


The 9-inch screen of the CT-VM monitor ($175) shown here with Southwest's new CT-64 illustrates the terminal's 64-character lines, switchable control 
character printing, and word highlighting. At just $500 for both, these matching units provide a complete CRT terminal with full cursor control, 110-1200 Baud 
serial interface, and many other features . 

Now $325 buys a 64-character terminal kit 
Our new CT-64 terminal kit gives you scrolling, full 
cursor control, 128-character ASCII display (with both 
upper and lower case) , and two 1 K memory pages. It's 
usable with any 8-bit computer. 

Add our optional fully assembled 12 MHz CT-VM 
monitor for another $175 and you'll have the best CRT 
terminal buy offered anywhere. 

The CT-64 gives you full cursor control, home-up and 
erase, erase to end of line or end of frame, cursor on loff, 
screen reversal, scroll or page, solid or blinking cursor, 
page selection, and end-of-page warning beeper. 

The CT-64's features include: 
64 or 32 characters per line (16 lines) 
Premium display with both upper and lower case 
letters , and descenders (g , j, etc .) 
Two 1 K pages of 8-bit memory 
Scrolling or page mode operation 
32 control character decoding 
Prints control characters (selectable) 
128-character ASCII set 
110/220 Volt 50-60 Hz power supply 
Highlights words with reversed background 
Optional 9-inch monitor with matching cover available 
Complete with keyboard, power supply, 110-1200 
Baud serial interface, and case 

._------------------------------------------------------------------------------, , 
Okay, Southwest, I know a bargain when I see it. 0 or BAC # Exp. Date : 

o Enclosed is $500 for the whole works I 

(CT-64 terminal plus 12 MHz CT-VM monitor). 0 or MC # _ _____ Exp. Date - - -- : 
I 

o Here's $325 for the CT-64. Name ______ Address ____ _ _ : 
o Send only data for now. I 

o Send me your $395 MP-68 computer kit. City _______ State ___ ZIP __ : 
I 
I 
I 
I 
I 
I 

PlillCd 
Southwest Technical Products Corp. 
219 W. Rhapsody, San Antonio , Texas 78216 

Circle 1 on inquiry card . 



Meet the most powerful 
J.lC system available for dedicated· work. 

Yet it's only $,595: 
Here's the muscle you"ve been telling us you wanted: 

a powerful Cromemco microcomputer in a style and price 
range ideal for your dedicated computer jobs-ideal for 
industrial, business, instrumentation and similar applica
tions. 

It's the new Cromemco Z-2 Computer System. Here's 
some of what you get in the Z-2 for only $595 : 

• The industry's fastest fLP board (Cromemco's highly 
regarded 4 MHz, 250-nanosecond cycle time board). 

• The power and convenience of the well-known Z-80 
IkP, 

• A power supply you won't believe (+ 8V @ 30A, 
+18Vand -18V @ 15A - ample power for addi
tional peripherals such as floppy disk drlves). 

• A full- length shielded motherboard with '21 card slots. 
• Power-on-jump circuitry to begin automatic program 

execution when power is turned on. 
• S-100 bus. 
• Standard rack-mount style construction. 
• All-metal chassis and dust case. 
• 110- or 220-volt operation. 

DEDICATED APPLICATIONS 
The new Z-2 is specifically designed as a powerful but 

economical dedicated computer for systems work. Notice 
that the front panel is entirely free of controls or switches 
of any kind. That makes the Z-2 vir-
tually tamper-proof. No accidental 
pro&ram changes or surprise"mem- , 
ory erasures. " 

FASTEST, MOST 
POWERFUL Ike 

Cromemco's microcom
puters are the fastest and 

widely regarded as the standard of the future. So you're 
in the technical fore with the Z-2. 

BROAD SOFTWARE/PERIPHERALS SUPPORT 
Since the Z-2 uses the Z-80, your present 8080 soft

ware can · be used with the Z-2. Also, Cromemco offers 
broad software support including a monitor, assembler, 
and a BASIC interpreter. 

The Z-2 uses the S-100 bus which is supported by the 
peripherals of dozens of manufacturers. Naturally, all 
Cromemco peripherals such as our 7-channel AID and 
DI A converter, our well-known BYTESAVER with its 
built-in PROM programmer, our color graphics interface, 
etc., will also plug into the S-100 bus. 

LOW, LOW PRICE 
You'll be impressed with the Z-2's low price, technical 

excellence and quality. So see it right away at your 
computer store-or order directly from the factory. 

Z-2 COMPUTER SYSTEM KIT (MODEL Z-2K) (includes 
4 MHz IkP card, full-length 21-card-slot motherboard, 
power supply, one card socket and card-guide set, and 
front panel; for rack mounting) . ....... .. . . . . $595. 

Z-2 COMPUTER SYSTEM ASSEMBLED (MODEL Z-2W) 
(includes the above as well as all 21 sockets and card 
guides and a cooling fan; for rack mounting) . .. $995. 



TV DAZZLER 

To make 
your computer 
more useful-

a wide choice of 
memory, 1/0, CPU 

Your computer's usefulness de
pends on the capability of its CPU, 
memories, and I/O interfaces, right? 

So here's a broad line of truly 
useful computer products that lets 
you do interesting things with your 
Cromemco Z-1 and Z-2 computers. 
And with your S-100-compatible AI
tairs and IMSAls, too. 

CPU 
• Z-80 MICROPROCESSOR CARD. 
1he most advanced fLP card avail
able. Forms the heart of our Z-1 
and Z-2 systems. Also a direct re
placement for Altair / IMSAI CPUs. 
Has 4-MHz clock rate and the power 
of the Z-80 fLP chip. Kit (Model ZPU
K) : $295. Assembled (Model ZPU
W) : $395. 

MEMORIES 
• 16K RAM. The fastest available. 
Also has bank-select feature. Kit 
(Model 16KZ-K): $495 . Assembled 
(Model 16KZ-W): $795 . 
• 4K RAM. Bank-select allows ex
pansion to 8 banks of 64K bytes 
each. Kit (Model 4KZ-K): $195. As
sembled (Model 4KZ-W): $295 . 
• THE BYTESAVER - an 8K capa
city PROM card with integral pro-

grammer. Uses high -speed 2708 eras
able PROMs. A must for all com
puters. Will load 8K BASIC into RAM 
in less than a second. Kit (Model 
BSK-O) : $145. Assembled (Model 
BSW-O): $245. 

• 16K CAPACITY PROM CARD. Ca
pacity for up to 16K of high-speed 
2708 erasable PROM. Kit (Model 
16KPR-K): $145 . Assembled (Model 
16KPR-W) : $245 . 

I/O INTERFACES 
• FAST 7-CHANNEL DIGITAL
ANALOG I/O. Extremely useful 
board with 7 A/D channels and 7 
D/ A channels. Also one 8-bit par
allel I/O channel. Kit (Model D + 
7A-K) : $145. Assembled (Model D 
+ 7A-W): $245. 

. • TV DAZZLER. Color graphics in
terface. Lets you use color TV as full
color graphics terminal. Kit (Model 
CGI-K): $215 . Assembled (Model 
CGI-W) : $350. 
• DIGITAL INTERFACE (OUR NEW 
TU-ART) . Interfaces with teletype, 
CRT terminals, line printers, etc. Has 
not one but two serial I/O ports and 
two 8-bit parallel I/O ports as well 
as 10 on-board interval timers. Kit 

Cromemeo 
incorpora ed 
Specialists in computers and peripherals 

(Model TRT-K): $195. Assembled 
(Model TRT-W): $295. 
• JOYSTICK. A console that lets 
you input physical position data with 
above Model D + 7 A/D card. For 
games, process control, etc. Con
tains speaker for sound effects. Kit 
(Model jS-1 - K): $65. Assembled 
(Model jS-1-W): $95. 

PROFESSIONAL QUALITY 
You get first-class quality with 

Cromemco. 
Here are actual quotes from ar

ticles by independent experts: "The 
Cromemco boards are absolutely 
beautiful" ... "The BYTESAVER is 
tremendous" ... "Construction of 
Cromemco I/O and joystick are out
standing" .. . "Cromemco periph
erals ran with no trouble whatso
ever." 

Everyone agrees. Cromemco is 
tops. 

STORES/ MAIL 
So count on Cromemco. Look 

into these Cromemco products at 
your store. Or order by mail from 
the factory . 

We wish you pleasure and suc
cess with your computer. 

2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 

Circl e 2 on inqu iry card . 
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STATION# 2 

STATION # 1 

In This 

Model railroad ing can give th e com
puter hobbyist an action packed com
puter appl ication. Before tackl ing the 
job, however, it is importa nt to have a 
firm understanding of what's involved 
in the design of a model railroad. In 
hi s artic le, How to Computerize Your 
Model Railroad, David C Brown ex
plains in detai l the problems faced by 
the model railroader and points to 
ways in which they can be so lved. He 
then goes on to cover the req uirements 
for microprocessor interfaces to the 
model railroad and some thoughts on 
the software of an operating system to 
give real ism to the model. 

Sometimes a small amount of hard
ware can speed up software co n
siderab ly. A perfect exampl e is pro
vided by Tom Hall in his article which 
shows how This Circuit Multiplies. 
This circuit is a hardware multiplier 
whi ch takes 8 bit operands and replies 
(ten clock periods later) with a 16 bit 
product. Here is an example of putting 
an inner loop into hardware, thereby 
speed ing up an operation. 

The model ra ilroad is an ideal way 
for the personal computing enthusiast 
to enter the fascinating world of rea l 
time control: such a system is reali stic 
but manageable. Authors Jack Hart 
and Ed Badger show you how they did 
it in A Train Control Display Using the 
LSI -" Microcomputer. 

page 44 

So metimes a bit of se l·endipity fa ll s 
out of an appl ica tion 0 1· project. Ken 
Barbier descri bes one such case in the 
form of hi s technique of using a 
te levision di spl ay circuit's ab ility to 
generate a raste r with various sy n
chro nous patterns to debug and verify 
it s o perat io n . Read The TV 
Oscilloscope. 

There are many ways to make a 
computer talk, but how do you get it 
to li sten? Speech Recognition for a 
Personal Computer System d iscusses 
a topic which has fasc inated and 
frustrated exper imenters for years . 
Author James Boddie of Bel l Labs (the 
pioneer researchers in the fie ld ) covers 
the hi story of the subject and presents 
a practica l system which ca n be rea li zed 
by a personal compu t ing exper im enter. 

Real world systems may not be 
perfect, yet programming demands 
perfection. (If we drop a bi t in one 
machine instruction, it becomes an
other instruction altogether .) As a 
background di scussion of a large sub
ject, W Douglas Maurer prese nts some 
information on How to Pick up a 
Dropped Bit using some of the tech
niqu es of error detection and cor
rection. 

Wh at's a sure cure for memory 
megalomania? Wh y, Give Your Micro 
a Megabyte as outlined in Robert 
Grappel's short tutorial on some large 
memory design techniques wh ich will 
prove adaptab le to microcomputer 
systems. There shou ld be virtu all y 
no reason to complain if hi s ideas were 
put into practice more universally . 
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An I ntroduction to Numbers, by 
Webb Simmons, serves as an introduc
tion to the concepts of fixed , scaled 
and floating po int numbers. Here 
yo u'll find some basic forms for 
each type, how the fo rms differ from 
each other, and how each can be used. 

If yo u've ever been frustr ated by 
the drudgery involved in relocat ing 
mach ine language programs with noth
ing but togg le sw itches, then Leor 
Zo lm an's A Machine Code Relocator 
for the 8080 is for yo u I Ju st enter six 
key pieces of information and the 
program does the rest automat ica ll y, 
even fixi ng up all YO UI· add l·ess 
refe rences. 

For beginners first learn ing about 
co mpu ters, we often get req ues ts fo r 
some basic information. In BASICall y 
BASIC, Robert Bake r gives an in 
for mal introduction to the nature of 
the BASIC language and its uses in 
programming. Finding out what a 
typical BASIC can do is a good 
start ing point in your personal eva lu a
tion of products available in the per
sonal computin g marketp lace. 

Given lat itude and longitude of two 
points on the earth, how do you 
calculate the distance and bearing? If 
you use a li ttle BASIC program by 
Rene Pi ttet, you can ans we r the ques
t ion of How Far - Which Way? using a 
small processor. 

If you have a Southwest Technical 
Prod ucts' TVT II, there is a simple 
circuit that you can add that wil l give 
you man ual and compu ter control 
over the cursor's movement, erase and 
bell functions. I n his arti cle, Add 
Cursor Control to Your TVT II , 
Brother Thomas McGahee describes 
this si mp le circui t which can be 
attached to a TVT II. 

Poor KIM . If one puts KIM -1 inside 
a fancy case, the built-in jewels of key
board and displ ays get hidden . But 
Robert Grater comes to the rescue by 
Giving KIM Some Fancy Jewels, which 
consist of a remote set of di spl ays 
connected to the processor by cable. 



POWER. 

IMSAI Introduces the Megabyte Micro!M 
The Megabyte Memory 
Until today, the largest memory you could 
fit and address in a single microcomputer 
CPU was 65K. 

Now, IMSAI presents an incredible 
memory system for micros 16 times more 
powerful than yesterday's best. 

Imagine, a full megabyte of power from 
sixteen 65K RAM boards. 

And , to control all this, the IMSAI 
Intelligent Memory Manager (IMM), the 
super control board. 

You can write protect blocks through
out the full megabyte. Or, map in 16K blocks. 

Plus, preset 16 mapping configurations 
with protect for high speed transfer or rapid 
change. 

All interrupts are fully vectored , and 
there's an interrupt if an attempt is made to 
write into protected memory. 

There's even a real "time of day" clock. 

651(, 32K and 16K RAM 
Boards 
Until today, the most memory you could 
plug ihto a single slot was 16K. 

Now, IMSAI presents memory boards 
in astonishing multiples of sixteen: 65K, 
32K and 16K low power, dynamic RAM 
Boards . They can be used in any S-IOO bus 
computer individually or in combination 
to form conventional systems up to 65K 
bytes. 

Every board is fast. With "hidden 
refresh" and no "wait state." 

The Complete Megabyte 
Microcomputer System 
The IMSAI Megabyte Micro™ is only part 
of the story. The full system can include 
dual floppy disks , terminals, plotters, 
printers and tape cassettes. 

IMSAI also offers the finest high level 
and peripheral software available. Paper 
tape and Tape Cassette I/O and super Disk 
Operating Systems. Plus, BASIC and Disk 
BASI C with more high level languages 
comlllg. 

