STX  XTEMP2 save end pointer
37 IDX BEGIN
38 EXCHG STX XTEMPL save top pointer

Don Kinzer
3885 NW Columbia Av
Portland OR 97229

——— T - _— e T —mm — —m

diagnosis of the problems by discussing a
recent experience.

Every memory testis capable of detecting
only a certain few of the many possible
memory faults. Because of this, the user
should be armed with a battery of memory
tests and run them all at the first sign of
trouble. Better yet, the tests could be run
at regular intervals. A very good selection
of such tests is contained in a package
available from Technical Systems Con-
sultants (POB 2574, W Lafayette IN 47906)
as their SL68-23 Diagnostic Package. This
package contains, among other tests, five
memory tests, written in 6800 code, to
expose bad bits, convergence problems
and some types of pattern sensitivity. This
package is highly recommended for all
system users as the tests can be rewritten
for the user's own machine.

As indicated before, the more tests, the
better. The new test | am about to describe
was discovered quite by accident. | was
writing a resident assembler for my 6800
and was working on the sort routine which
alphabetizes the symbol table. The sort,
called a shell sort, works by comparing
symbol table entries and exchanging them
if they are not in alphabetical order. The
process involves a tremendous amount of
data shuffling. To my dismay, after the sort,
the labels and their values had changed.
TEMP1 became TEMQT1. Before the sort
MASK was hexadecimal 3E; after the sort
it was hexadecimal BE. Needless to say, |
wasted a lot of time looking for a software
bug before | decided to test the memory.
The tests from the Technical Systems
Consultants diagnostic package revealed
a 2102 with pattern problems. However,
replacing the bad memory did not stop the
errors.

It occurred to me that writing a test
program which operated in a manner similar
to the sort routine would help track down



Microcomputer
System Solution.

Announcing theIMSAI VDP-40.

Lﬂm\u 1+1 -
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® Fully integrated video data processor in a F
single cabinet. ,

® Twin floppies, professional keyboard, i i '
S-100 expansion slots. f f
® 24 line by 80 char. CRT, insert/delete, i |
programmable font, protected fields,
inverse video.

¢ Handsome flip-top cabinet for easy access.
Serial and parallel I/O ports included.
® FORTRAN 1V, Extended and Com-

mercial BASIC.
¢ IMDOS.
o [SAM.

You've decided you want a microcomputer
DP center — but what to buy? A component
system? A computer box here, a CRT box
there, akeyboard box, a floppy disk box . . .
A so called inexpensive 3695 system? No
disk; noway to add enough memory ... and
if youcould,it’s not inexpensive anymore;
and you still wind up with a collection of
boxes.

The IMSAI VDP-40 is a fully integrated

Video Data Processing system and comes
equipped with your choice of 32K or 64K
RAM on our own advanced RAM 11l board.
In one cabinet, the VDP-40 combines a
professional keyboard, heavy-duty power

IMSAI Manufacturing Corporation,
Dept. EWN, 14860 Wicks Boulevard
San Leandro, CA 94577

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

s T

supply, twin mini-flop- S
pies, a multi-slotted mother-
board,9-inch CRT, plus RAM at a
new price/performance never before
achieved.
System Expansion? Extra slots in our
S-100 bus motherboard and our new power
supply allow almost unlimited expansion.
Need more disk expansion? A controlier
option of the VDP-40 allows expansion to
greater than 4.5M Bytes.
Add a line printer, an IBM compatible tape
drive.a modem: all are available, with the
interfaces and software to make it work for
you.

IMSAI EUROPE

Europa Terrassen

8 Rue Jean Engling

Dommeldange. Luxembourg

43-67-46 Telex: 1428

IMSAI's VDP-40
price/performance means every
home or business can now afford a
complete DP center. Check us out. IMSALI
has what you want and what you need. Visit
your dealer or write us directly.
Feutures subject to chunge without notice.

IMSAT

The Standard of Excellence
In Microcomputer Systems

Price/Performance no one else has put together.

Circle 175 on inquiry card.
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Wlich personal computer will be

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

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

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

14 BYTE October 1978
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owners on top of what’s new.

Apple is so powerful and easy to use

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

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

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

15 colors & hi-resolution
graphics, too.

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

" Back to basics,and
assembly language too.

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

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




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

Alive with
the sound

of music.
Apple’s ex-
clusive built-in
speaker delivers
the added dimension of sound to your
programs. Sound to compose electronic
music. Sound to liven up games and
educational programs. Sound, so that
any program can “talk” back to you.
That’s an example of Apple’s “people
compatible” design. Anotheris its light,
durable injection-molded case, so you
can take Apple with you. And the
professional quality, typewriter-style
keyboard has n-key rollover, for fast,
error-free operator interaction.

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

Apple peripherals

are smart peripherals.

Watch the far right column of this ad
each month for the latest in our grow-
ing family of peripherals. We call them
“intelligent interfaces.” They're smart
peripherals, so you can plug them in
and run them from BASIC without
having to develop custom software.
Noother personal computer comes
close to Apple’s expandability. In addi-
tion to the built-in video interface, cas-
sette I/0, and four A/D inputs with two
continuously variable game paddles,
Apple has eight peripheral slots, three
TTL inputs and four TTL outputs. Plus
a powerful, state-of-the-art switching
power supply that can drive all your
Apple peripherals.

Available now.

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

. tino, CA

—3

assembly line, we use Apples to
test new Apples.

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

**In California. call 408/996-1010.
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iqpple COmputer®

Programming is a snap!
I'm halfway through Apple's BASIC
manual and already I've programmed
my own space wars game.

Those math programs | wrote
last week -1 just rewrote them using
Apple’s mini-assembler and got them

to run a hundred times faster.

New from Apple..

Valuable new series of software

.

- packages for investors

Now private investors can generate
their own stock market reports and per-
form criticalinvestment analysis instantly
with Apple IL. Just log your Apple II
computer on to Dow Jones’ central data
bank with powerful Apple software: the
Dow Jones Series. The first two of these

. highly practical programs
/ are available now.
= With Apple’s Stock
T Quote Reporter
' program, a local tele-
phone call
links you to
Dow Jones'
continuously
updated
stock quotes for
more than

" >
e 6000 com-
, ‘f?jk panies listed
/ on six major U.S.
" exchanges. Current
activity for stocks in
the investors portfolio is delivered
automatically: ask/open, bid/close, high,
low and last prices, and volume traded.

Our Portfolio Evaluator enables
you to analyze current value of your
portfolio, and short- and long-term gain/
loss for each stock—or for your entire
portfolio.

Cost of Apple’s Dow Jones service
is a one time contract fee of $25, which
includes the Stock Quote Reporter pro-
gram. An additional $3 charge is made
for the first three minutes of any transac-
tion and 50¢ per minute thereafter.

To take advantage of Apple’'s new
financial services, Apple Il users need
only a communications card, a modem
and an ordinary telephone. This equip-
ment, the Dow Jones Series, and a broad
selection of other Apple software are
now in stock at your local Apple dealer.

»>
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Apple's smart peripherals make
expansion easy. Just plug 'emin and
they're ready to run. I've already
added two disks, a printer and the
communications card.
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Listing 1, continued:

0021
0023
0025
0027
0029
002A
002C
002E
0030
0032
0034
0035
0037
0039
003A
003B
003C
003E
0040
0042

0044
0046
0047
0049
004B
004D
004F
0051
0052
0054
0056
0057
0059

0058
005D
00SF
0062
0064
0066
0067
0068

006A
006C
006D
O06E
0070
0072
0074
0076
0078
007A
007C
007E
0080
0081
0082
0084
0085
0087
0089
008A
oo8sc

0090
0092

0095
0096
0099
009A

009D
00AD
00A2
00A4

00A7
O0A9
OOAB

ODAE

A6 00
DE 06
E6 00
A7 00
09

DF 06
DE 04

(=]
[+,

SREEREENRREAR
B8 82 288KS

8D 33
7A 00 08
26 02
8D 37
33

20 A5

8D 2D

8D 21
96 07
8D 16
96 04
8D 19
96 05

8D OA

8D 07
8D 14
17

DE 06
20 BD

.8D 05

86 20
7E E1 D1

36
BD EO 67

7E EO 6B

= 2RA8

DO A7
20
08
EO 7E
OA
00
00 04

888

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

100
101

. 102

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

CONTIN

OUT2HS

PRINT

OUT2H
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CMPA

cPX

IDX

IDX

DEX

BRA

BSR

BSR
PULB

PSHB

:

BSR

5

BSR

:

BSR

APLEEEPEETLE

0,X
XTEMP2
0.X
0.X
XTEMP 2
XTEMPL
0,x
XTEMP2

XTEMP2

XTEMP1+1

OUT2HS

OUT2HS

XTEMP2

OUT2H
o

#32

get byte

get other
put alternate

get other pointer
put byte
check daone

check done

get starting value
adjust

get end pointer
set end pointer
get begin pointer

save

get current pointer
set value

check match

if not, error

see if checked all
if so, good pass

advance pointer

retard pointer
go check.next

signal good pass
need CRLF?

if not, skip
pexform CRLF
get old value
set new value
do again

get contents
save

save check value
new line

print address

print alternate address

print check value

print contents
new line

get pointer back
start new pass

print 2 characters

print character

save byte

print left hexadecimal digit

print right hexadecimal digit

point to string

set colum count
g0 print string

the trouble. The result is a program called
EXCHANGE which is shown in listing 1.
The program works by initializing the
memory to be tested to a sequence of the
256 eight bit numbers. Then pointers are
set to the beginning and end of that same
block of memory, XTEMP1 and XTEMP2
respectively. Next, the data at each of the
pointers is exchanged. The pointers are then
moved toward one another. The process of
exchanging and moving repeats until the
pointers meet. The inverted sequence is then
checked for accuracy. Any discrepancies are
reported by printing the memory location
which is incorrect, the location where the
data resided before the exchange, what the
data was supposed to be and what the data
actually was.

The first time | ran the test, the program
crashed. The memory problem had caused a
byte of the program to change. After several
tries with the same results, | took my
machine to work and attached an oscillo-
scope to the data bus. | found that the data
lines had an unbelievable amount of noise.
At the advice of a friend, | installed resistive
terminations on the data lines, which
immediately cleaned up the signals. This
eliminated the majority of the memory
problem and even allowed the EXCHANGE
program to run without crashing. Several
hours of further testing using EXCHANGE
exposed three more malfunctioning 2102s
in my 12 K byte system.

After all of this | am happy to say that
the sort routine was in fact working pro-
perly. Furthermore, the pattern sensitivity
problem explains away several bugs in other
programs | have worked on.

Before closing | would like to offer a few
pointers on using EXCHANGE. If you
suspect memory problems, run a bit test
or convergence test to rule out physical
problems {like shorted wires) and bad bits
{nonfunctioning memory parts). If the
problem persists, run EXCHANGE on the
entire contiguous memory (except, of
course, where EXCHANGE is located)
noting any errors as they are printed. Next,
run EXCHANGE on smaller areas corres-
ponding to each set of 2102s. Replace the
memory chips as necessary but don’t throw
them away yet. If the memory is still bad
in the same area then the memory chips
are not to blame and it is time to put an
oscilloscope on your system to see what
the problem is.

Based on my own experience with a
homebrew computer | recommend running
a battery of tests after any system hardware
changes to uncover memory problems before
they turn up as a bug in your next
program.m



Heathkit Personal Computers
are"System Designed”-
Read about them in the

FREE! |

HEATHKIT CATALOG

Complete descriptions of the best in
personal computers —now available in
kit and assembled versions

Inthe world of personal computing, compatibility of design and
operation is an important consideration. The computer hobbyist
or small business user of today doesn’t have time to iron out
hardware and software problems that can arise from a “shot-
gun” approach to system design.

Heathkit Personal Computer Systems are just that-systems.
They were designed around each other for total complementary
performance. Expansion within the computer itself and with our
peripheral devices is always a trouble-free transition.

You can start with our low-cost
8-bit H8 Computer and just 4K
of memory as an introduction to
computing. Its easy to use octal
data entry and 9-digit octal read-
out make learning a simple mat-
ter. As your abilities grow, so can
your computer. Add more mem-
ory and one or more peripherals
like the H9 Video Terminal with its ASCII keyboard for convenient
entry and display of your programs. And you can store your
programs in one of three ways too! Choose our new WH17
Floppy Disk System (single and dual drives available) for the
ultimate storage mode. Its expanded 40-track hard sectored
diskette has 102K Bytes of available storage so you can store
hundreds of programs on one disk. If paper tape storage is your
preference, choose our H10 Paper Tape Reader/Punch. For the
mostin economy, we offer a cassette player/recorder too. The H8
is indeed a complete system.

WH27
Controller

Send for your FREE copy today!

Or bring this coupon to your nearby Heathkit Electronic Center (Units of
Schlumberger Products Corporation) where Heathkit products are dis-
played, sold and serviced.

Heath Co., Dept. 334-460, Benton Harbor, Ml 49022

Circle 160 on inquiry card.

The ultimate personal computer Is our 16-bit H11. Very few
people will ever need more computing power than our H11 has to
offer. Based on the world-famous DEC® PDP-11/03, it has
enough capability for virtually any program-small business or
hobby.The H11 offers unequalled software,too, so the number of
useful applications is virtually unlimited. The H11 will soon have
its own Floppy Disk System, the WH27. And what a floppy it is!
Fully-compatible with the DEC RX01® floppy for the PDP-11/03,
the WH27 lets you take advantage of all existing PDP-11/03
software in addition to those you develop on your own. Dual
drives give you 512K Bytes of program and data storage. The
WH27's Z80 microprocessor-based controller permits a head
motion of only 6 mS (versus DEC's 10 mS) for data access times
that are almost twice as fast. Other features include built-in self
teston power-up; mechanical interlock to prevent disk damage;
write protect function that precludes written-over disks; com-
plete HT11 disk operating system software that includes ex-
tended BASIC with files and virtual arrays, utilities (with macro-
assembler), text editor and more. An extended FORTRAN
which supports the ANSI standard (1966 FORTRAN |V) will be
optionally available soon.

Read more about Heath system-designed computers and other
outstanding kits (nearly 400 in all) in the latest Heathkit Catalog.
It's FREE. Specifications subject to change without notice.

-------------
Heath Company, Dept. 334-460
SUEMCCE LI Benton Harbor, Michigan 49022

Please send me my FREE Heathkit Catalog.
I am not on your mailing list.

Name

Address

City State

CP-155 Zp
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Considering a Microcomputer?

Be Sure to Check Out the Product Offerings of the World’s Largest
Full Line Microcomputer Company.

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

Minimum Base
) Contiguratian Price
Economical computer systems that talk in BASIC.
ldeal for hobbyists, students, education and the home.
Superboard | — World's first complete systemona board 4K RAM  § 279
including keyboard, video display, audio
cassette, BASIC-in-ROM and up to 8K RAM

Challenger IP — Fully packaged Superboard Il with 4K RAM  § 349
power supply
Challenger IP Disk — Complete mini-floppy system 16K RAM  $1190

expandable to 32K RAM

Ultra high performance BUS oriented microcomputers for
personal, educational, research and small business use.
C2-4P — The professional portable 4KRAM § 598

C2-8P — The world’s most expandable personal machine 4KRAM § 799
for business or research applications

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

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

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

business system

11 ~ An oxceplionnl vasee
in parsonsl computing

Same great features as Challenger |IP Series for those who
have serial terminals: small business, education, industry.

C2-0—Great starter for users with a terminat 4K RAM  § 298

C2-1 — Great timeshare user accessory; cuts costs 4K RAM  § 498
by running simple BASIC programs locally

C2-85 — Highly expandable serial machine, can 4K RAM  § 545

add disks, etc.

The unigue three processor system for demanding business,
education, research and industrial development applications.

