


YOUR CHOICE-smart either way 
•Over 140 software driven funct ions 

• 82 x 24 or 82 x 20 screen format - so ftware selectab le 

• High resolution 7 x 12 matrix characters - P-31 green phosphor 

• Upper/ lower case character set - plus graphics character set 

• 56-key alphanumeric keyboard - plus 12-key cursor, numeric pad 

• Internal editing functions - insert, delete, scroll, roll, slide, etc . 

• Parallel printer 1/0 port 

• 50 to 38,400 baud operation - programmable 

• Cursor type, cursor position, print control characters, protected fields, �
shift inversion, dual intensity and many other features �

8212 - twe lve-inch diagnonal screen or 8209 - nine-inch diagnonal screen 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 

SAN ANTONIO . TEXAS 78216 (512) 344-0241 

Circle 360 on inquiry card . 
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What Cromemco computer card �
capability can do for you �

The above diagram shows in a func­
tional way one of the most complete 
lines of computer cards in the industry. 

Look it over carefully. It could be well 
worth your while. 

These are all cards that plug into our 
S-100 bus microcomputers. 

You can also assemble them into a 
custom system in convenient Cromemco 
card cages. 

MULTI-PROCESSING AND �
INTELLIGENT 1/0 �

The range of capabilities and versatility 
you can draw upon is enormous. 

In processors, for example, you have a 
choice of CPU's including our extremely 
useful new 1/0 Processor. This can be 
used as a satellite processor to do off-line 
processing, multi-processing, and to form 
intelligent 1/0. It opens the door to a 
whole new group of applications and 
tasks. Ask us about it. 

HIGH RESOLUTION 
COLOR GRAPHICS 

Again, you can have beautiful high­
resolution color graphics with our color 
graphics interface. You can select from 
over 4000 colors and have a picture with 
a resolution at least equal to quality 
broadcast-TV pictures. 

You have an unprecedented selection 
of memory including our unusual 48K 
and 16K two-port RAMs which allow 
high-speed color graphics. 

LOTS OF STORAGE 
These days you often want lots of disk 

storage. So you can select from our disk 
controller card which will operate our 5" 
and 8" floppy disk drives {up to 1.2 
megabytes). Or select our WDI interface 
to operate our 11-megabyte hard disk 
drives. 

POWERFUL SOFTWARE AND 
PERIPHERAL SUPPORT 

There's much more yet you can do 
with our cards. And, of course, there's an 
easy way to put them to work in our 8-, 
12·, and 21-slot card cages. Our PS8 
power supply makes it simple to get the 
system into operation. 

Finally, Cromemco offers you the 
strongest software support in the industry 

Croinemco �TM 
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280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • 

Tomorrow's computers today 
C lrcle 1 on Inquiry card. 

with languages like FORTRAN, C, 
COBOL, ASSEMBLER, LISP, BASIC and 
others. There is also a wide choice from 
independent vendors. 

To top it all off, you can draw from a 
substantial array of peripherals: ter­
minals, printers, color monitors and disk 
drives. 

CONTACTYOURCROMEMCO REP 
There is even more capability than 

we're able to describe here. 
Contact your Cromemco rep now and 

get this capability working for you. 

CROMEMCO COMPUTER CARDS 
� � PROCESSORS - 4 MHz z..ao A CPU, sinsle 

card computer, 1/0 processor • MEMORY ›
up to 64K including spedal 48K and l 6K two. 
port RAMS and our very well known 
SYTESAVERSc with PROM programming 
capability • HIGH RESOLUTION COLOR 
GRAPHICS - our SDI offers up to 754 x 482 
pixel resolution. � GENERAL PURPOSE 
INTERFACES-QUADART four-channel5eria l 
communications, TU •ART two-channel 
parallel and two-channel serial, 8PIO 8-port 
parallel, 4PIO 4-port isolated parallel, D+ 7A 
7-cnannel DIA and NO convener, prinrer inter· 
face, Poppy disk conrroller with RS-232 inter· 
face and system. diagnostics, wire-wrap and 
extender cards [or your development work. 

(415) 964-7400 



Management Information Display Ultrasonic heart sector scan High-resolution display with alphanumerics 

Get the professional color �
display that has �

BASIC/FORTRAN simplicity �

LOW-PRICED, TOO 
Here's a color display that has 

everything: professional-level resolution, 
enormous color range, easy software, 
NTSC conformance, and low price. 

Basically, this new Cromemco Model 
SDI• is a two-board interface that plugs 
into any Cromemco computer. 

The SDI then maps computer display 
memory content onto a convenient color 
monitor to give high-quality, high. 
resolution displays (756 H x 482 V pixels) . 

When we say the SDI results in a high­ Model SDI High·R.eso lution Color DISPLAY MEMORY 
Graphics lnlerfaoo quality professional display, we mean you Along with the SDI we also offer an 

can't get higher resolution than this optional fast and novel two·port memory 
system offers in an NTSC-conforming that gives independent high-speed access

HIGH RESOLUTIONdisplay. to the computer memory. The two-port 
The resolution surpasses that of a color The SOi' s high resolution gives a memory stores one full display, permit­

TV picture. professional-quality display that strictly ting fast computer operation even during 
meets NTSC requirements. You get 756 display.

BASIC/FORTRAN programming pixels on every visible line of the NTSC �
Besides its high resolution and low standard display of 482 image lines. Ver­ CONTACT YOUR REP NOW �

price, the new 501 lets you control with tical line spacing is 1 pixel. The Model SDI has been used in scien· �
optional Cromemco software packages To achieve the high-qual ity display, a tific work, engineering, business, TV, �
that use simple BASIC- and FORTRAN· separate output signal is produced for color graphics, and other areas. It's a �
like commands. each of the three component colors (red, good example of how Cromemco keeps�

Pick any of 16 co lors (from a green, blue). This yields a sharper image computers in the field up to date, si nce it 
4096-color palette) with instructions like than is possible using an NTSC-composite tu rns any Cromemco computer into an 
DEFCLR (c, R, G, B). Or obtain a circle of video signal and color TV set. Full image up-to-date color display computer. 
specified size, location, and color with quality is readily realized with our high­ The SDI has still more features that 
XCIRC (x, y, r, c). quality RGB Monitor or any conventional you should be informed about. So contact 

red/green/blue monitor common in TV your Cromemco representative now and 
·u.s. Pat. No. 4121283 work. see all that the SDI will do for you. 

Model SDI plugs Into Z-2H 11-megabyte 
hard disk computer or any Cromemc-o 

computer 

r:3 L::I 280 BERNARDO AVE., MOUNTAIN VIEW, CA 94043 • (415} 964-7400 

Tomorrow's computers today Circle 1 on inqu iry caro. 



In The Queue �
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Features 
20 Recurrence In Numerical Analysis by 

James J Davidson I Recurrence can be used to 
simplify the calculation of Bessel functions . 

3 6 Build a Low-Cost Logic Analyzer by 
Steve Ciarcia I Turn your computer into a powerful 
diagnostic tool. 

64 A-L BYTE Gulde to The Natlonal Com­
puter Conference and Chicago I Up-to-date infor­
mation on the conference. the city. and much more. 

66 DlgltaJ Mlnlcassette Controller by 
James Kahn I Use an intelligent peripheral controller 
to lighten the load on your computer system. 

1 0 2 Programming the Game of Go by 
Jonathan K Millen I Even though Go is much 
harder than chess. a microcomputer Go program can 
produce surprisingly good play. 

122 Bulld Your Own Turing Machine by 
James Willis I Three different practical versions of 
th is theoretica l tool produce the same output. 

150 A Closer Look at the Tl Speak & 
Spell by Peter Vernon I The author expands on 
Michael Rigsby's September 1980 BYTE article. 

21 8 An Introduction to Data Compres­
sion by Harold Corbin I Information can be 
transmitted and stored using fewer data bits by ap­
propriate techniques. 

2 5 2 Build an lntercomputer Data Link 
by Mike Wingfield I Using th is software, systems 
based on the 6800 microprocessor can communica te 
with other systems. 

290 Three-Dlmenslonal Computer 
Graphics, Part 2 by Franklin C Crow I Soft­
ware co dispjay solid objects without hidden 
lines and surf aces. 

348 PADDLES: Interfacing with Modular 
Breadboards by Roger J Combs and Paul 
Field I Designing and implementing breadboard cir­
cuits is greatly eased with the use of these standard­
ized modules. 
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In This Issue �
"Future Computers" ls our cover theme this month and the subject of the 

editorial. Before you write to comment on our cover's "unusual" design 
approach (created by artist Robert Tinney), keep in mind the proximity of April 
I. 

Elsewhere ln this issue we describe Steve Ciarcla's latest project, a low<ost 
logic analyzer, and tell how to build your own Turing machine. Other articles 
include: a follow-up to our earlier review of the Sinclair computer, this time a 
description of the MlcroAce kit version; a reformatter for CPIM and IBM­
format floppy disks; a closer look at the Tl Speak & Spell; a fascinating review 
of three different APL packages for the patient (but eager) APL fans in our 
audience; detafls about data compression; all about intercomputer data links 
and the game of Go; and the conclusion of an article from last month about 
3-0 computer graphics. 
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" ... stands well above 
other S-100 graphics dis­ " . . . better monochromatic 
plays in its price and per­ ... display .... " 
formance range." ELECTRONIC DESIGN, 

BYTE, Product Review 1981 Technology Forcast 

MICROANCELO �
HIGH RE&>LUTION GRAPHICS SINGLE BOARD COMPUTER 
512 x 480 resolution black and white and vivid color displays 

RS-170 com­
posite or direct 
drive output 

Local or external 
sync generation 

4 Mhz 280 
microprocessor 

60 hertz real ­
time clock 

8 level interrupt 
tie-in 

IEEE SlOO bus 
compatible 

Screenware™ Pak I 
A 4K byte operating system resident in PROM on 
MicroAngelo™. Pak I emulates an 85 character 
by 40 line graphics terminal and provides over 
40 graphics commands. Provisions exist for user 
defined character sets and directly callable user 
extensions to Screenware™ Pak I. 

Screenware™ Pak II 
An optional software superset of Pak I which 
adds circle generation, polygon flood, program­

Light pen 
interface 

Time multi­
plexed refresh 

4K resident 
Screen ware™ 

Pak I operating 
system 

32K RAM 
isolated lrom 
host address 

space 
High speed 

communications 
over parallel 

bus ports 

And now . .. COLOR!! 
The new MicroAngelo™ Palette board treats from 
2 to 8 MicroAngelos as "bit planes" at a full 
512 x 480 resolution. Up to 256 colors may be 
chosen from 16.8 million through the program­
mable color lookup table. Overlays, bit plane 
precedence, fade-in, fade-out, gray levels, blink­
ing bit plane, and a highly visual color editor are 
standard. 

Circle 2 on inquiry card. 

mable split screen for separate graphics and ter­
minal 1/0, relative coordinates, faster vector and 
character plotting, a macro facility, full UCSD SCIDNPascal compatibility, and more. 

8455-D Tyco Road • Vienna, Virginia 22180 • TWX: 710-831-9087 • {703) 827-0888 
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UCSD* �
PASCAL �
FORTRAN �

PORTABLE 
Develop one z-sot. 
run on LSl-11t, T. I. 990, 
8800 or vice versa 

EFFICIENT 
Structured, readable 
Speeds development XS 
Easy maintenance 

POWERFUL 
Full standard Pascal 
plus extensions 
ANSI ' 77 Fortran Subset 

COST EFFECTIVE 
Complete system Including 
Interpreter, screen editor, 
utilities, flier, assembler, 
end compiler. 

with Pascal $400 
with Fortran S4 5O 
with Both $800 

APPLICATIONS 

PFAS 
(Pascal Fiie Access System) 
Keyed-ISAM in 6K user 
memory $200 

INTELLECT UL Vl.2 
A full range USP interpreter 
for UCSD p-systems $200 

MEDOFFICE 
Professional medical ottice 
software for 1 to 5 doctors. 
Call tor pricing. 

DATEBOOK 
Appointment scheduling on 
your micro $295 

READY TO RUN ON 
DEC PDP·11 :I: or 
TRS-SO MODEL 11 § 

PCD SYSTEMS 
P. 0. Box 143 
Penn Yan, NY 14527 �
315·536·3734 �

l
" TM Univ. of Calif. 
TM of Zllog 
TM of Dlgllel Equlpmenl 

STM o!TandyCotp. 

Editorial �

Future Trends in �
Personal Co:mputing �

Chris Morgan, Editor in Chief 

Future Com- age is formed from 
puters-what reflected rather 

will they be like7 than transmitted 
Some exciting ligh t), it has accept-

developments have able con trast and 
been occurring in sharpness. The 
the industry lately screen is fed by a 
that should give us bank of shift regis­
some clues . I at- ters; it would be an 
tended the Con- easy task to display 
sumer Electronics computer graphics 
Show in Las Vegas and characters on 
this past January, it. 
where Toshiba in- The Toshiba f1at­
trod uced what screen unit is still 
could be the most in the prototype 
significant product phase and will 
of the year for the probably not be 
personal-comput- available for a year 
ing market: a pock- or so, retailing for 
et-size flat-screen approximately $600. 
t e levision set. l predict that with-
While no specific Photo 1· Toshiba's new pocket-s1"ze in two years the 
mention was made · market will betelevision prototype. A built-in zoom 
of its possible use fea ture is available that enlarges any flooded with porta­
with a personal one of tl1e four screen quadrants for ble computers hav­
computer, it takes close-up viewing. Photo by Stan ing built-in screens 
only a moment's Miastkowski. of every size and 
thought to see the ....____________ _ _. shape. 

potential of this engineering marvel. Sony has introduced a new elec-
First introduced in Japan some tronic "typewriter" that fits in a brief­

months ago, the Toshiba television case and lets you enter, store, and 
has a 4 .1 by 3.1 cm (1 % by 1 Ys. inch) edit up to 200 pages of text using a 
LCD (liquid-crystal display) screen built-in microcassette recorder. Text 
housed in a case measuring 17.3 by is displayed on a one-line liquid­
8.2 by 1.8 cm (6 % by 3 Ys by crysta l display. Combine such a de­
1/io inches)! It has only half the resolu- vice with a flat-screen multiline video 
tion of a standard CRT (cathode-ray display and you have a very attrac­
tube) display, but its small size masks tive concept, indeed. 
that fact effectively . Toshiba has also Another Sony breakthrough is a 
solved the problem of liquid-crystal new miniature floppy-disk system 
"overhang," the slow-fade effect that (see photo 3, page 10). Each disk 
plagues LCDs in electronic games. measures 8.9 cm (3 V2 inches) in 
The response time of this particular diameter and holds over 800,000 
design is fast enough to handle the bytes! The disk resides in a rigid 
1/30 of a second television-frame housing for protection. Sony plans to 
refresh rate. Although the screen is introduce the disk as part of a new, 
dimmer than a CRT display (the im- miniature word-processing system. 



Percom Mini-Disk Drive Systems for TRS-80* Computers ... 

Now! Add-On and Add-In Mini-Disk 

.. -

Storage for your Model Ill. 
The industry leader in microcomputer peripherals, 

Percom not only gives you better design, better 

.­
New for the TRS-80* Model Ill 
Patterned after our fast-selling TFD Model I drives. And 
subjected to the same reliability controls. These new 
TFD mini-disk systems for the Model Ill provide more 
features than Tandy drives, yet cost far less. 
� � Flippy Capability: Both internal (add-in) and 

external (add-on) drives permit recording on either 
side of a diskette. 

� � Greater Storage Capacity: Available with either 40 ›
or 80-track drive mechanisms, Percom TFO mini-disk 
systems store more. A 40-track drive stores up to 180 
Kbytes - formatted - on one side of a 5-inch 
diskette. An 80-track drive stores a whopping 364 
Kbytes. 

� � 1.5 Mbyte On-line: The Percom drive controller 
(included with the initial drive) handles up to four 
drives. With four 80-track mini-disk drives you can 
access over 1.5 million bytes of on-line file data. 

Moreover, the initial drive may be either an 
internal add-in drive or an external add-on drive. And 
whichever configuration you get, the initial drive kit 
comes complete with our advanced 4-drive 
controller, interconnecting cables, power supplies, 
installation hardware, a DOS and of course the drive 
mechanism itself. 

� � First Drive Includes DOS: OS-80�, Percom s fast 
extendable BASIC-language disk operating system, is 
included on diskette when you purchase an initial 
drive kit. Originally called MicroDOS, OS-80 was 
favorably reviewed in the June 1980 issue of Creative 
Computing magazine. 

� � Works with Model Ill TRSDOS: Besides being fully 
hardware compatible, Percom’s Model Ill 40-track 
drive systems may be operated with Tandy’s Model Ill 
TRSDOS - without any modifications whatsoever. 
And, TRSDOS may be easily upgraded with simple 
software patches for operating 80-track drives. 

Percom TFD add-on drives start at only $399. Model 
Ill Drive kits start at only $749.95. 

Quality Percom products are available at �
authorized dealers. Call toll free 1-800-527-1592 �
for the address of your nearest dealer or to order �
direct from Percom. �

quality and first-rate service, but you pay less 
to boot. 

Still # 1 for Model I 

As if greater storage capacities, exceptional quality 
control measures and lower prices aren’ t reasons 
enough to make Percom your first choice for Model I 
add-on drives, all Percom Model I drives are also rated 
for double-density operation. 

Add our innovative DOUBLER� adapter to your 
Model I Expansion Interface, and with Percom drive 
systems you can enjoy the same double-density storage 
capability as Model III owners. 

The DOUBLER includes a TRSDOS*-like 
double-density disk operating system called DBLDOS� 

We also offer a double-density Model I version of 
OS-80 as well as DOUBLEZAP programs fOr modifying 
NEWDOS/80 and VTOS 4. Ot for DOUBLER 
compatibility. 