Until today, the microcomputer's 
potential was just something you talked 
about. 

Now, you can put it to work . Powerfully. 

Circle 3 on inquiry card. 

GENTLEMEN: 
I'm power hungry! 
o Send 65K RAM Board Kit $2599 0 Assembled $3899 
o Send 32K RAM Board Kit $749 0 Assembled $1099 
o Send 16K RAM Board Kit $449 0 Assembled $679 
o Send IMM ROM Control Kit $299 0 Assembled $399 
o Send IMM EROM Control Kit $499 0 Assembled $699 
o Send full catalog $1.00 

Check / MO enclosed. AmI. $ _ _ ______ _ 
Charge my: 0 BAC 0 M / C 

# ---------- Exp. Date: __ _ 

Sig. ______________ _ 

o Send name of my nearest IMSAI dealer 

Name ______________ _ 

Company __________ Title __ 

Address ____ _ ___ _____ _ 

City _________ _____ _ 

State / Zip __________ ___ _ 

IMSAI Manufacturing Corporation 
14860 Wicks Blvd. 
San Leandro, CA 94577 
(415) 483-2093 TWX 910-366-7287 



E~it()pial 

This Elephant Never Forgets 
By Carl Helmers I n a press release dated March 9 1977, 

Texas Instruments Inc made it official: 
a comm ercial bubble memory product is 
now avai lab le for general use, initial ly in 
samp le quantiti es priced at $200 per chip. 
The dev ice is the TBM0103, a single chip 
92,304 bi t storage element composed 
funct ionall y of 144 sh ift registers with 
641 bits per register. (Internally, accord ing 
to TI , there are 157 registers, but th e large 
size of th e ch ip carries with it th e attendant 
probabi lities of defects, so discret ionary 
manufacturing steps are used to connect 
144 good registers per pac kage.) The dev ice 
has a complicated mechanica l structure 
which includ es two permanent magn et 
bi as fi eld elements, two orthogonal coi ls 
which modulate the bias fi eld to produce 
a net rotating magnetic fi eld in the garnet 
fi lm bubble chip, and, of cou rse, a magnetic 
shield to isolate the chip from external stray 
magnetic fields . Th e dynamic data character
istics of th e chip are a bit transfer rate of 
50,000 bits per second and an access tim e 
of 4 ms setup prior to transferring a 144 bit 
word of data into or out of the dev ice. 
Conceptu all y, fi gure 1 illu strates what one 
of these memori es looks like to a designer or 
pr.ogram mer. This figure was constructed 
based on the limited information about 
overa ll characteri stics in th e press re lease. 
The procedure fo r wr iting a 144 bit word 

Continued on page 58 
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BUY YOUR 
COMPUCOLOR 8001 
FROM THESE 
DEALERS. 
ARIZONA 
Phoenix: Phoenix Bytc Shop West (602) 942·7300 

12654 N. 28th Dr. 
Tempe: Tempe Byte Shop East 

813 N. Seottsdale Rd. 
(602)894· 11 29 

Tucson: Byte Shop of Tucson (602) 327-4579 
2612 E. Broadway 

CAUFORNIA 
Lawndale: TtsO~~f\~h~~V;~~. (2 13)371·2421 

Orange: Computer Mart of Los Angeles (7 14)633-1222 
625 W. Katella. No. 10 

San Diego: llle Computer Center (7 14)292-5302 
8205 Ronson Rd. 

San Francisco: The Computer Store (4 15)431·0640 
1093 Mission Sl. 

San Jose: Amco Electronics (408) 998-2828 
414 S. Bascom Ave. 

San Jose: Byte Shop (408) 226-8383 
155 Blossom Hill Rd. 

Van Nuys: Computer Components 
5848 Sepulveda Blvd. 

(2 13)786-74 11 

CONNECIlCUT 
Windsor Locks: lnc Computer Store (203)627·0 188 

63S.Main 5t. 

FLORIDA 
Coral Gables: Sunny Computer Stores (305) 66 1·6042 

1238A S. Dixie Hwy. 
Tampa: Microcomputer Systems (813) 879-430 1 

144 S. Dale Mabry Hwy. 

GEORGIA 
Atlanta: Atlanta CompUier Man 

509I·B Buford H,ry. 
(404) 455-0647 

HAWAII 
Honolulu : ~o~~~t I~euters (808)373·2751 

ILLI NOIS 
Champaign: Tne Numbers Racket (217) 352·5435 

5 18 E.Grccn 51. 
Evanston: !tty Billy Machine (3 ) 2) 328-6800 

Park Ridge: 
1316 Chicago Ave. 
Chicago Computer Store (3 12) 823-2388 
157 · laJcoll l~ .. i-Iwy. 62 

INDIANA 
Indianapolis: Home Computer Shop 

10447 Chris Dr. 
(317)894·33 19 

MARYLAND 
Rockville: Computer 'v\brkshop, Inc. (30 1) 468-0455 

5709 Frederick Ave. 

MASSACHUSE'ITS 
Burlington: The Computer Store (6) 7) 272-8770 

120 Cambridge 51. 

MICHIGAN 
'l i-oy: General Computer Company (3 13)362·0022 

2017 Uvemois 

M1NNESOli\ 
Minneapolis: Cost Reduction Services (612)822-2 11 9 

3142 Hennepin Ave. So. 

MISSOURI 
Kansas City: Compu ter Workshop of Kansas City 

6903 Blair Hd. 
(8 16)741-5055 

NEW JERSEY 
Iselin: The Computer Mart (20 I) 283-0600 

SOl Route 27 

NEWYOHK 
East Meadow: "[be Computer Mart of Long Island 

2070 Front 51. 
(5 16) 794-05 10 

New York: The Computer Man 
314 Sih Ave. 

(2)2)279-1048 

OHIO 
Columbus: Compulervision (6 14) 228·2477 

894 W. Broad SL 

SOUTH CAHOLINA 
Columbia: Byte Shop 

2018 Greene St. 
(803)771·7824 

TEXAS 
Houston: Communications Center (7 13)774·9526 

723 1 Fondren 
Richardson: The Micro Store (2 14)23 )·1096 

634 S. Central Expressway 

WASHINGTON 
Seatt le: Retail Compuler Store (206) 524-4101 

410 NE nnd SL 

WISCONSIN 
Beloit: Austin Compulers (608) 365-6096 

1835 Northgate 
Watertown: General Precision Electronics (414)26)-8148 

207 Rhine 51. 

Compucolor Corporation 

~ 



NOWS2750. 
AMERlCMS LOWEST-PRICED 

PERSONAL COMPUTER SYSTEM 
WITH COLOR VECTOR GRAPHICS. 

By taking advantage of the 
new technologies available to 
the industry today, we've con
sistently been able to give you 
one of the best prices on the 
market. Now because of great 
response, we can give you the 
best price. You can now buy 
the Compucolor 8001 for the 
reduced price of $2750. A com
plete stand-alone system with 
expanded graphics software . 
for plotting points, vectors and 
bargraphs on a 160 x 192 
addressable grid - in color. 
Eight independent background 
and foreground colors. 

The Compucolor 8001 has 
an Intel 8080 CPU, 34 I/O 
ports and a color display with 
an effective band width of 75 
MHZ compared to 5 MHZ for 
standard TV sets. In fact the 
Compucolor is the only totally 
integrated system on the mar- . 
ket which includes a color 
display. You can also have spe
cial options for the Compucolor 
8001 right now, including: Mini 
Disk Drives for extra memory, 
light pens and a variety of 
special keyboard features. 
BASIC 8001 Is Easy To Learn. 
Compucolor's BASIC 8001 is 

a conversational programming 
language which uses English
type statements and familiar 
mathematical notations. It's 
simple to learn and easy to use, 
too. Especially when it comes 
to intricate manipulations or 
expressing problems more 
efficiently. The BASIC 8001 
Interpreter runs in ROM mem
ory and includes 26 statement 
types, 18 mathematical func
tions, 9 string functions and 7 
command types for executing, 
loading, saving, erasing, con
tinuing, clearing or listing the 
program currently in core. 
Expandable Memory To 64K. 

The Compucolor 8001 has 11K 
bytes of non-destructible read
only memory which handles 
the CPU and CRT operating 
systems as well as BASIC 
8001. Sockets are in place for 
an additional 21K of EPROM/ 
MROM memory. The Random 
Access Main Memory has 8K 
bytes for screen refresh and 
scratch pad, 8K bytes for user 
workspace and room for 16K 
bytes of additional user work
space. The Compucolor also 
comes complete with a conve
nient mass storage device, 

Floppy Tape Memory. It's an 
8-track continuous loop tape 
system, with a Baud rate of 
4800 and an extra storage 
capacity of up to 1024K bytes 
per tape. 

Color Graphics At 
Alphanumeric Black And 

White Prices. 
That's what we're becoming 
famous for, and thanks to the 
tremendous response to the 
Compucolor 8001, we've been 
able to reduce our price even 
lower-to $2750. Look over 
our dealer listing on the adja
cent page for the dealer nearest 
you. Then drop by for a dem
onstration. And while you're 
checking out the Compucolor 
8001, check out your dealer's 
financing plan. He can help you 
turn a good deal into a good 
deal more. 

Compucolor Corporation, 
P.O. Box 569, Norcross, 
Georgia 30091. 

Compucolor Corporation 
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ALTAIR (S-100) BUS QUESTION 

I am using an 8080 b ase d micro
processor system to control a video 
im aging system. A number of circuit 
boards are in use or being built which 
plug into the A ltair st y le 5-100 bus and 
work with video . Som e of these boards 
require video sy nc signals (horizontal 
drive , vertica l drive, composite blankin g, 
composite sync and subcar rier). I wou ld 
like to buffer these and put them on the 
bus as TTL signals. Could you please 
descri be the known uses to date of the 
uncommitted pins of the Altair style 
S ~ 1 DO? I am looking for suggestions of a 
standardi zed place to put these five 
signals. 

Carl Geiger 
Onativia Crossing 

LaFayette NY 13084 

Can any readers supply an answer? 
One place to ask your question would be 
to call the engineering departments of 
various companies which mai?e peripher
als fo r the A Itair bus. 

ON PRINTERS 

On Apri l 1 1977, vo lum e 2 number 4 
arrived with the f in e article by 
M 5 Mc Natt . I look forward to the nex t 
issue with the interfacing inform at ion. 
I trul y believe that thi s is a most over
looked situation: the use of Baudot 
machines with the sma ll co mputer. It 
wou ld appear that many , m any more 
people wou ld be interested in t h e sm all 
com puter if th e re was some method of 
retaining ASC II throughout th e co mputer 
except in th e use of th e Baudot machin e 
for input and output. 

I must, howe ver, take issue with the 
noi se and sm ell of th e Model 15. 
A Mod el 15 that is properl y lubri cated 
and ad justed , with its cove r in place, 
should be something other than noi sy; 
the cover should shie ld th e owner from 
smell, a lso. If smoke comes out of t he 
machine, som e thing is wrong ! 

I note that Mr Mc Nat t did not men
tion th e Wes tern Union strip printe rs; 
the model number does not co m e to 
mind, but I beli eve th at t hey were 2-13 . 
I sa w a n advertisement on this t ype of 
machine and I have reaso n to be li eve 
that the ke y bo ard of su ch a machine will 
mate with th e typing repe rforato r which 
usu a ll y (to m y knowledge) co m es w ith
out a keyboard. 

Also, there is the Friden F lexow rite r. 
My law office has a battery of those 
machines. The first o ne was acq uired in 
1958 and it c latte rs a nd b angs hap pily 
all day long. (Flexowriters a re genera ll y 
noi sy, particularly th e FL and SDS 
mod e ls.) Wh y is there not m e ntion of 



these machines? They are extremely 
sturdy and it is my understanding t hat 
one ca n sti l l get mai ntenance for them. 
Many have input an d output jacks or 
plugs. 

Lu cius B Dab ney Jr 
POB947 

Vicksburg MS 39 180 

A way of ducking the issue of your 
last question would be to point to the 
title of the article: "A Guide ta Baudot 
Teletypes." As for oil and smoke, 
Mr McNatt's caricature of the Model 75 
certainly fits my remembrances of using 
one on the amateur radio bands when I 
was in college . .. CH 

DOES ANYONE H AV E THE LATEST 
ON 8080 FORTRAN ? 

Nin e months ago, when I bega n to 
get serious about my own microcom
puter, everybody was promising a 
FORTRAN compi ler "just around the 
co rner ." A major manufacturer promised 
a FORTRAN compiler "soon" whic h 
degrades to "earl y 1977. " Now they 
don't mention FORTRAN in their adver
tisements. As time goes on we hear less 
and less of a FORTRAN compi ler. Here 
I si t with 40 K, access to timesharing and 
a pile of FORTRAN programs I can't use. 
I am a use r, not a hardware man or a 
systems man. I wou ld like to compile 
these and other FORTRAN programs 
one way or another and get on with 
using my mach in e_ 

FORTRAN may be a pterodactyl 
as Mr L ash ley suggests, but it is a lan
guage comm on ly used to solve problems 
by those more interes ted in problem 
solving than in technique. Some of the 
hardware nu ts wou ld have us scrap eve ry
th ing eve ry t ime a new chip came along. 
In that event we wou ld do nothing ex
cept construct new hardware. Mr Lashley 

would have us sc rap yea rs of training 
every time a new programming idea 
ap pe ared. Th at's OK for so meone 
whose main in terest is lea rning new 
languages. I don't fee l we must scrap 
FORTRAN any more than Ma Be ll has 
scrapped the o ld phone system. Sure, 
there have been prob lems, but by insisting 
the new must work com patibl y with the 
old, she has buil t a good system for the 
use r. Th e pu rists work ing for Be ll who 
wish to scrap eve rything each tim e a new 
id ea is d iscovered probab ly have ulcers. 

So let us cont in ue to bui ld upon what 
we have and not scrap eve rything each 
t im e somethi ng new comes up. I f th is 
is the way things are done, I ' ll be up
dat in g my system far into the futu re. 
Now, I 'd l ike to see so me way of con
ve r ting that p ile of FORTRAN programs. 

L awso n T Pierce 
489 1 Songb ird Dr 

Co lumbus OH 43229 

LASHING LASHLE Y 

I nom in ate P M Lashl ey (Feburary 
1977 BYTE, page 78) fo r th e "Cybersnob 
of the Year" award fo r 1977. The year is 
young but I thin k he sho ul d get the nod; 
no o ne ca n possibly top his useless, 
se l f-serv in g, superc ili ous, unnecessary 
attack on another man's worthy effo rts. 