C3-51 — World's most popular 8" floppy based 32K RAM $3590
microcomputer dual floppys

C3-OEM — Single package high volume user version 32K RAM 33590
of C3-51 dual floppys

C3-A — Rack mounted multi-user business system 48K RAM $5090
directly expandabe to C3-B dual floppys

C3-B — 74 million byte Winchester disk based system. 48K RAM  $11,090
World's most powerful microcomputer dual floppys

OHIO SCIENTIFIC also offers you the broadest line of expansion
accessories and the largest selection of affordable software!

Compare the closest Ohio Scientific Model to any other unit you are con-
sidering. Compare the performance, real expansion ability, software and
price, and you will see why we have become the world's largest full line
microcomputer company.

I''m interested in OSI Computers. Send me information on:
O Personal Computers O Small Business Computers
| O Educational Systems O Industrial Development Systems

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

|
!
|
|
|
| Name | |
|
|
|
|
|

Address 1333 S. Chillicothe Road

| City Aurora, Ohio 44202

: State Zip. (216) 562-3101

O e e S I
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The
C3-SI

by Ohio Scientific

Possibly the world’s
most popular

CEALLENGER INI M

floppy disk based
microcomputer.

Since its introduction in August, 1977, the Challenger Ill has
gained tremendous acceptance in small business, educational
and industrial development applications. Thousands of C3-S1's
have been delivered and today hundreds of C3-S1 demonstrator
units are set up at computer retailers around the country.

Why has the Challenger Illbecome so successful in the fiercely
competitive microcomputer industry? Here are just a few of
the possible reasons.

The Challenger il is the fastest microcomputer in BASIC
(see “'BASIC Timing Comparisons,” Kilobaud, October, 1977,
where Ohio Scientific out benchmarks all competitors).

The Challenger Il is the only computer system with a
6502A, 6800 and Z-80 offering the programmer all popular
micros for maximum versatility.

The C3 is backed by the largest base of systems level
software for any microcomputer system including:

For the 6502A:

Microsoft 6 and 9 Digit BASIC

Assembler Editor

Word Processor

08S-65D Development DOS

0S-65U End User DOS with Extended BASIC
For Floppys
Winchester Hard Disks
Multi-users (Levei 2)
Distributed Processing (Level 3)

For the 6800:
Floppy DOS
Assembler Editor

For the Z-80:
Floppy DOS
Microsoft Disk Extended BASIC
Microsoft FORTRAN
Microsoft COBOL
Macro Assembler and Editor
And Much More

The C3 supports OS-65U, the ultra high performance
“virtual data memory'’ DOS for floppys and hard disks which
makescomplexfile structures like multi-key ISAM easy to use.

The C3isbackedbya large library of applications programs

Circle 290 on inquiry card.

and can make use of the tremendous amount of BASIC
programs offered by independent suppliers and publishers
because it uses Microsoft BASIC, the standard of the industry.
Complete turnkey and custom business packages are
available for the C3 from most OHIO SCIENTIFIC DEALERS.

The C3 electronics and software are available in alternate
mechanical configurations for special applications including
the C3-OEM for volume users and the C3 letter series (C3-A,
C3-B) which are optimized for use with hard disks.

C3 systems are always delivered ready to use with 32K
static RAM, dual floppys for 500K bytes of on-line storage and
an RS-232 port strappable from 75 to 19,200 baud all standard
in the minimum configuration.

= C3 systems offer the greatest expansion capability in the
microcomputer industry. The C3 series supports OHIO
SCIENTIFIC'S full line of over 40 expansion accessories. The
maximum configuration is 768K bytes RAM, four 74 miltion
byte Winchester hard disks (CD-74), 16 communications ports,
real time clock, line printer, Word Processing printer and
numerous control interfaces.

C3 systems have phenomenal performance-to-cost ratios.
The C3-S1base price with 32K RAM, dual floppys, RS-232 port
complete with 8K BASIC and DOS is under $3600 and expan-
sion accessories are comparably priced. For example, the
CD-74, 74 million byte Winchester disk complete with interface
and OS-65U operating system at about $6000.

The C3 series is quite possibly so successful because it otfers
the highest hardware performance, best software support,
most versatility and greatest expandability in the micro-
computer systerns market at nearly the lowest price in the
industry.

For more information, contact your local OHIO SCIENTIFIC
DEALER or the factory at (216) 562-3101.

1333 S. Chillicothe Road e Aurora, Ohio 44202
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ALABAMA
M.C.S. Corp

Peham

Pelham, AL 35124

(205) 663-1287

r'lk ASKA

Sciantific Business Instr's
500W. 27

Anchorage AK 99503
(907) 277-2650

Expansion Tuchnlquas

2534 Ganesha

Altadena, CA 91001

{213) 794-0476

Shuaey Aircraft

1009 E. Vermont

Anaheim, CA 92805

(714) 981-3940

Protessional Services

139 S. Beverly, #308

Beveriy Hills, CA 90212

(213)550-1560

Olson Electronics

11332 East South

Cerritos, CA 90701

{213) 860-0060

Adventures in Computing

8756 Warner

Fountain Valey, CA 92706

(714) B48-8388

Olson Electronics

4642 Wast Century
ewood, CA 90304

(2 3) 674- 5740

Computers Are Fun-Westwood

2268 Westwood

Los Angeles, CA 90064

(213 475-0566

The Computer Center

3205 Ronson

San Diego, CA 92111

{714) 292-5302

Olson Electronics

Kearny Mesa, 4840 Convoy

San Diego, CA 92111

(714) 292-1100

s,gosmms Enginasring
3rd 5

San Francisco CA 94107

(415) 777-3150

Olson Electronics

2125 E| Camino Real

Santa Clara, CA 95051

{408) 248-4886

OL ORADO

Byte Shop, Inc.

3464 South Acoma
&lswood CO 80110
(303) 761-623

Total Data Syslems

125 Fairway Lane

Forl Collins, CO 80521

{303) 491-5692
Tricomp/Computer Country
7115 N. Federal
Waestminster, CO 80030

(303) 426-7743

DELAWARE

Delaware Microsystems

92 East Main

Newark, DE 19711

{302) 738-3700 (after 7 PM)
NSTRICT OF CL
Newtronics

1647 Lamont NW

Washington D.C. 20034

(202) 234-6646

FLORIDA

Olson Electronics

5833 Ponce de Leon
Coral Gables, FL 33146
(305) 666-3327

Olson Electronics

1644 N. E. Second

Miami, FL 33132

(305) 374-4121

Calculator Place

12 South Orange

Sarasota, Fl. 33577

(813) 366-7449

Otson Electronics

6901 22nd Avenue, N.
Tyrone Square Mal

St. Patersburg, FL 33710
{813) 3459119

Olson Electronics

1215 Sou!h Dale Mabry
Tampa, FL. 3

(813) 253 3129

GEC

UMBIA

Elsclronlc Information
120 Heatherwood
Athens, GA 30601
{404) 353-2858

Secom Systems

5241-F New Peach Tree
Chamblee, GA 30341
(404) 455-0672
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Columbus Software Center
4723 Northgale, Box 8088
Columbus, GA 31908
(404)563.7729

Olson Electronics

2571 N. Decatur

Decatur, GA

{404) 378-4201

Small Computer Systems
3149¢c Wailalae

Honoluly, HI 96816
(808) 732-5246

il .uu’

American Microprocessors
1100 E. Broadway
Alton, IL 62002

{618) 465-4489
Tech-Tronics

714 5, University
Carbondale, IL 62901
{618) 549-8495

Adonis Computing
2B55W. Nelson
Chicago,IL 60618
{312) 462-0847
Electronic Systems
611 N, Wells
Chicago,IL 60610
{312) 944-6565

Olson Electronics
4101 N. Milwaukee
Chicago, IL 60641

{312) 545-7336

Olson Electronics
1734 Ogden

Downers Grove, IL 60515
{312) B52-9650

A & H Associates, Ltd.
2530 Crawford
Evanston, IL 60602
{312) 328-2800
No-Name
2701 Grand
Galesburg, lL 61401
(309) 343+

Processor Sys!sms
228 School

Geneva, Il. 60134
{312) 232-7195
CompuTerminal Systems,inc.
1132 Waukegan
Glenview, IL 60025
(312) 724-3690

Tek-Aids Industries

1711 Chastnut

Glenview, IL

{312) 724-2620

American Microprocessors
6934 N. University

Peoria, L 61614

(309) 692-5852

American Microprocessors
20 N. Milwaukee
Prairlaview, IL 60069
(312) 6340076

Wysocki Electric

3080 South Bivd.
Rockford, IL 61109
{815) B74-4846

Data Domain

1612 E. Algonquin
Schaumburg, L 60195
(312) 397-87

Data Domain

406 S. Coilege
Bloomington, IN 46401
{812) 334-3607

American Microprocessors
146 N. Broad

Griffith, IN 46319

{219) 924-7901

American Microprocessors
3602 East Washington
indianapolis, IN 46201
{317) 359-7445

Data Domain

7027 N, Michigan
indianapolis, [N 46268
{317) 251-3139

Olson Electronics

5353 N. Keystone
Indianapohs, IN 46220
(317) 253-1584

Data Domain

10 N. Third

LaFayette, IN 47802
(317) 422-2548

Computer Management
610 Monroe

LaPorte, IN 46350

(219) 362-5812

American Microprocessors
2655 lrvi

Portage, |
(219) 760-2278

Microbus

1910 Mt. Vernon, S. E.
Cedar Rapids, IA 52403
{319) 364-5075

American Microprocessors
102 E. 4th

Waterloo, A 50703

{319) 296-2255

Barney & Associates
425 N, Broadway
Pittsburg, KS 66762
{316) 2311970
Technigraphics

5911 Ciaredon
Wichita, KS 67220
(315) 744- 2«3

Olson Electronics

117 Southland
Lexington, KY 40503
{606) 278-9413

Data Domain

3028 Hunsinger
Louisville, KY 40220
(502) 456-5242

Olson Electronics

4137 Shalbyville
Lovisville, KY 40207
(502) 8932562

The Mambox

4431 Lehigh

College Park, MD 20740
(301) 277-6828

Systems Engineering
1749 Rockvilie Pike #307
Rockville, MD 20

(301) 468-1822

Compuler Shop Aircom
288 Nortolk

Cambridge, MA 02139
{617) 661.2670
Bradshaw Enterprises
18 Harborview
Hingham, MA 02043
(61 74965«

The Abacus

Route 1, Box 193
Niles Road

Berrien Springs, M|
{616) 429-30
Kimble Terminals
4518S. Eton
Birmingham, M|
(313) 645-5553
MicroComputer World
313 Michigan N. E.

Grand Rapids, Ml 49503
(6%) 451-8972

Concept Engineering
3706 Malibu

Lansing, Ml 48910
(517) 394-0585

Olson Electronics
29121 DeQuindre
Madison Heights, M1
(313) 546-01

Great Lakes Photo
5001 Eastman
Midland, M1 48640
(517) 6315461

49103

48008

48071

Cus!om Computer Systems
1823 Lowry
Minneapolls MN 55411
{612) 588
Micro Businsss Sales
4345 Lyndale N.
Minneapolis, MN 55412
{612) 871.9230
ABS
547-25th N.
St. Cloud, MN
(612) 253-8722
Frisch Computer Systems
1415 Arcade
St. Paul, MN 55106
{612) 771-7569
Ronaid D. Frisch
3034 Marine Circle
Stillwater, MN 55082
{612) 439-8212
Waestronics
716 NW 8th St.
Wlllmar MN 56201
{612) 235-6096
MISSISSIPP
Jack Fisher Saies
100 Main
MichiganCi!y, MS 38647

24-6470

SOUR|

Four State Microcomputer
402 Wall
Jophin, MO 64801
{417) 782-1285

impact Syslems

Decker Building

613 W. 3rd

P.O. Box 478

Lee's Summit, MO 66463
(8¥6) 524-5919

The Compuler Bil

13208, Glenstone
Springtieid, MO

(417) 883-2708
Futureworld
1909 Seven Pines
St. Louis, MO 63141
(314) 434-1121

Sauver Computer Systems
1750 South Brentwood
Suite 601

St. Louis, MO 63144
(314)9620 82

Linco

P.O. Box 2418

Cut Bank, MT 59427
(406)33&

65804

In!elllgent Sys. & Robotics

Lincoln, NE 68506
{402) 483-1989

Omaha Computer Store
4540 South B4th
Omaha, NB 68127
{402) 592-3590

J.B.A, Associates
3316 N. Garehime

Las Vegas, NV 89108
(702) 64B8-2069

J.B.A, Associates
3316 N. Garehime

Las v aa, NV 89108
(7021

Compu!er Power

235 Nut

Nutley, NJ 07110
{201) 667-5502
Computer Corner

240 Wanaque

Pomplon, NJ 07442
{201) 835-7080

Garden State Computer
223 Park

Scotch Plains, NJ 07076
{201) 322-9195

NEW YORK

Associated Consultants
den

EastWilliston, NY 11596

{516) 746-1079

Computer Mart of N. Y.

118 Madison

New York, NY 10016

{212) 686-7923

Yingco

Two World Trade Center

Penthouse 107th Floor

New York, NY 10048
{212) 775-9000
Brag Microcomputers
19 Cambridge
Rochester, NY 14607
(716) 442-5861

Universal Data Research
234 Tennyson Terrace
Williamsville, NY 14221
{716) 632-8270

RTH A

General Sys. Programming
Box 8032, University Sta.
Grand Forks, ND 58202
{218) 773-1239

Olson Electronics
69 West State
Akron, OH 4430
{216) 762-0301
Olson Electronics
1994 Brittain
Akron, OH 44310
{216) 6334338
Olson Electronics
3265 W. Market
Akron, OH 44313
{216) 864-3407
Lucas Omce Equipment
& Service R

869 E. Franklin
Cenlerville, OH 45459
(513) 433-8484

Econo Data

580 Walnu!

Clncimali OH 45202
(513) 421.7071

Olson Electronics
2020 Euchd

Cleveiand, OH 44115
(216) 621-6387

Olson Electronics
6813 Pearl

Cleveland, OH 44130
{216) 845-2424

Olson Electronics
6153 May'tield
Cleveland, OH 44124
{216) 449-2690

Cison Electronics
21850 Center Hid?e
Cleveland, OH 4116
(216) 331-4600

Smak Computer Co.
6685Bela

Cleveland, OH 44143
{216) 461-7650

Byte Shop

2432 Chester
Columbus, OH 43221
{614) 486-7761

Olson ElectroniGs
1975 Henderson
Columbus, OH 43220
{614) 451-3245
Johnson Computer
123 W. Washington
Medina, OH 44256
{216) 725-4560

Micro Systems Sales
7841 Glenallen
Northfield, OH 44067
{216) 467-0003

Olson Electronics
7401 Markel

Southern Park Mall
Youngstown, OH 44512
(216) 58-3828

Gauger Engineering
910 Orient

Clinton. OK 73601
Accounting Systems

2709 Orlando

Oklahoma City, OK 73120
{405) 751-1537

Gauger Engineering

3824 5. 79th East

Tulsa, OK 74145

(918} 6271064

OREGON

Fial Computer

11013 5. E. 52nd
Milwaukie, OR 97222
503) 654-9574

Broadt Enterprises
550 N. Derr/Rt. 15
Lewlsber%’A 17837
(717)523

Olson Electronics
5918 Penn
Pittsburgh, PA 15206
{412) 362-1333

Oison Electronics
3405 Saw Mil Run
Pittsburgh, PA 15227
{412) 881-0702

Olson Electronics
4778 McKnight
Pittsburgh, PA 15237
{412) 366-7298
Abacus Data Systems
Route 8

Reno, PA 16343
{814) 677-6502

SOUTH CAROLINA

Island Busmuss Machines

Hll!ongHead Is., SC 29928
{803) 785-3631

SOUTH DAKOTA

Exe Engineering

BO4 E. Lewis

Vermillion, SD 57069
{605) 624-6411

Computer Power of Memphis
3065 James

Memphis, TN 38128

(901) 386-9905

Smart Machine Mart

5151 Hillson

Nashvillie, TN 37211

{615) 833-9773
ComputarPowerof Oak Ridge
800 Oak Rld e Turnpike
Oak Ri N 38730
(615) 48 -9031

Personnel Cost Control
1111 W, Mockingbird
Dakas, TX 75247

{214) 634.1230

{214) 247-5372

Mr. Computer

744 FM 1960 W., Suite E
Houston, TX 77080

(713) 444-7419

n Ohio Scientific

Kay Computers

1230 Main

League City, TX 77573
(713) 32-5555

UTAH

Home Computer Store
2343 Easl 3300 South

Salt Lake City, UT 84109
(B01) 4846502

VIRGINIA

Community General Store
2704 N. Pershing
Arlington, VA 22201

{703) 527-4600

H/B Computers

217 E. Main

Charlol!esvme VA 22101
(804) 295

Micmsys!sms Inc.