Of course you don’t have to upgrade your computer 
for double-density operation to use Percom mini-disk 
drive systems. In single-density operation, our TRS-80* 
Model I compatible 40-track drives store 102 Kbytes of 
formatted data on one side of a diskette, and our 
80-track drives store 205 Kbytes. By comparison, 
Tandy’s standard drive for the Model I stores just 86 
Kbytes. 

And like our Model Ill drives, Model I add-on drives 
are optionally available with "flippy" storage capability. 

System Requirements: 
Model Ill: 16-Kbyte system (min) and Model Ill BASIC. 
The second internal drive may be installed after the first 
internal drive kit is installed, and external drives #2, #3 
and #4 may be added if either an internal or external 
first-drive kit has been installed. External drives #3 and 
#4 require an optional interconnecting cable. 
Model I: 16-Kbyte system {min) , Level 11 BASIC, 
Expansion Interlace, disk operating system and an 
interconnecting cable. For double-density storage, a 
Percom DOUBLER must be installed in the Expansion 
Interface and DBLDOS (comes with the DOUBLER) or 
other double-density DOS must be used. For 
single-density operation, a Percom SEPARATOR� 
adapter, installed in the Expansion Interface, will 
virtually eliminate "CRC ERROR - TRACK LOCKED 
OUT’’ read errors. Prices •l'Kl SJ)<ldRC6dOn5$\Ible<� 10 change wlthou� nodco. 

IL1EfUJ()MI 
PEACOM DATA COMPANY, INC. 
21 1 N K.tRBV GARLAND. TEXAS 75042 

121 412 72-3421 

of Tandy Radio Shack Corporntlon which tt&s no relo11onshlp 10 Percom Do"’ Company. 
DOUBLER. DBLDOS, OS.BO ond SEPARATOR are lladomorks ot Percom Data Company, Inc. 

tTrademark of Vlnual Technology Corporarion, ... � ­
t -

Clrcle 4 on inquiry card. � BYTE April 1981 7 



Editorial----------­

Photo 2: The Osborne I per­
sonal computer. This new 
64 K, ZBOA machine has two 
floppy-disk drives and fits 
under an airline seat. Price: 
$1795. Photo by Elliot Varner 
Smith. 

Although no official word has come from the company, 
we have learned that it is developing a complete personal­
computer system. Fujitsu and Seiko are also developing 
personal computers for the U.S. market. 

New Trends in Portability: The Osborne I 
This month Adam Osborne introduced a new personal 

computer, called the Osborne I, at the West Coast Com­
puter Faire in San Francisco. Its features include: a ZBOA 
processor; 64 K bytes of dynamic programmable mem­
ory (60 K bytes are available to the programmer; the re­
maining 4 K bytes are used by the display screen); IEEE 
and RS-232C interfaces; modem electronics; a 5-inch 
video monitor with 24 rows of SO characters, upper- and 
lowercase, two display intensities, and underlining for all 
characters; two 5-inch single-density, single-sided floppy­
disk drives; standard typewriter keyboard; IO-key nu ­
meric pad; two pockets for storing floppy disks; and the 
following software: the CP/ M operating system, 
CBASIC, WordStar, Mailmerge, and a CP/ M-compati­
ble spread sheet program that resembles VisiCalc. 

There are two particularly interesting points about this 
computer: (1) it will cost $1795, and (2) it's portable! An 
optional battery pack will be sold with the unit. Also op­
tional are a 9-inch monitor, an acoustic coupler, and 
double-density, double-sided floppy-disk drives. The 
$1795 price tag (which includes all the software) is re­
markably low. It remains to be seen if the company can 
turn a profit at this price. I recently had an opportunity 
to see the Osborne I in action. I was impressed with its 
compactness: it will fit under an airplane seat. (Adam 
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PASCAL/Z™- Q.E.D. 
Ithaca lntersystems PASCAL/Z is the most powerful CP/MTM 
compatible Z-SOTM Pascal compiler ever ..• and here's why: 

PASCALIZ generates true Z-80 native code - ROMable 
and re-entrant - 5·10X faster than P-code interpreters; 
permits separate compilation; supports Direct File Access 
and variable length STRINGs; utilizes fast one-pass recursive 
descent organization; the macro-assembler generates 
relocatable object modules; and much, much more. 

Complete package includes compiler, macro-assembler, 
linker/loader and source for the full library on one disk; with 
free copy of Jensen/Wirth book and complete documenta.· 
tion. Onl.y $395.00. 

IT'S DEMONSTRABLE! 
Don't just take our word for it. Ask for a demonstration of 
these features and more today at Computerland® and other 
full-service computer stores. 

Ithaca lntersyslem• Inc., 1&50 H"n•haw Road 
P.O. Bo• 91, Ithaca, N.Y. 14850. Phone (607) 257-0190 

Computerl anO iJ a regi5ileted troildemark of ComputerJand Corponuion. �
CP/M .and Z-80 .a:r tr.oderna rlu of Otgitill :Resea rc h Corp. an d Zilog, Inc. re:i;pectiveli;. �
PASCAUZ and lnterSystems arc trad(!flla rks o{ lthaccl lntersystems Inc . �

Micros for bigger ideas. �



The Intersystems �
price-performance-reliability�

story now has �
three · �

While everyo ne' been busy 
trying to convince you tha1 I< rge 
buse housed in strong meta I 
boxe wi ll guaran tee versa til i ty 
and ward off obsole cence, we've 
been bu y w ith something better. 
So lving the real probl m with the 
first l ine of computer products 
built from the ground up lo con­
form lo the new IEEE 5-100 Bus 
Standard. Offering you ext ra ver­
sat ility in 8-bit appl i at ions today. 
Anda full 16 bi t tomorrow. 

We ca ll our new line Serie 
II. And even i{ you don't need th 
ful l 24-b it addres fo r up to 16 
megabytes(!) of memory right 
now, they'r something to think 
about. B au e of all the perform­
ance, flex ibi lity and economy 

they offer. Wheth r you' re looking 
at one of our three mainframes, at 
a new mainframe, expanding your 
present one or upgrading your 
system with an eye to the future. 
(Serie II board are ompatible 
wi th most existing 5-100 ystems 
and all IEEE S-100 Standard ca rd 
as oth r manu fac turers get around 
to bui lding them. ) 

Consider some of the fea­
tures: Reliable operation to 4MHz 
and beyond. Fu ll compat ibi lity 
w ith 8- and 16-bi t CPUs, pe­
riph ral nd oth r d v ie s. Eight 
lev I of prioritized int rrupt . Up 
to 16 indiv idually- I Ire abl 
DMA devices, w it h IEEE Standa rd 
ove rlapped op rati on. U er-sel c­
table fun ction add re ed by D IP­
switch or jumpers, lin1inating ol­
dering. And th at' just for opener . 

Th best part is that al l this 
heady stu ff i_ava ilab le now! In 
our advan eel pro essor - a ful l 
I EE Bu Master featuring Memory 
M ap addr sing to a fu ll m ga­
byle. O ur fast, flexible 16K Static 
RAM and 64K Dynilmic RAM 
boJrds. An incredibly vers tile and 
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s. 
econom ical 2-s rial, 4-paral lel 
Multiple 1/ 0 board . Our 6-serial 
1/ 0 board. Our Double-D nsity 
High-Speed Di k Control ler. And 
w hat i undoubtedly the most flex­
ible fron t panel in the busi ness. 
Everything you ne d for a com­
plete IEEE 5-100 y tern . Avai lable 
eparately, or al l together in your 
hoi e of DPS-1 ma inframe ty les. 

Whatever your needs, why 
dump your money into obsolete 
products labelled " IEEE timing 
com patible" or other words peo­
pl u e to make up for a lack of 
produ t. See the fu ture now, at 
your Inter y tems dealer or call / 
writ for our new catalog. W e' ll 
tell you all about ries II ;md th 
n w IEEE S-100 Bu. we he lp d 
pion er. Becau e it doesn't make 
sense to buy yesterday's products 
when tomorrow's are already here. 

Ithaca lntersystems Inc. , �
1650 Han haw Road/P.O. Box 91, �

Ithaca, NY 14850 �
607-257-0190!TWX: 510 255 4346 

Micros for bigger ideas. 
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Editorial--------------------------------------------------­

Photo 3: Sony 's new J lh- inch floppy disk and drive. Each 
double-sided floppy disk can hold up to 875 K bytes of informa­
tion , unformatted. The r,ecording density is 1.47 times that of 
the 5-inch disk. 

Atlast---the DYNATYPER 
TYPEWRITER INTERFACE!™ 

Turn your electric typewriter Into a low cost, 
high quality hard copy prlnter.1 year warranty 
DYNATYPER - Rochester Data's patented* Computer/Typewft 
Interface Is the Industry standard for typewriter output . 0,,-J 
• � 2 minutes to initially install and 5 seconds to remove 
• � You do not have to modify your typewriter. All •"M war· 

ranties and maintenance agreements on your will be 
honored. ,o( 

• � Compatible w ith all power carriage return Jtik:>&wrllers having 
standard U.S. keyboard. The with Selectrlcs 
(model 1) and most 2). Please specify. 
Typewriter conversion between mode es 2 minutes andthe kit 
(17 plungers) Is available for a fee. 

• � The Dynatyper is compatible with .,.WiaJor word processing software. 
(Scrlpsit, Pencil, Applewri! e Easywrlter, Magic Window, Visl-calc 
CCADBM, Supertext, Wrl n) 

e � Interlaces available fqr.• -80, APPLE, PET/CBM, OSI, Northstar, 
HP·85, H·89. Welg!N'-°"nly 3 lbs. Extremely portable. 

• � Delivery: Sift 10iKl,;o weeks. Price $499 for complete system. 
F.O.B . . R"2,,epr, Domestic. VISA and Master Card accepted . 
Call at 716·244·7804 

ROiiii-i!aiiiiiisii1
r•gister..:! of Rocr.c:stor Dat• Incorporated 

3000 Winton Road South, Rochester, N.Y. 14623 

Osborne is currently seeking approval from the FAA to 
operate the unit on board a plane.) One quibble: the 
screen may be too small for some people's taste. Con­
sulting Editor Mark Dahmke is preparing a full test report 
on this computer for an upcoming issue of BYTE . 

Update 
We have received numerous requests for more infor­

mation on the Microterminal described in the January 
editorial. We cannot divulge any more information at 
this time, but watch for a complete report coming soon. 

Also in the works: full reports on the Commodore 
VIC-20 color computer; the TRS-80 color computer hi­
res (high-resolution) graphics; a special issue on local net­
works; reviews of three LISP packages; the new spelling­
correction programs; Logo for the Apple II and Tl 99/ 4; 
and our annual August language issue, this year on 
Smalltalk, one of the most exciting languages in the com­
puter field today. Watch our upcoming editorials for fur­
ther information about future computers.• 

The Carl Helmers Newsletter 
Readers of recent issues of BYTE are probably aware that 

Carl Helmers, former Editorial Director of BYTE, is now 
working on projects outside of McGraw-Hill. One of Carl's 
new undertakings is the Carl Helmers Personal Computer 
Newsletter, which will cover the present state of personal 
computing, future developments in hardware and software, 
artificial intelligence, mass storage, and many other topics. 
The newsletter will contain no advertising, cost $.200 per 
year, and will appear monthly. Carl is also considering a free 
"personal computer industry conference call, " which would 
be made available via a to/I-free 800 number if interest 
among subscribers is high enough. The setup would enable 
up to twenty people to participate in a regularly scheduled 
monthly "roundtab/e" discussion . 

For more information about subscribing to the newsletter, 
write to North American Technology Inc, Strand Building, 
Suite 23, 174 Concord St, Peterborough, NH 03458, or call 
603-9.24-6048. We wi.sh Carl luck in his new venture ... CM 

BYTE'S Bugs �

lnvlslble Getting the 
Software Review Number Straight 

Because of a last-minute In the February 1981 
scheduling change, the prod­ BYTE, on page 345 of the 
uct review by BYTE editor 'What's New7" section, the 
Gregg Williams, "The telephone number given for 
muSIMP/ muMATH-79 Sym­ General Digital Corporation 
bolic Math System" (Novem­ was incorrect. The correct 
ber 1980 BYTE, page 324), number is (203) 289-7391. We 
did not appear on the "In the apologize for any difficulties 
Queue" page for that issue. that may have arisen due to 
We regret the omission. the error.• 
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Make the Apple II*a powerful �
IEEE·488 COntroller in a snap. �

Just plug the SSM A488 board into any Apple II* expansion slot for a low-cost, 
full-featured instrumentation interface. SSM gives the Apple 11 the power and 

versatility of a $9,000 IEEE-488 controller. At a fraction of the price. 
Our board converts the Apple II into a truly sophisticated controller that 
programs and controls up to 15 different instruments connected together 
on the 488 bus. 

We make programming easy. The 68488 chip, designed by Motorola , forms the 
heart of our A488. We back this chip with powerful on-board firmware to 
give you system control via simple string commands. The only software 
you need is easy-to-program Applesoft* Basic . To develop special purpose 
firmware, simply replace our PROM with a RAM. With the A488, bus com­
munications operate at top speed- without depending on software loops for 
timing. And like the more expensive lEEE-488 controllers, this system interfaces 
with more than 1200 instruments and peripherals. 

Suitable for OEMs as well as end users. Whether you make test/measurement systems for re­
sale, or simply for yourself, the SSM/Apple combo gives you top performance. As it cuts 
your costs. Call your local dealer or SSM today for complete details. 

Industrial grade circuit board -------------. � IEEE-488 bus cable 
(6 ft. with stackable connectors) 

PROM firmware for powerful user interface 

68488 IEEE-488 controller chip 

Slot-independent connection to Apple 

SSM's A488 board expands the Apple 11 to SSM Microcomputer Products, Inc. 
a high-performance IEEE-488 controller. 2190 Paragon Drive 

San Jose, CA 95131 
(408) 946-7400 Telex: 171171 

•Registered trademarks of Apple Computer Inc. � TWX: 910-338-2077 
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Computers and T rees: �
The HHC Forest �

read Gregg Williams and Rick 
Meyer's article about the Panasonic/ 
Quasar hand-held computers (January 
1981 BYTE, page 34), and I could hardly 
contain my excitement over the potential 
use for these devices in my field: forest 
measurements and statistics. 

Forest inventory and survey work 
typically involves many man-hours in the 
forest collecting information on tree size, 
species, sawtimber quality and value, 
growth, etc. This information is normally 
hand-written on tally sheets in the field, 
and either hand-tabulated in an office or 
key-encoded for statistical summary and 
analysis by computer. Forest scientists 
and practicing foresters are continually 
looking for more economical methods of 
obtaining resource information at the 
level of precision required for complex 
management planning and decision­
making. 

The HHCs (hand-held computers) ap­
pear to have the capability of being used 
in the field as data-entry devices, thereby 
eliminating the need for subsequent key-

Letters �

encoding of hand-written information. 
With their alphanumeric capability, they 
should be able to store and manipulate 
descriptive text as well as numeric infor­
mation. With suitable applications pro­
grams, I would think they are a lso capable 
of handling a fairly large repertoire of 
forestry problems (eg: compiling tables 
describing timber volumes by species, log 
grade, and size class; estimating stumpage 
values for timber sales, etc). For larger 
data-processing requirements, they cou ld 
transmit their data, through the modem 
attachment, to a host computer. In short, 
I see in these devices a potential for great ­
ly reducing the man-hours required for 
routine data-entry and processing applica ­
tions in forestery. 

George l Martin Jr 
Assistant Professor of Forest Biometry 
Department of Forestry 
College of Agricultural and Lile Sciences 
Unjversity of WiS<:onsin 
1630 Linden Dr 
Madison WI 53706 

The advent of HHCs will be a boon to 
many who must perform data entry and 
sophisticated calculations in the field. Un­

fortunately , neither the price nor tf1e 
availability date of the Panasonic/Quasar 
unit was announced at the CES (Con­
sumer Electronics Show) , as I had origi­
nally hoped. As an educated guess, 
would place the price i11 t/1e $400 to $650 
range, with the units possibly being avail­
able as early as mid-1981 .. . . GW 

Oddest Programming �
Language of Them All �

ln the December 1980 BYTE, Mr Daniel 
Weise presented a version of a self-repro­
ducing program. (See 'Thief-Reproduth­
ing Programth," page 16.) The following 
version of the same fundamental algo­
rithm is written in my favorite program­
ming language-English: 

Replace every occurrence of "x" in " x 'x'." 
by "Replace every occurrence of 'x' in 
' x "x" .' by " . 

Which executes as follows: 

Unquote" x 'x'." to obtain the form x "x". 