Roxton Baker 
56 South Rd 

Ellington CT 06029 

APL INTEREST, AND CHARACTER 
GENERATION TUTORIAL NEEDED 

I am writ ing in response to lette rs in 
the February 1977 issue of BYTE to say 
that I am building a microprocessor 
based AP L ca pability. I pl an to bui ld an 
AP L CRT terminal and will wa n t a 
character ge nerator chip. Since I plan 

to bui ld my own but have been un suc
cessful in finding a construction and 
th eo ry art icle, BYTE cou ld include suc h 
an ar tic le, o r at leas t a bibliography, in a 
f u t ure issue. 

Kar l Gerhard 
264 Taylor Rd 

Portsmouth RI 02871 

AP L INFORMATI ON WANTED 

Would YOll please send me some 
in formation co ncern ing implementatio n 
of A PL on microcom puters? Th ank yo u 
for your conside rat ion. 

Gerry Wong 
7950 Mercure 

Brossard Quebec 
CANADA J4Y 1A8 

Watch future issues of BYTE. 

COVER KUDOS 

I had to wr i te, though so mewhat 
bel atedl y, to comment on the Janu ary 
1977 cove r painting by Robert Tinney. 
It was, I must adm i t, a rather emotion al 
moment when I sli d the wrapper off to 
reveal a paint in g wh ich dep icts exactl y 
the fee lings and aspiratio ns I have held 
for some time now . Th e hope that the 
power of the comp u te r, in the hands of 
all the right peop le, can somehow change 
the wor ld from the smog fi ll ed grey and 
brown outs ide the window into the 
clear' and beatifu l vis ion seen thro ugh th e 
te rmin al, 

May I suggest that th is cover be made 
avail ab le in poster size through BITS. 
While I did enjoy the Th omas Jefferson 
cove r, I feel that we in the world of 
computin g shou ld be look in g to the 
f u ture, and that th is parti cular painting 

Continued on page 146 

MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL 

the CI-812 
The Only 8-100 Interface 
You May Ever Need 
On one card, you get dependable "KC
standard"/biphase encoded cassette inter
facing at 30, 60, 120, or 240 bytes per 
second, and full-duplex RS-232 data ex
change at 300- to 9600-baud. Kit, includ
ing instruction manual , only $89.95*_ 

[ LlEJUlUM 1 
PERCOM DATA COMPANY, INC, 
4021 WJNOSOR . GAR L AN D. TEXAS 75042 

'(214) 276-1968 

* Assembled and tested, 
$119.95 . Add 5% for 
shipping. Texas resi
dents ad d 5% sales tax_ 
BAC/MC available. 

11 

PerCom 'peripherals for personal computing' 



Figure 7.' A simple train 
layout for one train show
ing the manner in which 
electricity is transmitted 
to the motor of the train. 
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How to Computerize 
David C Brown 
1704 Manor Rd 
Havertown PA 19083 

One of the many uses of co mputers, and 
especially persona l computers, is in the area 
of real t ime process co ntrol operations. An 
enjoyab le way of ex per im enting with t hi s 
area would be to have yo ur small computer 
control a model train layo ut. Those of us 
who attended the Personal Co mputing 76 
convention held in At lant ic City NJ in 
August undoubted ly saw the Digital Equip
ment Corporation's di sp lay of a tra in layo ut 
controlled by an LSI -11 computer. There is 
no reason why you cou ld not do so mething 
similar with yo ur own system. 

Since many of yo u may not be fami li ar 
with the techniques used in model rai l
roading, let's start with a bit of backgro und 
informatiolfl. Figure 1 shows the simple oval 
layo ut most of us probabl y had as ch ildren 
in the US, where DC power has do min ated 
the scene recently. Power is applied to each 
rail. One set of wheels on the engine picks 
up the positive side and feeds it to the 
motor; the other set of wheels picks up the 

12 

negat ive. Unfortunate ly, this type of system 
can only handle o ne trai n running at a given 
time. If a second tra in were put on the 
tracks, we would not be able to contro l the 
two trains ' speeds independently . To so lve 
this probl em, we go to block co ntrol , shown 
in figure 2. As you can see, the negat ive ra il 
is common, as it was in figure 1. The 
difference li es in usi ng insul ators on the 
positive rail s and two power packs. Now we 
can use switches so that either power pack 
can control either section of trac k. Th is 
all ows us to have a tra in on the smal ler loop 
(block 1) and another tra in on the run 
around trac k to the right (b lock 2), and we 
can contro l each train 's speed independe nt ly 
through the two power packs. We st ill have 
to be a li tt le carefu l when we operate this 
system , because if the train on block 2 runs 
onto block 1 while block 1 is occupied we 
will be right back where we started, with 
two train s running at the same speed and 
contro ll ed by one power pack. 
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In rea li ty, then, two blocks are in suff i
cient. A moderate size mode l railroad is 
li ke ly to have from 12 to 24 blocks. Ju st 
befo re a train enters a block', th e opera tor 
would f lip that bloc k' s co ntrol to hi s power 
pac k. When the tra in leaves a bloc k, the 
operator wo uld tur n off that block so that 
the other operato r co uld br ing hi s or her 
train in to the block if he or she wanted to. 

The onl y other rea ll y im portant consider
at ion in train layo uts that we shou ld di scuss 
is the reverse loop. Suppose we had a loop as 
in figure 3, so that the train could go aro und 
the loop and end up on the same track but 
goi ng the oppos ite direction. If yo u fo ll ow 
the po larities of the tracks aro und the loop, 
yo u wi ll see that they end up as a sho rt 
circuit , with "+" connected to " - " and vice 
versa. This condition requires the use of a 
special type of block, know n as a reverse 
block or reverse loo p. Th e reve rse block is 
sim il ar to the other bloc ks we have di s
cussed, except that in th is case, both tracks 

have insul ato rs in stead of just one. This is 
illu strated in figure 4. We have also add ed 
so me other switches for reversing tra in direc
t ions. A normal power pack has a reverse 
sw itch that switches the po larity of its 
outpu t to make the train run in the other 
d irect ion. With reverse loops, we can no 
longer use thi s switch. Instead, we need a 
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Figure 2: A basic example 
of block wiring. The nega
tive rail is common to 
both blocks. The positive 
rail is divided by insulators 
into two sections. Each 
bloc/? can run a train using 
a separate power pack. 

Figure 3: An illus tration 
of . the type of difficulty 
that arises when a track is 
put through a reverse loop. 
Following polarities it will 
be seen that the negative 
side of the track will con
nect to the positive side at 
the end of the loop and 
vice versa. 

+ 

+ 



Figure 4: Using insulators 
on both the positive and 
negative tracks a blocl? is 
created that is totally iso
lated from the main track. 
Using a separate power 
pack will allow the train to 
run through the blocl?, 
turn around, and return to 
the main track. 
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PACK 
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DIRECTION 
SWITCH 

+/-

direction switch for the reverse loop and 
another direction switch for the rest of the 
track. By playing with these switc hes, we 
can keep the polar iti es correct and prevent a 
short circuit. This is eas ier to see in an 
illu strat ion. Assume that the tra in is com ing 
down the main tr ack hom the left of 
f igul·e 4 and th at the track switch is posi
tioned to the right so that the train will end 
up going aro und the reverse block in a 
coun terc lockwise direction. Th e polarities of 
the main and reverse block on each side of 
the A insulators are the same, so there is 
no prob lem crossing the insul ators. If we 
leave everything the way it is though, we will 
have a prob lem when the train hi ts the B 
insulators, since the polarities · are I·eversed 
on oppos ite sides of the insul ators . In th is 
case, while the tI·ain is on the I·everse block, 
we f lip the mai n direction switch. Thi s 
I·everses the polarity of the main track so 
that it is the sa me as the reverse block's 
polarity at the B insul ators. Now the train 
can leave the reverse block and go back onto 
the main track with no problems. Suppose 
the po lar ity of the reverse block had been 
reversed when the train was coming down 
the main track. In this case, we wou ld have 
had no problem leav ing the reverse block, 
but would not have been ab le to ente r it in 
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REVERSE BLOCK 
DIRECTION 
SWITCH 

the first pl ace. The sol utio n would be to flip 
the reverse block direction sw itch whi le the 
train was on the main track. This wo uld 
match up the polarities at the A insulators. 
Th en, after the train got onto the reverse 
block, we would reverse the main direction 
as we did before so that the tra in could 
safe ly leave the reverse block. 

Two items were om itted from f igure 4 fo r 
the sake of simp li city in the prior discussion. 
At po int C we would t ie in the second power 
pack and the block control switches of 
figure 2. At point D we wou ld need a 2 po le 
2 pos ition switch to all ow either power pack 
to co ntrol the reverse loop. 

So much for t rain layo uts and block 
control I Th e onl y other major piece of 
eq uipment on a model railroad is the track 
switch, ca ll ed turnouts in mode l ra il road 
terminology. Turnouts allow you to vary the 
route th at yo ur train takes, which is cer
tainly more interest ing than watching your 
train do noth ing but go arou nd in a circle. A 
turnout represents the actual track that can 
be switched. It physically can sit in one of 
two states which are electrica lly control led . 
The electri cal components for moving the 
turnout are called switch machines. Figure 5 
shows a typ ical turnout and switch machine. 
Th e turnout co ntains a movable section. In 



figure 5, the train will go straight. [f th e 
movable section were pulled down, the train 
would go to the [eft rel ati ve to its motion, 
up the turnout track. The switch machine is 
rea lly just a pair of soleno id co il s. A soft 
metal bar with an 5 shaped groove slid es 
between th e coi ls. The movable sect ion of 
the turnout has a [ever connected to it. Th e 
other end of th is [eve r rides in the groove of 
the sliding bar of the switch machine. [n 
figure 5, if the reverse switch was closed, co il 
B would be energ ized and th e soft bar would 
slide to the ri ght. The [ever would ride in the 
groove and be pull ed down , thus pulling 
down the movable section of the turnout. 
Since the coils draw close to 1 A when 
energi zed, th ey shou ld onl y be energized 
long enough to move the turnout. [f [eft 
energized for more than a few seconds, they 
could overheat and burn out. For thi s 
reason, push button switches are normall y 
used for co ntro lling th e switch machines. 
Th e switch machines normall y run off an 
alternating current accesso ry power pac k 
and have no relat ion to the block system. 
They represent a separate, iso lated set of 
circuits on the model railroad. 

All of these electrica[ requirements may 
sound somewh at confusing. Linn Westcott 
has an excel lent, very inexpe nsive paperback 
book enti t led How to Wire Your Model 
Railroad from Ka[mbach Publi shing Com
pany, 1959. This book, or one [ike it, should 
be ava il ab le at any hobby shop. Another 
very good se t of paperbacks is published by 
At[as Too[ Company, a leading manufacturer 
of model rai lroading equipment. At[as has 
also si mplified the wir ing for you. Th ey se ll 
sea led switch units containing printed cir
cuitry for a [[ of the wil' ing [ have di scussed. 
The At[as se lecto rs contain block contm[ 
circuitry, the Atlas contro[lers contain di
rect ion control and reverse loo p circuitry, 
and the Atlas switch controll ers conta in the 
turnout control switches. These dev ices are 
inexpensive and have the ab ility to be 
plugged together for hand[ ing any size train 
sys tem. AI [ you do is connect yo ur powe'r 
pac ks, block wires and switch machine wires 
to the Atlas dev ices and yo ur wiring is 
co mpl ete. The At[as books also di agl-am 
trac k layo uts, usuall y 6 to 8, from simp le to 
co mpl ex, give construction details, an d show 
how to wire them with the At[as dev ices. 
What more could yo u ask for? 

Now that I have yo u hoo ked, 01" at [east 
intel'es ted in model railroading, let's take a 
look at what we need to co ntro l this system 
by co mputer. A[ [ of th e principles di scussed 
so far still apply. Th e onl y addition al item 
that we need on the train [ayo ut . itself is 
some way of knowing whel'e the trains are. 

TRAIN 
MOTION 

PLUNGER 

REVERSE 

MOVABLE 
SECTION 

THROUGH TRACK 

+-0--+ + 

NORMAL 

Figure 5: Th e basic worl?ings of a turnout and switch machine. The two coils 
of wire move a piece of soft metal with a groove bacl? and forth between 
them. The switch machine rides in the groove. When coil B is activated, by 
using the reverse mode, the, metal is pulled into the B coil and the switch 
machine slides down in the groove changing the position of the switch 
machine. 

The simplest approach would be to use 
magnet ic reed switches. As shown in fi g
ure 6, th ese switches are nothing but two 
contacts, very close together, and sea led in a 
glass enve lope. [f we place these sw itches at 
intervals along the trac ks and glu e a small 
magnet to the bottom of our trains, the tra in 
go ing over th e glass capsul e will close the 
switch. These switches, by the way, are 
co mmon in burglar alarm systems and other 
pmximity sensing devi ces. [ will refe r to 
these switches along the tracks as markers in 
the remainder of thi s arti cle. 

The train co ntro l system to be discussed 
is current ly under deve lop ment. So far, the 
development has co ncentrated on the soft-
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SWITCH CONTACTS 
(ACTIVATED BY MAGNET) 

Figure 6: This is a mag
netic reed switch which 
can be used as a mar/?er 
along the tracl? The 
switch consists of two con
tacts that are enclosed 
within a glass envelope 
The two metal contaci 
are activated magnetically 
when a car with a magnet 
attached passes Oller. 
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TO 4 MORE 8214'5 CASCADED TOGETHER 

ware aspects, and most of the hardware 
deta il s are yet to be worked out. These I 
must leave up to yo ur ingenuity at the 
moment. You will need a way of contro lli ng 
the switch machines . The October 1975 
issue of BYTE, page 87, showed one way 
th is cou ld be done with a f li p flop, severa l 
2N3766 transistors, and a oneshot mu lt i
vibrator. You wil l need a way of controll ing 
the block switches, all owing you to turn a 
block off or to route power to it from any 
of your power packs. You wi ll need a way of 
switching the direct ion contl'O ls, both main 
and reverse loop, as discussed with figure 4. 
Along with this, you will need a way of 
read ing the polarity between the current 
block and the next block, probably using the 
marker nu mber as the address. Fortunately, 
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Figure 7: This circuit is 
switches into marker numb 

used to encode 
ers and generate 
rs are measured interrupt signals. All resisto 

in ohms and are 7/4 W. 

yo u only need this capabili ty at entrances 
and exits from reverse blocks. You wil l need 
a way of contl'Olling speed. This could be 
done with a digital to analog converter, or 
you could ada pt the speed controller shown 
in the January 1975 issue of Popular 
Electronics, page 58. Last, but definite ly not 
least, yo u will need the marker system. 