5320 Williamson
Roanoke, VA 24012
{703)563-0693
WASHINGTON

Ye Olde Computer Shoppe
1301 George Washington
Richland, WA 99352

{509) 946-3330

Ye Olde Computer Shoppe
546 North 6th

Walla Walla, WA 99362
{509) 529-9566

WEST VIRGINIA
Interactive Operations
Box 1322

Bluefield WV 24701

{304) 32 7-6582
WISCONSIN
MicroComp

785 S. Main
Fond dulLac,WI
{414) 922.2515
SpecialtyOffice Machines
20 East Second
Fon du Lac, Wi
{414) 9225440
Computer Consultants
206 Hood, Box 1027

La Crosse, WI 54601
{608) 784-7979

Madison Computer Store
1863 Morvoe

Madison, WI 53711

(608) 255-5552

Milwaukee Magnetic Media
1750West Sitver Spring
Milwaukee, WI 53209
(414) 228-8930

Indianhead Computer

Box 178 Route 4

Rice Lake, WI 54868
{715) 234-4323

Farragher & Assoc.

1322 N. 71st.
Wauwatosa, Wl 53213
(414) 778-2243

Olson Electronics

3125 South 108th

Wast Allis, Wi
(414) 541-1406
WYOMING
Control Technology
204 Crazy Horse Lane
Gillette, WY 82716
{307) 682

::nauA

QOmega Computing Ltd.
aoxsfzo o

Station P
Toronto, Ontario
Canada M5S 2F7
{416) 425-9200
Robo-Tronics
2o N

atgary, ta
Canqaad: 2M 0J6
{403) 282- 9468
AUSTRALIA
zgs Automation Propr. Ltd.

Clark 5t.,.Crows Nest,

54935

54935

Auslralia 2065

(02) 439-6477

PUERTO RICO

Puerto Rico Key Punch

P.O. Box 2036

Hato Rey, Puerto Rico 00919
(809) 751-4042

SOUTH AMERICA

SAVE

P.O. Box 701
Cuenca, Ecuador
830-770

5.1.C.

Venezuela 3392
Buenos Aires
Argentina 1211
88-2547

Circle 290 on inquiry card.



The CB-B

by Ohio Scientific
The world’s most powerful

microcomputer system
is far more affordable
than you may think:

STANDARD FEATURES:

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

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

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

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

48K of high reliability static RAM
is standard.

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

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

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

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

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

The C3-B was designed by Ohio
Scientific as the state of art in

Circle 290 on inquiry card.

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

Yet, the C3-B costs only slightly
more than many floppy only com-
puters but offers at least a thou-
sand times performance improve-
ment over such machines (60 times
storage capacity multiplied by 20
times access speed improvement).

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

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

That’s upward expandability!

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

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

1333 S. Chillicothe Road ® Aurora, Ohio 44202
(216) 562-3101
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No Power

for Your Interfaces?

Photo 1: 5 W DC to DC converter, which produces 0.2 A at +12 and ~12
VDC from a 5 VDC source. The circuit uses a special custom wound toroidal
transformer (see figures 5a and 5b). Note: the prototype shown uses 1000
wF 25 V capacitors, which were later replaced with 100 uF 25 V versions.

Build a 5 W DC to DC Converter

Steve Ciarcia
POB 582
Glastonbury CT 06033

Recently | attended a local computer
club meeting where we discussed the ques-
tion of power supplies. Many people were
remarking that, while they enjoyed building
the projects in my articles, often their
power supplies were not compatible with
the multiple voltages | required. Many of
the newer single board computers that some
members owned contained only a hefty
+5 V supply and a note that the user should
add additional supplies if the basic board
is expanded.

This is not an industry copout by any
means. The newest digital designs from
companies like Intel are made to run on
+5 V and this is considered an advance in
technology. The 8080A processor requires

22  October 1978 © BYTE Publications Inc
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+12, +5 and -5 V for operation, while the
new 8085 uses only a single +5 V supply.
As long as all other components such as
universal asynchronous receiver-transmitters
(UARTS), programmable memories, erasable
read only memories (EROMs) and read only
memories (ROMs) in the computer are
all +5 V, we can eliminate additional power
supplies and save money. Computer manu-
facturers have done just that.

This situation does not cause any
problems as long as the user stays with
the basic unit, or expands it using single
+5 V supply devices. Erasable read only
memories such as the Intel 2716 and pro-
grammable peripheral interfaces such as the
8255 are designed specifically for this
application.

The problem arises when the single
supply computer tries to be communications
compatible with the rest of the world, or
when a bipolar analog interface is added.
The RS-232C interface generally requires
+ and -12 V potentials, and digital to
analog converters such as the Motorola
1408L8, which run on +5and~-12to-15 V.

The Whole World Isn’t TTL Compatible

What is the experimenter to do when a
~15 V supply is needed and the computer
has only +5 V, or when one wishes to tie
an RS-232 terminal into a system? Ob-
viously the answer is to add an additional
power supply or two—but, what kind?

Power supply requirements should be
based on load requirements. If 0.5 A at
+15 V is needed to power a particular
interface, then perhaps a 1 A traditional
transformer-rectifier-filter-regulator design is
in order. More often than not, though, the
interface might use one or two dual supply



ULL SIZE FLOPPY DISK $995 COMPLETE!

o
DISCUS 1™ full-size floppy disk sys- | “ | Your software library includes DOS,
'tem is an overnight success...because |/ ’ ’ , , l l I | | ‘ ‘ \ !\ text editor, 8080 assembler (all in-
it's delivered so complete you can ' tegrated in DISK/ATE™); our
have it running in a single evening. / | BASIC-V™ advanced virtual disk
pjust $995,it’sa complete mem- | { BASIC able to handie a wide varie-
ystem. Complete with all | \ ty of data formats and address up
hardware and software. Com- to 2 megabytes; and patches for
pletely assembled. Completely | \ CP/M*. And it’s all interfaced to

rfaced. And tested asacom- your controller’s serial 1/0O port
e system. to avoid /O guesswork.

And it’s all yours for $995. We
even offer CP/M for just $70,
Micro-Soft Extended Disk
Basic for just $199 and Micro-
Soft Fortran for just $349 as
nice options to add to your
library. No wonder it's an
overnight success! See
DISCUS 1™ today at
your local computer
shop. Or if unavailable
locally, send yourcheck

__ or money order direct
to Thinker Toys™

=~ (add $7 for handling;
California residents
add tax.) Or call
(415)524-5317, 10-5

_PacificTime.
. -

\

And you can not only solve
your memory shortage faster,
you can solve it longer...be-
cause DISCUS 1™ is a full-
size floppy system with 3
times the storage and §
times the speed of mini-
floppies.

Your $995 DISCUS I™
system includesa Shugart
800R full-size drive with
power supply in a hand-
some freestanding cabi-
net, our 8-drive capaci-
ty S-100 controller
with on-board buffer
and serial interface,

all cables and con-
nectors, and all the
software you need...

/
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DIODE 7 CAPACITOR ||
“__ OSCILLATOR—+_BUFFER DRIVER MULTIPLIER

+5v

IK IK

| > | > q
< | 2 3 b 9
Icl

7404

2208

ImF
I5v INSI4

SEE +] ¢
TEXT 10uF
15V

+V

APPROX 8V
AT 3mA

)} 5], 6 |, 10 | + c2
INSI4 10uF
~16KHz 15v

’ 3 {>-v

Figure 1: Typical DC to DC converter, a device used to convert one DC voltage into another.
The oscillator section supplies a train of square waves to the buffer drivers. On the first half
cycle, capacitor Cl is charged to approximately 4 V, and on the second half cycle, C2 is
charged to -4 V. The voltage across the two capacitors is twice the input voltage, or approxi-
mately 8 V (open circuit). The 1 mF capacitor between IC1d and the two diodes isolates the
circuit so that the 8 V can be referenced to ground.

integrated circuits and require only 50 mA,
or if the interface is designed with CMOS
circuitry, the current requirement could
be 5 mA or less. While the 60 Hz trans-
former design may be more than adequate,
the volume and weight of the low frequency
magnetics is bulky and may not fit easily
within the present enclosure.

The DC to DC Converter

In an application that requires higher
voltage at low current, the DC to DC con-
verter is the natural choice for the designer.
As its name implies, it converts one DC
voltage to another, usually a higher one. All
DC to DC converters incorporate oscillator
sections to provide AC either to drive
transformers or to drive diode-capacitor

s22K
I 2|3
= I100KHz
ic2
74C04 uF
I 10

Figure 2: A CMOS DC to ) q
DC converter used for low
current applications. This . e

circuit produces -15 V
from a +15 V source and
provides a relatively con-
stant output voltage be-
cause of the shunt regu-
lator formed by diodes D1

and Q1.
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+15V

voltage multipliers. The converters operate
at high frequencies to reduce transformer
weight. We'll explore the particulars later.

A DC to DC converter need not be low
power, but the designs and applications
presented here are specifically for low
current and limited space applications. The
majority of the circuits occupy less than
2 square inches (12.9 square cm).

A DC to DC converter draws its power
from some major power bus, such asa +5V
or +12 V computer supply, and converts
this source voltage to a higher level of either
the same or reversed polarity. The simplest
configuration is shown in figure 1. ICla
and IClb form the oscillator which is
common to all DC to DC converters. IClc,
IC1d and ICle are buffers with the outputs
of IC1d and IC1e 180 degrees out of phase,

ALL CAPACITORS - 50V DISC CERAMIC
ALL RESISTORS - I/4W 5%

=15V
AT 1I0mA




Micromation has done for the 5-100
bus what IBM did for the floppy disk.
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Reliably doubled copocity.

Double Capacity

The DOUBLER — Micromation’s latest advance in floppy disk
technology — doubles the capacity of floppy disk systems.
Over 500 KBytes are recorded on each side of an 8" disk.
This means biggerfilesfor more powerful systems.

Double Speed

Data transfer with the DOUBLER is twice as fast — 500 Kbits
per second. And since there is twice as much data on each
track, your drive steps only half as much — so your system
runs faster than it ever has before!

Increased Reliability

That's right — even better reliability. Why? Because we did
it the IBM way. IBM designed 2D formatting — so it has to
be reliable. Micromation’s innovative, state-of-the-art de-
sign incorporates write precompensation electronics and a
phase lock oscillator on a single, all digital, 5-100 circuit
board. So we guarantee the DOUBLER will be more de-
pendable than your present single density controller — and
we warantee the DOUBLER for a full year.

Unbeatable Convenience

It couldn't be easier to step up to double density. The
DOUBLER operates automatically in either single or double
density. Justinsert a diskette and you're running properly. You
can transfer files between single or double density diskettes
without any software or hardware changes — or even oper-
ate with one single and one double density diskette.

Installation is a snap. There's a hardware UART on board

and the softwareiis all ready to go. An onboard 2708 EPROM
contains the bootstrap. There's even jump-on-reset circuitry
so you can operate without a front panel. And, of course,
we include utilities to format diskettes.

Universally Versatile

The DOUBLER will operate with all industry-standard mini
and full-sized drives. And it will work in any 8080 or Z-80
5-100 computer operating at 2 to 4 MHz. The DOUBLER will
support up to four double or single headed drives.

Fully Compatible

The DOUBLER is compatible with CP/M* version 1 .4. If you
have a CP/M* 1 .4 system, just add our CBIOS — or you can
buy our ready-to-boot version. Install the new controller,
connect any terminal to the RS-232 interface, and boot off
your new double-sized, double-speed system. You still can
use all your old software without any changes.

Completely Affordable

All Micromation products are fully assembled, thoroughly
tested, include complete documentation, and are priced
for value:

DOUBLER double density controller $ 495
MEGADBOX dual drive double density system 2,295.
ZEPHER — Per 5ci double density system 2,595.
Z-PLUS — MEGABOX 32 KZ-80 computer 4,295.

Available
The DOUBLER is available NOW at your local computer store.

Micromation Inc. 524 Union Street San Francisco California 94433/ 415 398-0289

MICROMATION :

Where there’s always more in store.

Circle 223 on inquiry card.

*CP/Mis o trademark of Digitol Research.
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$4.7x 4 8 ghaK

loisc veon |2 2N2219
| 2V ADJUST
Six 3 3 250K
9 NE 555

6

2 \uf IN9I4

TRG 3 0 TO -0V
ot ———) AT 10 mA

~.01 !
T IN9I4 sl 10pf

7

+j77 25v

Figure 3: A variable output DC to DC converter capable of producing 0 to =10 V.

simulating a pseudo AC signal to the voltage
multiplier. During the first half cycle, the
capacitor, Cl1, i charged to approximately
4 V, and during the second half cycle, C2
is oppositely charged. The voltage across
the two capacitors is twice the input voltage,
or approximately 8 V (open circuit). If this
circuit were not isolated from the drivers
(IC1d and ICle), neither +V nor -V line
can be grounded or the multiplier section
will be shorted out. The 1 mF 15 V capa-
citor between pin 8 and the junction of
the two IN914 diodes provides isolation and
allows the -V lead to be grounded. The
output is then approximately 8 V, refer-
enced to ground.

Type Function +5V S5V -12V +12V

Ay-5-1013A UART 20 mA 18 mA
2708 1 K x 8 EROM 10 mA 45 mA 65 mA
2716 {Intel) 2K x 8 EROM 100 mA
2716 (T1) 2K x 8 EROM 22 mA 12mA 45mA
MC1408L8 8 bit digital to

analog converter 8 mA 20 mA
LM301 op amp 3 mA 3 mA
LM741 op amp 28mA 2.8mA

Table 1: Worst case current requirements for a variety of integrated circuits.

Inverting Supplies

Most often DC to DC supplies are used
where a negative voltage is required to power
a bipolar linear interface or a dual supply
large scale integrated circuit such as a key-
board encoder.

Figures 2 and 3 are examples of con-
verters which would be suitable for these
low current applications. Figure 2 produces
=15 V from a +15 V source and provides
a relatively constant output voltage because
of the shunt regulator formed by the diode,
D1, and the transistor, Q1. Changing the
zener diode, D1, to 13 V makes the output
~-12 Vinstead of -15 V. The circuit outlined
in figure 3 uses the voltage control input of
an NES5S55 timer circuit to produce a variable
output of 0 to -10 V.

Dual Voltage Converters
In most cases single voltage converters

use diode steering and charged capacitor
voltage multiplication. Transformers or

other inductive devices must be incorporated
if dual outputs are a requirement. Figure 4
is a very simple #15 V converter which is
powered from a +5 V supply.

15V AT
I0OmA

+15Vv AT
10ma

+ 5V
O
tare
< 8 4
7
3;3.30( \Ca
6 NES55 3 1K
v OouTt
Figure 4: Low current 2
dual voltage output DC 1 - 2N2219
to DC converter which azkel ~100KH: X
supplies =15 and -15 V 4

froma +5 Vinput.
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NORTH STAR 16K RAM
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The North Star 16K RAM board is a star performer
in our HORIZON computer. Just as important, it is the
ideal memory for most other 5-100 bus systems. No other
RAM board can surpass the speed, reliability, and quality
features of the North Star 16K RAM at any price.

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

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

NortH STAR

2547 Ninth Street -

Circle 285 on inquiry card.

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

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

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

burned-in.