FINDING SOLUTIONS 
AND BEING COMPETITIVE �

IS OUR BUSINESS. �
Having problems and looking for a �
computer to help solve them? � 1 
Are you finding computer dea lers �
come in one o7 two ways? Either �
Full system support with Full price �
or Take it or Leave it with Low �
pri ce. At Omega we don ' t be lieve �
that you should have to make a �
choice . Ye , we're in business to sell �

j ,_
products bul also, to solve your computarproblems. Our prices wi ll be the AuthOnzed Dealerlowest possible. Our support and �
produ t qua lity wi ll be se ond to none. Check out our Mail Orde r prices in th is �
ad (our retai l prices will be higher). See if you don 'I agree with our lirs l claim. �
For our second claim, call us with your data processing needs and proble ms. �
Bette r yet , come in and see us. Finding so lutions and being competit ive i our �
business . We never forget ei th er of th em. �

APPLE Ill . . . . . . . . . . . . . _. . . . . . . . ..... SCALL Supp l �
APPLE LI .. PLUS.. 48K ....... ... _.. __ ...... $ 1169.95 Scolch Diskettes · B"sl ol Oualrty! �
HEWLET PACKARD 85 or 83 ...... , . . . . . . . S CALL price P"' box ol ( t0) �
APPLE 11 ACCESSORIES: 744·0. 10. 32 ...... . ..... $ 27.00 

7 40-0 SS/SD o Sect0t .... _ 3 1 00 Disk It wi1h controller . _. . .. __ . . . . . . . . . . . __ . $ 535.00 
7 4 1 ·0 SS/DD 0 Sec1or , . . 37.00 Disk 11 Znd d<ive . . . . . . . . . . . . . . . . . • . . . . . . . 455.00 743·0 OSIDO NO Formal .. d4.00 Graphics Table! . • • . . . . . . . . . . . .. . . . . . . 565.00 

Language System with PASCAL . . . . . . • . . . . . . 395.00 New Products : 
Silen!ype Pnn1er Wltnl , . . . . . . . . . . . . . . . . . • . . . . 526.00 V1de• UC Adap1er . . . . 110.00 
Integer Firmware Card .. . .. .. .. . • . . . . . . . . . . 152.00 Microsoll 16K RAM Card . . . . . . . ..... 169.00 
Mietosofl Z-60 Sottca1d . , .. •...••. , ... , , .•... 259.00 O.C. Hayes Micromodem II . . ..... 315.00 
Vldex vldeoterm 80 col Card ................ 279.00 Novatlon DCAT Modem . . . . . . , , , , .. , , . . 195.00 
Sanyo 12'" Green Monilor . . . . 269.00 EPSON MX·80 . , .. , , . . . . . . CALL 
Mail Order Terms ol ,Sales: Price based on prepaid orders. NO CoD·s. Visa or Masler Cliarge orden; add 10 purchaw 
price .. Allow 14 working days lor personal 10 cleo.r. Orde< under s10000 add S3.00 for sli1ppin9 and 
handling. All orders (unless specd1.-d"' ad) wi\hlfl Contment1al U.S. s'11pped U.P S. no charge. APO or out of Conlinential 

chatges. All prices subject to change and all oilers subjjlct 10 withdraw! w11t1ou1 r.otice. CA 

MllJfi[) 
The Problem Solving Company 3447 Torrance 6oo lcv.ard • To rr·.ance, al1furrua 90503 • an137G-945& 
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Replace "x" by the quoted substitute to 
obtain x "Replace every occurrence of 'x ' 
in ·x "x " . ' by ". 

Replacing x by the unquoted substitute we 
obtain Replace every occurrence of "x" 
in " x 'x '." by "Replace every occurrence 
of 'x' in 'x "x". · by ". 

The operations quote and unquote 
work as follows : 

Quote text = "text• ''. 
Unquote "text*" = text. 

where text• is a faithfu l copy of text, ex­
cept for the replacement of each quote 
mark, single or double, by its comple ­
ment. This transfonnation is idempotent. 
This is a time-honored syntactic device of 
English. 

I leave it to you, dear reader, to judge 
the relative perspicuity of this English ver­
sion and the LISP version provided by Mr 
Weise. 

James P Corbett 
24 Sheffield lane 
Florence MA 01060 

Readers should note that they may not 
be able to get this program to run on 
every model of the human brain-whic/1 
is probably just as well, since once nm­
ning, it would use up all available process­
ing time and memory space ... . CPF 
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Apple,you 'll have the most extensive library in the personal 

Edison had over 
1,800 patents in 
liis name, but 

you can be just as inventive �
with an Apple. �

Apple is the company with the brightest ideas in 
hardware and software and the best support - so you can 
be as creative with a personal computer ystem as Edison 
was with the incandescent bulb. 

How Apple grows with you. 
With Apple's reliable product family, the possibilities of 

creating your own system are endless. Have expansion capa­
bilities of 4or 8accessory slots withyour choice of system. 

Expand memory to 64K bytes or 128K bytes. Add an 
Ato Dconversion board. Plug into time sharing, news and 
electronic mail ervices. se an IEEE 488 bus to monitor 
lab in truments. Add 4 or 6disk drives - the 51/4

1
: 143K 

bytes, high-speed, low-cost drive that's the most popular 
on the market. 

Apple speaks many languages. 
Since more than 100 companies create software for 

computer world. Want to write your own programs? 
Apple is fluent in BASIC, Pascal, FORTRAN, PILOT and 
6502 assembly language. 

There's even a series of utility programs called the 
DOS Tool Kit that not only lets you design high-resolution 
graphlc displays, but lets you work wonders with 
creative animation. 

More illuminating experiences in store. 
You won't want to miss all the Apple product being 

introduced at your computer store all the time. Don't let 
history pass you by. Visit your neare t 

Apple dealer or call 800-538-9696. 
In California, 800-662-9238. Or write: 
Apple Computer, 10260 Baadley Drive, 
Cupertino, CA 95014. 

app1cz·computar inc. 



Leiter•--------------------------------------------------------­
Vive la Guerre 

I have a few comments on Bruce Car­
brey's article ''A Pocket Computer? Sizing 
up the HP-41C." (See the December 1980 
BYTE, page 244. ) The article was very in­
teresting, since I use both an HP-41C and 
a Tl-59 frequently. Mr Carbrey did a 
comparison that l had planned but had 
never done. 

On page 246, he states that storing a 
number in a register on a Tl-59 requires 
three lines. This applied to the earlier 
SR-52, but only two lines are needed with 
a Tl-59 . Two is better than three, but the 

one-line approach of the HP-41C is better. 
It makes editing a program without a 
printer much easier, especially since you 
don't have to remember key codes. 

Mr Carbrey's benchmark test program 
does not, however, use the Tl-59's 
strengths well. A major difference be­
tween the calculators is that both label 
and absolute addressing exist on the 
Tl-59, while the HP-41C uses only labels. 
Since the HP-41C program is compiled, it 
is not penalized . Using absolute address­
ing in the Tl-59 program cuts run time by 
3 seconds and saves a step. 

Listing 1 is a benchmark program that 

YOU THINK YOU'VE SEEN WORD 
PROCESSING SOFTWARE? 

• TM 

The MAG1( WANO Word Processing 
System offers you the best features of any system 
in the micro market 

FEATU RES INCLUDE: 

Full-screen text editor 
Simple. conrror key operation 

Edi! programs as wel las text 
Assemble. compile or run programs 
without modification 

Fi les larger than memory 
Fi les up to 256K 

library fil es 
Merge part or a ll of one file with 
another 

Spoor prin ling 
Print a lile while editing another 

Easy page formatting 
Simp le commands set margins. page 
length, e tc . 

Override commands at run-time 
Give any command from the key­
board as well as in fi le 

Variable pitch control 
Change pi tch in mid-line, even 
mid-word 

Up to 128 user-defined variables 
String. numeric or dollar format 

Form letter generation lrom external 
data files 

Compatible with both seq uential a nd 
fixed-record files 

Cond\tiona, commands 
Any command may be conditional 

Print to disk and /or printer 
Save all o r part of output on disk 

Switch from specia lty printer to GP IM 
/isl device 

Print lhe same fi le on either specialty 
or standard printer 

Version 1 . 1 is now available 

EASE OF OPERATION 

Wit h all its power, the MAG IC WAND is 
remarkably easy to use. This is no acci­
dent. The command structure is designed 
to be flexib le and logical so that you can 
perform basic fu nctions with a minim um of 
commands. 

We have included in the manual a s tep­
by-slep instructional program, for the pe r­
son who has never used a wo rd-proces­
sor before . The trainee uses sample files 
from the system disk and compares his 
wo rk to simulated screens and printouts. 

In addition 10 the lessons, the man ual 
has a complele documenlation of the 
command structure, special notes for pro­
grammers. an introduction lo CPIM for 
non-programmers and a g lossary. The 
manual is typeset, rather than typewrillen, 
for greater legibili ty. 

We have written the manual in non­
technical Eng lish, because we want you 
to read it . We don't overload you with a 
bunch or jargon that could confuse even a 
PhD in Computer Sciences. 

We send out newsletters so that users 
of the MAG IC WAN D can learn special 
applications of the print commands. For 
example, we might show you how to cre­
ate a mailing list or set up an index for 
a fi le. 

In short, we've done everyt hing we can 
to make things easy for you. Because the 
best software in the world is just a bunch 
of code if you can"t use it. · 

For more information. call or write : 

sma.\\ bu.smess Q.\)\i\c.a.\\ous. \.ru:.. 
3220 Louisiana • Su ite 205 • Houston, Texas 77006 • 713-528-5158 

CP'1M 11.a"l"D 
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uses the Tl-59's parenthesis feature . This 
seemed especially apt considering Hew­
lett-Packard's and Texas lnstruments' 
battle over Reverse Polish Notation vs 
Algebraic Operating System . My pro­
gram is 10 steps shorter, uses 4 data 
registers, and runs in 33 seconds. This im­
proved performance is achieved by reduc­
ing the number of relatively slow memory 
arithmetic operations and utilizing the 
Tl-59's stack. (Also note that the correct 
answer in Mr Carbrey's table 1, on page 
254, is $17553.30, not $17533.30. ) 

Listing 1 
000 76 LBL 
001 
002 

II 
58 

A 
FIX 

003 02 02 
004 42 STO 
005 01 01 
006 
007 

91 
42 

R/S 
sro 

008 02 02 
009 
010 

91 
42 

R/S 
STO 

011 03 03 
012 
013 

91 
55 

R/S 
+ 

014 01 1 
015 00 0 
016 00 0 
017 85 + 
018 01 l 
019 95 
020 42 STO 
021 
022 

04 
45 

04 
y ' 

023 43 RCL 
024 02 02 
025 94 + I ­
026 65 x 
027 43 RCL 
028 01 01 
029 85 + 
(}30 53 ( 
031 00 0 
032 85 + 
033 43 RCL 
034 04 04 
035 45 y' 
036 43 RCL 
037 02 02 
038 94 + / ­
039 97 DSZ 
040 02 02 
041 00 00 
042 32 32 
043 54 ) 
044 65 x 
045 43 RCL 
046 03 03 
047 95 
048 91 R/S 

Much has been made of the HP-41Cs 
plug-in accessories, but I wonder if they 
are really a major design change. They 
obviously follow TJ's development of the 
printer attachment and Solid State Soft· 
ware. The HP printer has excellent print 
quality and features, but it is very slow. 
The Bar·Code reading "Wand'' is the only 
significant advance in my opinion . 

The capacities of the two calculators are 
about equal in my experience. Most 
users want both a printer and a card 
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Letters.-----------------------------------------------------­
reader, so onJy two memory modules can Perhaps the pocket computers from Radio 

Compollutlonbe added. Thus, a maximum of 830 pro­ Shack and Sharp threw a wrench into the 
gram lines is avaiJable without data 
registers in practicaJ applications. and this 
limit is quickly reduced. Even aUowing for 
the HP-41C's greater storage efficiency (I 
find a 50% improvement over the Tl-59), 
the HP-41C is only marginally better. 

The lack of a Tl response to the HP-41C 
threat mystifies me. Although users were 
surveyed last spring, no new product has 
appeared. The discounts being offered on 
Tl's "59" calculators dearly suggest that 
something is coming soon, but it has been 
a year since the HP-41Cs introduction. 

works . Tl has always played a game of in­
creased capacity at lower cost in the pro­
grammable-calculator marketing wars. I 
await Tl's next entry with great anticipa­
tion. Users have profited immensely from 
the battles between Hewlett-Packard and 
Texas Instruments in this market. (Take 
out your old calculator and try using it 
now.) Vive la guerre!! I 

G John Gamer 
319 Blue Haven Rd 
Dollard des Ormeaux, PQ, Canada 

Eliminate The Data Comm Hassles· of �
Outmoded "DUMB" Modems �

BIZCOMP's Intelligent Modem is new. Brand new. It teams a Bel l 103-type "dumb" 
modem with a custom BJZ-080 microcomputer in an attractive desk-top enclosure. 
RESULT: Incredibly simple data comm for professional users. No more mad dash 
to get a handset into coupler muffs before being disconnected by the remote. No 
more exclusion-key telephone needed to do the dialing . No more outboard coupler 
boxes. And for computer sites, communications software written in high level 
language like BASIC or COBOL. How's that for simpl icity! 

The 1030 gives you automatic dial, automatic answer and, unique to the industry, 
automatic REPEAT dial. The top-of-the-line 1031 adds command-selectable tone or 
dlal pulse dialing for TWX net applications and self-test for ensuring full function­
ality. Both models are FCC registered for direct connection and feature comm 
rates from 110, 134.5, 150, 200 to 300 baud. BIZCOMP's innovative Code-Mu lti­
plexed Design enables complete control using a simple 3-wire RS-232 interface. 
Don't burden your customers with data comm hassles. Install a BIZCOMP Intelli­
gent Modem today. 

BIZCOMP Communications... 
Why not start with the best? 

BllCO•P �
P.O. Box 7498 • Menlo Park CA. 94025 • 415/854-5434 

Rentals and /eas ing avallab/e from LeBSametrlc, IJ(){)/227·87'!3; In Cal/I. Pa tent Pending 
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Steve Ciarcia's article "Electromagnetic 
Interference" Oanuary 1981 BYTE, page 
48) is a very good and long-overdue sum­
mary of the electronic noise-pollution 
problem. Many radio engineers have been 
fighting the battle against the plastic com­
puter box and the poorly designed digital 
boards that dominate the industry.. We 
are ready for some stiff regulations 
regarding fundamentals, such as simple 
metallic shielding and grounding prac­
tices, so that the rest of the world can con­
tinue to use RF (radio-frequency ) com­
munications. 

One omission in Mr Ciarcia's article is 
the reference to a stale-of-the-art hand­
book or text for more comprehensive in­
formation on the subject. One of the best 
comes from Bell Laboratories, in Henry W 
Otfs book Noise Reduction Techniques in 
Electronic Systems (New York: John 
Wiley & Sons Inc, 1976). 

R W Burhans 
Ohio University 
Avionics Engineering Center 
Athens OH 45701 

This omission was caught and rectified. 
See "BYTE's Bits" Marcli 1981 BYTE, page 
314, for additional reading material. Also, 
see I N Demas's review in the September 
1980 BYTE, page 311 ... .GW 

Well-Rounded Machine 

We at Hewlett-Packard were very 
pleased to see Brain Hayes's excellent arti­
cle on the HP-41C calculator. {See "The 
HP-41C: A Literate Calculator7", January 
1981 BYfE, page 118.) He did make some 
statements that deserve clarification, 
however. In particular: 

There is something absurd about the 
world's fanciest calculator not being 
able to give results accurate to more 
than seven or eight decimal places. 

The example he used was the (Jl)' 
computation, which is a good illustration 
of a common misunderstanding about 
computer arithmetic . When calculating
.J2. the 41C works internally with 13 
digits and then rounds correctly lo 10 
digits. This helps to insure the accuracy of 
the displayed result. But this result is still 
not really -J2, merely the best representa· 
tion possible on this, or any other, 
10-digit machine: 1 .414213562. 

At this point, the calculator does not 
know where this number came from: it 
could be a previous result, or it could 
have been entered exactly as such through 



THE NEW RELIABLES �
Take a look at the new industry standard in reliability. 

Our warranty on all IMS In ternational products is 
two years from the day a dealer sells them. 

Two years. 
The systems we offer are some of the most advanced in 

microcomputer history. That gives the IMS dealer 
another distinct advantage in his marketplace. 

There's more. 
Low retail cost-well under $10,000 complete-with 

the best margins and benefits in the industry. Face 
it, even the most impressive specifications are no 
rep lacement for profits. 

Next to profits, full factory support is the second most 
important fea ture we give the IMS dealer. 

Our systems are designed to meet the specific needs of 

your business computer today and tomorrow. The price/ 
performance comparison with competitors is one of an 
IMS dealer's easiest sales closes. 

Tailored sales plan. National advertising backup. Point 
of purchase program. Protected territories. 
Complete system delivery in 30 days. 

We have what you and your customer need. 
The package is complete. New. Reliable. 
For more information on our superior computer line 

and the unique dealer program that comes with it, call 
Fred Williams (collect) 714/978-6966, or wri te us: 

nri\Jil(S Box 201 
2800 Lockheed Way 

INTERNATIONAL Carson City, NV 89701 
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Leiter•----------------------------------­
NEW CAT ALOGUE LISTINGS �

FROM �

JOHN D. OWENS 
ASSOCIATES, INC. 

CAT 100 FULL COLOR 
GRAPHICS 

Complete S-100 colnr imagi ng 
with high pe rforma nce video 
GRABBER. 3 fu ndamen ta l are 
+ di11it izat ion of video inpul in rea l time 
+ + image storage in dua l-port. o n­
boa rd memory + + + video input of 
buffered image in g ray levels, TSC co l­
o r or RGB color. 
D iscou nt p rice .............. $1,875. 
Wri te o r call for opt io n d e-script ions and 
pric ing , too numerous to lis t here . 

HOUSTON INSTRUMENTS 
HIPAD DIGITIZER 

C rea te your own grap hics using ei the r 
s tyl us or op ti o nal cu rsor. Exce ll en t for 
arch itec tu ral d r<1wi ng, business waphs. 
sc hematics. fre<> form elc. 
More accur le a nd eas ier to use than 
keyboa rd inpu t or joysticks. "S tr 0 <1m 
mode" allows conl inuous placemen t of 
coordi nalc pa ir o n 11" X 11 " pad usi ng 
ei ther tylus or op tional curso r. For 
S- 100 sys te ms a nd a lso App le. T RS-80. 
PET. 
Our discounted p ri ce . . . ... S 755. 