The markers, as mentioned earlier, are the 
switches located alo ng the track for sensing 
the location of the tra in s. When the train 
passes over a marker, an interrupt could be 
gene rated. The interrupt software must be 
ab le to read in a binary number identi fy ing 
wh ich marker was hit. This could be accom
pi ished on an 8080 based system by cas
cading together In te l 8214 Priority In terrupt 
I(s, as shown in fig ure 7. Id ea lly, we wou ld 



like a large number of markers. Although I 
haven't the room to discuss this aspect, a 
graphi cs display could be used so that the 
track layout is displayed and each marker 
wou ld li ght up as the train passed it. For 
this, we want many markers. The ci rcuit of 
figure 7 will all ow up to 40, but needs f ive 
8214 chips, at $15 each. Another possibility 
would be to use a 256 word by 8 bit read 
on ly memory and have the mar kers contro l 
the address lines into the memory, whi ch 
wou ld be programmed with the marker 
numbers . I wou ld be interested in hear ing 
from anyone who has a cheap way of 
debouncing and encod ing 256 switches into 
a byte of data that cou ld be read in by an 
in terrupt routine. For that matter, I wou ld 
be interested in hearing from people on any 
of these hardware requirements, sin ce I 
haven't worked them out myself yet. 

So much for hardware . The software 
should. act uall y be eas ier to exp lain than 
model rai lroading theory. The ent ire soft
wa l'e package is tab le driven. This makes it 
eas ier to understand and eas ier to ada pt to a 
wide var iety of train layo uts. The four major 
tab les used are the marker table, the block 
tab le, the switch table and the tra in table. 
The marker table reall y contro ls most of the 
syste m. Each marker on the track has a 
correspond ing entry in the marker tab le. 
When the tra in hits a marker, an in terrupt is 
ge nerated. Interrupts are probab ly preferab le 
to a polled system, si nce it is crucial that 
none be missed and unl ess the marker even t 
is latched, a busy processor cou ld miss it . If 
yo ur program is processing a conso le com
mand and a train passes a markel' before you 
get to poll it, you cou ld have rea l chaos . The 
marker interrupt routine, then, would read 
in the mal'ke r number and look it up in the 
markel' table. Table 1 shows the layo ut of an 
entry in the marker tab le. If a graphics 
displ ay is used, MXY would be used to 
update the display, showi ng the train at the 
new marker locat ion . MBLOCK would be 
the pointer to the block tab le entry for the 
block which contains thi s marker. MS ETUP 
indi cates that th is is the last marker in the 
block. The software wou ld go to the block 
table, figure out the next block that the 
train will enter, and issue a command to 
appl y power to that block (remember f ig
ure 2?). MFREE te ll s the software that the 
marker is the f il"st one in th e block and 
power shou ld be removed from the pr ior 
block. This is the reverse of MSETUP. 

M FA and M FD are fractio nal acce lerators 
and fl"act iona l dece lerato rs. Fractionals 
represent a sma ll change in the speed of the 
train . Any mar-ker can be set up to add or 
subtl"act a fract iona l to the train's current 

Label Byte Bit Meaning 

MMARK ER 1 to 2 1 to 8 marker number 
MBLOCK 3 1 to 8 block table entry displacement 
MSTOPNO 4 1 to 8 stop number 
MSETUP 5 1 setup ne xt block indicator 
MSTOP 5 2 stop indicator 
MF DS 5 7 apply fract ional dece lerator on stop only 
MFREE 5 8 release prior block indicator 
MFA 6 1 to 4 fractional accel erator value 
M FD 6 5 to 8 fractional decelerator va lue 
MXY 7 to 8 1 to 8 XY coordinates for graphics display routine 

Table 7: Marker Table In formation . The purpose of the marker table is to 
organize the current information associated with each marker input from the 
model railroad layout. The list of information shown here is described in the 
text in more detail. The use of a graphic display of the layout is assumed by 
putting in display coordinate fields (MXY), which might be omitted 
otherwise. The basic mari?er entry information is repeated in this format for 
each marl?er. 

Label Byte Bit Meaning 

BB LOC K 1 1 to 8 block number 
BTRAIN 2 1 to 4 w hich train is currently in the block 
BREV 2 8 reverse block indicator 
BPRIOR 3 1 to 8 prior block ID 
BN EX T 4 1 to 8 next block I D 

Table 2: Bloel? Table Information. The purpose of the block table is to 
organize the current information about each bloel? in the model railroad 
layout. The block is identified by its number. (Although this field might be 
omitted if numbers and position in the table are made identical.) If the block 
currently has a train, its number is identified. The topology of the track 
network is reflected in the prior block and next block pointers. 

speed . Thi s wou ld be used to speed up the 
train as it goes up a hill , ca ll ed a grade, or 
slow it down on a downgrade. It co uld . really 
be used any place you wanted the tra in' s 
speed to automat ica ll y change. Fractionals 
can also be used for programmed stops. The 
MSTOP indicator in the marker tab le entry 
te ll s the system that the train shou ld stop. 
However, a sudde n stop wo uld be unrealis
tic, so we can use the fract ional dece lerator. 
If the operator req uests a stop at a particular 
sto p number and that stop numbel" equa ls 
MSTOPNO, the system will look at MSTOP 
and MFDS. If MFDS is on, the f l"ac tional 
decelerato r will be app li ed, slow ing down 
the train. MFDS also wi ll prevent the frac
tiona l dece lel"atm from being app li ed if a 
sto p was not requested. Eventually the train 
wi ll hit a marker that has the correct 
MSTOPNO and has the MSTOP in dicator on, 
and the train wi ll be stopped complete ly. 

Each bl ock on the track layo ut has a 
cmrespo nding block tabl e entry, as shown in 
table 2. Th e block tab le entry contains 
indicators for what train is in th e block and 
whether the block is a I"everse block (our 
figures 3 and 4 discussion). The reve rse indi
cato r will be used by the mat"kel" processing. 
When power is to be app lied to the next 
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Label Byte Bit Mean ing 

SSWI T CH 1 1 to 8 switch number 
SPOS 2 1 t hrough or turnout indicator 
SFROM 3 1 to 8 from block 10 
STHRU 4 1 to 8 t hrough block 10 
STURN 5 1 to 8 turnout block 10 
SNMKTHRU 6 1 to 8 setup next marker 10 for through b lock 
SNMKTURN 7 1 to 8 setup next marker 10 for turnout b lock 
SPMKTHRU 8 1 to 8 release prior marker 10 for through block 
SPMKTURN 0 1 to 8 release prior marker 10 for turnout block 

Table 3: Switch Table Information. The switch table entries describe each 
switch in relation to the railroad layout by means of pointers to the "from," 
"through" and "turnout" blocks. This information, which is relatively fixed 
for a given layout, is used to modify the prior and next block information in 
the block table according to the settings of the switch. One such entry is 
needed for each switch in the layout. (A roundhouse would have to be a 
special case . . . ) 

BLOCK 2 

+ 

L-________________ ~I LI ____________________________________ ~ 
BLOCK I BLOCK 3 

Figure 8a: An example of a marker being between two blocks. In this type of 
array the computer must only determine whether the train will go into 
block 2 or 3. 

BLO CK I 

BLO CK 3 

BLOCK 2 
I 

BLOCK " 

Figure 8b: This figure is slightly more complex than figure 8a. In this type of 
array the train may enter block 3 or block 2. The computer must determine 
which blocl? the train will enter. If it is block 3 the information for blocl, 3 
must be updated for the particular train as soon as the train has passed 
marker 1. If the train will enter blocl? 2 next, however, the information for 
blocl? 2 must not be updated until the train has passed marker 2. 
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block, the software will check to see if either 
the current or the next block has the reverse 
block indicator on. If neither block is a 
reverse b lock, power is appl ied to the next 
block. However, if either block is a reverse 
block, we must do additiona l processing. 
Power is applied, but we have to worry 
about the po larity. Therefore, we read in the 
polarity between the two blocks, probably 
using the marker number as the add ress for 
the po larity interface. We cannot use the 
block number, since the polarity will be 
different at the two ends of the reverse 
block. If, after reading the po lar ity between 
the two blocks, we find that they are equal, 
we are done. If they are different and the 
current block is a reverse block, then we 
must reverse the po larity of the main track. 
If they are different and the current block is 
not a reverse block, we must reverse the 
po larity of the reverse block. These are the 
same operat ions that we discussed with 
figure 4, on ly the computer will do them 
rather than the operator. The BPR IOR and 
BNEXT fie lds in the block table entry are 
pointers to the block table entries for the 
prior and next block on the track layo ut. 
These pointers are maintained and modified 
by the switch processing. 

When the operator requests that a par
ticular switch position be changed, the soft
ware wi ll locate the switch entry in the 
switch tab le. Tab le 3 shows the layout of a 
switch table entry. SPOS, the position indi
cator, will be toggled and the graphics 
disp lay, if used, wi ll be updated to show the 
new switch position . The new va lue of SPOS 
will be output to the switch interface. 
SFROM, STHRU, and STURN are used to 
update the prior and next block fie lds of the 
block table entries so that each block 
entry po ints to its correct successor and 
predecessor. SNMKTHRU, SNMKTURN, 
SPMKTHRU , and SPMKTURN are used to 

turn on and off the MSETUP and MFREE 
indicators in the marker tab le. For example, 
if the switch is set for turnout, MSETUP in 
the marker pointed to by SNMKTHRU will 
be turned off and will be tur'ned all in the 
marker po inted to by SNiVlKTURN. 
SPMKTHRU and SPMKTURN do the same 
with the MFREE indicator in the marker 
tabl e. Th e reason for this may not be 
apparent, so let's look at an example. In 
figure 8a, this processing would not be 
needed. MSETUP in marker 1 would always 
be on, and MFREE could be left on in both 
marker 2 and marker 3 since there is no 
other way into block 2 or 3 other than from 
block 1. However, figure 8b is a different 
case. Here we have the switch in the middle 
of a block. If the switch were set for the 



turnout, the train would leave block 1 and 
enter block 3. Marker 1 would have 
MSETUP on and marker 4 would have 
MFREE on. Now let's change the switch 
position. The train will no longer go into 
block 3. The switch processing would have 
updated block l's block table entry so that 
block 2 was the next block. If we try to set 
up the next block (block 2) according to 
marker 1, we will be premature. Maybe there 
is another train in block 2 at the moment, 
since there cou ld be quite a bit of track 
between the switch and the beginn ing of 
block 2. Likewise, if a train comes down 
block 3 and tr ies to free the prior block 
according to marker 4, we might have a 
similar problem. The switch processing, 
then, must turn off MSETUP in marker 1 
and turn off MFREE in marker 4 if the 
switch is set for through and turn them on if 
the switch is set for turnout. In this par
ticular case, markers 2 and 5 cou ld have 
MSETUP on all the time, markers 3 and 6 
could have MFREE on all the time, 
SNMKTHRU and SPMKTHRU will be zero, 
and SNMKTURN and SPMKTURN will have 
a 1 and a 4 respectively. 

The train table of table 4 has one entry 
for each train that you are running. This 
table entry is used primarily for keeping 
track, pardon the pun, of where each train 
is. It specifies what block the train is in, the 
last marker hit, the train's direction (forward 
or reverse), the train's current speed, and the 
port address for the train's power pack 
interface. This interface would control the 
speed, through digita l to analog convertors 
or similar, and the main and reverse block 
direction controls. The train table entry 
would be updated by marker processing and 
by speed and direction commands issued by 
the opel·ator. 

So far, we have discussed primarily the 
automatic functions of the software. Now 
let's look at the functions controlled by the 
operator. We already discussed switches and 
stops. That leaves us with direction and 
speed. Suppose we want to reverse a train. 
First, this command would not be allowed if 
the train was moving, since we might cause a 
derailment if we sudden ly reversed a fast 
moving train. Other than that, it's fairly 
simple. We store an indicator in TOI R of the 
train table entry to indicate that the train is 
going in the reverse direction and then issue 
the command to reverse either the main 
polarity or the reverse block polarity, de
pending on whether or not the train is 
currently in a reverse block. From then on, 
we reverse logically the meaning of the 
MSETUP and MFREE indicators in the 
marker table entries and we I-everse logically 

Label Byte Bit Meaning 

TTRAIN 1 1 to 4 train number 
TDIR 1 8 direction 
TBLOCK 2 1 to 8 current block 1 D 
TMARKER 3 to 4 1 to 8 current marker 1 D 
TSPEED 5 1 to 8 train's current speed 
TPORT 6 1 to 8 10 port address for controller 

Table 4: Train Table Information. Each train in the layout must also be 
followed in the software as it runs its route. The information can be 
formatted and referenced with a structure such as this. The details vary for 
each train with time, as the train progresses through the layout. 

the meanings of the prior and next block 
pointers in the block table entries. There
fore, we set up the next block when MFREE 
is on and free the prior block when MSETUP 
is on . BNEXT points to the prior block and 
BPRIOR points to the next block. 

Train speed contro l can be somewhat 
more difficult. There are basically two ways 
to control speed. The easiest would be to use 
a digital to analog converter. Trains run on 0 
to 16 VOC, so a converter would be needed 
capable of providing this range at approxi
mately 1 A per train to be run at a time. 
Therefore, if you plan on running two trains 
at the same time, you need a 0 to 16 VOC 
supply rated .at 2 A minimum. This idea 
works well with the fractional system out
lined earlier, but is not very realistic. The 
operator would have to enter on the conso le 
the voltage to be applied and the software 
would output to the converter the correct 
value. To gradua ll y speed up a train would 
keep the operator busy for a while entering 
speed commands. 

A more realistic approach would be to 
enter an accelerate command that would 
gradually speed up the train at a uniform 
rate. When the proper speed is reached, the 
operator would enter a hold command to 
maintain the current speed. To slow down, a 
decelerate command would cause the train 
to gradually slow down, and the hold com
mand would again be used to stop decel
erating. This type of control could be 
accomplished by adapting the circuit on 
page 58 of the January 1975 Popular Elec
tronics to operate as an 10 device rather 
than by push buttons. This complicates the 
fractional system, since the fractionals were 
intended to represent actual voltage quanti
ties to be applied to the train's speed. 

A similar approach cou ld be to still use 
digital to analog converters, but to have the 
software periodically increment or decre
ment the value appl ied to the converter if an 
accelerate or decelerate command was in 
effect. Th is method wi II satisfy both real ism 
and the operation of the fractionals, but 
depends upon the construction of the soft-
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M 
Marker Interrupt Processing Routine 

The M algorithm is used for marker interrupt 
processing . It reads in the marker number, per
forms operat ions on it, including block processing 
(B algorithm) if necessary, determines any change 
in speed and then retu rn s from t he interrupt. 