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

CovPUTERS
(415) 549-0858
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1. Q1 and Q2are General Electric type D44H4 transistors (or equivalent}.
2. TI 88 millihenry toroid (see text).

3. All resistors % W 5%.

4, All capacitors are 100 V ceramic unless otherwise marked.

Figure 5a: 5 W DC to DC converter pictured in photo 1, which produces 0.2 A at +12 and -12 V from a 5 V source. See figure
5b for details of winding a toroidal transformer for this circuit.

VY'Y

40 TURNS

2
CcT

40 TURNS

HWN —

turn winding with center tap.
For toroid source see text.

e

soldering.

— O

175 TURNS

175 TURNS

Use enamel or Fomvar coated wire for each winding.
Be careful when winding not to scratch protective insulation.
Primary consists of 80 turns of

20 wire with center tap.
Secondaries can be wound as two # 26 wire, 175 turn windings or as a single 350

5 AND 6 ARE CONNECTED TO FORM
A CENTER TAP SECONDARY

Use sandpaper or similar material to remove insulation from terminal wires before

Figure 5b: Toroid winding details for the custom transformer used in the

circuit of figure 5a (see photos 2 thru 5).

Photo 2: Surplus 88 milli-
henry toroidal transformer
rewound with two second-
aries of 175 turns of #26
wire each (after first un-
winding the existing two
windings of approximately
350 turns each). The unit
is used in the circuit of
figure 5a.
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Number Type +5V Gnd
1C1 7404 14 7
1C2 74C04 14 7
1C3 555 8 1
1C4 555 8 1
ICS 555 8 1
1C6 7437 14 7

Table 2: Power wiring table for figures 1
thru 5.

A 100 kHz oscillator switches a transistor
on and off, inducing a current into the
primary of transformer, T1. The voltage
produced at the secondary is rectified and
regulated to-15 V.

As with all inductive devices which are
pulsed, a high voltage spike is reflected
back to the collector of the transistor.
Rather than shunting this voltage, as would
be the case when we put a diode across a
coil, D1 routes this spike to a filter and
regulator combination to provide a +15 V
output.

Building a DC to DC Converter

One of the first things to determine
after deciding to use a DC to DC converter
in your system is just how much current it
must provide. Table 1 lists the typical
voltages and operating current requirements
(worst case) of a sampling of devices.

It should be apparent from this listing
that EROMs are power-hungry devices and
will use more than the 10 mA that the
converters discussed thus far can supply. For
this reason the unit described in figure 5 is
designed to produce a full 200 mA at +12 V.

This design uses a push/pull inverter
technique to crcate AC which drives trans-
former, T1. T1 is a toroid transformer and



"Our goal was to produce 100%
reliable business programs.”
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“What do we mean by reliable programs? Three Our programs are comprehensive yet retain their

things: good program design, documentation, and flexibility. They allow convenient backup, are easy

full support. to use and have been thoroughly tested and field

DESIGN Good program design meets a wide proven.

variety of customer needs without reprogramming. DOCUMENTATION We consider the quality of
the documentation to be as important as the

i' e - programs themselves. That's why our manuals

=] : are clear, concise and complete.
SUPPORT And when it comes to support we're
second to none. We release periodic updates,
answer your questions and are available to provide
technical assistance. Now that’s reliable ”
Our growing Business Systems series currently
includes: GENERAL LEDGER, ACCOUNTS
RECEIVABLE, NAD (Name and Address File
system), QSORT (full disk sort/merge), and
CBASIC (a powerful business Basic) . For details,
contact our sales manager, Richard Ellman.

Structured Systems Group

Keith Parsons, President 5615 KALES AVE. DEPT,B6 OAKLAND, CA 94618 (415) 547-1567
Alan Cooper, VP, Systems Development

Circle 351 on inquiry card.

All systems are compatible with any 2-80 or 8080 CP/M'™ system




Photo 3: Adding the pri-
mary winding, step 1.
wind 40 turns of # 20 wire
evenly around the toroid.

Photo 5: The completed
transformer. The ends of
all enameled wires should
be cleaned of insulation
before soldering.
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its doughnut shape is quite unlike the more
common rectangular filament transformers.
The shape and style of the toroid are specifi-
cally designed for high frequency operation,
which is the main attribute of this inverter
design. Heavy magnetic cores are necessary
only for 'low frequencies such as 60 Hz.
Since this converter’s switching speed is
20 kHz, relatively little magnetic material
is necessary, and high power output can be
obtained.

The toroid in this design is a surplus
88 millihenry toroid, frequently advertised
in the amateur radio magazines. A source |

Photo 4: Adding the primary winding, step
2: make a loop for the center tap and con-
tinue with 40 additional turns.

have found is: M Weinschenker, POB 353,
Irwin PA 15642. Order 88 millihenry un-
potted toroids. The price is five for $2.95
plus $1 postage.

There are two ways to wind this toroid.
Since it presently contains two windings of
approximately 350 turns each, adding a
primary sounds most logical. In reality
though, 180 turns of #20 wire couldn’t
possibly fit in the remaining space, and the
number of windings seems to vary from
source to source. To obtain a properly
wound toroid, it is best to first completely
unwind the toroid and then rewind two 175
turn secondaries. The rewound toroid looks
like photo 2. Since inductors exhibit an
output polarity that is important when tying
two secondaries in series, it is advisable to



mark the starting lead on each coil and wind
each in the same direction. It is not catas-
trophic if you don’t. Polarity can be deter-
mined empirically later.

The primary is wound with #20 wire
over the two secondaries as in photo 3, and
should be distributed evenly around the
toroid. When 40 turns have been wound,
make a loop in the wire so that it will stick
out (as shown in photo 4) and then continue
winding the next 40 turns in the same
direction. The complete toroid should look
like photo 5.

The design outlined in figure 5a is a DC
inverter. The NES555 20 kHz oscillator
sources the high current 7437 buffers which
are necessary to drive the push/pull tran-
sistor combination of Q1 and Q2. The
continuous on/off action of the transistors
produces an alternating current of 20 kHz
in the primary winding of the toroid. This in
turn induces a voltage proportional to the
ratio of the primary to secondary turns,
times the primary input voltage into the
secondary winding. With approximately 4 V
into the primary (taking into account the
collector to emitter voltage drop, Vg, tran-
sistors Q1 and Q2), 18 to 20 V should be
present on each secondary.

The output of the toroid is treated as it
would be in a traditional DC regulator
design. The two secondaries are connected
in series (terminals 5 and 6 connected) to
produce 45 V between terminals 4 and 7.
If a low voltage is obtained instead of 45V,
then the secondaries are out of phase and
the terminals of one of the coils should be
reversed. The two terminals which are
connected at this point are the center tap
and should be grounded.

Four diodes and two capacitors function
as the full wave rectifier and filter input toa
pair of 3 terminal voltage regulators. The
result is a well-regulated + and =12 V supply
with output current in excess of 200 mA on
each. Overall conversion efficiency is better
than 50%.

One note to keep in mind when testing
this device: since the output is 5 W with
50% efficiency, the continuous input current
to the converter will be approximately 2 A
{at 5 V). Peak current will be higher at each
clock transition. Use a supply with sufficient
current capabilities or it will degrade the
performance of the converter and possibly
not even work.

In next month’s BYTE: build an inexpen-
sive infrared detection system.m
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DYNABYTE COMPUTERS
ARE ALL BUSINESS
__INSIDEANDOUT.

When we designed our new small
business computers, we meant busi-
ness.

As basic as that seems, it is unique.
Just about every other microcomputer
being sold as a small business system
today was originally designed as a kit
for hobbyists.

Every design decision was made
with quality and reliability in mind. The
result is dependable performance and a
solid appearance for business, profes-
sional and scientific applications.

FIRST SMALL SYSTEM WITH

BIG SYSTEM STORAGE

Many applications handle large
quantities of information, so the DB8/2
uses two quad density 5-inch disk
drives with our exclusive Dual Density
Disk Controller for up to 1.2 megabytes
of formatted storage. That’s more
capacity than two single density 8-inch
drives.

If you need more storage, our
DB8/4 has two 8-inch drives with up to
2 megabytes capacity, more than any
other dual floppy disk system on the
market.

OUR SOFTWARE IS
BIG ON BUSINESS

Dynabyte helps you get down to
business immediately. The DB8/2 is the
first microcomputer to offer enough
storage capacity on S-inch drives to
fully utilize CP/M,* the most widely
accepted disk operating system. We
also supply and support BASIC, FOR-

® CP/M is a trademnark of Digital Research.

TRAN and COBOL programming lan-
guages. Our applications packages in-
clude general ledger, accounts receiv-
able, word processing and many other
CP/M compatible programs.

Reliability is a big consideration in
buying a business computer, so we built
it in. Our edge connectors meet military
specifications, the toughest electronics
manufacturing standard. Our regulated
power supply is designed to meet U.L.
standards, which means the entire sys-
temn runs cool and dependable. And our
cast aluminum enclosures are rugged as
well as attractive.

AND THE BIGGEST
THING OF ALL

Customer support. Our support
starts at the factory with testing and
bum-in programs that assure the entire
integrated system is reliable prior to
shipment. Our completely modular de-
sign allows continuing support in the
field. We maintain a bonded inventory
of all sub-system modules which means
we can deliver replacement sub-
assemblies ovemight nearly anywhere
in the continental U.S.

Dynabyte built in little things, too.
Like a fully-populated 12-slot
backplane, switched AC outlets for ac-
cessories, an option for European
power, quiet whisper fans with long-life
metal construction, lighted indicator
switches for Power On and Halt, a
shielded enclosure to protect disk drives
from electro-mechanical interference,
and a fully enclosed power supply for

operator safety.

Since we didn't cut comers in de-
sign, the price/performance ratios of
our systems make good business sense.

THE INSIDE FACTS

The DB8/2 Computer System in-
cludes two 5-inch disk drives either
single or double sided for up to 1.2
megabytes of mass storage; a 4MHz
Z-80 processing module with one
parallel and two serial ports, an
EPROM programmer and up to 4k
ROM; 32k of RAM, a 12-slot fully-
populated backplane; our exclusive
Dual Density Disk Controller, and
CP/M.

The DB8/1 Computer includes a
4MHz Z-80 processor with one parallel
and two serial I/O ports, an EPROM
programmer and up to 4k of ROM; 32k
RAM, and a 12-slot fully-populated
backplane.

The DB8&/4 Disk System, designed
to be the mass storage companion to the
DB#&8/1, includes two 8-inch floppy disk
drives in either single or double sided
configuration for up to 2 megabytes of
mass storage, our Dual Density Disk
Controller, and CP/M.

All three units will be available in
rack mount models.

For a descriptive brochure and
price list, call or write Dynabyte, 1005
Elwell Court, Palo Alto, CA 94303.
Phone (415) 965-1010.

Or better yet, see yourlocal dealer.

DANABITE

Circle 110 on inquiry card.
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A lrl‘iny”

Part 2: The P-Compiler

Kin-Man Chung
124 Scottswood Dr
Urbana IL 61801

Herbert Yuen
POB 2591 Station A
Champaign IL 61820

When Niklaus Wirth introduced Pascal
in 1971, one of the design objectives was
to allow efficient program compilation.
As far as we know, all existing Pascal com-
pilers use the one pass compilation
technique.

Newcomers to Pascal sometimes criticize
features of the language such as declaring
variables before use, and having constant
and type declarations precede variable
declarations. But such features are necessary

SOURCE
————— &
PROGRAM HEANNER
¥
ERRDR
@ DARSER =
AOUT INE M~
~ \\\
T S
[ ~Z
~
SYMBOL
TABLE
ERROR -
MESSAGES T
SENANTIC [
ARALYZER
STORAGE CODE PROGHAM
ALLOCATOR GENERATOR Fig um
~ —--
T~ ~
~ - \\
i —

—— —» DATA FLOW

——& LOGICAL FLOW

OBJECT
PROGRAM

Figure 1: Logical arrangement and interconnections of the p-compiler

modules.
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to make a one pass compiler work {aside
from the fact that it is also good program-
ming practice to declare identifiers before
use). Compared with multipass compilers,
the job of writing a one pass compiler is
relatively simple, since there is no need to
store the program in its intermediate form.

Figure 1 shows the structure of our
one pass Pascal compiler. The main portion
is made up of the scanner, syntax analyzer,
semantic analyzer and code generator.
A brief overview of these functional por-
tions of the compiler follows. Detailed
descriptions will be given later.

The syntax analyzer is commonly called
the parser. Its main function i to detect
syntactical errors in the source program.
The smallest unit of the source program
that the parser looks at is called a token.
For instance, the reserved word while,
the symbol :=, or the identifier idname
would be tokens. The main job of the
scanner is to read the source program and
output a token when needed by the parser.
Irrelevant information such as blanks,
comments and line boundaries are ignored.

To further simplify the work of the
parser, the values of numeric constants are
also evaluated by the scanner. The parser
then parses the program according to the
rules laid down by the syntax diagrams
which were described in part 1 (A Tiny
Pascal Compiler,” September 1978 BYTE,
page 58) and generates error messages if
illegal constructs are found. Identifier names
are entered into a symbol table as they are
declared. The symbol table is consulted by
the parser as well as the semantic analyzer.
After a Pascal construct is recognized, its
meaning i analyzed by the semantic ana-
lyzer and appropriate p-codes are generated.
Occasionally, there are forward references
whose addresses cannot be determined at the
time the codes are generated, but have to
be resolved at a later time. Thus updates
to the object program have to be done at
the appropriate time.

This may sound complicated, but in fact
a one pass compiler is actually the simplest
compiler imaginable. The technique used by
our parser is usually referred to as top-down
parsing or goal oriented parsing. The top-
down parsing algorithm assumes a general
goal at the beginning. This goal is then
broken down into one or more subgoals,
depending on input strings and the rules
in the syntax diagrams. The subgoals are
realized by breaking them down into finer
subgoals.

This is usually not a very efficient algo-
rithm if backups are needed. The need for
backups occurs if at some point we choose
one subgoal from several others and find



Concerto in A Flat Mini.

Victor Borge demands the world’s
finest piano for 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 176 on inquiry card.

At Information Terminals Corp. the
whole message is quality. Our
Verbatim brand diskettes, cartridges
and cassettes capture your data
and play it back bit for bit, byte for
byte, verbatim.

Quality mini media is all we make.
When you want to be sure your data
will play, specify Verbatim.
Information Terminals Corp.,

323 Soquel Way, Sunnyvale l}_‘r
CA 94086 "
(408) 245-4400. TWX: 910-339-9381.
For the name of your nearest
Verbatim distributor, call toll free:
(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:

ITC— Far East

404 Roppongi Skyheights
3-2-21 Roppongi, Minatoku
Tokyo, Japan

Telephone: (03) 583-1981
Telex: J 47879
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after some processing that we have made
the wrong choice. We would then have 10
undo what had been done by the wrong
choice and back up to the point where we

Uisting 1: BASIC version of the p<ompiler. This program takes the Pascal
program and compiles it into p<ode. The term pcode stands for pseudocode,
an assembler language code for @ hypothetical computer which can be con-
verted into an existing assembler longuage. Listing continues thru page 48.
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could try other altematives. This is usudly
a messy business and involves a lot of
bookkeeping. Fortunately, in the parsing of
Pascal, no backup & necessary. A keyword
is present at each decision point, and it
determines what subgoal we should choose.
An example will make this clear.

Suppose ow goal is to recognize a stare-

ment. A statement Can be a number of basic

: it can be an state-
ment, an if statement, a case statement
or any other construct defined by the
syntax diagram. The Pascal grammar is so
designed that we know which type of
statement we should choose by just looking
at the next token. If the token is if, then we
know it is going to be an if statement;
if the token is case, it is going to be a case
statement, etc. There would seem to be a
problem if the token & an identifier, since
the statement can be the beginning of an

or-a p call,

But this can be easily resolved by consulting
the symbol table, where we also keep the
attributes (data types, addresses, etc) of
the identifiers. This is one of the reasons
why identifiers and procedures must be
declared before use: it makes compiler
writing easier.