LOOS for T RS-80 USERS 
ew opera ting system can support up to 

8 d rives (eit her 5 o;, •. 8 " o r new W in­
ches te r fixed d isk) in any combina tio n. 
Fea ture include lSAM Accessing Tech­
niques . Keyboard type a head. graphic.• 
Iring packer. dared fi les and many. 

many more. 
Our discoun ted pric . . . . . .. S 126. 
Ma nual on ly . . . . . . . . . . . $ 25. 

OMA-DOS North Star s· 
FLOPPY SUBSYSTEM 

A new operati ng ystem. complete ly 
compat ible !ha t al lows use of 

bot h 8" (Sh uga rt si ng le idcd, double 
density via Tarbell con troller) and 5 11, • 

d rive-s. 
Com ple1c hard ware, sof tware pac kage 

.............. . ....... $1,910. 

TARBELL CPU Z-80 
Fea tu res m mory manage ment ha rd­
w, re tha t allows dynamic mapp ing of 
logical to 1 MB o f p hys ical memory in 
4K blocks. S upports an easy 10 use im­
plemen tat io n of Eit her 2 o r 4 
MHZ. jum per se lec tab le. TWO on 
board RS232 por ts w ill fu ll hand shaki ng 
capabil ity : c rys tal control led pro!\ram­
ma ble timer. 

SEE ADS ON PAGES 
1 78 A D 179 

the keyboard . Squaring this number cor­
rectly and rounding again y.ields 
1.999999999. Any 10-digit calculator that 
does otherwise is either doing "funny 
arithmetic, " or else is not telling you 
everything it knows. But the 41C has lived 
up to its claim: each calculation was per­
formed correctly to 10 digits. Also, and at 
least as important, the behavior of the cal­
culator is utterly predictable and repeat­
able. 

A calculator is a tool, and, like any 
tool, it has its limitations. These limita­
tions must be understood if the tool is to 
be used properly . The point is this: there 
exist sequences of cakulations that will 
generate errors of any magnitude on any 
finite-precision arithmetic machine. Keep­
ing this in mind, the "world's fanciest cal­
culator," the HP-41C, is a tremendously 
powerful tool indeed. 

Steve Abell 
Research and Development Engineer 
Hewlett Packard Company 
Corvallis Division 
1000 NE Cirde Blvd 
Corvallis OR 97330 

MlcroAce: More �
Power to Slnclalr �

I disagree with John McCallum's state­
ment in 'The Sinclair Research ZX80" (see 
the January 1981 BYTE, page 94) that by 
building the kit version "you will not save 
any money ." My MicroAce cost a mere 
$150- a savings of 25 % over the price of 
a ZXSO. It was easy to build, although the 
instructions were not nearly as elaborate 
as Heathkit's. 

The MicroAce has room for two more 
programmable-memory integrated cir­
cuits than the ZX80. The increase to 2 K 
bytes almost triples the possible program 
length (portion.s of the first 1 K bytes are 
used for ''housekeeping"). This expanded 
capacity gives you a much more usable 
computer. Its unique design means that 
you can store as much information as 
other systems that use 3 K to 4 K bytes. 

I couldn' t afford $500 or more for a 
computer, but, for about $175 (kit plus 
memory chips). I have learned qu ite a bit 
and gained much enjoyment while doing 
so. 

John R Mullen 
8518 Terrang Ct 
Rockford IL 61111 

Tfie MicroA ce kit is review ed by 
Delmar Searls on page 46 of this issue. 

caning zaooo 
The "BYrEUNES" section of the 

January 1981 BYTE (page 200 ) contained 

an item saying that Microsoft proposed a 
standard set of calling conventions speci­
fying parameter-passing and register 
usage for the 28000 microprocessor. It 
was actually Zilog Inc, inventor of the 
Z8000, that establi.shed the conventions. 
Zilog announced the Z8000 standards at 
last year's WESCON show in Anaheim, 
California. The announcement contained 
the statement that the conventions ''have 
thus far been adopted by Microsoft and 
are under consideration by several other 
companies." 

Thank you , BYTE, for letting me set the 
record straight by point.ing out that Zilog 
originated the Z8000 calling conventions 
that were subsequently adopted by Micro­
soft . 

Bruce Welner 
Product Marketing Manager 
Zilog Inc 
10460 Bubb Rd 
Cupertino CA 95014 

Why Didn't We Think.... 

I always look forward to the latest issue 
of BYTE, as I am sure many others do. I 
would like to pass along this suggestion to 
my feUow readers who use an Apple II 
computer. It is my solution to the well ­
known "accidental RESET'' problem that 
plagues users of that machine. 

Mamrnba Sakuta, MD 
6324 Wilryan Ave 
Edina MN 55435 

December Adventure 

BYrE's "Product Reviews" of games in 
the December 1980 issue were absolutely 
perfect. There are too many bad programs 
on the market; being able to see a picture 
of the display (along wi th a description of 
how the game is played} is a big help . 

I noticed that BYTE didn't continue this 
policy in the January 1981 issue- 1 realize 
that you can't have seven game reviews in 
every issue, but it would be nice .... 

Thanks. 

PAD from Livermore CA• 
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LEADERSHIP IN COMPUTER PERIPHERALS 
A Division of Mountain Computer. Inc. 

300 Harvey West Blvd., Santa Cruz. CA 95060 
(408) 429-8600 

Music I can play? Send d&lalll. 

___________ State____ _ 



Recurrence in Numerical �
Analysis �

James J Davidson �
c/ o BYTE Publications �

POB 372 
Hancock NH 03449 

Although Taylor's series are the most universally 
useful method of computing higher mathematical func­
tions, they do have their drawbacks. In particular, many 
functions have representations only in the form of alter­
nating series . This can cause great difficulty in maintain­
ing accuracy if large arguments are required . Often, so 
many significant digits are lost in the process of computa­
tion that the results are, at best, useless. At worst, if you 
do not suspect that gross inaccuracies are occurring, you 
may make severe engineering mistakes . 

If the va.rious remedies such as argument scaling are in­
effectual in improving accuracy, the only recourse is to 
seek alternate methods of computation. Of those alter­
natives, recurrence relations have the widest applicabili­
ty. 

What's a Recurrence Relation? 
Various functions have the mathematical property that 

if you know two consecutive values, you can use those to 
find a third . This process can be repeated to find a fourth 
from the second and third, and so on. Of course, you 
need to pick the right pair to start from, but if you do, 
you can get to any value you want. 

The simplest illustration of a recurrence relation is the 
Fibonacci series. This is a series of special numbers 
known in medieval times to Leonardo of Pisa, surnamed 
Fibonacci (1175-1230). Fibonacci numbers are found in 
botany and other natural sciences, as well as in certain 
mathematical theories of aesthetics. They are interesting 
in their own right, and there is at least one society 
devoted to study of their mathematical properties. 

The Fibonacci series proceeds in the following fashion: 

0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, ... 

Each term is obtained by adding the two previous terms . 
As a formula, the series can be expressed as: 

where the initial tenns must be specified as 0 and 1. Once 
you get started, it is obvious that you can keep going in­
definitely using the same formula. It is not even necessary 
to begin at the beginning. If you know the thirteenth and 
fourteenth terms, for instance, you can find the fifteenth 
by adding them together. 

Programming this recurrence relation is not going to be 
much of a chore. The important thing to keep in mind is 
that three values must exist within the computer 
simultaneously : the n and (n +1) terms, and the sum of 
these two, which is the value being calculated. Then, 
after the value is found , it must be slid into the (n +1) 
position, with that one being slid into then position. This 
sliding process is the only tricky part because it must be 
done in the proper order, and it is the heart of all recur­
rence programming. 

Listing 1 shows how simple the job is. After initializa­
tion, the FOR ...NEXT loop handles the calculation in 6 
lines. The new term is calculated in line 160 and printed 
in line 170. The sliding process is done in lines 180 and 
190. Note that Al must be slid into AO before A2 is slid 
into Al; otherwise, Al will be lost . That, in principle, is 
all there is to programming recurrence relations. 

Forward and Backward Recurrence 
Recurrence relations have a property that on first ac­

quaintance seems absolutely incredible: if you go in the 
"right" direction, you increase the number of significant 
digits in your answer with every new term. This means 
that in certain cases you can start out with a completely 
arbitrary guess and, if you go long enough, end up with 
eight or nine significant digits in your final result I On the 
other hand, if you go in the "wrong" direction, you lose 
digits with each iteration and end up with garbage. 

There is nothing at all mysterious about this property . 
If you think about the Fibonacci series, you will realize 
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CCS. MAKING MINIS OUT OF MICROS. �
Here's the CCS line of board-level 

computers for system builders on the 
move. Push In the CCS board . And 
push on with your application. CCS 
board-level systems go together 
easily, come up quickly, and run 
reliably, with a proven return rate of 
less than 1%. 

CCS board-level computers 
offer systems bui lders the optimal 
combination of low development 
cost, low manufacturing cost, and 
high reliab il ity from proven, tested 
modu les. 

A headstart on rellablllty. CCS 
modules are designed to industrial 
performance standards, manufac­
tured to industrial quality standards, 
fully burned in and tested. You spend 
more t ime and energy on your 
appl ication when you rely on CCS 
modules instead of reinvent ing (and 
rebu ild ing) standard computer 
functions. 

A full selection of S-100 board­
level computers. Whether you want 
to add capab ility to another S-100 
based system, or build a system from 
scratch, chances are you ' ll find solu ­

• A-Ouotlllf 2. 1981. 
• FOr use IM1h CCS S.,..100> Modets 200. 300. 400 

ons for all your system needs ln the 
CCS product line. CCS manufactures 
a comprehensive se lect ion, so you 
can tailor a system to your needs with 
a minimum of components. You buy 
exactly what you need. But you can 
easily expand later. 

We'd like to tell you more about 
the CCS line of board-level com­
puters, OEM systems, and computer 
systems. There's a lot more to tell. 
Send in the coupon for more 
information, contact your local 
compute r dealer, or cal l. 

lo -;p;;;entatlve l 
call me. II � Io Please send more Information onI � CCS Board-Level Com puter 
Modules. I

I Namo � II Company _______ ____ 

Addr8$$ I 
I City/State/Zi p I 
I Phone ( ) I 
I I!:Californ ia Computer Systems I 

250 Caribbean Drive 
Sunnyvale, Californ ia 94086 IIll=-----
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that that is exactly what happens there. Starting with two 
numbers one digit long (O and 1), you can build up after 
thirty or forty terms to as many digits as your machine 
will hold. For this case, we are going in the right direction 
because the answers get progressively larger as we 
calculate each new term. 

In this case also, we are moving in the direction of in­
creasing index, n. This is called forward recurrence. lf we 
were to start out with a high-order pair of terms and 
calculate down towards zero, that would be called 

Listing 1: The Fibonacci numbers through recurrence. The 
Fibonacci numbers are used here to demonstrate how easy it is 
to program a recurrence relationship. All that is necessary is to 
keep proper order in the calculation and the shifting of 
variables. 

0010 REM 
0020 REM • •' FIBONACCI NUMBERS 
0030 REM••• BY RECURRENCE RELATION. 
0040 REM 

0100 INPUT "HOW MANY FIBONACCI NUMBERS",N 

0110 Ao-o 
0120 PRINT AO 
0 130 Al=l 
0140 PRINT Al 

0150 FORl=!TON - 2 
0 160 A2=Al +AO 
0170 PRINT A2 
0180 AO=Al 
0190 Al=A2 
0200 NEXT l 

0210 END 

Listing 2: A Taylor's series program for the Bessel functions . 
Lines 160 thru 190 calculate the first term . (Line 160 should not 
be necessary, but many BAS/Cs insist on executing a 
FOR. .. NEXT loop at least once, regardless of index and target. ) 
This program is not recommended if the argument will ever ex­
ceed about five or ten , depending on your BASIC. 

0010 REM 
0020 REM ••• BESSEL FUNCTIONS, FIRST KIND, lNTEGER 

ORDER 
0030 REM ••• BY TAYLOR'S SERIES. 
0040 REM 

0100 INPUT "ARGUMENT". XO 
0110 INPUT "ORDER", N 

0120 X=X0/2 
0 130 X2=X"X 

0140 S=O 
0150 T=l 

0160 lF N"'O THEN 200 
0170 FOR I"' l TON 
0!80 T,,,XJI'T 
0190 NEXT I 

0200 FOR I= l TO 999 
0210 S=S+T 
0220 T = - X2/I/(N + l)'T 
0230 IFS< >S+T THEN NEXT I 

024-0 PRINTS 
0250 END 
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Of the various mathematical func­
tions that can be calculated by 
recurrence, the ones with the 

greatest engineering utlllty are the 
Bessel functions. 

backwc:ird recurrence. For the Fibonacci series, backward 
recurrence is "wrong" (because you lose significant digits) 
and foiward recurrence is "right" (because you gain 
them), but for some other functions the reverse is true. 

Putting it another way, if you lose digits going one 
way, it is because (and only because) you are subtracting 
nearly equal large numbers. Avoidance of that situation 
is one of the cardinal principles of numerical calculation. 
In this case, avoidance consists simply of going in the op­
posite direction, in which case you are adding the 
numbers instead of subtracting them. 

But how do you know which direction to go in? Very 
simply, look in a mathematics handbook. If that fails, 
and you have no knowledge of function behavior to 
guide you, trial and error is a solution. Set the program 
up for forward recurrence (which usually is easier) and 
see whether the terms get larger or smaller. If they get 
smaller, you guessed wrong. (Be sure that the decrease is 
not just local. Unfortunately, global function behavior 
must be known before you can be fully certain that you 
are going the right way.) 

Bessel Functions 
Of the various mathematical functions that can be 

calculated by recurrence, the ones with the greatest 
engineering utility are the Bessel and the Bessel-related 
functions. This is fortunate because many of these are 
strictly alternating series with no hope of argument scal­
ing, and large arguments always seem to be the ones of 
greatest interest. 

The family of Bessel functions indudes many varia­
tions. There are the first, second, and third kinds; in­
teger, fractional, and noninteger orders; and regular and 
modified types. The related functions include Kelvin, 
Airy, and Ricatti-Bessel. For now, though, we will be 
concerned exclusively with regular Bessel functions of the 
first kind, and of integer order. These arise as solutions of 
Bessel's differential equation: 

d2y dy
x 2
-- + x-- + (x2 - n2)y = 0
d.x2 d.x 

This equation appears in a wide variety of engineering 
and scientific problems, such as heat transfer and mem­
brane vibrations . It also shows up indirectly in the 
analysis of frequency-modulated signals. Any time cylin­
drical coordinates are used in analysis, Bessel's equation 
is almost certain to be involved somewhere. As a conse­
quence of that fact, Bessel functions are also called (par­
ticularly in German) cylinder functions. 

Let us see where the problem lies in computing these 
functions by Taylor's series. The Taylor's expansion is: 

X 2 °" -;;c2 I 1
J,,(xJ = ( - ) E ( - ) x ( )

2 ••o 4 i!(n+i)! 

This is clearly a strictly alternating series, and the critical 
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31 MByte Formatted Capacity 
The ADES S33 MByte Hard Disk Subsystem is the HARD EDGE in System Performance. The S33 
transforms your S100 computer from a slow, lloppy-bound machine into a high performance system. The 
833 is a complete subsystem which includes the ADES PS100 8100 compatible hard disk controller card, 
the Priam DISKOS (TM) 3350 hard disk, an attractive desktop cabinet, power supply, CP/M* BIOS 
software, and ribbon cable. With its 31 MB formatted capacity and a CP/M data transfer rate greater than 
40K bytes/second the 833 can Instantly increase the performance of any S100 computer system. 

S33 FEATURES. The PS100 single card conlroller . which is 
IEEE-5100 compatible, contains an on-board processor , a 
528-byle host interlace RAM. and the hard disk lnlerlace. 
It has a fifteen command repertoire , on-board CAC to 
guaranlee dala integrity, user seleclable base address. 
bank selecl feature . phantom RAM disable, and lull 5100 
interrupt capability. It controls up to four Priam drives. In 
addilion, lhe S33CBIOS software package allows easy 
inlegration in to most CP/M systems. Appl ication noles 
cover CBIOS integrat ion and system boot direclly from 1he 
hard disk. 

EXPANDABILITY. Wilh the 833 subsystem. you have freedom 
to grow in two differenl direcl ions. Firsl, the PS100 con· 
troller supports all Priam 8· and 14-inch hard disk drives, 
including the 68 MByte and 158 MByte models. As your 
database expands, so does your system 's capability . 
Second, one PS100 controller handles up to lour drives of 
any size and in any combinal ion . providing a lull range of 
capacities. 

The S33 is only the tirst in the expanding 11 ne ol ADES 
mass storage products. When you need an edge on your 
competit ion or more power In your personal system, look 
to ADES for the "HARD EDGE in System Performance." 

·CPJM iS a JeQiSlfH e d 1rademark of Dig11at Research 

ADES �
ADAPTIVE DATA & ENERGY SYSTEMS 

2627 Pomona Boulevard • Pomona, CA 91768 

Phone: (714) 694-6868 
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Figure 1: The Bessel fu nction of argument 10 and variable order v. When progamming a recurrence relation. infonnation such as this 
is needed to determine whether to use backward or forward recurrence. Since the function goes to zero fo r large orders (val1Jes of v) , 
we cond1Jde that we need to 1JSe backward recurrence to achieve good accuracy. The Bessel function behaves similarly fo r other 
arguments: as soon as the order (v) exceeds the argument (x), the function rapidly declines to zero. 

Terminal sale. �

Display rormat 24 • l!0- 128 ASCII cha.racier seL Selectable 
up to 19.2K baud. RS 232 interface. 

standard typo keyboard-59 keys. 

5525each: 
Completely refurbished by Western 

Union, ADM3 terminals built by Lear 
Seigler, available at a price considerably 
lower than any other refu rbished units you 
can buy. 

Act now and get advantages few can 
offer! 