Ml. Read the marker number input and look it 
up in Marker Table . 

M2. Use MBLOCK of Marker Tabl e entry to 
point to Block Table entry . 

. M3. Use BTRAI N of Block Table entry to point 
to Train Table entry. 

M4. Store marker and Block Table pointers in 
TMARKER and TBLOCK. 

M5. If TDIR ; O and MSETUP is on t hen go to 
B1. 

MG. If TDIR ; 1 and MFREE is on then go to B1. 
M7. If TDIR ; O and MFREE is on then go to 

B11 . 
MB. If TDIR ; 1 and MSETUP is on then go to 

B11 . 
M9. Send MXY to graphics di sp lay if it is used. 
M10. If MFA > 0 then add MFA to TSPEED and 

send TSPEED output to the speed 
controller. 

Mll. If MFD > 0 and MFDS is off then subtract 
MFD from TSPEED and send TSPEED 
output to the speed controller. 

M12. If MFD > 0 and MFDS is on and stop has 
been requested at MSTOPNO then subtract 
MFD from TSPEED and send TSPEED 
output to the speed controller. 

M13. If MSTOP is on and a stop has been 
requested at MSTOPNO then store 0 in 
TSPEED and send TSPEED output to the 
speed controller . 

M14. Return from interrupt processing routine. 

B 
Block Processing Routine 

The B algorithm is used for block processing of 
the power contro ls. The algorithm determines t he 
voltage and po larity changes that are to be made 
for the various blocks. Li nes B 1 to B 10 set up t he 
next block for the train to enter it. Lines B11 to 
B15 free the prior block that the train is leaving. 

81. If TDIR;1 then use BPRIOR as the next 
block pointer, else use BN EXT as t he next 
block pointer. 

82. If BTRAI N of the ne xt Block T able entry ; 
TTRAI N then go to M7. 

B3. If BTRAI N "" 0 then stop system (there is a 
train over run: two trains in same block!) 

B4. Store TTRAI N in BTRAI N of the next 
block. 

B5. Send command output to the block con
troller to power up the next block. 

B6. If BREV of the current block and BREV of 
the next block are both 0 then go to M7. 

B7. Read polarity of tracks using MMAR KER of 
the current Marker Table entry as the 
address. 

BB. If polarity;O, then current and next block 
polarities are the same so go to M7. 

B9. If BR EV of the current block ; 1, then 
output a command to reverse the main 
polarity and go to M7 . 

Bl0. Output a command to reverse ~he reverse 
block's polarity and go to M7. 

Bll . If TDIR;1 then use BNEXT as t he pri or 
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block pointer else use BPRIOR as the prior 
block pointer. 

B12. If BTRAI N of t he prior block ; 0 then go t o 
Mg. 

B13. Store 0 in BTRAI N of the prior b loc k . 
814. Send co mmand output to b lock contro l ler 

t o turn off prior block and go to Mg . 

s 
Switch Command Routine 

The S algorithm performs the switch command 
processing by resetting all of the m arkers that are 
being affected by a part icular tmin . It is ca l led by 
an operator command. 

Sl. Look up the switch number in the Switch 
Table. 

S2. Reverse value of SPOS (O; through, 
1 ;turnout) . 

S3. If SPOS;O then use STHRU as the poin ter 
to next block-and go t o S5. 

S4. Use STURN as t he poin ter t o the next 
block. 

S5. 

S6. 
S7. 

SB. 

S9. 

S10. 

Sll. 

S12. 

S13. 
S14. 

S15. 

S16. 

S'17. 

SlB. 

R 

Store the pointer to the next block in 
BNEXT of the Block Table entry pointed to 
by SFROM. 
If SPOS;1 then go to S14. 
Turn off MSETUP in Marker T able entry 
pointed to by SNMKTURN. 
Turn on MSET UP in Marker Tab le entry 
pointed to by SNMKTHRU. 
Turn off MFREE in Marker Tab le ent ry 
pointed to by SPMKTURN. 
Turn on MFREE in Marker Table entry 
pointed to by SPMKTHRU. 
Send SPOS output to the switch controller 
using SSWITCH as address. 
If the graphics display is used then update it 
to show new switch position . 
Return to operator command p rocessor . 
Turn off MSETU P in the Marker T ab le 
entry pointed to by SNMKTHRU. 
Turn on MSETUP in the Marker Table entry 
pointed to by SNMKTURN. 
Turn off MFREE in the Mar ker Tab le en t ry 
pointed to by SPMKTHRU. 
Turn on MFREE in the Marker Tab le entry 
pointed to by SPMKTURN. 
Go to S11. 

Reverse D irection Command Routine 

Th e R algo r it hm perfo rms t he reverse d irection 
command p rocessi ng. If t he train is not mov ing, 
t he po larity of t he b lock w il l be reversed and T D IR 
w ill be log ica lly inverted . 

R1. If TSPE ED in t he cu rrent T rain Tab le entry 
"" 0 t hen indicate invalid request and return 
to command processor. 

R2. Reve rse t he present val ue of TDI R in 
current T ra in Table entry . 

R3. Use T BLOCK of t he current T rain Tab le 
ent ry t o po in t t o t he current Block Tab le 
entry . 

R4. If BR EV of t he current Bl ock T ab le entry ; 
1 t hen go to R 7. 

R5 . Send command out pu t to reverse t he 
po lari ty of the main t rack . 

R6. Return to operator processor . 
R7. Send command outpu t to reverse polarity of 

reverse b lock. 
RB. Return to operator p rocessor. 



wal'e to in crement or decrement at a reason
able pace. 

Tabl e 5 shows a I ist of operato r co m
mands that might be used on a typica l 
co mputeri zed model railroad. The remainder 
of th is art icle is devo ted to so me algo rithms 
fo r the more important processes we have 
d iscussed . Algo rithms, if the term is un
fa mili ar, are simply fl owcharts ex pressed in 
wo rd s rather than in blocks and arrows. 
Since thi s art icle is not present ing ac tual 
code and is more directed to theory than to 
bit by bit deta il s, generali zed algor ithms 
seem more appropri ate. I hope th is art icle 
has increased yo ur interest in the area o f 
model rail road ing and has given yo u some 
ideas on how yo u can si mu late, on a small 
sca le, the types of real t ime process contm l 
syste ms that coul d be used on a large sca le 
to co ntro l an ac tual l·a ilroad.-

Mn emon ic 

A Tx 
o Tx 
H T x 
S T x 
S T x Sy 
FA xxx My 
FO xxx My 
FO xxx My,S 
R Tx 
Sx 
Ex My 1,y2, --,yn 
Ox 
K 
C 

Command meani ng 

acce lerate train x 
dece lerate t ra in x 
ho ld tra in x at current speed 
stop tra in x immediate ly 
stop tra in x at sto p number y 
set fract io nal accelerat o r value of xxx into ma rker y 
set fract io na l decelerato r value of xxx into marker y 
sa me as above but also turn on M FOS 
reverse t ra in x 
togg le posi t io n of switch x 
establ ish sto p x at marke rs y 1,y2,--yn a nd turn on MSTO P in mar ke r yn 
de lete stop x 
kill system ; emergency power off 
c lose down sys t em; o rderly stop of trains and power off 

Table 5: Definition of a Command Language. Here is mnemonic set of 
commands fo r con trol o f the trains on a model railroad layout from a 
terminal I?eyboard. When a general purpose I?eyboard is used, this sort of 
sequence is required - although the particular commands defined here are 
not necessarily the only se t possible. Algorithms 5 and R (see separate boxes) 
are command processing routines for switch toggling and reversal of trains, 
two of the more complex commands in th is list. 

GLOSSARY 

Algorithm: A method used to ex p ress t he steps to 
be taken in so lvi ng a pro bl em. It may be expressed 
in words, as a flowch art of b loc ks, lines and 
arrows, or in other forms. 

Block control : Sectio ning up a ra ilroad layo ut so 
that mUl t iple power pac ks ca n be used to run more 
than one tra in o n t he trac ks at a t ime. 

Block table : A ta ble used in the software for 
contro lling a mode l train layo ut. Each bloc k on the 
tracks has a corresponding entry in th e bloc k ta bl e . 

Dig ital to ana log converter: Commo nly abbrev iated 
as OAC, t he dev ice takes as input a dig ita l 
value, typical ly a n " n" bit binary number, and 
outputs an ana log signal in t he form of a va riab le 
vo ltage corresponding to the digita l input va lue . 

Fractionals: As used in t hi s a rtic le, a fract io na l is a 
4 bit bi nary number represent ing a small change in 
the speed of t he t rai n. It is used for automatic 
speed cha nges under program cont rol. 

Graphics display: A video displ ay device t hat ca n 
di splay lines, curves and drawings rathe r t han just 
characters. In a tra in sy stem , a graphics di splay 
could be used to show a rea l time diagram of t he 
t rain layout and where each t ra in is located . 

Insu lators: In a train layout , insulators a re used to 
isol ate sections of trac k in order to use bloc k 
co ntro l. Since power is supplied to the tra in 
through the t racks, insul ato rs are placed between 
sect io ns of track so that each sect ion can be 
contro lled independently . 

Markers: Switches located on the trac k that are 
activated by the passing of a train . These markers 
are used by the software to keep track of where 
the tra ins are. 

Marker table: A table used in the softwa re, 
conta ining an entry for each marker on the train 
layou t. 

Polarity : As used in this article , polarity refers to 
whi ch track is pos it ive and which track is negative. 
Normal ly , t his is not really important , except in 
t he case of reve rse loops, where the po larity 
betwee n two adj acent blocks on t he layout might 
be d iffe rent, resu lting in a short circuit when 
crossed by the t ra in . 

Reverse loop: Or reverse bloc k; this is where a 
sect io n of a track will a llow a train to go around in 
a loop and end up on the same track but going in 
t he opposite direction . Specia l hand ling of these 
cases is needed . 

Solenoid : A co il of wire which acts as an electro
magnet. When current is applied to t he coi l, a bar 
of soft metal will be at tracted toward the magnet. 
In mode l ra il roading, soleno ids are pa rt of a switch 
machine. 

Switch machine : A solenoid activated mechanism 
attached to a t urnou t , used to move a section of 
track so that t he route of the t rain can be 
modif ied. 

Switch table: A tab le used in the software, 
con tain ing an entry fo r each switch machine and 
attached turnou t on the track. 

Train table: A t able containi ng an entry for each 
tra in that is running on the train layout (a lso, the 
physical structu re on which your tra in layout is 
bui lt) . 

Turnout: A movable section of track, used to 
modi fy the route of t he train . A turnout allows the 
trai n to go in one of two possib le directions. A 
switch machine is used to move the turnout. A 
turnout has a normal position, which is the 
direction most commonly taken, and a ' reverse 
position , wh ich is the less frequently used pOSition. 
In this article, I have also used turnout to refer to 
the reverse position, a nd through to refer to the 
normal position . 
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You've just run out of excuses 
for not owning a personal computer. 

Clear the kitchen table. Bring 
in the color TV. Plug in your new 
Apple II~: and connect any standard 
cassette recorder/ player. Now you're 
ready for an evening of discovery in 
the new world of personal computers. 

Only Apple II makes it that 
easy. It's a 

complete, ready to use computer, not a 
kit. At $1298, it includes video gra
phics in 15 colors. It includes 8K bytes 
ROM and 4K bytes RAM -easily 
expandable to 48K bytes using 16K 
RAMs (see box). But you don't even 
need to know a RAM from a ROM to 
use and enjoy Apple II. For example, 
it's the first personal computer with 
a fast version of BASIC permanently 
stored in ROM. That means you can 
begin writing your own programs the 
first evening, even if you've had no 
previous computer experience. 

The familiar typewriter-style 
keyboard makes it easy to enter your 
. nstructions. And your programs can 
be stored on -and retrieved from
lUdio cassettes, using the built-in 

cassette interface, so you can swap 
with other Apple II users. 
, You can create dazzling color 

displays using the unique color gra
phics commands in Apple BASIC. 
Write simple programs to display 
beautiful kaleidoscopic designs. Or 
invent your own games. Games like 
PONG-using the game paddles. 
supplied. You can even add the dimen
sion of sound through Apple II's 

built-in speaker. 
But Apple II is more 

than an advanced, infinitely 
flexible game machine. Use 

it to teach your children 
arithmetic, or spelling 
for instance. Apple II 
makes learning fun. 
Apple II can also 

manage household finances, 
chart the stock market or 

index recipes, record collections, even 
control your home environment. 

Right now, we're finalizing a 
peripheral board that will slide into 
one of the eight available mother
board slots and enable you to compose 

music elec
tronically. 
And there 
will be other 
peripherals 
announced 
soon to 
allow your 
Apple II to 

talk with another Apple II, or to inter
face to a printer or teletype . 

Apple II is designed to grow 
with you as your skill and experience 
with computers grows. It is the state 
of the art in personal computing today, 
and compatible upgrades and peri
pherals will keep Apple II in the fore
front for years to come. 

Write us today for our detailed 
brochure and order form. Or call us 

for the name and address of the 
Apple II dealer nearest you. (408) 
996-1010. Apple Computer Inc., 

20863 Stevens Creek Boulevard, 
Bldg. B3-C, Cupertino, 
California 95014. 

Apple IITM is a completely self-contained 
computer system with BASIC in ROM, ' 
color graphics, ASCII keyboard , light
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM, and with cassette tape, video and 
game I/O interfaces buiit-in. Also in
cluded are two game paddles and a 
demonstration cassette. 

SPECIFICATIONS 
• Microprocessor: 6502 (1 MHz). 
• Video Display: Memory mapped, 5 

modes-all Software-selectable: 
· Text-40 characters/ line, 24 lines 

upper case. 
· Color graphics-40h x 48v, 15 colors 
· High-resolution graphics-280h x 

192v; black, white, violet, green 
(12K RAM minimum required) 

· Both graphics modes can be selected 
to include 4lines of text at the bottom 
of the display area. 

· Completely transparent memory 
access. All color generation done 
digitally. 