A top-down parser without backup can
be implemented by using a technique called
recursive descent. Such a parser uses a
recursive procedure for each nonterminal
in the syntax diagrams. A call is made to
this procedure whenever a parse for such

Line
Remark
400 Emvor routines — FNE, FNEY, FNE2
W30 Gat » charactar
1080 Tnput lllnl
1240 Gat & toki
1950 Emar mrv into symbol table
2060 Search symbol 1able
00 Constant decler stion
2240 Gat constant
2340 Varisble dacier stion
Simpla axpresd
210 Tarm
Factor
Expr assion
3480 Statament
Btock
6120 Push numaeric
6150 Pop numeric
6180 Push string
40 Pap string
8310 ‘Code Generstion — FNG
6520 Finup torwsrd references

Table 1: For exsy reference the moin sub-
routines of the pcompiler are listed here
alang with remarks regarding their uses.



microprocessor
The Instrucior 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 flome, 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 functionafand hexadecimal keyboa ds. You
also get S-100 compatibility for adding memory and other peripherals. This lets

ou expand the machine’s capability—and your microprocessing applications
ow ledge. Moreover, you can easily build aprogramlibrary 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.

SNOtES

a subsidiary of U.S. Philips Corporation

Signefics Corporation
811East Asques Avenue
Sunnyvale, Catfornia 94086
Tetephone 408/739-7700

Circle 322 op inquiry card.
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896
S0e
910
9208
938
9480
958
960
970
9808
998

I"*BEGIN' EXPECTED"SRETUERN

1"*0F" EXPECTED"'\RETUFRMN

I"ILLEGAL HEX CONST*“KETUKN

1"*T0* OR 'OO0KKTO® EXFECTEL™~RETUKN
I "NUNMBER QUT OF RANGE®“RETUKN
1"*¢* EXPECTED"NRKETUKN

I {* EXPECTED"\RETUEN

17'1" EXPECTED"\RETURN
I"PARANETERS MISMATCHEO"\RETUKN
I"DATA TYPE NOT RECOGNIZED"\KETURN
! "BUG* \RETURN

L1O0BREM f&rtrrrrraradLILLILY
181BREM SCANNER
1B20REM $EEEELLTLLLTLLLLLLY
18306REM GETCHAR

1040
1850
1060
1070

IF Ce<Le THEK 1866
GOSUB 1896\GOTO 1840
CO=Co+1\X$=L$(C0O,COB)
RETURN

188OREM 1111s11111
1896REM INPUT A LIKE

1100
1110
1120
1130
1140
11508
11606
1170
1180
1190
1200
1210
1220

1%41,CL," ",

IF F5<¢8 THEN INPUT L$ ELSE 116@

IF L$="" THEN 11068

IF L$CL,1)="¢" THEN 1210\REM MACKO FILE?
L$=L$+" "\CO=0

L@=LENCL$)>\RETURN

IF TYPCF5)<{>86 THEN L196“REM EOF IF TYP=@

CLOSE #FS\FS5=F53~1\REM RETURNK TO LAST ACTIVE FILE
G0TO 111@

READ #FS,L$\!L$

GOTO 1130

FS=F5+1\0OPEN #F35,L$¢2,LENCLS$))
G0TO 1896

1236REM 22gitriisy
1240REM GET A TOKEN

1256REM RETURN S@$=TOKEN.,

1260
127a
1280
1290
1360
1310
1320
1330
1340
1358@

A$=STRING, N3=NUMEKIC
IF X$<>" " THEN 1230

GOSUE 1930\GOTO LZ€uskEM FLUSH BLANKS

IF X$<"A" THENL4GOFEN JNDENYIFIERT

IF X$>"2" THENL4€G

K=@\A$=" "

IF K>=K2 THER 1330%ECM ONLY LST NZ LEVYTERS qkE ULEL

K=K+ L “A$CK,KI=K$

GOSUB 1629

T=ASC( ks )

IF T347 ARD T<S& OF T>€4 ANL T<91 THER 1310WREM LUGT Ok LTTR

1366FKEM BIN SERACH FOFR RES WOKDS

1370
1380
1390
1400
1410
1420
1430
1440
1450
146u
1470
1480
1490
1560
1510
1520
15308
1540
1550
Li6u

I= 1 J=NAES~4
B$=A$
K=INTCCI+J)r10)85+1

Z5=UBSCK, K+d)

IF B${=2§ THEN J=K-%

IF B$>=Z$ THEN I=Ksd

IF 1<=J THEN 1390

IF 1-55J THEN S05=E§ ELSE 505="10ENT"
RETURN

Zg=""

IF X$C*@" THEN 146@REM AN INTEGER?
IF X$3"5" THEN 1560

5@$="NUN"

Z$=25+xs

GOSUE 183@

IF ASCCX$)>=48 AND ASC{X$)(=57 THEN 1500
N3=UAL(ZS)

IF N3<=N1 THEN RETURN
£9=30 \GOSUE 550
N3=NI\FETURN

1578REM CHECK FOF: SFECIAL SYMBOL

13586
15908
1660
1610
1620
1630
1640
1650
1660
1670
1660
1690
1760
1718
17208
1730
1740
1756
1760
1778
1780
1798
1860
1810
1820
1830
1840

P 1A
GOSuB 1030
IF X$="=" THEN 1620

S@$=": "\RETURN

Sag=":=*

GOSUB 1B36\RETURN

IF X${>"<" THEN 1718

GOSUE 1630

IF X$=">" THEN 1690

IF X$="=" THEN 1700

SO$="<¢"\RKETURN

SO$="¢3"\60SUE 1OIO~KETURHK
§@$="(="\G0SUC 1030~RETURN

IF X$¢(>">" THEN 17%0

GOSUB 1BSuU\5Us=">"

1IF X$<{>"=" IKEN wETURN

S@$=">="\G0SUB 1030-KETURN

IF X$<>%'" THEN 179@

S@s="STR"\Cg=""

GOSUB 1038-+IF X$="'" THEN 1030

Cs=C$+X$ G010 1770@

IF X$<O"(* THEN 1820~REM IGNORE COMMENTS
GOSUB 103B\IF X$<(>"}" THEN 18066

GOSUB 1636NGOTO 1240

IF X$<O"%" THER 1330<FKEM HEX CONSTANT
GOSUB 183@\S0$="KUM"\N3=0

FOR I=1 TO 4

IHEN 1€4@
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a nonterminal is required. It is easy to see
why such a scheme would work. The stack-
ing mechanism of the run time procedures
ensures that we get back to the correct
position in the syntax diagram after com-
pleting the parse of the nonterminal.

If you look at the syntax diagrams care-
fully, you will see that diagrams for certain
nonterminals actually contain the non-
terminal itself, either immediately or after
several expansions. In terms of compiler
writing this means that the procedures corre-
sponding to these nonterminals would call
themselves recursively.

BASIC Recursive Subroutines

Most versions of BASIC do not
adequately support recursive sub-
routine calls. In North Star BASIC, the
multiline function call can be invoked
recursively, in a limited fashion. This is
because the function parameters are
local within the function definition
and are pushed onto a stack when
making a call.

The surprising fact is that most
BASICs do not forbid a recursive
call if one is made. For instance, the
following BASIC subroutine, which is
an inefficient way of printing the first
N integers in descending order, is
probably permitted in most BASICs:

100 PRINT N

200 IF N=0 THEN RETURN
300 N=N-1

400 GOSUB 100

SO0 RETURN

The problem of doing recursive
calls in BASIC is that of preserving
the values of the identifiers in the
subroutines. This can be done by
using a stack. The values of the identi-
fiers are pushed onto the stack before
a recursive call, and popped out of the
stack in the reverse order when
returning from the call. In BASIC, the
stack can be simulated by an array:

10 DIM S(100)
11 P=0
12 REM INITIALIZE STACK POINTER

1000REM PUSH X INTO STACK
1010 S(P)=X

1020 P=P+1

1030 RETURN

2000REM POP X FROM STACK
2010 P=P—1

2020 X=S(F)

2030 RETURN
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One important part missing from our
compiler is the ability 1o recover from
errors. Of course all syntactical errors
are caught by ow compiler and somewhat
meaningful messages are printed to indicate
errors. However, if an error is found, the
compiler is aborted prematurely and will
not resume compiling. Such a compiler is,
of course, not acceptable in practice. But
with the understanding that this compller
will be used as a bootstrap compiler, as
discussed in part 1, it is tolerable. A com-
piler with simple esror recoveries would
not be particularly difficult to implement
but would involve a lot of programming
codes and processing time. We hesitate
t0 add things to an already big and slow
program.

1t is generally difficult to implement a
compiler with sophisticated error recovery
features. Such a compiler would not only
detect errors, but would also try 1O repair
the damages caused by such errors. The com»
piler has to make some assumptions about
the nature of the errors and the intention
of the author. This is usually difficult.

11 our concern is solely that of locating
a¥ errors in a single parse of the source
program, there are simple ways of doing it.
Upon detecting an  error, the compiler
simply skips the input text until it can safely
resume the compiation process. To do this
the compiler looks for certain keywords
or stopping symbols for hints 1o resume the
parsing process. For instance, if we find an
error while parsing a conditional expression,
we skip the input tokens and search for
symbols, such as ®, > =, etc, and keywords
such as then and do or perhaps begin. If
we do this for all the parts of the language
constructs, we will at least have a compiler
that would resume compilation after an
error is encountered in the hope of finding
all syntactic errors in one pass, and which
would give meaningful diagnostics for most
errors.

To reduce the size of the program shown
ing |, comments are kept to a mini-
mum, Each module or subroutine is clearly
identified. To facilitate easy reference,
the important subroutines and variables are
shown in table 1 and table 2, respectively.

Scanner and Symbol Table Management

Each time the p-compiler calls the scan-
ner {line 1260, listing 1), the input text is
scanned and a new token is produced
This is done by calling a subroutine {line
1040) that retwns a character from the
input string. Since the inputfoutput {10)
routines are line oriented instead of charac-
ter oriented, a line buffer (L$) is used to
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2810 2=FNUCL, B, 4060010 20
2820 2=FNGLL, 0, 17 6070
2630 Z=FNG{ 1,6, 183 G010 JuX
CE40REM 1333333314

2BLUKEM FACTOR

2660 IF SO$="10ENT" THEH 340
2870 IF SO$="NUM" THLH Zud0
2666 IF SO$="S5TR* THLN I
268906 IF SES="(* THEN 100
2900 1F SAST"MEM  * THEM X144
2910 IF Sus3="NOT " THLK 420
2920 2=FNE{Z3)

2936FREM a1 JDENTIFIEFR

2940 GUSUE Zedo

2956 IF I=a THEN Z=FHWEC11)

2960 1F 10£<1,10="F" THEN Z-tHECELIWREM FROC MAME

2970 IF Y6451,1)0<>°y" THEN Zeou

2980 2=FNG(S,8, 1 )WREN FUNC

2990 1=I-1~GOTO 4Z90 REM TZ<1)eAUL OF FUNC
3080 IF Tos{l.I)=*a" THEN ILIBNREA ARRAY
3016 IF TeésCl.,1){>"C(" THEN Z03a

3820 2=FNGL@,0,T2(1))NGUT0 1Z40\KEM CONST
3830 2=FNG(&,L1-TLCI D, TECT )2 FRIT TD

3840 GOTO 124€

3@56REM 11% RUMERIC CONET

3860 2=FNG{W, @, NI GOTO 1240

3070REM 144 STENG CONZT

30880 25FHGLO,0, ASCCCE ) INGUTO 1240

3090REM 148 PARKEN EXFF

3180 GOSUB 124@~G03UE I290

3116 IF S@$=")>" THEN 1Z4@

3120 2=FNE{22)\KETURN

31306REM & READ MEMORY

3140 2=FNERC™[*,33)

3156 GOSUE 124@\GUSUE 3z&a

3160 Z=FNEL1("1",34)

3170 GOSUB 1z4@

3180 2=FNG< 2,255, )NRETURN

3196 X=I\GOSUE €10

3280 2=FNEZ2{"[",33)

32106 GOSUB 124enGOSUE 3230

32206 2=FNEL1("1",34)

3230 GUSUB 61SBN\Z=FNGC1&,L1-T1C¢X), TE(KD)
3240 GOTO 1240

3250REM 1%¥% NEGATE

3260 GOSUB 124@~.GOSUE 28%0

3270 2xFNGS 1,6, 1€2\RETURN

326OKEM 111212111422

3290REM EXFRESSION

3380 GOSUE ZI9ONREM SIMNFLE €

3310 IF S@g="=* THEN 32
3320 IF sag="d{>" THEN
3330 IF Sas="(" THEN 33&0@
3340 IF Sas="¢=" THEN 3380
3356 IF Sas=v>" THEN 3
3360 IF s@f=">=" THEH
337@ RETURN

3380 Y$=S03-GU3UE €1EOVREM FUSH

33968 GOSUE 1240\60SUE 2330

3480 GOSUE €240-FREM FUOFP

3410 IF Y$="=" THEN Z=FNG{!,0,8)

3420 IF Y$="{3" THEN Z=FNG<{1,0.,3)

3430 IF v$="<" THEN Z=FNG{L,4,1@)

3440 IF Y$="r=" THEN Z=FNGi1l,4,11)

3450 IF Y$=">" THEN Z=FNG(I1,@,1&)

3460 IF Y$="{=" THEN Z2=FNKG¢(1.,8,13)

347@ RETURN

3480REM XHfyyiiess

34906REM STATEMENMT

3580 IF Ses$="IDENT®" THEN 3I630

3510 IF Ses="IF * THEN 4440

3520 IF Ses="FOR " THEN 5t7¢

3530 IF Ses="WHILE"” THEN 4&ae

3540 IF Se$="CASE * THEW 4590

3556 IF Ses="REFEA" THEN 473

3560 IF SO$="BEEGIN® THEN 455

3570 IF Ses="KREAD " THEN 404u

3580 IF S@s="WFRITE" THEN 3I&7a

3590 IF Ses$="MEM * THEN 4650

3660 IF SB$="CALL * THEN 4240

36106 RETURN

3620REM ¥&& ASSIGHMNI

3630 GOSUE 2@60

3640 IF I=8 THEN Z=FMEC11)

3650 IF Tes(l,1)="A" THEN I78O0\KtM ARRRAY
3660 IF Tes(l,1)="u" THEN 376@~KEH IN1 UAF

3670 IF Tes(1,1)="¥" THEN 3I760°FREH FUNC RETURN UALUE
3666 IF TesCI,1)="P" THEN 4296“.FEM FRUOC CALL

3690 2=FNE(12)

3760 X=I\GOSUB 612@\FEM FUSH TEL AOO
3710 X=16\GOSUE 612G REM INDEX AbD MODE
3720 2=FNE2C("[",33)

37306 6USUB 1240\GOSLIE 3298

3740 2=FNELC"1", 34)

3756 60TO 3780

3760 X=I\GOSUB 6120
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hold a line, and a counter (CO) is used to
indicate the character just read. When the
end of a line is reached, the line input
routine (line 1100) is called to read in a new
line.

In our compiler we also provide the
capability of invoking or recalling a file
of Pascal text from disk. This is initiated
by a command that starts with a dollar
sign ($) in the first column followed imme-
diately by the name of the disk file to be
inserted and compiled. Since North Star
BASIC allows four disk files to be open at
the same time, there can be four levels of
file nesting. The variable F5 is used to indi-
cate this level. If it is equal to —1, then input
is taken from the keyboard. The initial
input is from the keyboard. This feature is
quite useful, since we can store procedures
that are commonly used in a disk library,
and have them recalled when needed.

Usually, the token that the scanner
returns is a number that represents the
token class the symbol is in. To make the
program more readable, we use string
variable S0$. Possible values returned by
the scanner are: ; , :=, BEGIN, IDENT,
and NUM. The last two tokens, which are
tokens for identifiers and numbers, require
some further information. A$ and N3 are
also used to store the textual representation
of the identifier and the value of the num-
ber, respectively.