• 90-day warranty. 
•National service network. 
In terested in other models? Also avail­

able are the 33KSR. GE Terminet 300 and 
GE Terminet 1200. Write on your letter­
head to Jim Chenard, Western Union. 
Dept. A, One Lake Street, Upper Saddle 
River, NJ 07458. Or call (201) 825-5333. ....... �

western union • tn ciuan ti\ll . 

argument occurs at x=2. But it is rare that one is satisfied 
with values that small . 

Listing 2 is the program for this series. Keep in mind 
that the magnitude of the Bessel function can never ex­
ceed unity , and see where your machine starts to bomb. 
If you have double precision, you may want to see how 
much difference it makes. Recognize, too, that a range of 
lOJ' can be a real limitation. For x=100, the largest term 
nearly reaches ion. Depending on your BASIC, a max­
imum argument of five to ten is recommended. 

Bessel Recurrence Relation 
Now to recurrence . The relation we will use is: 

and the first thing we need to know is which direction to 
go. This is a recurrence in order, not argument, so the 
question is whether the function increases or decreases as 
the order gets larger and the argument stays constant . 
Figure 1 (from the National Bureau of Standards hand ­
book) answers this clearly . At large positive arguments, 
the function heads toward zero. This means that, when 
we want to calculate ]"(x) for a given 11, we must calculate 
higher-order values of J(x) and use the recurrence formula 
to calculate down to order n. 

The next problem is where to start. This is quite an in­
volved question, and, unfortunately, there are no 
established answers. 

Let us suppose we want to calculate /8 (22). We have to 
start someplace above eight, but where, and with what? 
lf we knew, for example, /, 8(22) by calculation, we would 
probably just as easily know '8(22) by calculation and 
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would not need to use recurrence. We will make an ar­
bitrary guess (using it and zero as the two numbers need­
ed to start recurrence) and let the virtues of "right" recur­
rence provide our significant digits. 

However, while it is true that recurrence can provide 
increased accu.racy, this is true only relative to the initial 
guess, which was arbitrary. This means the result we get 
may be highly precise but completely inaccurate. What 
we look for, then, is some way of normalizing, or ad­
justing, the result. Perhaps somewhere in the process, or 
in the final answer, there is a clue to what the right output 
should be. If so, that clue can be used to give us the cor­
rect value. 

Normalizing Su.m 
The solution lies in one nice formula: 

1 = lo(x) + 2/z(x) + 21.(x) + 2h(x) + ... . 

If we simply double each even term as we calculate it and 
add them all together, then subtract one zeroth term 
(because it is not doubled in the formula), we should get 
unity. If we do not (and we will not), divide the recur­
rence result by this sum and out comes a closer approx­
imation to the correct answer. 

This does mean, however, that every calculation will 
always have to proceed all the way to zero order. The 
formula also tells us how far up we must start: at an order 
high enough that its contribution to the sum will be 
negligible. 

The full process goes like this: you begin by choosing 
an argument at random, then finding the highest order 
that makes a difference in the total sum. If the total sum is 
greater than 1.00, divide the beginning argument by this 

number and repeat the process. The final result should be 
a beginning argument and an order high enough so that 
two conditions are true: first, that the next higher-order 
term does not contribute significantly to the sum; and 
second, that the sum is approximately equal to 1.00. 

You will find that the starting point depends both on 
the argument and the order of the answer you desire. 
Larger arguments always require higher starting points, 
as do higher orders. But the relationship is not simple, 
and no single equation will fit all points exactly. lf the 
equation must err (and it must), it is best that it do so on 
the high side, although it should not be too far on the 
high side. 

If the starting point is too low, the normalizing sum is 
inaccurate, degrading the answer. If it is too high, execu­
tion time becomes excessive and you run the risk of ex­
ceeding your machine's range. (The sum can grow very 
quickly .) Note, however, that it is the normalizing sum, 
not the recurrence calculation, that is the main source of 
trouble. Recurrence starts with an arbitrary guess 
anyway and goes in the "right" direction (backward), so 
accuracy is not an issue here (with one important excep­
tion that will be explained later). 

Programming all of this-except for the equation 
derivation-really is not too difficult, but it is messy and 
time-consuming. Fortunately, it has been gone through 
by various mathematicians, and formulas do exist for 
finding the starting order. The results listed will vary, 
though, depending on the number of significant digits in 
the pa.rticular machine they were developed for. 

Table 1 gives the raw data rounded to the next higher 
even integer of the starting order necessary for ten-place 
accuracy. This information was compiled by Samuel G 
Allen of New York on an SR-56 pocket calculator. From 

i 1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

0 36 38 50 56 64 70 76 86 88 94 98 104 11 0 116 122 128 134 138 
15 22 24 30 36 
17 24 28 32 36 I 
20 26 30 36 38 38 I 
25 30 36 38 42 44 50 
30 36 40 42 44 46 52 56 
35 40 44 46 48 48 54 58 64 
40 46 48 50 54 56 58 60 64 70 

n 45 54 54 56 58 60 62 64 68 70 76 
50 58 58 60 62 64 66 68 70 74 78 86 
55 62 64 64 66 68 70 72 74 78 80 86 88 
60 66 68 70 72 74 76 78 80 80 82 86 90 94 
65 70 72 72 76 78 80 82 84 84 86 88 92 94 98 
70 74 76 78 80 82 84 86 88 88 90 92 94 96 102 104 
75 80 82 84 84 86 88 88 90 92 94 96 98 100 104 106 110 
80 86 86 88 90 90 92 94 96 98 98 100 102 104 106 108 112 116 
85 92 92 92 94 96 98 98 100 102 104 106 106 106 108 112 116 118 122 
90 96 96 98 100 100 102 104 104 106 108 110 110 110 112 116 118 120 122 128 
95 100 100 102 104 106 106 106 108 110 112 114 116 116 116 118 122 124 126 130 134 

100 104 104 106 108 110 110 112 112 114 116 118 120 120 120 122 126 126 128 132 134 138 

i 0.1 0.5 1 2 3 4 5 6 7 8 9 10 11 12 

0 6 8 10 14 16 18 20 22 24 26 26 28 30 32 
1 6 10 10 14 16 18 20 22 24 26 26 28 30 32 
2 8 10 12 14 16 18 20 22 24 26 26 28 30 32 
4 10 12 12 14 16 18 20 22 24 26 26 28 30 32 

n 6 12 12 14 14 18 18 20 22 24 26 26 28 30 32 
8 12 14 16 16 18 20 22 22 24 26 26 28 30 32 

10 14 16 18 18 20 22 22 24 26 26 26 28 30 32 

Table 1: Raw data used by S G Allen to derive his equation for the starting order of the recurrence relation. 
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e No Problem 
'Ii·ial Offer!* 

Thel.anier 
No Problem® 
Typewriter 
can pay for it­
self tn one year. 

You can prove 
it in your own 
office! Right now. 

It's true. One typist with a 
Lanier No Problem typewriter 
can do work as fast as 2 or 3 
people using ordinary electric 
typewriters.

These savings alone 
pay for a No Problem typewnter 
in one year. Or less. 

That's just the beginning. 
Even office expenses such as 
floor space and filing are 
reduced. Paperwork gets done 
faster and more accurately. 
The No Pro blem concept 

The Lanier o Problem 
electronjc typewriter is multi­
use, with extraordinary powers. 

It speeds up your everyday
typing like no ordinary type­
writer can. 

Your secretary prepares 
pages on a TV-like screen 
instead of on paper. 

Changes and corrections are 

Up to 40 
pages can be on 

a single memory disc. And 
letter-quality printing is done at 
less than 30 seconds per page. 

typewriters in o ne 
The No Problem typewriter 

can perform additional tasks 
sim2ly by inserting 
No Problem Smart Discs. 

Lanier's 11ni q11e 
Smarr Disc 

5'-a-;t i>i«, 

use tir e swnf: 
• medium as rli e 

srornge discs . 

Want to add and subtract, 
multiply or divide? Insert the 
Math Master Smart Disc. 

Other Smart Discs enable you 
to sort long lists, prepare per­
sonalized standard letters and 
even keep track of your 
timekeeping. 

The N o P roblem Trial 
When Lanier places a No 

Problem typewriter on trial we 
do more than plug it in and leave. 

We help you become more 
productive the first day. 

The No Problem typewriter 
has proven itself in thousands of 
offices from coast to coast. We'll 
show you how it works with 
your applications in your office. 

So why wait? 
The Lanier No Problem 

typewriter is available today, 
to solve today's office problems. 

Send this coupon to set up an 
immediate appointment or call: 

(800) 241-1706. 
Except in Alas ka or Hawaii. In Georgia. 
call coll ect (404 ) 321-1244. 

r­ -----­ ---­----­ ------­--­ ,
Yes, I'd like to know more about the No : 
Problem Trial Offer! 1 

Name__________ 

Title-------:::--:----­
Best 

Phone ____ TimeToCa!L__ 

Finn Name·-------­

Address ____County ___ 

City Stat Zip __ 

What kind of typing or word processing 
system are you using now? 

I 
I 
I 
I 
r 

made right On the screen. : Lanier Business Products, Inc. 1 

No whiteouts. No erasures. II111Ell:1700 Chantilly Or. NE. Atlanta, GA e c i : 

No false starts. 
You get your WO. rk back No Problem type"".riter purchase.

faster and ifs right the first time. 0 1981 Larner Business Products, Inc. 

The o Problem 1)'pewriter. It does more than j ust ty pe. 
RETURN POSTCARD AVAILABLE-BACK OF BOOK. 
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Listing 3: Generating Bessel functions by recurrence. This one is the data, he derived a fairly simple equation which errs �
slower than Taylor's series for small arguments, but is vastly conservatively by about ten percent in the region N=4X . �
more accurate for large ones. Within the accuracy range of a The equation is as follows: �
machine, no limit has been found on maximum order or argu­�
ment. 

0010 REM 
0020 REM • '• BESSEL FUNCTIONS, FIRST KIND, INTEGER 

ORDER 
0030 REM ' '· BY RECURRENCE RELATION, 
0040 REM 

0100 INPUT "ARGUMENT", XO 
0110 INPUT "ORDER", N 

0120 x.. xo 
0130 IF ABS(X)< LE- 10 THEN X"' LE-10 

0140 y,,,x 
0150 lF N>X THEN y,,,N 
0160 N9,,,.INTCY +3'SQR(X) +9) 

0170 J9"'0 
0180 JB,,, l.E - 30 
0190 s.. o 

0200 FOR I =N9 TO 0 STEP - I 
0210 J7;2'I/X'J8-J9 
0220 !9,,,18 
0230 J8 .. J7 
0240 IF INT(l/2)"'!/2 THEN SsS+2'J9 
0250 IF I= N THEN 1=19 
0260 NEXT I 

0270 S"'S-19 
0280 1=J/S 
0290 PRINT I 
0300 END 

N9 = int(max(N,X) + 3-../X" + 9) 

which is implemented in lines 140 thru 160 of listing 3. 

Program Comments 
If you have followed the discussion to this point, the 

program in listing 3 should be straightforward. Lines 140 
thru 160 calculate the starting order, and lines 170 thru 
190 do the initialization. Note that the arbitrary guess for 
JB U.(x)) is 1.0 X 10-30 

• It is chosen small (and can be 
much smaller if your range goes to so that large 
arguments can be accommodated without overflowing 
the normalizing sum. J9 (]•• i(x)) is initialized to zero, 
which reflects the assumption that the next higher term is 
too small to be significant. 

The recurrence loop (lines 200 thru 260) includes the 
normalizing sum at line 240. Line 250 picks out the par­
ticular order you specified and stores it as variable J, 

After exiting from the loop, line 270 subtracts a zero­
order term from the sum, and line 280 divides the chosen 
value by S to normalize it properly. 

One fact has not yet been mentioned: the recurrence 
relation involves a division by x, so that x=O causes an 
error message. But this is a perfectly legitimate argument 
at any order, so line 130 assigns a small value instead. It 
cannot be too small, though, or overflow will occur 
rapidly because of that division by x. 

Building Blocks for 
Microcomputer Systems, 
Dedicated Controllers 
and Test Equipment. 

n2 110 
S-100 ROM, 

RAM & 1/0 
BOARD 

ECT's R21/0 is an S-100 Bus 1/0 Board with 3 Serial 
110 Ports (UART's}, 1 Parallel 1/0 Port, 4 Status Ports, 
2K of ROM with the 8080 Apple Monitor Program and 
2K of Static RAM. 

$295.00 

RM-10 
S-100 
RACK MOUNT 
CARD CAGE 

ECT's RM-10 is a rack mount 10 slot Card Cage with 
Power Supply, consisting of an ECT-100 rack mount 
Card Cage (19"W x 12.25"H x 8"0), the MB-10 Mother 
Board (with ground plane and termination) all 1 O 
connectors and guides and the PS-1 SA Power Supply 
(lSA @ 8V, 1.SA@ ::!::: 16V). $29S.OO 

Specializing in Quality Mi1 
, .. Industrial •Educational • S1

ELT ELECiiiONilfCONiiiiiL 686-8080 
763 Ramsey Ave., Hillside, NJ 07205 
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THE DAWN OF �
AGE 

The 2nd GeneratiorlM is here! �
MEASUREMENT systems & controls proudly 

introduces its new and exciting "2nd Generation" 
fam ily of S-100*' compatible products. Each has 
been specifical ly designed for use with 
multi-user and network 
operating systems such 
as MP/M, CP/NET, and 
OASIS. Every product is 
fu lly tested and burned­
in, comes with a 1 year 
guarantee, and offers 
you features not 
currently available from 
any other source. 

Z80 PROCESSOR 
BOARD - The most 
powerfu l CPU board available today. Outstanding 
features include 4MHz operation, high-speed serial 
and parallel 1/0 uti lizing OMA or programmed 
control, eight vectored priority interrupts, and a 
real time clock. 

MULTI-USER SERIAL 1/0 BOARD - For use in 
expanded systems requiring up to eight additional 
serial 110 ports. Features include: 16 maskable 

·All products meet the new IEEE standards. 

Syste1ns Group �

vectored priority interrupts, RS·232C interfaces 
with full handshake, asynchronous or synchronous 
operation with asynchronous baud rates to 19,200. 

Available in four or eight channel versions. 

DOUBLE DENSITY 
FLOPPY DISK 

CONTROLLER BOARD­
controls up to four 51.4 · 

inch or 8-inch disk drives 
using IBM soft sectored 

formats. It features 1 K 
of on-board buffering, 
OMA controlled data 

transfers and the per­
formance character­
istics of the superior 

NEC 765 chip. 

64K BANK SELECTABLE MEMORY BOARD ­
Features include 1/0 port addressing for bank 

select with 256 switch selectable 1/0 ports for the 
memory bank addressing. The memory is 

configured as four totally independent 16K 
software-selectable banks, with each bank 

addressable on any 16K boundary. 

"Attractive Dealer & OEM Prices" �
See your nearest computer dealer, or �
contact us for the complete story on �

The 2nd Generation. �

1601 Orangewood Ave. I Orange, Cal if. 92668 
A Division o f MEASUREMENT systems &.. controls (714) 633-4460 TWX I TELEX: 678 401 TAB IRIN 

incorporated See us at the sixth Computer Faire, booth 
1526, San Francisco Apri l 3.5 



Altering this program to give a complete array of 
Bessel functions of various orders for a given argument is 
easy. Simply define an array of dimension N +1 and start 
storing values when the variable I becomes equal to N. At 
the end, each value must be divided by S. 

You will find that execution time for this program is 
quite long. For small x, the Taylor's series is much faster 
and therefore may be preferred for arguments that are 
guaranteed restricted. When in doubt , use the recurrence 
method (listing 3). 

Negative Orders 
Note from figure 1 that the behavior at negative orders 

is very different than that of positive orders. So, instead 
of trying to adapt listing 3 to handle negative N, use the 
absolute value of N for N and transform the output by 
the relationship: 

J_.(x) = ( -1)n X Ux) 

How Accurate ls It? 
There is only one practical way to check accuracy on a 

routine like this: compare the results against known 
values in a published table. But that creates a problem 
because available tables give out before the program 
does. The massive compilation by the staff of the Har­
vard Computation Laboratory (Harvard: 1947) goes up 
to x= l OO and n=135. 

The most sensitive test, though, is to check in the 
region of the zeros at various orders. The Bessel functions 
look like damped sine or cosine waves, crossing zero at 

AOSOn �
A NOVA® 4/X? �

Wild Hare's 
MTSS Provides NOVA® Users 
With Multi-User Capabilities 

DG use<>s now hove o chorce when upgmding too mul­
ti·user envi1onmen1. Previously, the only woy to support o 
lrue multi-user envimnment was to upgrade to AOS. but 
not onymOle. 
MTSS provides oll ol the slanda1d RDOS lectures for up 
to 16 simullor.eously ond each user is totally in­
dependenl. Users moy edil. compile ond execule pro­
grams written in FORTRAN IV. FORTRAN V. ALGOL BASIC. 
MACS. etc_ 
This means no software rewriting os neces.sory. No new 
operating system need be installed. 
More importantly. MTSS supports o ll NOVA • 's os well 
os ECLIPSE· ·s so no expensive hordwore upgroC1e is 
required. 

Now Data General Users �
Have A Choice! �

The most sensitive test Is to check �
In the region of the zeros of the �

function. �

intervals that look as though they might be periodic. 
(However, they aren't and the exact locations of the zeros 
is of considerable interest to mathematicians.) Obvious­
ly, if you put in an argument that is supposed to be at a 
zero of the function, you expect to get a result of zero . 
This is unlikely for two reasons: 

•The locations of the zeros are transcendental numbers 
and cannot be specified exactly. The theoretical result , 
then, should not be exactly zero. 
•Backward recurrence is "right" only when the function 
increases as you proceed in that direction. But at a zero, 
the function suddenly nosedives down (see figure 1). 
Here, (2nl x) X ln(x) is supposed to equal ln+1(x), so their 
difference is zero. This is subtraction of nearly equal large 
numbers, which usually results in a small t.runcation er­
ror. 