• Memory: up to 48K bytes on- board 
RAM (4K supplied) 
· Uses either 4K or new 16K dynamic 

memory chips 
· Up to 12K ROM (8K supplied) 

• Software 
· Fast extended BASIC in ROM with 

color graphics commands 
· Extensive monitor in ROM 

• I/O 
· 1500 bps cassette interface 
· 8-slot motherboard 
· Apple game I/O connector 
· ASCII keyboard port 
· Speaker 
· Composite 

video 
output 

Apple II is also 
available in board-only 
form for the do-it-yourself hobbyist. Has 
all of the features of the Apple II system, 
but does not include case, keyboard, 
power supply or game paddles. $598. 

PONG is a trademark of Atari Inc. 
*Apple II plugs into any standard TV using 
an inexpensive modulator (not supplied), 

_L 
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Order your AppleII now. 
Use this order form to get your Apple II fast. As a special offer for 
those who order now, we will include free a custom vinyl carrying case 
(a $50 value). And we will also pay shipping charges to anywhere in the 
continental United States. 

Apple II Price List. 
RAM Apple II Calif. Residents Apple II Calif. Residents 
Complement System Add Board-only Add 

4K $1,298.00 $ 84.37 $ 598.00 $ 38.87 

8K 1,398.00 90.87 698.00 ~ 45.37 ~' }7 

12K 1,498.00 97.37 I., 798.00 , 
, ~ 51.87 

16K 1,698.00 1l0.37 978:0'0 ''Ii, 0
1 ;" 63.57 , 

20K 1,778.00 115.57 1,078.00 ~, 70.07 

24K 1,878.00 122.07 1;178.00 'r '\ .. , 76.57 ;~;,; ,~ 

32K 2,158.00 140.27 1,458.00 94. 77-~'~;" '2 h 

36K 2,258.00 146.77 1,558.00 101.27 
. 

, 

48K 2,638.00 171.47 1,938. 00 125.97 

Memory is offered at a 20 % savings when ordered with the system-or board-as reflected in the prices above . 

Additional RAM can be easily added-in at a later date as your needs develop . 
One set 4K chips (4K bytes) $125 
One set 16K chips (16K bytes) $600 

Prices and specifications subject to change without notice. 
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computczr Inc: 
20863 Stevens Creek Blvd., B3-C 
Cupertino, California 95014 
(408) ~96-1010 

~~~~~~~~~~~~~~~~~~~ 

Orderfortn 
o Please send me an Apple II System 

o Board Only 
with _ K bytes of RAM (4K minimum) at $ ____ _ 
California Residents add 6.5% tax _______ _ 

Total $ _______ _ 
Name _______________ _ 

Address ______________ _ 

City _______________ _ 

State ____ Zip __________ _ 
Phone _______________ _ 

Shipping Address (if different) 

o Cashier's check or money order enclosed. 

(Please allow 2 additional weeks for personal checks.) 

Please charge to my 

o BankAmericard 

o VISA 

o Master Charge 
Card Number _____________ __ 

Expiration Date ____________ _ 

Signature ______________ _ 

Mail to: Apple Computer Inc., 20863 Stevens Creek 
Blvd., B3-C, Cupertino, California 95014 

~~~~~~~~~~~~~--~--~ 
Circle 7 on inquiry card. 



Photo 7: Two different shots from the balcony of the Civic Auditorium show the extent of the crowd. A t the end of the show, 
chaircreature jim Warren announced that 72,800 people had attended. 

Random Observations and Conversations 

at the First West Coast Computer Faire 

Notes and Photos by Lawrence F Willard 

Th e kids monopolized the computer 
games most of the time, and were better in 
their scoring than most of the adults. Said 
one man to another: 

"Those kids have been at the keyboard 
fo r 15 minutes; shall we push 'em out of the 
way?" 

"No," said the other. "They're doing a 
helluva lot better than I know I could do." 

There were several variations of Star Trek 
in ev idence. At the Processor Technology 
booth one frustrated kid kept getting this 
printout whenever he entered a command: 

"Captain, I'm afraid your last command 
made no sense." 

He was lucky. A kid about 12 years old 
playing Star Trek at the Vector Graphic 

Inc booth apparently made a king si ze d error 
and got this printout: 

"Thanks to your bungling the galaxy has 
been destroyed by the Klingon War Fleet. 
You are demoted to cabin boy. Try again." 

The boy turned around and saw me 
watching him. 

"Don't say anything," he growled. 
These games reveal a lot about people to 

dedicated people watchers like me. At the 
National Semiconductor booth a computer 
was set up to plot, on a screen, a graph of 
the player's phys ical, emotional and intellec
tual cycles. You were asked to key in your 
birth date and to indicate over how many 
days you wanted the chart plotted. I noted, 
curiously, that some people used arbitrary 
dates or somebody else's birth date rather 
than their own. Are some people reluctant 

Photo 2: The mild, unassuming 
roll top desk at the left of this 
sequence hides an intelligence. 
For, when all the doors and 
slides of this "desk" by RDC En
terprises (8352 Stanford Av, 
Garden Grove CA) are opened, 
they reveal an experimenter
oriented computer with built-in 
Altair bus extender card at desk 
level, a keyboard at desk level 
and video monitor. The actual 
computer mainframe is below 
desk level behind doors, and the 
bottom drawer can hold the ex
perimenter's tools. 
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Larry Willard, who 
writes regularly for 
Yankee magazine (Dublin 
NH), acted as BYTE's rov
ing eye at the First West 
Coast Computer Faire held 
in San Francisco's Civic 
Auditorium on April 76 
and 77 of this year. Here 
are Larry's notes on 
Random Observations and 
Conversations at the event. 





There's an iCOM 
for Everyone 

at these 
Computer Stores ... 
ARIZONA ' IN DIANA 
Byte Shop Data Group 
Tempe Indianaoolis 
(602) 894-11 29 (317) 842-2983 

CALIFORNIA KENTUCKY 
Orange Computer Ctr , Cybert ronics 
Costa Mesa Louisv ille 
(714) 646-0221 (502) 499-1551 

Byte Shop MASSACHUSETTS Lawndale 
(213) 37 1-2421 American Used 

Byte Shop 
Computer 
Boston 

Mt , View (617) 261-1100 
(415) 969-5464 

Computer Mart M INNESOTA 

Orange Microprogramming 
(714)633-1222 Burnsville 

Byle Shop 
(612) 894-3510 

Pasadena NEW HAM PSH IRE 
(213) 684-3311 

Computer Mart 
Byte Shop Nashua 
Santa Barbara (603) 883-2386 
(805) 966-2638 

N EWJERSEY 
Byte Shop Computer Mart 
Sanla Clara Iselin 
(408) 249-4221 (201) 283-0600 
Byte Shop 

NEW YORK San Diego 
(7 14) 565-8008 Synchro Sound 

Byte Shop 
Hollis 

San Rafae l 
(2 12) 468-7067 

(415) 457-9311 Computer Mart 

Computer Room 
NYC 

San Jose 
(212) 686-7923 

(408) 226-8384 NORTH CA ROLINA 
Byte Shop Digilal Dynamics 
Tarzana Charlotte 
(213) 343-3919 (704) 374-1527 

Tech-Mart PENNSYLVANIA 
Tarzana 
(213) 344-0153 Byte Shop 

Brymar 
Byte Shop (2 15) 525-77 12 
Thousand Oaks 
(805) 497-9595 SOUTH CAROLINA 

Byte Shop Carolina Computers 
Walnut Columbia 
(415) 933-6252 (803) 798-6524 

Byte Shop TEXAS 
Westminsler Mic ro Store (7 14) 894-9131 

Richardson 

CO LO RADO (214) 231-1096 

Prime Radix Mic rotex 
Denver Houston 
(303) 573-5942 (713) 780-7477 

FLO RIDA Computer Termin al 
EIPaso 

Byte Shop (915) 542-1638 
Miami 
(305) 264-2983 WISCONSIN 

The Computer Store Madison Computer 
Jacksonville Madison 
(904) 725-8158 (608) 255-5552 

ILLINOIS CANADA 

Itty Bitty Machine Computer Mart 
Evanston Toronto 
(312) 328-6800 (4 16) 484-9708 

Numbers Racket Computer Place 
Champaign Toronto 
(217) 352-5435 (4 16) 598-0262 

Champaign Computer 
Champaign 
(217) 359-5883 

Wffi]®mICAOPEAlPHEARLS® 
6741 Variel Ave ., Canoga Park , CA 91303 U.S.A . 
Te l. (213) 348-1391 a d,visoon of Penec Compufe, Cmpo,a'<>n 
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Photo 3: The kid at the keyboard of this IMSA I 8080 under the 
watchful eye of Lynn Stone is Bob Bowdige, a fifth grader at 
Rollingwood School in San Bruno. A t this school, 200 students 
each week study BASIC programming. The school was invited to 
become part of the exhibit at the Action Audio Electronics booth 
at the show. 

to know what their cycles are, or ar-e they 
re luctant to have other people see when 
thei r highs and lows occur, a privacy thing, 
perhaps? Anyway, I saw a pretty young lady 
who couldn't be out of her 20s key in a 
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Photo 4: Victoria Van 
Buskirk, 70, with her 
father Thomas, a pro
grammer at Lockheed in 
Sunnyvale CA, in the Re
creational Computer 
Centers booth. Tom, with 
his interests in computer 
games and home account
ing problems, plans to 
acquire a computer. 



Photo 5: The husband and wife team of Ellen and Allen Penn (he's president, 
she's VP and secretary of Sylvanhills Laboratory Inc, 7 Sylvan way, Box 239, 
Strafford MO 65757) demonstrate computer controlled plotters to Dick 
Speer of Northwest Computer Cinema. (For more details on the plotter kit, 
see BYTE january 7977 page 85.) Dick has a 6502 based computer similar 
to the KIM which the Penns are using in this setup; he wants to use it for 
computer controlled graphics. 

binh date of October 9 19'12. An arbi t rary 
da te? Th e bir th date of a parent? Only she 
knows. The compu ter took a fair amoun t of 
t im e to figure it all out, but f inall y traced 
the patte rn s on the sc reen fo r a 20 day per
iod. 

At the Advanced Technology Research 
Associates boo th th ere were f lash ing space 
jewels and Plex iglas ray guns th at lit up wi th 
a pul sing bright co lored li ght wh en th e trig
ge r was pull ed. Th ese fasc in ated kids and 
grownups ali ke, onl y at 24 bucks and on up 
the kids were n't buying. The older people 
were, though. I asked one guy what he 
pl anned to use hi s space ray gun fo r. 

"I'm a mag ician," he sa id. " I'll find a use 
fo r it on stage ." 

Another guy wanted to kn ow if th e space 
jewels were waterproof. He thought it might 
be interesting to drop one of the littl e flash
ing pendants into hi s trop ica l fi sh tank , or 
into a pi tcher of hi s favor ite iced beverage. 
They aren't waterp roof; the battery com
partment would be fl ooded. 

Li ke a lot of other people, I had a com
puter portrait made-you stand in front of a 
TV camera, yo ur im age is held on the TV 
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OUR DEALERS 

NORTHEASTERN STATES 

Computer Workshop, Rockville, MD; Computer Mart , 

Waltham, MA; Iselin, NJ; Hoboken Computer Works, 

Hoboken, NJ; Audio Design Electronics, New York, 

NY; Byte Shop East, Lev ittown, NY; Computer Comer, 

White Plains, NY; ·Computer Enterprises, DeWitt, NY; 

Fayetteville, NY; Computer Mart of New York, New 

York, NY; Computer Shoppe, Middle Island, NY; Ithaca 

Audio, Ithaca, NY; Byte Shop, Bryn Mawr, PA; Personal 

Computer Corp., Frazer, PA 

SOUTHEASTERN STATES 

Computer Hut, Hialeah, FL; Delta Electronics, Leesburg, 

FL; Douglas Computer Systems, Jacksonville, FL; 

Economy Computing Systems, Orlando, FL; Electronic 

Shop Inc., Melbourne, FL; Microcomputer Systems Inc., 

Tampa, FL; Computer Systems Center, At lanta, GA; 

Computer Electronics, Baton Rouge, LA; Byte Shop, 

Columbia, SC 

MIDWESTERN STATES 

American Microprocessors, Prairi e View, I L; Bits and 

Bytes, Posen, I L; ilty billy machine company, Evanston, 

IL; Llilipute Computer Mart, Skokie, IL; Numbers 

Racket, Champaign, IL; Data Domain, Bloomington, IN; 

Home Computer Center, Indianapolis, IN; Micro Bus 

Inc., Cedar Rapids, IA; Data Domain, Louisville, KY; 

Computer Mart, Royal Oak, MI; Computer Systems, 

51. Clair Shores, MI; General Computer, Troy, MI; 

Computer Depot, Minneapolis, MN; Computer Room Inc., 

Eagan, MN; High Technology, Oklahoma City, OK; 

Milwaukee Computer Store, Milwaukee, WI 

WESTERN STATES 

Bits & Bytes Computer Shop, Phoenix, AZ; Personal 

Computer Place, Mesa, AZ; Affordable Computer Store, 

Santa Clara, CA; A·VIDD Electronics, Long Beach, CA; 

Bits n Bytes, Fullerton, CA; Byte Shop, Burbank, CA; 

Fresno, CA; Lawndale, CA; Long Beach, CA; Palo Alto, 

CA; Pasadena, CA; Placentia, CA; San Diego, CA; San 

Jose, CA; San Rafael, CA; Santa Clara, CA; Tarzana, CA; 

Thousand Oaks, CA; Walnut Creek, CA; Westminster, 

CA; Computer Center, Costa Mesa, CA; Computer 

Center, San Diego, cA; Computer Componants, Van 

Nuys, CA; Computer Electronics, Santa Barbara, CA; 

Computer Emporium, Newport Beach, CA; Computer· 

land, San Leandro, CA; Computer Mart, Orange, CA; 

Computer Playground, Westminster, CA; Computer 

Power and Light, Studio City, CA; Computer Store of 

San Francisco, San FranCiSCO, CA; Dunston Enter· 

prlses, Redding , CA; Executive Office Equipment, 

Pasadena, CA; Micro Computers, Fountain Valley, CA; 

Mlcrosystems Engineering, San Francisco, CA; Sunny 

Sounds, San Gabriel, CA; Sunshine Computer, Carson, 

CA; Upland Computer Labs, Upland, CA; XI media, 

San FranCiSCO, CA; Byte Shop, Boulder, CO; Engle· 

wood, CO; Mighty Mini Company, Denver, CO; Micro· 

computer Systems of HawaII, Honolulu, HI ; Small 

Computer Systems, Honolulu, HI ; Computer Mart of 

West Texas, Lubbock, TX; Computer Shop, San Antonio, 

TX; Computer Terminal, EI Paso, TX; Eiectronic Specialty, 
H ousto n, TX; Houston Computer Mart , Houston, TX; 

KA Electronic Sales, Dallas, TX; Micro Store, Ri chard· 

son, TX; Vanguard Systems, San Antonio, TX 

FOREIGN 

Mlcrotech Computers, Winnepeg, Manitoba, Canada; 

Haywood Electronic Associates Ltd., Northwood, 

Middlesex, England; Instrumalic, Geneva, Switzerland. 