The recognition of a valid token is a
straightforward process and will not be
detailed here. Since : and := are both valid
tokens, the scanner, after seeing the : ,
must also look at the next character to
determine the correct token. This can be
done by using a one character look ahead.
When the scanner is entered, a character
is assumed to have been read, and upon
exit from the scanner, a character beyond
the current token is read.

Another problem that the scanner may
have is that of recognizing reserved words.
The reserved words are stored in a table
in sorted order. When an identifier is found,
it is compared with the entries in the table,
by performing a binary search. If it is not
in the table, it is assumed to be a user
defined identifier.

In Pascal programs, identifiers are de-
clared at the beginning of each procedure
block. The scope of an identifier covers the
entire block containing it (and any of the
blocks inside that block). A simple symbol
management scheme that reflects such scope
rules makes use of a stack. When the com-
piler enters a procedure block, a segment
of the stack is used to store identifiers
for the block. If the procedure block con-
tains another procedure block, then another
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dig-i-kit-izer/dij-e-kitsizer/ n: (1): a high-
value low-cost computer graphic input device
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3770
3786
3796
3806
38160
3820
3830
3840
3850

X=0\c0SUE 61206

G0SUB 1246

IF S@$=":=" THEN 38160
2=FNEC 13)\GOTO 3820

cOSUB 1240

cOSUB 3296\cOSUB 6150
K=X\GOSUB 6156
2=FNGC3+K,L1-T1(X ), T2( X))
RETURN

386GREM t¥¥ WRITE

3876
3880
3890
3960
3910
3920
3936@
3940
3956@
3960
3976
3986
3990
40600
4010
40620

2=FNEZC¢"( ", 31)

GOSUB 1240NIF S@${>"STR" THEN 3956
L=LENCC$)\IF L>1 THEN 3910
2=FNGCO, 0, ASC(C$))INZ=FNG(8,0, 1 )\0TO 3946
FOR I=1 TO L

2=FNGC 0,8, ASCCCSC T, 1)) INNEXT
Z=FNG(®,0.L)\Z=FNG(S.6.8)

GOSUB 1240N60TO 40600

cOSUB 3290\K=1

IF ses="#" THEN K=3“REM DEC

IF S@s$="%" THEN K=S\REM HEX

IF K>1 THEN GOSUB 1240
2=FNE(8,0,K)

IF Ses="," THEN 3880
Z=FNEL(")",22)

cOTO 1240

4G36REM A:3% RERD

4040
4656
4060
4676
4086
4096
4106
4116
4126
413@
4146
415@
4166
4176
4186
4196
4206
4216
4226

2=FNEZ(*{",31)

2=FNEZ("IDENT",4)

GOSUE 206@NIF 1=0 THEN 2=FNE(11)
X=I\GOSUB 6120

IF TO$C(I,1)="A" THEN 4196

IF T@$<1,1)="U" THEN L=0 ELSE 2=FNE(4)
GOSUE 1240 \K=0

IF Ses="#" THEN K=2\REM DEC

IF SG$="%" THEN K=4\REM HEX
2=FNG.&,0,K)

IF K>@ THEN GOSUB 1240

GOSUB 6156N2=FNGCL+3,L1-T1(X),T2(X))
IF S@t="," THEN 4050

2=FNE1(")",31)

GOTO 1240

2=FNEZ("[",33)

GOSUB 1246 \GOSUB 3250

2=FNE1("1",34)

L=167\GOTO 4100

4230GREM %% ABSOLUTE MEM CALL

4240 2=FNEZ¢"(",31)

42560 GOSUB 1246\GOSUE 3296

4268 Z=FNEL(")",22)

427@ 2=FNG( 4,255, 0)\GOTO 1246
426BREN #1% PROC OR FUNC CALL

4290 KZ=0-K3=]

4306 IF T3(1)=@ THEN 4400\REM NO FARAMETER
4318 2=FNE2("(",31)

4320 X=K2\GOSUB 6120

4338 X=K3\GOSUE 6120

4340 GOSUS 1240NGOSUE 3250

43560 GOSUB 6150\K3=x

4360 GOSUB 61S0MKZ=X\K2=K2+1

4376 IF Sas="," THEN 4326

4388 IF K2{>T3¢(K3) THEN 2=FNE(33)
439@ Z2=FNEL(")",22)

4400 Z2=FNG(4,L1-T1(K37,T2¢K3))
441@ IF K2 <38 THEN 2=FNG(S.,0,-KZ)
4420 GOTO 1240

443@REM %% IF

4446 GOSUB 1240

4456 GOSUB 329@

4460 Z=FNEL(*THEN *,16)

4470 GOSUE 1240

4486 X=C1\GOSUB 6120“REM FORWARD REF FOINT
449@ 2=FNG(7,8.,6)\REM JFC

4566 GOSUB 3496

4510 IF SE$<"ELSE " THEN 6520
4526 GOSUB 6156\K=X

4536 X=C1\GOSUE 6120

4540 2=FNGC(6,0,0)\REM JMP

455@ X=K\GOSUB 6S4G\REM FIXUP FORWD REF
4560 GOSUB 12406°GOSUE 3490

457@ 60TO 6526

45BGREM ¥1% COMFOUND STTMNT

4590 GOSUB 1246

4660 GOSUBS 3490

4616 IF S@$=";“ THEN 4596

462@ IF S@$="END ~ THEN 1246
4630 2=FNE¢ 17 )NRETURN

4640REM *%% WRITE MEM

4650
4660
4670
4680
4690
47060
4716

47206REM %%% REFEAT
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2=FNEZ("(",33)

GOSUB 1240NGOSUB 3250

IF SE£<>"1" THEN 2=FNEC34)
2=FNE2("1=",13)

GOSUB 1240°\GOSUB 3250
2=FNG¢3,255,0)

RETURN

UNTIL

segment of the stack on top of the existing
segments is used for identifiers of this block.
After successful compilation of a procedure,
its segment of the stack can be discarded,
since there is no further use for this part
of the symbol table. In this way, we can also
eliminate possible interference with identi-
fiers in some other blocks. We also see that
since the block delimiting mechanism is
hierarchical, use of stack is also appro-
priate. Figure 2 illustrates two-level block
nesting.

Readers may have noticed the similarities
between this symbol table stacking scheme
and the run time storage allocation scheme
discussed in part 1. Since the symbol table
deals with a static structure, it is much
simpler.

Within the segment of the symbol table
for a procedure block, further data struc-
tures can be set up for storing the identi-
fiers. We chose to use what we feel is the
simplest method: store the identifiers se-
quentially, in their order of appearance.
This means that search also has to be done
sequentially. Since most procedures have
only a small number of identifiers, this
should work well in most cases. Other
more sophisticated structures such as a
balanced binary tree or hashed table are
commonly used in larger compilers.

The symbol table also contains some
information about the identifiers. The
identifier type has to be kept with the
symbol table. Specific information is needed

PROC &;
WAR
2
i
| —— PROC &aa;
vap

BEGIN [*aa®*}

B ———

L]
END L*aa*);
PROC aB;
VAR

BEGIN [*aB™*}

3 ——— =
a4
EMD {*aB");
BEGIN (*a%)
S .
B
END L®A™);
A A
LYY AB
I 2 3 4

Figure 2: Example symbol table at various
points of compilation.



Software for the Percom LFD-400

Disk Operating and File Management Systems
INDEX™ : The mostadvanced Disk Operating and File
Management System available for the 6800. INterrupt
Driven EXecutive operating system features file-and-
device-independent, queue-buffered character
stream 1/O. Linked-File disk architecture, with auto-
matic file creation and allocation for ASCil and binary
files, supports sequential and semi-random access
disk files. Multilevel file name directory includes
name, extension, version, protection, and date. Re-
quires 8K RAM at $A0O0Q0. Diskette includes numer-
OUSIUHITHIES!, ; 1y o men by o2 e w8 Lo Mrns o s $99.95
MINIDOS-PLUSX: An easy to use DOS for the small
computing system. Supports up to 31 named files.
Available on ROM or diskette complete with source
ISTING e 0F . g o bl e W ey b MU S BT s e $39.95
Basic Interpreters and Compilers

SUPER BASIC: a 10K extended disk BASIC interpre-
ter for the 6800. Faster than SWTP BASIC, 9-digit
accuracy, program CHAINing, BASE O subscripting,
improved error reporting, disk data files, and print
column alignment. Program and data files may be
prepared using one of the Text Editors described
D O IO T = et e b i b e T T e $49.95

BASIC BANDAID™: Turn SWTP 8K BASIC into a re-
spectable random access data file disk BASIC. In-
cludes many speed improvements and program
CHAINing. When ordering, specify version (2.0, 2.2,
or2.3). Complete with listing. ............... $17.95
STRUBAL™: A STRUctured BAsic Language Com-
piler for the serious professional programmer. In-
cludes elements of BASIC, PL/M, and assembly lan-
guage. Features 10-digit floating point, strings, scien-
tific functions, and 2-dimensional arrays. Requires
16K RAM memory and LINKING LOADER (see below).
Complete with RUN-TIME and FLOATING POINT
PACKAGES! .o fho v i romate s Sl s $99.95

Text Editors

EDIT68: Hemenway Associates powerful disk-based
text editor. May be used to create programs and data
files. In addition to SEARCH, CHANGE, DELETE, and
MOVE functions, EDIT68 supports MACROs which
perform complex repetitive editing functions effi-
ciently. Runs in only 6K RAM. “Spooling” permits text
files much larger than the available RAM memory to be
createdandedited. ....................... $29.95
TOUCHUP™: If you already have the TSC Text Editor,
TOUCHUP will convert it into a disk-based text editor.
ROLL function permits text files much larger than the
available RAM memory to be created and edited.
TOUCHUP is supplied on diskette complete with
SOUKCE LISTINC i & 1a s i ettt iy PR e 5 TR $17.95

ASSEMBLERS

PERCOM 6800 SYMBOLIC ASSEMBLER: Requires
only 8K of RAM memory to assemble programs with
200 labels. More convenient to use than most as-
semblers; assembly eptions may be specified at time
OffASSEMBIY |1 kb b o mad o e i 4 S R i $29.95
Complete listing of above assembler ........ $29.95

MACRO-RELOCATING ASSEMBLER: This Hemen-
way Associates assembler is for the programming
professional. Generates relocatable and linkable ob-
ject code. MACRO facility permits nested macro
calls. Permits conditional assembly. Requires 16K

AL e o - 1 55 s ws o b et SR D o $49.95
LINKING LOADER for STRUBAL and the above as-
SEMMOIET L bty s &3 200 LB ral B e L gt W7 2T $19.95
Business Applications

GENERAL LEDGERSYSTEM .. ........... $199.95
FULL-FUNCTION MAILING LIST ...... ... $ 99.95

Write or call for our complete software catalog.
PERCOM DATA COMPANY, INC.
Dept BP « 318 Barnes * Garland TX 75042
(214) 272-3421
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PERGOM's 'assembied and tested J
FI.(IPPY DISK SYSTEM
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The LFD-400 is ready to plug in and run
the moment you receive it.
Nothingelse to buy! Not even extra memory!

YOU GET:

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

© The drive power supply—fully assembled and tested.

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

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

© Attractive metal enclosure.

O Interconnecting cable—fully assembled and tested.

@ Two diskettes—one blank, the other containing numerous
software routines including patches for SWTP 8K BASIC and the
TSC Editor/Assembler.
70-page instruction manual—includes operating instructions,
schematics, service procedures, and the complete listing of
MINIDOS™.

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

1 90-day limited warranty.

Minifloppy s atrademark of Shugart Associates.
MINIDOS is a trademark of PERCOM Data Company, Inc.

The LFD-400is readily expanded to eithertwo or three drives.
Write for details. Send for our free brochure for more informa-
tion about the LFD-400 Floppy Disk System and LFD-400
software.

To save you money, the LFD-400 Floppy DiIsk System Is available
only from PerCom. Because of the special pricing, group and
dealer discounts are not available.

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

'PERCOM DATA COMPANY, INC.

DeptB 318 BARNES:GARLAND, TX. 75042
(214) 272-3421

PERCOM™ ‘peripherals for personal computing’ |
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for each type of identifier. For constants,
the information is the values of the con.
stants; for program variables, the informa.
tion is the address pair (level, of fset from
base address); for procedures and functions,
it is the address pairs and the number of
parameters; and, lastly, for arvay variables,
the information is the address pair as well
as arvay sizes. See table 2 for actual variables
that are used 10 store these quantities.

The symbol table is used by both the
parser and the semantic analyzer. The infor-
mation i the symbol table is used in a
number of ways. The type of identifier
is used, for instance, 10 check the type
consistency in an expression. When a vari.
able is referenced or a procedure or function
called, the symbol table is searched to
obtain the level and relative address from the
base address. The number of parameters
in a procedure or function is used to check
the correct matching of parameters in actual
procedure or function calls,

An identifier is searched for by starting
from the end of the symbol table and work-
ing towards the beginning. (Viewing the
table as a stack, we say that we search from
the top of the stack down to the bottom.}
There are two reasons for this searching
direction. First, identifiers in the current
block are more likely to be referenced and
should be searched first. Secondly, suppose
that a variable X is declared in both an outer
and an inner block: by searching for X from
10p 10 bottom of the stack, we can be sure
that we will find X of the inner block first,
in accordance with the scope rule.

Parser, Semantic Analyzer, and Coder

The parser, the semantic analyzer and
the coder are not separate routines, but are
intermixed in a large routine. In most
cases, after the successful parsing of a
statement, Its meaning is also understood
by the compiler. Thus the semantic analyzer
either requires minimal extra processing
or is implicit in the parser and disappears
altogether.

The parser, as we have mentioned before,
uses a top-down technique called recursive
descent. Since there is a close correspond-
ence between the parser and the syntax
diagrams of the Pascal grammar, there
should be no difficulties in understanding
the parsing process. The parser adopts the
convention of one token look ahead which
is similar to the one character louk ahead
convention used by the scanner. The vari-
able S04 is used 1o hold the next token
10 be read by the parser,

There is a part of the Pascal grammar,
commonly referred 10 as the dangling
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else, thatis ambiguous. The statement:
if cong? than if cong2 than seae! shea stae2;

can be parsed in two ways. The else state
ment can be associated with the fiest if or
with the second if, producing entirely
different results.

We resolve this difficulty by always
associating the else statement with the
most recent i, If an else statement with
the fiest if is desired, one of these two
methods should be used:

1 cond! then
o condZ than stae! aia
e tat2;

or:

# congd! than hegin
# cond2 then seae!

)
whe stae2:

The situation is similar 10 the case state-
ment with the added feature of an optional
else statement. If the statement for the last
case label is an if statement, we then have
the dangling else problem. This is resolved
n the same manner.

There are three functions used to print
messages when errors are detected. The func.
tion FNE(X) prints the error message
corresponding 10 error code X. FNE1(A$,X)
checks to see if the current token is equal
to A$, and prints the error message corre-
sponding t0 error code X if not. FNEZ
is similar to FNEV except that the scanner
is first called to get a new token As we
mentioned earlier, the compiler aborts as
soon a5 an error & found. Therefore these
error routines do not return to the calling
procedure.

The code generator requires more work:
care must be taken 10 store important
values in stacks due to the inability of
BASIC to fully support recursive subroutine
calls. Otherwise the coder is more or less
straightforward, since the p-codes are so
designed {see part 1) that there is a direct
correspondence between simple Pascal state-
ments and p-codes. Table 3 shows the almost
direct tranglation of Pascal statements into
p-codes.