For the above reasons, all errors and inaccuracies ac­
cumulate at the zeros. ln particular, truncation errors 
show up flagrantly here. Not only does truncation cause 
the output to be nonzero, it actually translates the ap­
parent location of the zero to a lower value. The trunca­
tion is not really bad {it usually affects only the last digit), 
but those interested in the mathematical properties of 
Bessel functions should be aware that this bias does exist. 

With that background, we can state that the accuracy 
of the program of listing 3 on a nine-digit truncating 
BASIC is seven to eight decimal digits . Note that I said 
decimal digits, not significant digits. As far as I can deter­
mine, the seventh digit after the decimal point is good to 
within one count anyplace, including zeros. Away from 
the zeros, the eighth digit appears good to within one 
count. This includes any x or n up to one hundred, based 
on spot and systematic checks against the Harvard tables. 

Using the Royal Society tables of zeros, further checks 
can be made under worst-case conditions. For example, 
the forty-eighth zero of order 19 occurs at 
x = 178.846699. The actual output there is 7.6 X 10-a, 
which will cause the seventh digit to be off by one count. 
Worse errors may be possible, but this one is the largest I 
found. 

Other BASICs with fewer digits should have similar 
properties: about a two-digit loss as long as the range is 
not exceeded by the normalizing sum. For engineering 
use, this should be entirely adequate. • 

References 
1. Abramowi tz. M and I A Stegun. Handbook of Mathematical Fune· 
lions with Formulas. Graphs. and Mathematica/ Tables. Washington : 
Nalional Bureau of Standards, 1964. 

2. Harvard Computationa l Laboratory Sia.ft. Tables of the Bessel 
Functions of the First Kind . Cambridge: Harva rd University Press. 12 
volumes, 1947 and following years. 

3. Olver, F W J (editor). Royal Society Mathematical Tables, Volume 
7: Bessel Functions Par/ Ill, Zeros and Associated Values. New York : 
Cambridge University Press, 1960. 
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Titne & Money. Atari· &Apple· �
users get ntore with VisiCalc™ software. �

A financial VP in Massachusetts is cutting the time it takes 
to prepare month-end reports from three days to three hours. 

A California company is replacing most of its time-share 
computer service with a personaJ computer and VisiCak, 
saving at least $30,000 the first year. 

Thousands of other personal computer users are also sold 
on how VisiCak is increasing their productivity. Besides saving 
time and money, they're simplifying their work and getting 
more information that helps them make better decisions. A 
typical user reaction comes from a New York dentist: 

"VisiCak has become an integral part of my business'.' 

VisiCal.c displays an "electronic worksheet" that auto­
matically calculates nearly any number problem in 
finance, business management, marketing, sales, engi­
neering and other areas. The huge worksheet is like a 
blank ledger sheet or matrix. You input problems by 
typing in titles, headings and your numbers. Where 
you need calculations, type in. simple formulas 
( + ,- ,x, +) or insert built-in functions 
such as net present value and averaging. 
As quickly as you type it in, VisiCalc 
calculates and displays the results. 

'1 am extremely impressed with Visi­
Calc's capability, Oex.ibility and orderly 
presentation of instructiont.' 

So writes the director of a NewYork cor­
poration. He appreciates VisiCalc's powerfuJ 
rec4.lculation feature. Change any number in 
your model and instantly all numbers affected by 
that change are recalculated and new results are 
displayed. You can ask "What if . . .r,' analyzing 
Ca mmoc!ore Is • tr•dom•tk ol C<>mmodore 
Business M.c:h:i nes Inc.. At11 ri is ii tr red 1rild rk of 
At,ul Inc .• Appl• I• .1 rogjstered tr•domnk of Apple 
Computer Inc. 
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more alternatives and forecasting more outcomes. It really 
increases your decision-making batting average! 

When you finish, you can print a copy of the worksheet just 
as it appears on the screen and/or save it on diskette. 

'1 like VisiCak's ease of 

That response comes from a Utah businessman using Visi­
Calc for production forecasts, financial. report ratio analysis and 
job cost estimating. Ease of use is VisiCak's best-liked feature. 
It's designed for a non-programmer, and has an extensive, easy­
to-understand instruction manual. 

Users also like solving a wide variety of problems with 
VisiCalc . . . and solving them their way. VisiCak can even 

justify the cost of a personaJ computer, according to a New 
Hampshire financial analyst: 

"VisiCak is paying for itself over and over." 

VisiCalc is available for 32k Commodore PET/CBM, Atari 
800 and Apple disk systems. VisiCalc is written by Soft­

ware Arts, lnc. 
See VisiCalc at your Personal Software dealer. 

For your dealer's name, call Personal Software Inc. 
at 408-745-7841, or write 1330 Bordeaux Drive, 

Sunnyvale, CA 94086: 
While there, see our other Pro­

ductivity Series software: Desktop Plan 
and CCA Data Management System. 
They're like time on your hands and 
money in the bank. 

sof• •"'' 
See us In Chica.go a.t NCC, booth 881 



Programming Quickies �

Apple Nante-Address �

Gary Stotts, 10390 Owens Cr, Broomfield CO 80020 

Name-Address is a program that will store up to 100 
names, addresses, and telephone numbers. It is written 
for the Apple personal computer and requires one disk 
drive. The program is organized as a binary tree so that 
names can be entered in any order and stored in 
alphabetical order. A larger number of names and ad­
dresses can be stored by changing the DIM statements in 
lines 30 thru 90. 

The program first asks if there is an address file. Next 
the menu appears as follows : 

1-Add a Name �
2 - List a Name �
3 - List All Names �
4 - Change a Name �
5 - End �

DISCOUNT PRICES �
APPLE II COMPUTERS 

16K APPLE II 1089 .00 �
32K APPLE II 1134.00 �
48K APPLE II 1179.00 �
DISK WCONTROLLEA 545.00 �
DISK ONLY 475 .00 �
APPLESOFT CARD 159.00 �
INTEGER CARD 159.00 �
PASCAL SYSTEM 42 5.00 �
SILENTYPE PA INTER 525 .00 �

RAM MEMORY 
FOR TRS-80. APPLE II �
16K SET 4116 's 45 .00 �

NORTH STAR COMPUTERS 

HRZ-10-32K-ASM 2125.00 
HRZ-2D·32K -ASM 2475.00 
HRZ-10-32K -ASM 2375.00 
HRZ-20·32K ·ASM 2990.00 

VERBATIM DISKETTES 
BOX OF 10 5Y• " 29 .50 
BOX OF 10 8 " 39 .50 

FREDERICK COMPUTER PRODUCTS �
MUNICIPAL AIRPORT �

FREDERICK, MD. 21701 �
!301 I 694-8884 �

The required entries to add or change a name-address 
record are the name, the street address, the city-state-zip, 
and the telephone number. To list any one address, enter 
the name. The name must be entered as last name first 
with no commas. Option 5, "END", will always create a 
new name-address file .• 

Listing 1: Name-Address-a program for tf1 e Apple II that will 
store up to 100 entries, as shown here. More entries can be 
stored by changing th e DIM statements in lines 30 t!irn 90. 

L,, R£f1 BI NtlRY lRE E Nt\"E/ ADllAUii!'i " lE. 
10 A( ,. AVfH.C. OAA'f A 5 TOH5 
J('I 0 1" NH l'XH : A[f1 NAE ARRAY 
" " DI" A• C IO<l)t: A[ " f\Plll:l\YS 

DJr• ll • tlO(H 
GO DUI REl'I LE FT LJPO( AARl\Y 
7" 0 1" Atl'l !" I GHf Ll ll!K f\ftftn'I' 
8"' 0 11'1 PU l (l•M: R( " PMON[ • APAAY 
9!J OI 11 S'Xt'5 M : PEl't S TACfC ARAA 'W' 
100 Dt • CH,. t 141 
llO D• :-gP[H 5 8· 0 1­
l :ZCI Cf'lll - 9lG: INP'UT • ( S TH Al: l\N ADOPCSS 'IL[ urn• -in 
l:JO 1 r T t • " N• lN( N 2 1W't 
l-40 P ltl Nl Ot : • PEA[) NA,.ACP ... 
t :i('I I U l'U1 l 
Lli(I FOi? l • I IO E 
L70 IH1•u1 N• C, , : IUPUl A• (I J: IPI PUT B• c I NPt.H it" • c I I: Hrfllu t L '1;' JI: t rrPuf ,,,c I• 
tao ..i;xr 
190 l"lfl N T [Jt 

:01lO CAI.I. - 9)G: P'PI NT rnec ?1:" .N l'll ,.[.rAOOP[!!i ltlt()(;Pll"-: l'PIUT 
Zlf"I l"PJr.tT '"' I - ADI) A P1AJ'l( • 
72r1 P' IJIN T "2 - L I S.r A HAI,,[ • 
no l"P J N'T '" J - l I ST f'IL L Nil s ­
:;! 4 f,I l"PI N1 •4 ... CHANGE A t4a NI[• 
1 ,•) P' l'H'l • ., - ENO" �
:-Go PA'I NT : IUPUI - ·: l' • ! "l •) (\!,. ,,. , , �

:?'7" 1r " I I OP n1 ._ ' tH£ N' ::!S" �
180 ON " I 0011Ull l2').?:•).93t'·1 1:::1). I J 40 �
211., (1.010 2'Jn 
l•'') Rt;: " 
llO Jt El"I l'IDD n rlME '::iU6 ROUT 
:J?fl CALL - !lG ; P.A'I NT '"8 4 71:-aoo KAl'I E AECDPo·: PP I r 
J ) O [ • E • 1: P("" l" IRSf [ " l'TY POSlfl()l.I IN lf51 
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Listing 1 continued on page 34 

32 April 1981 © BYTE lroo Circle 25 on Inquiry card . Circle 26 on inquiry card. ­





We make our 
competition
obsolete 
with Information Master.™ 
Information Master•M is the sophisticate of 
software packages. but it also speaks your 
language. Its uncomplicated English ­
speaking desig n makes it easy to learn. 
No programmi ng knowledge is necessary. 
Pu t it in your Apple 11*. and you 're ready 
to go. 
High Technology's Information Master 
organizes and prints everything from 
mailing lists to stock market data. Specify 
what reco rds to store. type in the informa­
tion . and Information Master organizes . 
calculates. stores and reports . Design your 
own reports and labels. In formation Master 
is revolutionary in its adaptability and 
comes with a simple step-by-step instruc ­
tion manual. Its screen layouts are designed 
to show you maximum information fo r 
easy operation . ln formallon Master is so 
smarl it stops mistakes that our competi tion 
lets you make. 
II your computer dealer doesn 't have 
Information Master. see one who does. 
High Technology's pe rfect complement to 
Information Master. Data Master,'Mallows 
you lo change your mind months later 

without redoing 
all the work 

you 've 
already 

done. 
Ask 

about 
it! 

High 
Technology, Inc. 
Software Products Division 
P.O. Box B-14665 
BOO 1 N. Classen Blvd . 
Oklahoma City, Okla. 7 3 11 3 
405 840-9900 

' ADDie II 1s a lrade name ol 
Apple Compu1er Inc 
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Listing 1 continued: 
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l ... 00 NE Xl �
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A Graphic �
Execution Display �

RB Minton, 8617 E Stearn Lake Dr, Tucson AZ 85730 

I wrote a program for my Ohio Scientific Superboard 
to compute artificial satellite orbits and noted it ran 
slower and slower as time and the number of orbits pro­
gressed . 

It occurred to me that I could graphically display how �
fas t the program was executing and find out where it was �
slowing down by adding some extra code. Every 20 lines �
or so, 1 inserted K9=K9+1 :GOSUB 2000, and then at �
the end : �

2000 S9 = 54244 �
2010 POKE S9 + K9,48+K9 �
2020 FOR Z=l TO 30:NEXT Z �
2030 POKE S9 + K9,32 �
2040 IF K9 = 9 THEN K9=0 �
2050 RETURN �

This fla shes the numbers 1 thru 9 from left to right on 
the bottom row of the video screen every time the main 
portion of the program loops. You can easily note the 
delay between certain numbers; this helps to pinpoint 
where the program is spending most of its time . The 
troublesome area or line can be further narrowed down 
by adding more GOSUBs, or by moving those from the 
fas ter part to the slower part. (Be sure that there are nine 
GOSUBs and tha t each is executed only once within the 
loop.) 

This method alerted me to a poorly written line of code 
I would have otherwise never suspected. • 
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TRS-80* Model I Computer Owners . . . �
�r �-�~� �-�~ �_�_�:� �~�=� • 

' i Double-density storage. 
l I - -­r �~ �-�- -
�~ �~� 

It's really here! 
�" �~�~� 

Although rated for double-density operation, all 
levels of Percom drives work equally well in single­
density applications. 

You can operate these drives in ordinary single­
density format using TRSDOS*, Percom OS-80™ 
or any other single-density operating system. 

Or, you can add a Percom DOUBLER™ to your 
Tandy Expansion lnterface and store data and 
programs in either single- or double-density 
format. 

Under double-density operation, you can store 
as much as 350 Kbytes of formatted data - de­
pending on the drive model - on one side of a 
five-inch minidiskette. That's four times the 
capacity of standard 35-track Model I mini· 
disks, almost 100 Kbytes more than the capacity 
of the eight-inch IBM 3740 format! 

Available in 1-. 2- and 3-drive configurations in 
aJI three model lines, Percom burned-in, fully­
tested drives start at only $399. 

TFD-40™ Drives 
TFD-40 Drives store 180 Kbytes (double-density) or 
102 Kbytes (single-density) of formatted data on one 
side of a 40-track minidiskette. Although economical­
ly priced, TFD-40 drives receive the same full Percom 
quality control measures as TFD-100 and TFD-200 
drives. 

TFD-100,,. Drives 
TFD-100 drives are "flippy" drives. You store twice 
the data per minicliskette by using both sides of fhe 
disk. TFD-100 drives store 180 Kbytes (double­
density ) or 102 Kbytes (single-density) per side. 
Under double-density operation. you can store a 70­

i 

�r�:�;�;�:�:�:�:�~� page document on one minidiskette. 

TFD-200™ Drives 

J
TFD-200 drives store 350 Kbytes (double-density) or 
197 Kbytes (single-density) on one side of a minidis­

1 kette. By comparison, 3740-formatted eight-inch 
disks store only 256 Kbytes. Enormous on-li ne stor­

D age capacity in a 5" drive, plus proven Percom 
reli ability. That's what 1,1ou get in a TFD-200. 

_ 

The DOUBLER™ - This proprietary 
adapter for the TRS-80* Model [ com­
puter packs approximately twice the 
data on a disk track. 

Depending on the type of drive, you 
can store up to lour ti mes as much 
data - 350 Kbytes - on one side of a 

- minidiskette as you can store using a 
Tandy standard Model I computer drive. 

Easy to install, the DOUBLER merely plugs into the disk 
controller chip socket of your Expansion Interface. No rewir­
ing. No trace cutting. 

And because the DOUBLER reads, wri tes and formats 
either slngle- or double-density disks. you can continue to 
run all of your single-density software, then switch to dou­
ble-density operation at any convenient time. 

Included with the PC card adapter is a TRSDOS*· 
compatible double-density disk operating system, called 
DBLDOS™, plus a CONVERT utili ty that converts files and 
programs from single- to double-density or double- to sing­
le-density format. 

Each DOUBLER also includes an on-card high· 
performance data separator circuit which ensures reliable 
disk read operation. 

The DOUBLER works with standard 35-, 40-, 77- and 
80-track drives rated for double-density operfillon. 

Note. Opening the Expansion Interface to install the 
DOUBLER may void Tandy's limi ted 90-day warranty. 

Free •oftw•re petcb with drive purcba.•e. This software 
patch , called PATCH PAK,'" upgrades TRSDQS• for slngle­
denslty operation with improved 40- and 77-track drives. 

Quality Percom products are available at authorized dealers. Call toll free 
1-800-527-1592 for the address of your nearest' dealer or to order directly rrom Ir.>EJU:J()M l
Percom. In Canada call 519-824-7041. 

Prices afld spedflc.a1lons subtect to ctia.n9" wllhout notice Pi:RCOM DATA COMPANY. IN C. ™trAdemark of P<treom Data Company. Inc. 21 I N K'IR8¥ • GARLAND TX · 75042 
n1>rk or Tandy Radio Shock C01'pO<allon which has no relarlonshlp 10 Pereom �0 �~ �1 �0� ComJ)llny C214l 272·3A21 



Ciarcia's Circuit Cellar �

Build a Low-Cost Logic Analyzer �

The Digital Age has 
spawned a variety of elec­
tronic troubleshooting 
aids, including logic 
probes, integrated-circuit 
test clips, multi-trace os­
cilloscopes, and logic ana­
lyzers. AJI are useful, up 
to a point, but it is impor­
tant to know when to use 
a particular test instru­
ment and how much you 
can depend on it. 

If the logic states of 
signal lines were the only 
information needed, a 
simple voltage measure­
ment would suffice in 
digital troubleshooting. 
But timing, rather than 
absolute voltage level, is 
the more important con­
sideration in digital sys­
tems. Most digital systems 
operate by setting discrete 
logic conditions on bus 
lines and then strobing 
that data through the sys­
tem at the occurrence of 
edges of specific clock 
pulses. A system operates 
correctly only if all the 

Steve Garcia 
POB 582 

Glastonbury CT 06033 

Photo 1: One frequently used test instrument is a direct-reading 
state indicator. The sixteen indicators are transistor-driven in­
candescent lamps or LEDs (light-emitting diodes). The indicator 
panel is attached to a "chip-clip" connector so that the logic 
states on any TTL (transistor-transistor logic) or LS (low-power 
Schottky-diode-clamped) TTL dual in-line package can be read 
while the circuit is energized. The display is most valid for static 
conditions. 