790 HAMPSHIRE ROAD 
WESTLAKE V I LLAGE, 

• A + B 
CA 9 136 1 

Not Afliliated With Vector General 

Circle 9 on inqu iry card. 



It's a two touch aHair 

VECTOR 1 is based on the 8080A Microprocessor and S-l 00 Bus -

EASY TO ASSEMBLE, EASY TO ACCESSORIZE, EASY TO BUY AND VERY EASY TO OPERATE. ' 

T .M. 

~. to=l <:=lAi»t-iC inC. 
717 LAKEFIELD ROAD. SUITE F 

WESTLAKE VILLAGE, CA 91361 • (805) 497-0733 



screen until it can be scanned fo r a com puter 
pr intout. In about a minute the prin ter ro ll s 
it out and it is torn off and handed to you. 
The guy in f ront of me in line made a pro
duction out of it. He was bearded, and he 
wanted a profil e shot with a pi pe in hi s 
mouth and his hand up to it in a studied 
pose. He exp lained that he wanted it fo r hi s 
office door. 

There we re a coup le of booths playi ng 
computer mu sic and the sound was great, 
even if the repertoi re was a bit limi ted . 
About the 15th or so tim e you've heard a 
particu lar tune during the day you can draw 
the wavefo rms of each note. But the perfor
mance was pretty good. So li d State Mus ic's 
booth was play ing such tunes as "The Flight 
of the Bum blebee," Bach's " Little Fugue in 
G Minor," " Blu es in F," " It's a Small 
Worl d," and " Mapl e Leaf Rag." TI'y those 
on yo ul' compu ter. 

Footweary afte r aw hil e, I went in to the 
cafeteria, got some coffee, and sat down at 
a tabl e and got into a conve rsat ion with two 
men sitti ng there. Th ey were Manabu 
Uyehara and Geo rge M Hirota, who have the 
Radio Shack franchi se in Honolu lu. They 

Photo 6: Terry Belcher of 
Advanced Technology Re
search studies a map of 
world conquest for the 
color video game "Risk" 
which was being run at the 
Compucolor booth. 

had flown to San Fra ncisco especiall y for 
the F aire. Both men have had previous com
pu te r ex perience, and they are anxious to 
carry compu ters in their store. 

I moved to another tab le and met Scott 
M Di ckson, a computer programmer in the 
de nta l school of the University of Mich igan. 
He wants a compu ter to ex periment with. 
He thinks dentists could use them for pa
tie nts' records and fo r bi lling. 

Corning fro m the cafeteria I stopped at a 
booth offer ing a se lection of fi ne prints and 
etchings done in sort of a scie nce fict ion-fan
tasy sty le. One of them, I thought, would 
look especiall y fine in my study. Before I 
could ask how much it was, somebody else 
did . 

"5 ix-fifty," sa i d the you ng art ist. 
Real reasonabl e, I thought, and moved 

. fo rward to bu y one. 
The man who had asked how much, then 

asked: 
"Six hundred and fifty doll ars?" 
The art ist sa id that was co rrect. 
I wal ked away. 
That 's more than most of the computers 

we re se lling fo r.-

Photo 7: Some floor shots. 





A New 16 Bit Personal Computing 
System 

EBNEK Inc, 254 N Washington St, 
Wichita KS 67202, has rece ntl y an· 
nounced the new EBNEK 77 system. 

Circle 11 on inquiry card. 

This system, ava il ab le for $2770 in 
kit form or $3800 assembled and tested, 
featu res the 16 bit TMS9900 processor 
manufactured by Texas Instruments 
I nco What EBN E K has done is to design 
a finished package around the TMS9900 
with the following characteristics: 

• TMS9900 processor board. 
• 16 K bytes of programmable 

memory on two 8 K byte boards. 
• 8 K by tes of EROM socket 

capacity on one board, with 2 K 
bytes of operatin g system soft
ware supplied (ie : room for 6 K 
bytes of user defined E ROM 
programs). 

• Video display board w ith te le· 
vis ion monitor. 

• 10 interface board with keyboard 
interface, eight bits of parallel 
10 , serial data port with data rate 
generator, and cassette modem. 

• Cabinet and power supply 
motherboard . 

• Phi-Deck tape transport wit h 
firmware support. 

• IASCII keyboard and case. 

The design of the system is modular, 
with an addressing space limitation 
of 64 K bytes, and a design lim it of 
128 K bytes using memory bank switj;h 
ing. (Power adequate for a full 128 K 
bytes is provided as a standard feature 
accordi ng to the company.) 
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The video disp lay provides 15 lines 
of either 32 or 64 characters, generated 
with a 7 by 9 dot matrix. The displa y 
also has a point graph ics mode allowing 
a 256 by 240 dot display driven from an 
8 K byte segment of main memory. 
The display and processor are inter
leaved so that operation of the proc
essor does not break up the picture 
with visual hash , a llowing programmed 
updates to occur wh ile information is 
being disp layed . 

This product looks like a sign ifi cant 
one for the personal computing user 
who wants the ultimate in microproc
essor execution speed and perform ance. 
The TMS9900 architecture includes 16 
general purpose work areas at arb itrary 
memory locations which use a short 
form of add ressing. It has the unique 
characteristic of built-in multiply and 
divide operations which take (worst 
case without wa it states, using 3 MH z 
c lock) 17 and 41 itS to evaluate 32 bit 
results of 16 bit operands. Individuals 
with real time computational appl ica
tions (as in voice recognition, scene 
analysis, electronic music generation) 
will find the 9900 architectu re qui te 
useful. In addition to the physical con
figuration, EBNEK's announcement of 
the EBN EK 77 describes availabil it y 
of an assemb ler, ed itor, utilities and a 
user's software lib rary.-

Circle 631 on inqu iry card . 

Polyphonic Music Generator Board 

A new inte rface boa rd des igned 
for music generation ca lled the SRS-3 20 
has been announced by Stillman Re· 
search Systems, POB 14036 , Phoenix 
AZ 85063, for $175. Th e board, which 
can serve as the basis for a computer ized 
music synthesizing system, is Altair 
bus compatible and can generate up to 
fo u r musical notes sim ul taneously over a 
four octave range. This is sufficien t to 

generate most eleme ntary chords and 
inversions. The SRS-320 is priced at 
$1 75, and a demonstration casse tte of 
the board is available for $3, as well as 
a variety of other music generation 
electronics.-

Circle 632 on inquiry card. 

New Vector Catalog Available 

Vector Elec tronic Company In c's 
1977 catalog is now available, li sting 
prices and descriptions of the entire 
Vector product li ne, including printed 
circuit cards, term inals and pins , bread
boa rding kits, wiring pencil s and so 
on . Of special interest to the computer 
experimenter is the company's new cord
less rechargeable wire wrap tool called 
Wrap a nd Strap. The catalog is avail· 
ab le free from Vecto r Elect ronic Com
pany Inc, 12460 Gladstone Av, Sylm ar 
CA 91342, and no serious exper im enter 
wou ld want to be without it.-

Circle 633 on inquiry card. 



The POLY 8 
Microcom uter System 

PolyMorphic Systems now offers the complete, assembled, 
personal computer system-the POLY 88 System 16. A full 
16K system with high speed video display, alphanumeric 
keyboard, and cassette program storage. A BASIC soft
ware package providing the most advanced features avail
able in the personal computing market. Features like PLOT 
and TIME, which utilize our video graphics and real-time 
clock. Others like VERIFY, so that you know your tape is 
good before you load another. Or input type-ahead so you 
can tell your program to run while th~ tape is still loading (it 
stores up to 64 characters of commands or question re
sponses to be executed). All these plus a complete pack
age of scientific functions, formatting options, and string 
capabilities. With the POLY 88 System 16 you can amaze 
your timesharing friends the very first night! 

Polymorphic Systems 11K BASIC - Size: 11 K bytes. 

Scientific Functions: Sine, cosine, log, exponential , square root, 
random number, x to the y power. 
Formatted Output. Multi-line Function Definition. String 
Manipulation and String Functions. Real-Time Clock. Polnt
Plotting on Video Display. Array dimensions limited by mem
ory • Cassette Save and Load of Named Programs. Multiple 
Statements per Line. Renumber. Memory Load and Store • 
8080 Input and Output. If Then Else. Input type-ahead. 

Commands: RUN, LIST, SCR, CLEAR .. REN, CONTINUE 

Statements: LET, IF, THEN, ELSE, FOR, NEXT, GOTO, ON, EXIT, 
STOP, END, REM, READ, DATA, RESTORE, INPUT, GOSUB, RE
TURN, PRINT, POKE, OUT. 

Built In Functions: FREE, ABS, SGN, INT, LEN, CHR$, VAL, STR$, 
ASC, SIN, COS, RND, LOG, TIME, WAIT, EXP, SORT, CALL, PEEK, 
INP, PLOT. 

Systems Available. The POLY 88 is available in either kit or as
sembled form. It is suggested that kits be attempted only be per
sons famil iar with digital circuitry. 

System 2: is a kit consisting of the POLY 88 chassis, CPU, video 
circuit card, and cassette interface. Requires keyboard, TV moni
tor, and cassette recorder for operation. $735 
System 16: consists of an assembled and tested System 2 with 
16K of memory, keyboard, TV monitor, cassette recorder, 11 K 
BASIC and Assembler on cassette tapes. $2250. 

System 0: The circuit cards an S-1 00 mainframe owner needs to 
be compatible with the POLY 88 software library. System 0 con
sists of the central processor card with monitor ROM, the video cir
cuit card, and cassette interface, all in kit form. $525. 

Prices and specifications are subject to change without notice. 
California residents add 6% sales tax. 

460 Ward Drive 
Santa Barbara, Ca. 93111 
(805) 967-2351 

Po~Morphic 
Systems 

POLY 88 
rolyMorph'c 

Syslems 



Peter G Formaniak 
David Leitch 
Mostek 
POB 169 
Carrollton TX 75006 

A Proposed Microprocessor 

Software Standard 

Many people are concerned about the 
need for standardization in the microproc
essor industry. One obvious source of 
standards is people who are seriously de
signing and supporting microprocessors. 
The following text was provided by Mostek 
to document one in terchange standard 
intended for the Mostek version o f the 
Z-80 processor. Th e text was written by 
Peter Formaniak and David Leitch and was 
distributed without copyright. The standard 
is intended to be an upwards compatible 
extension o f the original Intel 8080 object 
code form at, with pro vision for relocatable 
programs and linkage o f separate assemblies. 

Object Output Definition 

Each record of an obj ect mod ule beg in s 
with a delimi te r (co lon or do ll ar sign) and 
end s with ca rri age retul'n and line feed. 
A co lon (:) is used for data reco rd s and end 
of f il e ind icato l' for Intel co mpat ibility. A 
do llar sign ($) is used for reco rd s co ntaining 
re location inform at ion and lin king informa
tion . An Intel loader wil l ignore such infor
mat ion and all ow loading of nonrelocatabl e, 
nonlinkable programs. All info rmati on is 
encoded in ASC II form at. 

Each record is ident if ied by a "type." 
The type appears in th e eighth and nin th 
bytes of th e reco rd and can take five va lu es . 
In th e fo ll owing tex t the record type begin s 
each headin g. 

• Type 00 : Data Record 

Byte 
number Description 

Co lon (:) delimiter. 

$ LAB.s.s~032 1 2A 

00 
00 

F FF F) 

00 __ 

00 2. ~ 
00 200F/ 

3 . 

~ 
Object Data 

def ines last reference to 
external symbol ' LAB' 

1 . 

34 

2, 3 

4, 5 

6, 7 

8,9 

Last 2 
bytes 

CRLF 

Number of (binary) bytes of data 
in this record . The max imum is 32 
binary bytes (64 ASC II bytes) . 

Most signifi ca nt byte of start 
address of data. 

Least sign ificant byte of start 
address of data . 

ASCII zeros. This is the " record 
type" for data . 

data bytes. 

Ch ecksum of all bytes except the 
delimiter, ca rri age return , and lin e 
feed. Th e checksum is the negative 
of th e binary sum of all bytes in 
th e record . 

Carri age return , line feed . 

• Type 01 : End-of-fi le Record 

Byte 
number Description 

Co lon (:) delimiter. 

2,3 ASC II zero . 

4, 5 Most signifi ca nt byte of the 
transfer address of the program. 
Th is transfer address appears as an 
argument of the " END " statement 
of a pl'Ogram. Thi s Inte l stand ard 
may prove useful in hi gher leve l 
language programs. 

6, 7 Leas t signifi ca nt byte of the 
transfe r address. 

8,9 Record type 01 . 

CRLF Carri age return, line feed. 

• Type 02 : Interna l Symbol 

Byte 
number 

2, 7 

8,9 

10,13 

14, 15 

CR LF 

Description 

Doll ar sign ($) delimiter. 

Up to 6 ASC II characters of the 
internal sy mbol name. Th e name 
is left justified, blank fill ed . 

Record type 02 . 

Address of the in te rnal sy mbol, 
most significant byte fir st. 

Binary checksum. 

Carri age return , line feed . 

Cont inued o n page 62 



Fantastic Software 
This LIBRARY is a complete do it yourself kit . Knowledge of programming not required. EASY to read and USE 

Written in compatible BASI C immediately executable in ANY 
computer with at least 4K, NO other peripherals needed. 

.--------:.",......... This Library is the most comprehensive work of its kind to date. 

BA S IC 
There are other software books on the market but they are 
dedicated to computer games. The intention of this work is to allow 
the average individual the capability to easily perform useful and 
productive tasks with a computer. All of the programs contained 
within this Library have been thoroughly tested and executed on 
several systems. Included with each program is a descriPtion of the 
program, a list of potential users, instructions for execution and 
possible limitations that may arise when running it on various 
systems. Listed in the limitation section is the amount of memory 
that is required to store and execute the program. 

Each program's source code is listed in full detail. These source code 
listings are not reduced in size but are shown full size for increased 
readability. Almost every program is self instructing and prompts 
the user with all required running data. Immediately following the 
source code listing for most of the programs is a sample executed 
run of the program. 