The declarative statements (const, var,
proc, and func) do not produce any exe-
cutable statements; they merely provide
information about declared identifiers. The
first executable code encountered when
entering a procedure or function block is a
forward jump instruction to the main body
of the block. This jump is necessary since in
general there may be procedures and func.
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Specifications

(OHigh Performance Tournament/Heapsort Algorithm

OMultiple Input Files Read in Parallel for True Merge
Operation.
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' -— ¢ — i - L * e
P-CODI'S START AT 0000 Variable
WANT CODE PRINTFD?N Name Remark
0 ?$LST2.2 )
0 CONST CR=13;LF=10; AS String of the token returned by the scanner
1 VAR A,R,C,D:INTLGFR; co fnput buffer pOinter
1 FUNC MAX4 (X1,X2,X3,X4); (LARGEST OF 4 NUMBERS) ¢ P-code address pointer
1 FUMC MAX2(X1,X2); (LARGEST OF 2 NUMBERS) Do Run time storage counter
2 BEGIN Eg lE\rcr(‘i)\rr:::dpEu( file unit number; keyboard=—1
. IF X1>X2 THEN MAX2:=X1 K1 Number of parameter in the previous block
9 ELSE MAX2:=X2 Lo Length of the input line
i: BEGIN END; L1 Static level of procedure
14 MAX4 :=MAX2 (MAX2 (X1, X2) ,MAX2 (X3,X4)) ! S LL L
28 END; NO Reserved word table size
30 BEGIN N1 Largest integer
30 REPEAT N2 Length of identifier name
31 READ (A#,B#,CH,Db); N3 Numeric value of token (token = "NUM"}
39 WRITE ('THE LARGEST IS',MAX4(A,B,C,D}#,CR,LF) or ASCII value of string {token = *STR")
67 UNTIL A<O PB Stack pointer for S§
69 END. P9 P-code absolute memory address counter
INTERPPET (I}, OR TRANSLATE (T)?N S Stack for numeric values
READY S9 Stack pointer for §
LOAD DECODF S$ Stack for strings
READY so$ Nexttoken
RUN T0 Symbol table size
0O JMP O 30 J O 14 JMP O 3 INT O 3 b i
4 LoD O -2 Lop ¢ -1 OoPR O > Jrc 0 11 Tos Symbol table: type of identifier
8 Lob o -2 sTo O -3 JMr 0 13 Loo o -1 V: variable A: array C: constant
12 sT0 O -3 OPR 0 RET INT O 3 INT O 1 P procedure  F: function  Y: parameter
16 INT 0 1 LOD 0 -4 LOD 0 -3 CAL 0 3 T Symbol table: level
20 INT 0 -2 INT 0 1 LoD 0 -2 LOD 0 -1 T2 Symbol table: value {constant}
24 CAL 0 3 INT 1] -2 CAL 0 3 INT 1] -2 or displacement {variable}
28 SsTO 0 -5 OPR 0 RET INT 0 7 CSP 0 INNUM or address {proc or funcl
32 sTo O 3 CSP 0 INNUM STO O 4§ CSP 0 INNUM T3l ) Symbot table: array size {array)
36 STO 0 § CSP 0 INNUM STO 0 6 LIT 0 84 or number of parameter {proc or func}
40 LIT © 72 LT O 69 LIT O 32 LIt © 76 X Value 10 be pushed or nopped
44 LIT 0 65 LIT 0 82 LIT 0 71 LIT 0 69 X$ Next character 10 be read by the scanner
48 rLIT 0 83 LIT O 84 LIT O 32 LIT 0 73 :vcs)s S L Gl
52 LIT © 83 LIT 0 14 CSP 0 OUTST INT O 1 e for reserved words
S¢ LOD 0 3 LOD 0 4 LOD 0 S LOD 0 6
60 CAL 0 14 INT 0 -4 CSP 0 OUTNM LIT 0 13 5 5
64 CSP 0 OUTCH LIT © 10 CSP 0 oUTCH LoD O 3 Table 2: Important variables used in the
68 LIT 0 0 OPR 0 < JPC 0 31 OPR 0 RET p_compl'/er'

Listing 2: Sample Pascal program with compiled p-code. The number at the
beginning of each source line is the offset of the corresponding p-code from

tions whose codes take up space. The
the base address.
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forward to serving you.
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second executable code of the block incre-
ments the stack pointer (INT). This allo-
cates space for the triplet (static link,
dynamic link and return address) plus any
variables declared. The number of spaces
for the variables is already known from the
declaration portion of the procedure block.
The variable DO is used to keep track of the
space to be allocated at the activation of
the block.

Note that no space is allocated for con-
stants. If a constant is referenced, a load
literal (LIT) instruction is generated instead
of a load (LOD) instruction. Also note that
the procedure or function parameters and
the function return value do not reserve
any space in the procedure or function
block called. Space is reserved before the
call is made. Therefore, these values have
negative displacement from the base address
of the called procedure or function.

When a call is made to a function, the
space for function return value is allocated
by incrementing the stack pointer (line
2980 in listing 1) (this step is skipped for
a procedure call). The parameter expres-
sion is then evaluated (line 4250), putting
the resultant value on the stack. Thus,
space is allocated for each parameter and
initialized with the value of the param-
eter expression. Upon return from a pro-
cedure, the stack pointer is decremented
by an amount equal to the space allocated



Powerful Software

with Extended Documentation offered by

PRS—

THE PROGRAM OF THE MONTH CORPORATION
UNVEILS COMPREHENSIVE CONCEPT

IN SOFTWARE PRESENTATION

UNIQUE DOCUMENTATION

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

POWERFUL CODE

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

BEAUTIFUL CASSETTE-FOLDER

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

AN ARRAY OF PROGRAMS

ARE AT YOUR FINGERTIPS

PRS presently offers two S-100 compatible program
packages: “MICROFILE,” a DATA FILE MANAGEMENT

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

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

Gentlemen:

escriptive advance releases oft'all new programs developed by -PRS-
atregular intervals.

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

! Name

program, and “DDS II,” the famous DYNAMIC DEBUG-
GING SYSTEM. Also, an Extensive Function Plotter
(A2FP) is available for the Apple II. New programs will be
released at regular intervals.

YOU'LL DISCOVER EXTENSIVE
PROGRAM CAPABILITIES

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

e Manage any list of items

Edit information already on file

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

Total sums of columns

Justify right or left margins of each column

® Save and retrieve data with mass storage media

PROGRAM APPLICATION
EXPANDS YOUR COMPUTER USAGE

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

PRS SUPPORTS YOUR MAJOR BRANDS

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

5 |

New Product Releases From I

PRS THE PROGRAM OF THE MONTH CORPORATION :

2571 CENTRAL PARK WEST
NEW YORK, N.Y. 10024

Please place my name on your priority mailing list to receive your

Corporation

Address.

City

_State Zip.
REFERENCE: YB8

257 Central Park West, New York, N.Y. 10024 L_______________________J
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amh pre-defined graphic
-chars. ond &d user defined chars.
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‘and &4 chars. by 30 lines.
MEMORY: 4K byte power-on
mﬁor akuz‘ur user fLam, and
external cortridge

wFrh M’Fcrmuﬂ BASIC standard. Carrridge
‘aliow you to change operating wsm-m E- languoges:

‘Ad Design, Joanne De Vore, Kwik Kopy Printing #1215
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hordware by simply inserfing a PRCM
corfridge ino sideslor,
1/0: serial RE232 D00/ 1200 boud
port. 8 bit porallel port. dual
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300/1200 boud,
EXPANSION: Up fo 32 k RAM on
board, 1 /0 ro 5100 8 slot exrension
box for addiional memary ond any
other 5-100 peripheral boards.
PRICE: 289500 (does not Indude CAT or
cassefte.) Order by COD.
EDUCATIONAL AND CLUD DISCOUNTS AVAILADLE
FEMDH&L CONMSULTANT AMD DEALER INQUIRIES INVITED

[714) 443-5353

Pascal source p-codes

x+10*y(5] LOD
LIT
LIT
LODX
OPR
OPR
(exp)
STO
{exp)
JPC
{stm1)
JMP
{stm2)

a:=exp;

if exp then stm1 else stm2;

1b1
b2 ...
{exp1)
STO
{exp2)
OPR
LOD
OPR
JPC
{stm)
LOD
OPR
STO
JMP
INT
{exp)
JPC
{stm)
JMP

for i-=exp ! to exp2 do stm,

1b1

1b2

while exp do stm; 1b1

b2 ...
{exp)
OPR
LIT
OPR
JPC
OPR
LIT
OPR
JPC
{stm1}
JMP
OPR
LIT
OPR
JPC
(stm2)
JMP
{stm3)
INT
(stm}
{exp)
JPC
INT
(exp1)
{exp2)
CAL
INT

case exp of
clbl,clb2:stml;
clb3 :stm2;
else stm3

end;

1b1
1b2

1b3
1b4

repeat stm until exp; 1b1

i:=funcalexp1,exp2};

Table 3: Code generation for various Pascal constructs. For readability, the

p-codes are given in assembly form. The italic identifiers in the Pascal state-
ments are nonterminals that can be substituted by any valid expansion. The

codes for these quantities are represented by parenthesized identifiers.
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for the parameters, getting back to the
x state before the procedure call. Upon
10 returning from a function call, the stack
?, pointer is also decremented by the same
o amount, but since a space has been allo-
* cated before the function call, the function
A return value is now on top of the stack,
0.1b1 ready for further processing. This simple

scheme works very efficiently and should
162 lower the overhead usually associated with

procedure or subroutine calls.
| Listing 2 gives an output from the com-

piler for a Pascal program that prints out the
FPY maximum of four numbers. There are of
>= course better ways of writing the program,
i but it does illustrate some ideas of the
! compiler discussed so far.
:NC There is no optimization of the p-codes
1b1 produced. Limited optimization can be done
- on the local level, and some optimization
0.1b2 is actually done in the p-code to machine
b1 code translator. The problem of producing

efficient codes is a difficult one, and is not
cPY addressed properly in our project. Given the
¢1bl simplicity of the p-machine and p-code, the
?,un p-compiler is efficient. But whether the com-
CPY bination of p-compiler and translator pro-
2"’2 duces efficient 8080 code is uncertain.
0,02 This completes our discussion of the
1b4 p-compiler. In part 3 {see November 1978
cPY BYTE), we give a detailed discussion of a
c1e3 translator for converting the p-code into
0,1b3 executable 8080 machine code.m
1b4
-1
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3. Wirth, N, Algorithms + Data Structures =

Programs, Chapter 5, ''Language Structures and
Compilers,” Prentice-Hall, Englewood Cliffs NJ,
1976,
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Integral Data Systems Printer
low cost, professional performance

Meet the IP-125. Ideal where you need a space- 3749

saving hard copy printer for your office. Micro- reg.S799

processor controlled, uses 8%:" roll or tan-told

paper. Instantaneous print rate to 100 cps;

sustained speed ot 50 cps. Just 24 Ibs. _

s upper, lower case e 7 x 7 dot matrix

e RS232 serial interface ¢ 256 char. multiple line bufter ¢ tractor teed option $150

Hazeltine 1500 $1095
value packed—every feature is standard! assld.

. . . q [ (reg. $1225)
The high-quality basic terminal with extra standard features
you can’t find on most CRTs. Plus the teatures you expect, like
24 x 80 character display, auxiliary serial port, 10-key numeric
pad. At this low price, you can order two.

e Standard & reverse video ® Cursor addressing & sensing
¢ Upper, lower case ¢ 7x 10 dot matrix

LA 180 DECprinter with Serial Interface °

immediate delivery on the field-proven performer

180 cps has never been so aftordable. For a limited time,

MicroWorld lowers the price of Digital's versatile medium

speed printer. Reliable technology and an extensive array

of human engineering teatures make the LA 180 the smart
$1 895 choice for local or remote business applications.

e 180 cps, 7 x 9 dot matrix
reg. $2495 e tractor feed with switchable torms length control
j e upper/lower case & compressed print, stand

Texas Instruments Impact Printer

don’t wait 240 days from Tl — call MicroWorld for
immediate delivery.

TI’'s new 810 multi-copy impact printer. Prints up to 440 lines
per minute because of its unique look-ahead bi-directional
teature, controlled by an on-board microprocessor.

e 150 cps, 110 to 9600 baud switchable

® includes tractor feed

e RS232 serial intertace

™
EICROi | lDHLU MicroWorld (formerly Byte Sho_p Mail Order) is a division of The

Phoenix Group, Inc. Call or write for all your computer needs.
1425W.12thPl. ¢ Tempe,AZ 85281 all prices plus shpg. & hdig.

Toll-free order line New Micro Shopper Guide Vol. IV $5.00 (includes $1.05 postage)

1-800-528-1418 cabe MICROAGE

See us at the West Coast Computer Faire (Los Angeles), Biz Comp (Atlanta), Midwest Personal Computing Show (Chicago)
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Microprocessor Programming

The book provides a good introduction

BUUk ﬂeviews for Computer Hobbyists and a reference to a number of programming
by Neil Graham techniques which are not dealt with in intro-
Tab Books (number 952) ductory programming texts. Most subjects
Blue Ridge Summit PA 17214 discussed in Microprocessor Programming
$8.95 for Computer Hobbyists do not appear in
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Microprocessor Programming for Com-
puter Hobbyists is an intermediate pro-
gramming text intended for users of any
8 bit word computer. The focus is on sys-
tems programming and data structures rather
than on applications programming. In order
to make the discussion machine indepen-
dent, all the examples are presented in a high
level systems programming language which is
a superset of PL/M.

There are six parts to the book. The first
introduces numbers systems and the second
introduces the high level language which is
used throughout the rest of the book. The
third discusses techniques for programming
various types of arithmetic such as multiple
precision, floating point, etc. The fourth
section introduces data structures and treats
programming techniques for arrays, stacks,
strings, chains, trees and graphs. The fifth
part discusses techniques for searching with
various structures; and the last part discusses

Microproces’of

l’rogmmmmgt
foi Gompute! Hobbyist/

;’{ﬁ;‘glﬁ

[

By Neil Grokom

the average BAS!C or assembler text. Be-
cause the examples are given in a concise,
high level language, they are easy to follow
no matter what computer you have.

There are also several shortcomings to the
book. First, | indicated that the examples
are written in a superset of PL/M. | would
have preferred the use of standard PL/M,
since | have access to a PL/M cross compiler.
Those who do not know PL/M will probably
not suffer from this confusion. For the
benefit of such readers, the book promises
to show you how to translate between its
high level language and your machine code,
but this is hardly mentioned at all outside
of the introduction.

All in all, this is a very good reference
book. My only real quibble is that is uses a
nonstandard high level language, and does
not deliver all that it promises in the way of
transferring this to a hobbyist computer.

John A Lehman
716 Hutchins #2
Ann Arbor MI 481038

sorting algorithms.

u £

NOW, A TOTAL BUSINESS SOFTWARE PACKAGE OF SEVEN
PROGRAMS ON ONE FLOPPY DISC MAKES IT A SNAP.

54

OurTBS software package has been in
use for over a year now without a
single failure thereby earning the
privilege of joining our national prod-
uct line. Written in a practical manner
for the businessman who needs a
total accounting system rather than
bits and pieces. The Total Business
System differs from other business soft-

ware offerings in that it is a Complete
package, fully interactive, with auto-
matic updating for all files. Available
on floppy disk under Microsoft Disk
Basic on CP/M the package requires
a minimum of 24K of free memory with
256K of disk memory. We've taken the
hard work out of business software for
micro computers!

- INCLUDES

Fixed Assets
Inventory  Check Register

Payables
Receivables

Payroll

Financial Reports
Etc.

Requires licensing agreement—Dealer discounts available.

PO. Box 490099-8

Phone orders call 800-327-6543
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COMPUTER SOFTWARE

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

Wehave beeninbusiness for over nine years bullding a reputa-
tion for providing a quality product at nominal prices — NOT
what the fraffic wlll bear. Our software Is:

Versatlie — as most programs allow for multiple modes of
operation.

Tutorial — as each program s self prompting and leads you
through the program (most have very detalled Instructions
contained right in their source code).

Comprehenslve — as an example our PSD program not only
computes Power Spectral Densitles but also Includes FFT's,
Inverse-franstorms, Windowing. Sliding Windows, simulta-
neous FFTs variable data sizes, etc. and as a last word our
software Is:

Readable — as all of our programs are reproduced full size
for ease In reading.