LED (light-emitting diode) 
indicators at any selected 
point in a circuit. How­
ever, it is a static device 
and will not follow rapid­
ly clocked digital logic 
other than to indicate 
general activity . Even 
when the concept is ex­
panded to include four­
teen or sixteen separate in­
dicators on the probe (as 
shown in photo 1), effec­
tive use still depends on 
stopping the system clock 
(or slowing it substantial­
ly ) to examine static logic 
states. Unfortunately , 
stopping the clock changes 
the dynamics of circuit 
operation and may, in 
many instances, mask the 
true cause of problems. 

More frequently , digi­
tal-logic errors are 
dynamic and occur during 
dock-state transitions. 
The errors are often due to 
timing problems asso­
ciated with the propaga­
tion of signals through the 
circuit or with miscuing of 

parallel states are set correctly at a The fir st special digi tal instrument multiplexed components. Because the 
specific instant in time. The system was the logic probe. A schematic logic state at clock transitions often 
fai ls if any single logic state is in error diagram of a typical logic probe is 
at any clock time during program ex­ shown in figure 1. This device ac­
ecution. curately indicates the logic state on 

Copynght © 198 1 by Sreven A C1arcia. 
A U nghrs ft'5t'IVt'd . 
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determines either proper operation or 
failure, a more suitable test instru­
ment would be one that provides the 
operator with a view of all logic ac­
tivity coincident with the transition 
of the clock. 

To most people this sounds like a 
job for a multi-trace oscilloscope with 
its sweep triggered from the system 
clock. An oscilloscope can in many 
instances be of value, but unless it is 
an expensive storage-tube scope, fast 
system-clock rates can make viewing 
difficul t. Also, viewing two signals 
with respect to each other in real time 
is of little help when the error occurs 
intermittently and involves more sig­
nals than can be viewed simul­
taneously . 

What Is a Logic Analyzer? 
One solution to the digital­

troubleshooting dilemma is called a 
logic analyzer. This is an instrument 
that displays a "truth table" of the ac­
tivity of the digital circuit being tested 
under actual operating conditions. 
After you have selected a key com­
bination of input signals, called a trig­
ger or sync word, and activated the 
analyzer, it stores all signal-input 
logic states for a specific number of 

+:;v 
220!1 

system-clock transitions. Depending 
upon the sophistication of the par­
ticular unit, many commercial logic 
analyzers can accommodate 32 or 
more inputs and store up to 256 dock 
cycles before and after the trigger 
event. 

A logic analyzer acts 
like an electronic time 

machine. 

In effect, a logic analyzer acts like 
an electronic time machine. When se­
quentially displayed in the order it 
was acquired, the stored data can be 
used to form state tables or timing 
diagrams of the circuit's operation. 

For example, a logic analyzer might 
be used to troubleshoot a malfunc­
tioning microcomputer l / O (in­
put/output) port that keeps receiving 
consistent but wrong data. You don't 
know whether the error is caused by 
the wrong data being sent to the out­
put register or by an incorrect address 
signal strobing the register at the 

+5V 

wrong time (try troubleshooting this 
kind of problem with just an 
oscilloscope). You can find out by 
connecting the logic analyzer to the 
address and data buses of the micro­
computer. 

Set the trigger-word switches to 
produce a trigger pulse when the ad­
dress bus contains the 1/0 port ad­
dress. When the trigger pulse occurs, 
you can examine the logic states on 
the data bus with the analyzer to see 
what value was being loaded into the 
port register at the occurrence of the 
trigger pulse, as well as those states 
following the pulse. It is like having 
an 8- to 32-channel oscilloscope with 
the display frozen in time on a 
specific clock cycle. 

Commercial logic analyzers are 
generall y stand-alone instruments 
with integral video-monitor or oscil­
loscope displays. They can present 
stored data in a variety of ways. A 
data-domain analyzer ordinarily 
displays logic states as lists of ls and 
Os . The listings are sequential and in 
either binary, octal, or hexadecimal 
format. This display method is par­
ticularly helpful when you are debug­
ging address-bus problems. In such 
cases, data is most easily read as 

+5V 

22Ml 

/ 
LE03 
LED220 

le " PULSE" 

11 u 106 

IC I 
I NPUT 74L S14 

Type +5V GND 
74LS14 14 7 
74121 14 7 
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I' LEO 1 
LE0220 

10 

2µF 
+ 

33K 

11 

J Al 
0 
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IC2 
74121 

/ 
LEOZ 
LE0220 

lOOmo 

Number 
ICl 
IC2 

"L OGIC I " 

22on 

figwe 1: A simple logic probe that uses two integrated circuits. When a logic-0 signal voltage is applied to the input, the "logic O" 
LED will light . When a logic-1 signal voltage is applied to the input, the "logic 1" LED indicator will light. If the input oscillates be­
tween th'e O and 1 states, the "Pulse" LED indicator will also light. 
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4-digit hexadecimal values. 
For hardware troubleshooting, a 

time-domain analyzer is preferred. 
This unit presents the stored data in 
timing-diagram format. The result 
appears like the display of an 8- or 
16-channel oscilloscope. The vertical 
scale has a high-voltage value that 
represents a logic 1 and a low-voltage 
value that represents a logic 0. The 

data signals are plotted with respect 
to each other and can be displayed as 
a function of actual time . 

A third data format is the mapped 
mode. Essentially, the display screen 
is divided into an x, y coordinate 
system, and data points are plotted as 
dots on the screen. In some units, vec­
tors between dots connect successive 
data points so that it is easier for an 

Photo 2: The prototype logic analyzer described in this article. The switcl1es on the left 
are for setting the trigger (sync) word. 

Photo 3: Inside the box of photo 2 is the circuit of the analyzer as shown schematically 
in figure 4. Seventeen integrated circuits are used. 
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operator to trace sequential activity 
in the device under test. The process 
of interpreting this kind of display is 
essentially one of recognizing a 
"good" pattern and identifying wild 
vectors. Presumably, a properly 
operating program will have a 
repeatable pattern, Any discrepancies 
will show up as an extra dot or "wild 
vector." 

The various types of logic-analyzer 
display formats are shown in figure 2 
on page 40. 

Regardless of the display format, 
all logic analyzers share a common 
internal structure. Generally, they in­
corporate the subsystems outl ined in 
the block diagram of figure 3. All 
logic analyzers have some form of in­
put conditioning, trigger-word selec­
tion and comparison, memory, and 
display (LEDs, oscilloscope, or raster­
display tube, etc). The combination 
of capabilities is usually a function of 
price, which can range from $2500 to 
$10,000. 

A low-Cost logic Analyzer 
Obviously, we cannot hope to con­

struct a logic analyzer that is 
equivalent to an $8500 Hewlett­
Packard unit. However, we can 
design a special logic analyzer as a 
peripheral device of a personal com­
puter. By utilizing the display and 
processing power of the computer, 
we can greatly enhance the capa­
bilities of a relatively simple hard­
ware interface. Also, for those 
readers interested in the concept but 
not quite ready to grab their soldering 
irons, I will outline a method that 
demonstrates how to use your present 
computer to perform logic-analyzer 
functions totally in software. First, 
the hardware approach. 

Figure 4 is the schematic diagram of 
a low-cost eight-input logic-analyzer 
interface that requires only one and a 
half parallel I/O ports (9 output and 6 
input bits) for complete operation. It 
is easily expandable to 16 or even 32 
inputs. 

All probe inputs and dock signals 
are conditioned through Schmitt trig­
gers to reduce noise and false trigger­
ing. When the sync word, set on ex­
ternal switches (SWl through SW8), 
appears on the . input lines, the 
analyzer automatically collects and 
stores 16 sequential words repre­



senting input status at the instant of 
either an internal or external clock 
signal (usually the system clock). It 
can operate on either edge of the 
clock pulse and store data at frequen­
cies as fast as 5 MHz. The prototype 
interface is shown in photo 2. 

Unlike commercial logic analyzers, 
this unit has no integral CRT 
(cathode-ray tube) display: it has 
eight externally controlled LEDs. It 
depends instead upon the computer 
to display the list of stored data. 
After the interface has taken sixteen 
samples, it sends a Scan Complete 
signal to the computer. A computer 
program sets the Read/ Write line to 
the Read mode and sets a 4-bit ad­
dress to access the contents of the 
16-word scratch-pad memory. As the 
4-bit address is incremented, the ap­
propriate 8-bit output is placed on the 
analyzer's data-output lines from the 
scratch-pad memory and is stored by 
the computer. In addition, as the 
computer reads the scratch-pad 
memory, the contents of each loca­
tion are displayed on eight LEDs. If 
the addresses are changed slowly, or 
are otherwise physically set, the 16 
stored words can be viewed directly 
without a special display program. 

Once the data has been acquired by 
the computer, a format-and-display 
program lists the values on the com­
puter's display in binary, octal, or 
hexadecimal format, simulating a 
commercial analyzer display. To 
gather an additional 16 words, the 
computer program merely sets the 
Read/ Write line to the Write mode 
and toggles the Sample Enable line. 
The BASIC program in listing 1 on 
page 43 exercises the interface and 
displays the output shown in li sting 2. 

Inside the Interface 
The analyzer hardware (shown in 

photo 3) has an interface consisting of 
seventeen integrated circuits. Input 
signals are fed through ICl and IC2, 
which are hex Schmitt-trigger in­
verters. Photo 4 shows typical test 
connections. These conditioned out­
puts are in tum buffered and gated 
through to the memory section by 
IC3, a type-74LS240 8-input bus 
driver. The output of this driver is 
compared to eight preset switches 
through two 74L85 4-bit comparators 
(IC7 and IC8). (Trigger-word initia­
tion is disabled by setting all switches 
to the logic-1 state. Storage will com­

mence on the first clock pulse after 
Sample Enable.) If the switch settings 
and data input are equal, a pulse is 
generated which stores the current in­
put data. The first word stored is 
usually the sync word (assuming that 
the trigger word and external clock­
pulse edge are synchronous). 

On the trailing edge of the 
WE (memory-write-enable) pulse, the 
4-bit memory-address counter IC9 is 
incremented. Data will be stored 
again at the occurrence of the next 
edge (positive or negative as selected) 
of the clock pulse. 

Ttxl co111i11ued on page 42 

Photo 4: The analyzer is intended for use while a circuit is in dynamic operation. Con­
nection to the circuit can be done with the "chip-clip" method shown in photo 1. or by 
tl5ing separate test probes. The latter is more versatile. The circuit shown under test is 
the Disk-BO expansion interface from last month's Circuit Cellar. 

Photo 5: When the circuit of figure 5 (on page 42) is attached to the logic analyzer. a 
data-domain display can be converted to a time-domain display. Essentially notl1ing 
more tlum an eight-channel scope multiplexer, this circuit greatly expands the display 
potential of the average oscilloscope, as the photo demonstrates. 
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Figure 2: The data acquired by a logic analyzer can be displayed in various fonnats . 
The different types are: 

(2a) The ones and zeros logic-state display. In this format, binary words are plotted 
against clock pulses in a matrix m bits wide by n clock pulses deep. T/iis format is used 
most often where word flow or data sequence is of prime concern . 

(2b) Same as 2a except that the data is listed in hexadecimal notation. Hexadecimal 
listings are most frequently tlSed in logic analyzers specifically designed for 
microprocessor troubleshooting, where thirty-two to forty inputs are not uncommon. 

(2c) The timing-diagram display. In the timing format, data words are plotted 
against time. This format is used most often for hardware troubleshooting to detect in­
correct timing between signals. 

(2d) Vector-display analyzer. In the vector-display format, data words define points 
on an x, y coordinate system. Usually. the data word is divided in half with a separate 
DI A converter attached to each segment. One output goes to the display's x input and 
the other goes to they input. 

-... ...> 

SAMPLE 
ANO 
READ 
CONTROL 

Figure 3: Basic block diagram of the simple logic analyzer. In tl1is case, the block labeled "computer" refers to an externally attached 
personal computer. In commercial units, the computer and display are integral components of the logic analyzer. 
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Figure 4: Schematic diagram of an eight-input logic analyzer. One and a half parallel 110 ports are required for operation. Note 
that the 74L85 integrated circuits used here have a different pinout specification from the 74LS85. User connections are on the left; 
computer connections are on the right. 
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Number Type +5V GND 
IC1 74lS14 14 7 
IC2 74LS14 14 7 
IC3 74LS240 20 10 
IC4 7489 16 8 
ICS 7489 16 8 
IC6 74LS157 16 8 
rC7 74L85 16 8 
IC8 74L85 16 8 
IC9 74LS93 5 10 
IC10 74121 14 7 
IC11 NE555 8 1 
IC12 74121 14 7 
IC13 74LS74 14 7 
IC14 74LS02 14 7 
IC15 74LS20 14 7 
IC16 7416 14 7 
IC17 74 16 14 7 

Table 1: Power connections for in­
tegrated circuits of figure 4, or1 page 
41 . 

Text continued from page 39: 

When sixteen samples have been 
taken, the 4-bit memory address is 
binary 1111. IC13 and IC14 detect 
this condition and set the Scan Com­
plete line to a logic 0. This also 
disables further storage until the in­
terface is reset with a Sample Enable 
pulse to IC2. 

Reading the contents is simply a 
matter of setting the Read/Write line 
to a logic 0 and placing an ap­
propriate 4-bit address on the Read 
Address input lines. When an address 
is set on these lines, the data-output 
lines of the analyzer will contain the 
contents of that memory location. 
The eight LEDs will also display that 
value. 

Creating a Time-Domain Display 
As previously mentioned, the 

display format available from this in­
terface is generally a listing of ls and 
Os. This is quite useful under most 
circumstances but not as appealing to 
hardware buffs as a timing-diagram­
type output. Even if your computer 
has graphics capability, writing a 
program to simulate a multi-trace 
oscilloscope display requires con­
siderable software expertise. 

The logic-analyzer interface can be 
converted to a time-domain display 
with relatively little extra hardware 
and only a single-line BASIC pro­
gram. Figure 5 is the schematic 
diagram of the additional circuitry. 
Essentially, it consists of a dual 
4-input digital multiplexer and 2-bit 
D I A (digital-to-analog) converter, 
which offsets each of the four chan­
nels when displayed. ln effect, it 
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puts on a standard dual-trace oscilloscope. Its intended use is to convert the data­
domain output from the circuit of figure 4 into a time-domain display on an 
oscilloscope. 
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allows a dual-trace oscilloscope to listing 1: A BASIC program that exercises the computer/ logic analyzer in terface, 
display eight channels simulta­ displaying output through the computer's normal output devices. 
neously. Such a display appears in 
photo 5. 

Conversion from data-domain to 
time-domain operation is not as dif­
ficult as it might seem. Consider the 
operation of the analyzer for a mo­
ment. Once the 16-word buffer is full , 
the data can be read out at any rate. If 
we cycle the read addresses very 
quickly, the outputs will form a 
repetitive pattern which can be easily 
viewed on an oscilloscope. The fast 
cycling can be accomplished using a 
4-bit counter and oscillator source at­
tached to the address-input lines or 
by using a simple program statement 
like: 

100 FOR X = oTO 255:0UT 16,X: 
NEXT X:GOTO 100 

Using a dual-trace oscilloscope, 
you can view two signals, or, with 
the circuit of figure 5, you can view 
all eight data channels simulta­
neously. Since there is no system 
clock to contend with and the pattern 
repeats every sixteen steps, triggering 
problems are reduced and the display 
is stati onary. All other interface 
operations remain the same. 

Adding a Vector-Display 
Capability 

If you are determined to hunt "wild 
vectors," the same technique em­
ployed to provide a timing plot lends 
itself to vector display. Using the 
same methods to cycle the buffer data 
on the output lines of the analyzer, 
substitute D I A converters for the 
multiplexer in figure 5. Typically, 
two 4-bit DI A converters are needed. 
One would be attached to the 4 high­
order bits and the other to the 4 low­
order bits. One DI A converter is at­
tached to the x-axis scope input and 
the other to the y-axis input. When 
the buffer is cycled, a unique vector 
pattern will appear on the screen, 
describing the 16 data words stored in 
the analyzer's buffer. (A more infor­
mative discussion on this approach to 
troubleshooting was one of my 
previous articles, "A Penny Pinching 
Address State Analyzer," February 
1978 BYTE, page 6. It has been 
reprinted in Ciarcia's Circuit Cellar, 
Volume I, available from BYTE 
Books.) 

100 REM Logic Analy zer Program 
110 REM 
120 REM data in on port 16 , scan complete on bi t O of port 17 
130 REM read enable and sampl e enable are bits 6 and 7 
140 REM of port 16 
150 REM read address is bits O th ru 3 of port 16 
160 REM memory locations 2500 0 to 25015 is set as i de as the data 
170 REM buffer 
180 PRINT"LOG I C ANALYZER" 
190 PRINT :PRI NT "Enabl e New Sample o r List Analyzer Buffer" ; 
200 PRINT" (E or L)"; 
210 INPUT A$ 
220 IF A$ ="E" THEN 250 
230 IF AS ="L" THEN 380 
240 GOTO 190 
250 REM Enable Logic Analyzer and take 16 readings 
260 REM pulse sampl e enabl e l i ne and set read/write line=O 
270 OUT 16,255:0UT 16,0: OUT 16,255 
280 REM 
290 REM test scan complete l i ne 
300 IF INP( l 7) =255 TH EN GOTO 300 
310 REM when scan is completed store readings in table 
320 FOR S=25000 TO 25015 
330 N"'S-25UOO 
340 REM set read address and store analyzer output 
35 0 OUT 16 , N :A=INP(l6) :POKE S,A 
360 NEXT S 
370 GOS UB 380 
380 REM Ones and zeros data-domain display routine 
390 PRINT :PRINT 
400 PRINT"D7 D6 D5 D4 DJ D2 Dl DO" 
410 FOR S=25000 TO 25015 :X =PEEK(S) 
420 FOR N= 7 TO 0 STEP -1 
430 W=X AND �2 �~�N� 

440 IF W>O THEN PRINT"! " ; ELSE PRINT"O " ; 
450 I F N=4 THEN PR INT" "; 
460 NEXT N 
470 PRINT" SAMPLE f" ; S-24999 
480 NEXT S 
490 GOTO 190 

READY 

Listing 2: Sample output produced by the program of listing 1. 

RUN 
LOGIC ANALYZER 

Enable New Sample or L i s t Analyzer Buffer (E or L)? E 

07 D6 DS 04 03 02 Dl DO 
0 0 0 0 l 1 l 0 SAMPLE ' l 
l l 0 l 0 1 0 l SAMPLE # 2 
0 0 l 1 1 0 l 0 SAMPLE # 3 
l 0 0 0 l 0 0 0 SAMPL E # 4 
0 0 0 0 0 0 0 1 SAMPLE # 5 
1 1 1 1 0 1 0 l SAMPLE I 6 
1 1 0 0 l 1 0 l SAMPLE j 7 
0 0 0 1 0 0 0 0 SAMPLE j 8 
0 0 0 l 0 1 1 0 SAMPLE # 9 
1 l l l 0 0 0 l SAMPLE ii 10 
l 1 1 0 0 0 1 1 SAMPLE II 11 
0 0 l 0 0 0 l 0 SAMPLE # 12 
1 0 l 0 0 l l 0 SAMPLE # 13 
0 0 0 0 0 0 0 1 SAf!PLE # 14 
0 0 0 l 1 1 1 1 SAMPLE # 15 
1 l 0 0 1 l 0 1 SAMPLE # 16 

Enabl e New sample or List Analyzer Buff er ( E or L)? 
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POINTER 

NO 

EX IT TO 
DI SPL.AY PROGRAM 

YES 

NO 
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INPUT PORT 

READ PIA 
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Figure 6a: Flowchart of a software logic analyzer. Using a Motorola 6820 PIA 
(Peripheral Interface Adapter), this sequence of operations is all that is required to 
demonstrate logic-analyzer functions in software. This method is limited in speed of 
operation by the e;i;ecution time of the program. 

DATA 
aus 

�~�~�g�:�:�~�:� [�!�:�>�-�-�-�-�-�-�~� 
SIGNALS 

Figure 6b: Pinout chart of the Motorola 6820 PIA used by the algorithm of figure 6a. 
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Logic-Analyzer Functions Created 
Through Software 

While I generally prefer to 
demonstrate hardware interfaces in 
my articles, the functions of a logic 
analyzer can easily be simulated in 
software if data-acquisition speed 
(under 20 kHz) is not critical. While it 
may not be appropriate for testing 
microcomputer bus signals, it should 
work for slower applications. 

Figure 6 is a flow diagram outlining 
the specific steps involved in ac­
complishing this function . While any 
existing parallel input port will suf­
fice, the Motorola 6820 PIA 
(Peripheral Interface Adapter) shown 
has a separate clock input, which 
greatly facilitates proper timing. 

In Conclusion 
As digital hardware becomes more 

complex, the instruments used in 
troubleshooting and debugging these 
circuits must themselves become 
more sophisticated. This sophistica­
tion, however, need not always be 
provided in the form of a commer­
cially produced test instrument. 
Often the solution can be intelligent 
application of existing equipment 
with limited modifications. 

The logic analyzer I have described 
can be used for all types of trouble­
shooting and testing of digital cir­
cuits. However, its true flexibility is 
revealed when the instrument cap­
tures the extremely fast data flowing 
in a microcomputer and generates a 
stationary timing diagram with the 
results. Built from scratch, combined 
with an oscilloscope, and exercised 
by a computer, this interface costs 
only a fraction of the price of com­
mercial analyzers, yet approximates 
many of their features. 

Next Month: 
Build a remote-controlled motor­

ized moving platform. • 

Editor's Note: Steve often refers to 
previous Circuit Cellar articles as 
reference material for tire articles he 
presents each month. These articles are 
available in reprint books from BYTE 
Books, 70 Main St, Peterborough NH 
03458. Garcia's Circuit Cellar covers ar­
ticles appeating in BYTE from September 
1977 tliru November 1978. Garcia's Cir­
cuit Cellar, Volume II presents articles 
from December 1978 tliru June 1980. 



Eyri ng Research Institute, Inc. , 
author of Tl's POW R BASIC® 
and UN IVERSITY BASI<:@, is 
p lea ed to rel ease development 
software f r use on the TM 990 
microcompu ter modules. PDO I 
EXPRE is a powerful multi -us r, 
mult i-tasking operating system 
design d for development, scien­
tific and indu strial ap plica tion s. 

The PDOS/EX PRE s@l system in­
clude : 

• 8k � byte PDOS multi-ta king 
ope rating sy tern 

• � Advanced EX PRESS BA IC 
language interpreter 

• Stand alo ne run module sup­
port 

PDOS suppo rts up to "16 con­
current u er tasks with prioritiz d 
round robin c lock swapping. Up 
to 32 co ntiguous or non­
ont iguous fi les can be simultan ­

ouslyopen in seque nt ial, random, 
hared and read o nly acce 

modes. Large or sma ll floppy 
disk , bubble memory, hard di k 

11 After having worked with 
PDOS and EXPRES for the past 
three months I have found them to 
be a powerful and versatile com­
bination. The true multi-user, 
multi-tasking capability has made 
it a pleasure to use in our labora 
tory environment where programs 
are being used simultaneously for 
controlling laboratory apparatus 
taking and reducing data... We 
are enthused by the product. .." 
Tom Och 
Assistant Research Professor 
Desert Re ear h Institute 

and extended memory capab iliti es 
of up to 256k byte are handled by 
the operating ystem. Named fil es 
on 256 directory leve ls ar easily 
access ible from EX PRES BASIC and 
assembly language programs. 
Disk files are time stamped with 
date of creation and last update. 
1/0 drivers are a simple extensio n 
to the PDOS file stru tu re. 

The EXPRES BASIC interpreter 
use advanced int rpr ting 
t echniques whic h approach 
execution speeds of ommon 
threaded code compi lers while 
mai ntai ni ng th highly adva ntage­

o u interactive approach to pro­
gram dev lopment. Other fea­
tures include: 

• � Multi-line recursive function 
with loca l variab les 

• � Variable nam e of unlimited 
length 

• � Reverse Polish p eudo-sour e 
tok n sto rage 

POO /EX PRE is ava ilable for 
eit h ran PROM based syst m or 
a RAM based system. A handsome 
250 page Operator R ference 
Manual walks you through the 
fea tures and use. Al l fo r an attrac­
tive price of $1500.00 . 

Ord er your PDOS/ EXPRES M 

software from yo ur neare t au­
thorized Texas Instruments di ­
tributor or contact Ey ring Research 
In titut , In . for further informa­
tion and a free color b roch ure. 
Write or ca ll Eyring Research In­
stitute, Inc. , Software Marketing 
Dept ., 14 5 We t 820 North , 
Provo, Utah 84601, phone (801) 
375-2434. 

0 � •U.S. price, su bject to 
Eyring Research Institute, Inc. change w ithoul noti ce 
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System Revieww �

The MicroAce Coltlputer �
Delmar Searls, 1825 S Johnstone, Bartlesville OK 74003 

About the Author 
Delmar Searls is a professor of mathematics at Bartlesville Wesleyan 

College. Bartlesville, Oklahoma. His interest in microcomputers is a 
result of both profession11/ 1md person11/ experience: he learned BASIC 
programming by using a PET microcomputer on the job; 11t home, he 
taught himself electronics, beginning with the basics, and continuing 
through digital electronics 11nd microprocessors. His ii1terest in tl1e 
MicroAce was sparked by the remarkably low price. 

The MicroAce is a small, Z80-based microcomputer in 
kit form. When completed it measures 23.2 cm by 18.8 
cm by 4.1 cm (9% inches deep, 7% inches wide, and P/, 
inches high). It features an integer BASIC in ROM (read­
only memory), touch-sensitive keyboard input, cassette 
I / O (input/output), and video output through an on­
board UHF modulator. The video display consists of 24 
lines of 32 alphanumeric and graphics characters. 

The kit comes in two forms, depending on the amount 
of user-programmable memory purchased. For $149 (in­

eluding shipping) you get a unit with 1 K bytes of pro­
grammable memory, expandable to a maximum of 2 K 
bytes with the purchase of an upgrade kit for $29. You 
can save $9 by buying the second version of the kit for 
$169. 

Depending on the sources available, you can save even 
more by buying the 1 K-byte kit and purchasing the ex­
tra components from local or mail retailers. You would 
need to buy three integrated-circuit sockets, two memory 
circuits, a 74LS32 integrated circuit, and one capacitor. 

If my experience is typical, you can expect to wait 
about a month for your MicroAce to arrive if you mail 
your order; less if you order by phone. 

Construction 
The advertisement for the MicroAce (as it appeared in 

BYTE and in other magazines) states that you will receive 
a "teach-yourself BASIC manual" and that "a hardware 
manual is also included with every kit. " This is not cor­
rect. There is no hardware manual supplied with the kit, 
only the BASIC manual which includes a section entitled 
"Construction," preceding the first chapter. 

The assembly instructions are very general and, in my 
opinion, not quite sufficient for those who have no ex-

Photo 1: The MicroAce kit as shipped. Starting at the bottom 
and moving clockwise around tlie main circuit board are: the 
discrete components, the integrated circuit sockets, the in­
tegrated circuits themselves, voltage regulator, power supply, 
UHF modulator, antenna switch box, cable materials, and black 
plastic case. The 8- by 11 'h-inch instruction manual gives an in­
dication of the size of this computer. 



perience in circuit-board kit construction. There are no 
guidelines for proper soldering techniques and no step­
by-step instructions that are commonly found with kits 
from the larger kit manufacturers. 

Component values are written in a rather unusual 
notation. For example, a resistance of 470 ohms is written 
470R, 1000 ohms is written lKO, 2200 ohms is written 
21<2, 47,000 ohms is written 47K, and 1,000,000 ohms is 
written lMO. 

There is a logical pattern to the notation, but it is dif­
ferent from that which is normally used. I suspect that the 
notation is British, since the MicroAce is essentially the 
kit version of the Sinclair ZXBO, which is made in 
England. 

Another unusual practice is the frequent listing of 
capacitance in nanofarads rather than picofarads. While 
this notation may be unusual, it should not cause any real 
problem as color codes and identifying marks are also 
listed for the various components. 

The smaller components are packaged in plastic bags, 
while the larger items are packed loose (see photo 1). 
There were no missing parts, and, in fact, I received three 
extra resistors and one extra capacitor. There was a mo­
ment of concern when I discovered that the parts list 
called for eleven diodes and only nine had been supplied. 
A close inspection of the circuit board, however, revealed 
that only nine were required. 

The circuit board is double sided with holes soldered 
through. Component locations are indicated by white 
outlines and white identification labels on the component 
side of the board (see photo 2). Component type and 
value is determined by cross-referencing the identifica­
tion label (R.2, Cl2, U8, etc) with the parts list. 

The actual assembly is straightforward and very easy, 
especially for those familiar with circuit-board projects. 
The construction notes suggest that components be 
soldered to the board in the following order: sockets for 
the integrated circuits, discrete components, cable 
sockets, voltage regulator, and the video modulator. 

Next, the integrated circuits can be installed. Be sure to 
follow the appropriate precautions when handling the 
MOS (metal-oxide semiconductor) devices, which in­
clude the Z80, two programmable-memory chips, and 
the ROM circuit. At this point the unit can be tested for 
proper operation. The last stage in construction, follow­
ing successful testing, is the installation of the unit in i ts 
case (see photo 3). 

The 1 K-byte version of the kit does not provide the 
sockets for three circuit locations. (These are supplied 
with the upgrade kit.) I suggest that anyone building this 
version use masking tape to identify these locations prior 
to construction. Otherwise, it would be easy to install a 
socket in one of these locations, only to come up short 
later on. Once a socket is soldered in, it is practically im­
possible to remove. 

There are no instructions given for the preparation of 
the cables that will attach your television and cassette 
recorder. You are provided with about 101/z feet of 
shielded cable, two phone plugs, and four mini-jacks. As 
simple as this task may appear, more instructions should 

Photo 2: Component side of the main circuit board. Note that 
component locations are clearly marked, and that the keyboard 
is an integral part of the printed-circuit board. Photo 3: Completed MicroAce with cables. 
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Photo 4: Sample program displayed on a standard color televi­
sion set. The current program line is 180, as indicated by the 
reverse-video cursor. 

have been given to aid the inexperienced builder. 
The fastenings provided for attaching the circuit board 

to the lower half of the case, and for fastening the upper 
half of the case to the lower, are plastic devices referred 
to as "rivets. " In my opinion, these fasteners are inade­
quate. In fact, the rivet at one circuit-board location was 
useless and kept popping out. To remedy the problem, I 
used a fine round file to enlarge the holes in the plastic 
case, and substituted small nuts and screws for the rivets. 
Plastic washers were used to prevent the circuit board 
from becoming marred. 

The keyboard appears to be built up with two layers. 
The bottom layer consists of the front one-third of the 
circuit board, while the second layer is laid on top and 
seems to be secured with some sort of adhesive. This is 
done by the manufacturer, not the kit-builder. 
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Photo 5: layout of the MicroAce keyboard. Note that eac/1 
BASlC keyword is associated with a specific key. 

On my unit, this overlay was positioned slightly too 
far to the left, so that I had to press the right edge of the 
key, rather than the middle, to get a response to the 
keyboard entry. In addition, some keys require con­
siderably more pressure than others. These factors, plus 
the fact that no audio or tactile feedback is given to in­
dicate a successful keyboard entry, make the keyboard a 
little frustrating to use. 

Program Entry 
The output of the modulator is received on or near 

channel 35 on a regular television set. I used an RCA 
13-inch color set and had no trouble obtaining a good 
display. With the controls set for normal reception of 
commercial broadcasts, the display appears as white 
characters on a gray background. If desired, white letters 
on an almost black background can be obtained by ad­
justing the contrast and brightness controls (see photo 4). 

On power-up, the display is blank with the exception 
of a reverse-video "K" at the lower-left comer of the 
screen. Whenever this reverse K appears, a nonshifted 

SOFTWARE ENTREPRENEURS WANTED �

THE 1981 SOFTWARE WRITER'S �
MARKET lists hundreds of firms �
who want software from independ­�
ents. �

They will buy rights to your software �
or market and distribute it for you. �

Includes service bureaus, consult­�
ing companies, mini/micro manufac­�
turers, publishers, computer stores, �
international/national market out­ free updates for two months �
lets - Wang, Apple, HP, ADL, Dig­ with this ad. �
ital, Atari, CDC, MCAUTO .. . �

KERN PUBLICATIONS• 190 Duck Hill Road • P. 0 . Box 1029 • 

Detailed writeups describe how they 
procure software from independ­
ents, what kinds they want, payment 
rates, how they market. contract de­
tails .. . 

Names, addresses, phone numbers 
of key industry contacts. 

The only market report of its kind 
specifically for independents and 
small software businesses. 

Call OI wrile lo order I $45.00 per copy 
VISA/MASTERCHARGE ACCEPTED 
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"It's beautiful "'7hat your bucks will buy 

frotn Ohio Scientific!' 


"Runn ing our reta i l stores sure has 
been easier since our Challenger 
computer came to work for us. We use it 
for Accounts R~ceivable, Accounts Payable, 
Payro ll, General Ledger. It's most important 
in Inventory Control. We must know what 
we have and haven't. Now we do, dai ly. 
Terri fic ! Ohio Scientif ic!' 

Henry Fe/key, Division Manage( 
Schwartz-Klines 

Nr;;w Philadelphia, Ohio 

Ohio Scientific was first to add Winchester hard disk drives to 
microcomputers. This advanced technology allows low cost micro· 
computers to store over 100 times as much information on line 
as they could before. 

"Our Chal lenger C3-B has been running almost 24 hours a day for 
the last 18 months keeping track of countless details of our business. 
The Challenger's real lime c lock al lows repeti t ive jobs to be scheduled 
months in advance, and runs them without operator intervention when 
the t ime comes. For example, every morn ing at 3 AM our Challenger 

knows it is li me to update all the day's accounting records including 
the P&L, General Ledger, and Payables. It knows when it is time to file 

a tax return, and it makes out the quarterly reports. When it is 
through wit h all of this , it writes the checks. Period ically it does 

a comprehensive advert ising analysis and updates any other 
files that are necessary." 

Holly Quarles. President, Commonwea lth Capiral Corp. 
Charlo1tesviJle, Virginia 

" Our Challenger gives us more contro l 
of scrap from our blown fi lm extrusion 
· operation. By putting shift reports 
through the computer, we spot waste 

immed iately. Whether the problem 
is the extruder or the operator 

it's corrected fast. Wasted 
materia.I is wasted money'.' 

Wayne Johnson, Controller. Wyard 
Indus tries, Camb1idge1 Minne sola 

Ohio Scientific hard disk based 
microcomputers start at less than 

$10,000. And are sold by more than 400 
dealers nationwide. For the one nearest 

you, call 1·800·321·6850, TOLL FREE. 

~! Circ le 362 on inquiry card. 
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a Company 

1333 SOUTH CHILLICOTH E ROAD 
AURORA, OH 44202 • [216) 831 -5600 
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