¢ Virtually Machine Independent — these programs are writ-
ten in a subset of Dartmouth Basic but are not oriented for any
one particular system. Just in case your Basic might not use
one of our functions we have Included an appendix in Vol-
ume V which %ves conversion algorithms for 19 different
Basic's; that's right, just look It up and make the substitution for
your particular version. If you would like to convert your
favorite program into Fortran or APL or any other language,
the appendix in Volume il will define the statements and their
parameters as used In our programs.

Over 85% of our programs in the first five volumes willexecutein
most 8K Basic’s with 16K of free user RAM. If you only have 4K
Basic, because of its lack of string functions only about 60% of
our programs In Volumes | through V would be useable, how-
ever they should execute In only 8K of user RAM.

For those that have speclfic needs, we can tallor any of our
programs for you or we can write one to fit your specilfic needs.

Vol. | Vol. i Vol. lil Vol. IV Vol. vV Vol. Vi
Business & Games & Blnomial Beam Biing Bingo Andy Cap Ledger Maintains Company accounts and generates
Personal Pictures Chi-5q. Conv Inventory Bonds Baseball financial reports. includes rodinesbr Pyt Inx
Bookkeeping A F Coeft Fter Payroll Bull Compare Dept A/R. A/P
Programs W 'Olo‘mw Confidence § Fit Risk Enterprise Confidi0 Vol. ViI
Astror Confidence 2 Integration { Schedule 2 Football Descrip g
Bond Bagel Comelctions Integration 2 Shipping Funds 1 Differ Chess Designed fo chaillenge the average piayet,
Buliding Blo Cycie Curve tensity Stocﬂ Funds 2 Engine takly comprehensive. Great fun for all, offers o
Cannons Difterences Lolka Switch Go-Moku Fourier unique opportunity for beglinners in need of an
Cycl Checkers Dual Piot Macro Jack Horse opponert.
Declsion Craps Exp-Distr Max. Min. te integers
Declslon 2 g?ﬁd“ Least Squores Novaid Loans Logic Medbll ForDoctors and Dentists allke, o compiete
Depreciation ( Paired Optical Mazes Playboy paftient billing system which also permits the
%aem tra¥e Piot Planet Poker Primes maintaining of a pafient history record.
H PSD Popul Probal
gl A - L Re L. e Yommnomone e
re: Red Baron
nvestments Sky Diver staly Soive Ratos Ro on 2 to final copy In a variety of formats.
Mortgage Jank Stat2 5, Trian Rettre Road Runner Uttty  Disk uiity program with memory testing.
8{%‘;‘19 feach Me TFDistibution s Savings Rouette
Pert Troe Pictures UVgDOIYOd1 Wack SBA Sonta Vol. Vil
Rote A Newman Voggnngg 2 wnr:?b}?e Tic-Yac-Toe gg't;‘o $040-Tox Toxpayers retum, temized deductions or
Retum 1 i vector St stondard
Retum 2
Schedule m osnmk: APPENDIX A I::pry Bolonce Reconches bank statements
Noel Noel Xmas Checkbook Balances your checkbook
Nude Instt 0 78 Computesreal cost on bank financed tems;
Peoce APPENDIX B cars, boats, etc.
Policeman
Sonta's Sleigh Deprec 2 geonpum tes depreciation, 4 methods, any ime
Snoopy
virgin APPENDIX C ~ FAVORITE PROGRAM CONVERSIONS
vol 1-$2495 | vol.ii— §24.95 - 83098 s | VoLV~ 8995 Vol v - §9.95 VoL vI-$4995 | VoLVI-§3905 | VoLVN-$095
Experimenter's Program MiniLedger Professiona Homeowner's

Bookkeaping Math/Engineering
Games
Pichures Basic ement Det.

Genera Purpose
BINing. Inventory
Pl /Statistics hv:gnems

Progroms Progroms

AVAILABLE AT MOST COMPUTER STORES

Master

Charge and Bank Americard accepted.

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

& SCIENTIFIC RESEARCH

PO. Box 490099-8

Add $150 per volume handiing. ol domesfic shipments sent UPS. except APO
ond PO, Box which go parcel post. Forsign orders odd $8.00/voume for al
shipment and make payaobile in U.S. doliors oniy

Key Biscayne, FL 33149

Phone orders call 800-327-6543 Information — (305) 361-1153

BYTE October 1978 B5



SOLID STATE
MUSIG IS

MISLEADING!

e won't mislead you any longer. Solid
State Music—the name is misleading
because we're so much more than
just music synthesizer boards. We offer
the widest line of 5-100 boards in the
industry. Memory boards for RAM,
ROM, and EPROM. Video interface
and 1/O boards, extender and mother boards, pro-
toryping and vector jump boards, a new CPU board,
and, of course, music boards. So we're changing our
name to SSM*

You've been enjoying the pleasures of our company
for over four years now. Few competitors can say as
much. In fact, Solid State Music was building quality
boards when the first 5100 bus left the Altqir® station.

As SSM* we will continue to offer boards that pro-

vide quality, flexibility, and good design. Boards that
represent value. Not the least expensive. Not the most
expensive. Simply the best combination of price and
quality available. That's SSM*

Solid State Music has been known for service. Fast
delivery, ready customer support, and a strong prod-
uct warranty. Our name is changing. Our tradition of
service is not. Orders still shipped from stock. A one
year warranty on assembled and tested boards, 90
days on kits. And our people are still on hand, still glad
to answer your questions.

Check out the Blue Boards of Happiness when you're
after Solid State Music quality, reliability, and flexibility,
backed by the friendly support of the oldest 5100
board manufacturer in the marketplace. If you liked us
as Solid State Music, you'll love us as SSM*

K </774

2116 Walsh Avenue
Santa Clara, CA 95050
(408) 246-2707

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

Dave MacLl ean
985 Brussels St
Halifax Nova Scotia
CANADA B3H 259

Forum

What Have You Found?

| would like to express my opinion about
Mr O'Reilly’s letter advocating the discovery
and use of undefined op codes (*Instruction
Search,” May 1978 BYTE, page 153). Let
me state what | think could be the reasons
for the existence of undocumented op codes
in a microprocessor instruction set:

® The op code was implemented un-
successfully and under certain circum-
stances does not work correctly. The
manufacturer was unable to justify
correcting the problem, and chose to
omit the instruction from the docu-
mentation.

® The instruction is an accident, an
artifact of the specific implemen-
tation. It will work on some devices,
but perhaps not on devices from a
second source or even from another
production run from the same vendor.

® The documentation of the instruction
was accidentally left out. In this case,
the vendor should have already issued
corrections to the documentation, and
you have not in fact disclosed any new
information.

® The device you tested was defective.
The feature does not work for any-
body else.

Now I'm not out to criticize you for
discovering new things about your processor;
I'm just out to warn you that if the feature
you think you have discovered is not
acknowledged and supported by vyour
vendor, you are taking a chance if you ex-
pect it to function correctly and to continue
to be a feature in future versions of the
processor.

If you refer to The Mythical Man-Month
by Fred Brooks, you will find a revealing
discussion of the consequences of the extra
op codes on the IBM 7090. Brooks makes a
very strong case for the significance of the
“architecture specification” of a system,
which states clearly what is to be expected
of a piece of hardware, and equally clearly
specifies those situations in which the results
of an operation are ‘‘undefined.” Briefly,
the outcome of undefined operations is
left up to the implementers, and may be
chosen by them as they see fit. Cost, con-
venience and plain luck have much to do
with the eventual results.®

==

THE BLUE BOARD
OF HAPPINESS

It's the new CB-1
CPU board from SSM.

It's blue. And it's loaded.
(That's why it's happy.)
Loaded with so many features.
Just add on 1/O board and
you've gat a camputer.

Looded starts with 256 bytes of on-boord RAM.
Add 2K of optional on-board 2708 EPROMs.
Then add a power-on/reset jump circuit, ond the
availability of MWRITE, allowing use without a
front panel.

And then there's a parallel input port with
status. And enough DIP switching to maoke you
dizzy. DIP controlled addressing of PROM in 2K
blocks—of vector jump in 2K increments—of
RAM in 256 byte increments—of input port for
addresses O to 31 in decimal.

Like all 55M boards, the 5-100 compatible
CB-1 includes gold-plated edge connectors and
Tl low-profile sockets. And S5Msupport and war
ronty. Yet, even as loaded as our CB-1 is, the
price won't leave you breathless. Only $144.95.
And an introductory offer ot only $129.95
makes it even happier. (Offer expires Novemn-
ber 30, 1978.)

Available direct from S5M, or at over 100 retail
locations.

Video and teletype monitor progroms are
available on EPROM for only $34.95 with the
purchase of any SSM kit,

SSM manufactures a full line of 5-100 boards.
How full? Too fuii for this ad. Just check the ad
across the page.

==,

2116 Walsh Avenue

»

Sonta Clara, CA 95050
/—ﬁ S (408) 246 2707

“We used to be Solid Srare Music. We stil moke the blue boards.
Circle 335 on inquiry card.
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Russell E Adams
3008 Mosby St

Alexandria VA 22305

Testing Memory in BASIC

| hate to toggle in a program through the
front panel of my computer. Yet every time
| finish a new memory board | have to do
this to a machine language memory test
program. | therefore resolved to write a
memory test program in BASIC which could
be loaded with an 8 K interpreter in 8§ K
of proven memory. The BASIC program in
listing 1 is the result.

The program is written n MITS 8 K
version 4.0 BASIC and uses multiple state-
ment lines with statements delimited by a
colon (:). In addition to the normal func-
tions of most BASICs, the program requires

LIST

0 REM #* BASIC MEMCRY TEST REV.S #¢
1 REM COPYRICHT 1$77 F.E.JDAM

25 CLEAR 80

30 INPUT"START WITH BEGINNING OF PAGE";A

35 IF A<2 OR A>7 OR A<>INT(A) THEN PRINT"ERROR™ :GOTO30
40 INPUT"END WITH END OF PAGE";R

45 IF B<>INT{(B) OR B<A OR B>7 THEN PRIMT"ERROR" :GOTQ40
S50 A=4096*A:Bz=40964(B+1)-1

55 PRINT:PRINT"TEST PATTERN %1 LOADING" :PRINT

60 P1=85:P2=17C:GOSUB 300

70 R=B:X=A:GOSUS S5CO:AS=NS

75 X=B:GOSUE 500:BS=NS

80 PRINT:PRINT"MEMGRY TEST %1 FROM ";A¢i" TO ";35;" OCTAL"
85 PRINT:PRINT"ADDRESS*,"DATA","SHOULD BE"

90 GOSUB 350

95 PRINT!PRINT :PRINT"TEST PATTERN

#2 LOADING" :PRINT

100 P1=170:P2=85:GOSUB 300

110 PRINT:PRINT"MEMORY TEST 22 FRONM ";£S5;" TO “;BS;" OCTAL*
115 PRINT:PRINT"ADDRESS" ,"DATA"," SHOULD BE"

120 GOSUB.350

125 PRINT:PRINT"TEST COMPLETED"

130 END

300 FOR I=A TO B-1 STEP 2

30% POKE [,P1:POKE I+1,P2

315 NEXT:RETURN

350 D=PI1:FOR I=A TC B-1 STEP 2

352

2=PEEX(I) :IF 2<>D THEN GOSUB 365

355 NEXT I

354 D=P2:FOR l=A+1 TO B STEP 2

3cc 2=PEEK(I) :IF 2<>D THEN GOSUB 365

360 NEXT [ :IF F=0 THEN PRINT"NO BAD BITS DETECTED"
362 F=0:RETURN

365
375

F=
370 R=
X=

1:R=8:X=1:GOSUB 500 :BAS=NS
£X=2:G0SUB500 :D$=NS
:GOSUB 500

390 IF LEN(DS)<>B8 THEN DS="0"+DS :GO70390
395 IF LEN{NS)<>B THEN N§="0"+NS$ :GOT0395
410 PRINTBAS,DS ,NS

415 RETURN

500 NSz**

505 K=INT(X/R) :L=X-3+K

51C NS=RIGHTS{STRS (L), 1)+N$

515 IF K<>Q0 THEN X=K :GCTO505

520 RETURN

oK

Listing 1: A BASIC memory test program. The memory to be tested is
first loaded with the alternating patterns ''01010101" and *10101010"
in the even and odd memory locations, respectively. After testing all the
locations, a second pattern (the logical irverse of the first) is loaded and
tested. If any bit is influencing the state of an adjacent bit, the bad bit will be

detected.
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PEEK and POKE with arguments between
0 and 32767. In addition, the program
needs the following BASIC primitives
which may not exist on every system:

CLEAR 80

INPUT". .prompt. .”
IF...OR...OR...THEN
INT

GOSUB

LEN

RIGHT$

STR$

The program has two parts: lines 25 to
130 contain the main program, while lines
300 to 520 contain four subroutines. Sub-
routine 300 loads a test pattern into
memory; subroutine 350 reads back the data
in memory and compares it to what the data
should be; subroutine 365 prints out the bad
address and the data; and subroutine 500
converts a base ten number into a base R
number.

The memory under test is subjected to
two test patterns. The memory is first
loaded with the alternating pattern 0101-
0101, 10101010, the first byte being placed
in all the even addresses and the second
being placed in all the odd addresses. After
reading and comparing the first pattern, the
second pattern is loaded. The second pattern
consists of 10101010 loaded in all the even
addresses and 01010101 in all the odd
addresses. This alternating pattern is used
so that if a bit is influencing the state of
another adjacent bit, the bad bit will be
detected (the pattern assumes that adjacent
addresses are physically wired up as in the
memory parts specifications).

The BASIC interpreter must be limited
to the lowest 8 K of memory. In MITS
8 K you answer the initial dialog MEMORY
SIZE? with 8191. Also the trigonometric
functions must be deleted. The program
asks which pages of memory are under
test. The first 4 K of memory is defined
as page 0 and the last 4 K of memory is
defined as page 15. The memory under
test must be addressed between page 2 and
7, inclusive. This & sufficient space to test
six 4 K boards, three 8 K boards, or one
16 K board.

The program takes about two minutes
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to test 4 K of memory. A sample printout
is shown in listing 2. The program first asks
the questions START WITH BEGINNING
OF PAGE? and END WITH END OF
PAGE?. These questions are answered with
the appropriate page numbers of the
memory under test. The program then
prints TEST PATTERN #1 LOADING
and starts loading the memory with the
first test pattern. Next, the two lines
MEMORY TEST #1 FROM TO

OCTAL and the headings ADDRESS,
DATA, and SHOULD BE are printed. The
program then reads back the data in the
memory and compares it to what the data
should be. If the data does not compare,
the address in octal is printed under the
heading ADDRESS, the data in the memory
address is printed in binary under the
heading DATA and the data that should
have been in the address is printed in binary
under the heading SHOULD BE. The bits
of the two bytes which do not compare
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ADM 3A CRT

TI8B20 KSR T
Data Product

10%

TERMINALS FROM TRANSNET

12-24 MONTH FULL OWNERSHIP PLAN
: 36 MONTH LEASE PLAN-

DESCRIPTION PRICE 122 MDS 24 MDS 36 MOS
DECwriter I .......... $1.495 $145 § 75 § 52
DECwriter Wl .......... 2,695 257 137 95
DECprinter | .......... 1,795 172 92 63
VT52 DECscope ...... 1,695 162 85 59
VT100 DECscope ..... 1,695 162 85 59
VTS5 DECgraphic CRT 2,395 229 122 84

HAZELTINE 1400 CRT.
HAZELTINE 1500 CRT.
Tl 745 Portable
Tl 765 Bubble Mem. ...
Tl 810 RO Printer .....

QUME, Ltr. Qual. KSR.
QUME, Ltr. Qual. RO ..
DATAMATE Mini floppy 1,750

FULL OWNERSHIP AFTER 12 OR 24 MONTHS

PURCHASE

PURCHASE PER MONTH

875 84 45 30
845 81 43 30

1,195 115 61 42

....