BASI C 

SOFTWA RE 

The entire Library is 1100 pages long, chocked full of program 
source code, instructions, conversions, memory requirements, 
examples and much more. ALL are written in compatible BASIC 
executable in 4K MITS, SPHERE, IMS, SWTPC, PDP, etc. BASIC 
compilers available for 8080 & 6800 under $10 elsewhere. 

This Library is destined to become one of the reference bibles for 
the small computer field, due to its versatility and uniqueness and 
the ease of operation of the programs it contains. These volumes are 
deductible as a business expense when purchased by a company. 
Send your remittance for prompt delivery, while supplies last. 
Volume discounts are available to qualified dealers. 

VOLUME I 
Bookkeepiny 
Games 
Pictures ...... . . ......... $24.95 

VOLUME II 
Math & Enyineering 
Pl otting & Stat 
Basic Statement oef . . . .. .. $24 .95 

VOLUME III 
Advan ced Bu sin ess 
Billing 
Inven tory 
Payro ll . .... ... . ........ $39.95 

VOLUME IV 
General Purpose ........ . .. $9.95 

VOLUME V 
Experimenter . . .. .. ... . ... $9.95 

FUTURE ADD ITION TO THE "BAS IC SOFTWARE LIBRARY " 

Volume VI (A Complete Business System $49.95) General Ledger System · Taxes . Pyrl , 
W·2's, Inventory , Depr ., Financral Statements, etc . AVAILABLE MID SUMMER 

Available at most computer stores . 
Add $1.50 per volume for postage and handlong. 

SCIENTIFIC RESEARCH 
1712-B FARMINGTON COURT 

CROFTON MD 21114 

Phone Orders call (800) 638 9194 
I nformation and Maryland Residents Call (301 )·721 ·1148 



This Circuit Multiplies 

Tom Hall 
8500 Cameron Rd 
Austiry TX 78753 

Table 7: Power wiring for 
figures 7 and 2. 

Type +5V GND 
IC1 74161 16 8 
IC2 74199 24 12 
IC3 74199 24 12 
IC4 7483 5 12 
IC5 7483 5 12 
IC6 7476 5 13 
IC7 7400 14 7 
IC8 7404 14 7 

We all know that algorithms for multipli
cation ca.n be implemented perfectly well in 
software. But such programmed approaches 
to arithmetic operations can often prove 
quite slow. Th ere are a number of possible 
approaches to ga ining speed in operations 
invol vin g mUltiplication. These may vary all 
the way from just tightening up the code to 
putting a full hardware floating point arith
metic unit into the processor. The latter is 
often expens ive and difficult to bu ild . One 
approach which is midway between these 
extremes is to implement the "inner loop" 
of a software algorithm as some special 
purpose hardware. An examp le of this tech
nique is this simp le binary multiplier which 
takes two bytes of information and supp li es 
a 2 byte product value, leav ing all the other 
functions of a ful l ar ithmetic package to 
software. By speed ing up the multiplication 
operation, the entire arithmetic software will 
run much faster whenever it involves multi
plication. 

How To Do Binary Multiplication 

To exam i ne the operation of a shift and 
add algorithm for multiplicarion, let's look 
at the multiplication of two 4 pit bytes: 

1110 = 
xl010 = 

0000 
1110 

0000 
1110 

14 myltiplicand (Y) 
x10 = mLlltiplier (X) 

10001100 = 140 = product (P) 

From inspection it can be seen that the 
result can be achieved in the sarnenwmber of 

steps as there are bits in the byte of the 
multiplier, and that the answer requires as 
many bits as the number bits in the two 
bytes. I n other words, two 4 bit bytes 
generate an 8 bit product, and the multipli
cation of two 8 bit bytes generates a 16 bit 
product. Now, by further inspection, it is 
possible to visuali ze the necessary imple
mentation of the algorithm with hardware. 
First, note that the answer requires eight 
bits . Let's start off then with an 8 bit 
register (P) set to all zeroes: 

101°,°1°\°101°1°1 registerP 

Then we'll note that when the first bit to be 
operated within the multiplier is a zero, 

the result is a zero; so no adding is necessary 
and we merely shift one place for the next 
operation. Now the bit to be operated with 
is a one, 

and one times a number is that number ; so 
we just add the multiplicand into the P 
register as follows: 

1°, 0, ° I 01 0 , 0, 0, a I = register P 

+ 1 1 1 a 

= 1 0, 0, 0,11 1 ,1 10 10 1 = new P value 
. 

Then we shi ft over one and se lect the next 
bit to be operated on : 

Since it is a zero, only a shift is necessary. 
Then we operate on the last bit of the 
multiplier: 

01 

Figure 7: Arithmetic logic of multiplier. The X and Y inputs are assumed to be stable throughout the mUltiplication. The P 
product output lines are stable after the mUltiplication is completed. The single bit provided by IC6b extends the product shift 
register by one bit. Control signals for the operation of the multiplication are ACLK and MSTART generated by the circuit in 
figure 2. 
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STATUS 
OUTPUTS 

I 
BUSY 

READY 

+5V 

:3 

CONTROL DONE 4 15 
INPUTS 
I 

START 16 
K Q 14 

IC6a 
7476 

CLK 

I , 
n..n 

2 LfL 

CLOCK 

p x x Y 25 x 150 Y 

Transition 
10 

2 

3 

4 

5 

6 

7 

8 

9 

Action 

LOAD X, CLEAR 0 

ADD Y 

SHIFT P 

SHIFT P 

ADD Y 

ADD Y 

SH IFT P 

SHIFT P 

SHIFT P 

o 

o 

o 

o 

o 

o 

o 

o 

DONE 

4 ..--_ 

5 

COUNTER 

CLOCK 

START 

READY 

ACLK 

7b 
74 00 

+5V +5V 

(-;--- ;-- ;;- ;-t---- 8 COUNT INPUT, 

- --- -- -- ~ BINARY 
MSB 

15 

RIPPLE CLEAR D 
CAR RY 

B MSTART 9 LOAD 

6 

C 

IC I 
74161 

LSB 

5 4 :3 

B A 

4 BIT COUNTER 

CLOCK 

MSTART 

6 A CLK AC LK 

CLOCK 

TIMING OF MULTIPLICATION 

0®00®®0@® 

TO FIGURE I 
I 

MSTART ________ ~r-l~ ____________________________ __ 

RIPPLE CA_R_R_Y ______________________________________ ~r__lL ______________ __ 

TIME 'S ARROW -

STATE TABLE FOR 150 X 25 = 3750 

10010110 X = 00011001 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 0 

o 

o 

o 

o 

o 

o 0 o o o o 

o o 000 0 

o o 0 0 0 

o 000 0 

o o 0 000 

o 0 0 0 0 0 

000 000 

o o o o o o 

o o o 0 o 

SC 

o 

o 

o 

o 

o 

o P = 3750 

Figure 2: Control logic of multiplier. The control logic for the multiplier generates a series of nine clock pulses on A CLK. The 
first pulse coincides with the high state of the M5 TA R T signal, and is used by the arithmetic logic to load the X operand into the 
low order part of the 17 bit output shift register while clearing the high order nine bits, P15 thru Pl. On successive clock cycles, 
the arithmetic logic of figure 1 either shifts the product righ t one bit, or adds the Y operand with the resulting sum being loaded 
with a 1 bit right shift. The operation of a typical 8 bit multiplication is sho wn in the state table, with the circled numbers 
referring to clock transitions on the timing diagram. 
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This is a o ne; so we aga in add th e multi
plica nd into th e P register into th e pos itio n 
indi cated by the shift: 

10 ,0,0) '111)1) 0 , 0 I reg ister P 

+ 1 1 '1 0 

\1,0) 0 , 0 \ 1 ) 1) 0 , 0 I = fin al product 
in P register 

Thus, the produ ct is generated. 

How It Works 

Th e multipli ca tion log ic described for th e 
4 bit case is generali zed to 8 bit operand s 
with a 16 bit prod uct in the circuit of fi gures 
1 and 2. Th e multiplier log ic of thi s design 
accepts two 8 bit bytes, X and Y, from 
which it generates th e 16 bit product P. 
After th e start signal, a mere ten clock 
peri ods suffice to generate th e product 
va lue. Since TTL devices are utili zed, it is 
poss ible to generate the result in less th an 
one microseco nd by using a fast enough 
clock . Practicall y speak ing though, with th e 
1 MH z speed of the typica l micro processor 
clocks, a resul t in about ten micro seco nd s 
will be qu ite acceptabl e, espec iall y when 
comparison is made to the equivalent pure 
software approach. 

Th e multiplier un it provid es optional 
ready and busy lines as status bits for th e 
processo r, and requires a fl'ee running clock 
plus a start signal from the processo r. The 
ready and busy lines can be ignored entirely 
in most computers, by simply making sure 
th at one or two in structions are executed, 
taking ten clock peri ods tota l between start 
of a multipl y and reference to the product 
value, 

The Multiplication Cycle 

Let us assum e th at the unit is idl e, 
wa iting for an input. This idling situatio n is 
shown in the tim ing diagram of figure 2 at 
the left-h and side, At idle, the BUSY outp ut 
will be low and the READY output will be 
high , To start the multiplication, a high level 
is placed on th e START input after the X 
and Y bytes are set up and presented to th e 
unit. At the low to hi gh edge transition of 
the nex t clock pulse after the START line is 
raised, the READY and BUSY lines will 
ch ange state as flip flop IC6a is clocked, 
Within eight clock times of these transitions, 
the START leve l should be brought low 
again to keep th e unit from restarting th e 
multiplication upo n comp let ion of opera
tion , Th ese transitions raise the MST ART 
line to a high level, which causes the control 
counter IC1 to be loaded with the va lue 8 
(binary 1000 on the D,C,B,A inputs), At thi s 

A Memory Address Space Interface 

One good way to interface the multiplier is 
throu gh the wiring of two addresses with appro, 
priate output latches and decoding logic , Each 
address has a possib le input and output signif i, 
cance, corresponding to whether the processor is 
reading or writing data to the "memory" location 
which is the multiplier : 

Address Write Action Read Action 

n Load X operand latch Read P15 to P8 
n+1 Load Y operand latch Read P7 to Po 

and start mul t iply, 

This method of interfacing avoids using 10 instruc
tions, and can take advantage of the double byte 
load and store instructions of the 8080 or 6800, 
(In certain cases, such as array inde xed address 
calcu lat ion , th e 8080's double byte addition opera
tion can prove useful.) 

time, th e X input byte is loaded into shift 
I'eg iste r IC2, and th e high ordN product bits 
in shift reg ister IC 3 and f li p flop IC6b are all 
cleared. All th is action happens o n the 
ACLK transition, labell ed 1 in th e timing 
di agram 0 f f igUI'e 2, 

Th e shift and add multiplicat io n algo
rithm occurs dur ing the next 8 clock tr ansi 
tions, labe ll ed 2 thru 9 in the timing 
di agram, At th e low to hi gh transition of 
these clocks th e bin ary counter IC1 is 
incremented, and a shi ft ri ght occurs in the 
shift reg iste r' IC2 whi ch holds PO to P6 of 
the fin al produ ct and sta rts out with the 
va lue of X, If the shift carry output (SC) of 
IC 2 is low , the tran sitio n wi ll simpl y sh ift 
th e hi gh n l'der portions of the product (IC6b 
and IC3) right by one bit , since binary 0 has 
no effect on th e sum. But if an X bit was 1, 
SC will be high, which se ts up contro l lines 
so that Y is add ed to th e previous val ue of 
th e product P and loaded into P with a right 
shift 1 bit pos ition, (This I' ight shift is in the 
wiring of th e add el' as shown in figure 1, 
where, fOl" example, th e o ld bit P'15 plus the 
high o rd er bit Y7 of Y are added toge ther to 
fo rm bit P14 of th e new P value, and the 
new P15 is taken hom the calTY out of the 
additio n process ,) Th e operat ion of the 
algo rithm is shown in the state tabl e of 
figul'e 2 fOI' th e exampl e 25 x 150 = 3750, 

Th e multipli ca tion operation is ter
minated wh en the binary counter reaches a 
count of '15 , thu s generating a ripple ca rry 
output which I'esets th e f lip flop IC6a to a 
READY state at the fi nal high to low 
transitio n of the ACLOCK clock during a 
multiplication, If the ex tern al circuitry tests 
READY, this indicates end of the multiplica
tion and a valid product on the P output 
lines, Note th at the bin ary cou nter performs 
one more increment to a zero count, then 
inhibits itself until the next START signal,-
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Announcing a Computer 
that thinks in BASIC 
for only 5298. 

Ohio Scientific's new Model 500 computer has full mini-computer 
BASIC in ROM and a minimum of 4K RAM for user programs. 
BASIC is always there when the computer is turned on. 
Make your terminal intelligent! 
If your company or school has remote computer terminals, con
sider the Model 500-1 . It fits in the communications I ine between 
the terminal and modern or system. When the 500-1 is off, the 
terminal talks to the modem. When it is on, the terminal talks to 
the Model 500. Use the Model 500 for short and medium sized 
programs in BASIC. Use its immediate mode as an ultra-powerful 
scientific calculator! 
Computers for Students 
Couple a Model 500 to a low cost purchased or leased terminal 
such as the popular ASR-33 teletype for student instruction. The 
Model 500's BASIC is a perfect instructional language for stu
dents. Since the computer's machine code is also accessible, 
the Model 500 can challenge the advanced student with other 
optional software such as our interactive Assembler/Editor. 
Personal Computing 
The Model 500 has eliminated all of the grief of the first genera
tion personal computers. This computer comes fully assembled, 
tested, and guaranteed. 
Most importantly, it is easy to use since the BASIC is always 
there. 
Flexibility and Expandability 
The Model 500 uses Ohio Scientific's standard 48 line bus so 
that it is fully compatib le with our Model 400 kits and Challengerlm 

product lines. Any of thirteen accessory boards including RAM, 
PROM, parallel , serial, AID, D/A, cassette, and video graphics can 
be added as well as peripherals including floppy disks, line 
printers, color graphics, and more. 

The Model 500 is offered here in three forms to meet every 
application and pocket book. 
Specifications 

Model 500 Board $298_00 
8" x 10" fully assembled board including 6502 microprocessor 
running at 1 MHz, 512 bytes of PROM, 8192 bytes of ROM con
taining 8K BASIC and 4096 bytes of RAM for user programs. The 
board contains an ACIA based serial interface which is jumper 
selectable for RS-232C or 20ma loop at 110, 300, 1200, 2400, or 
4800 baud. 

The 8K BASIC features: full floating point math including 
transcendental functions, N dimension arrays, multiple letter 

"I -
variables, full string functions, logical operators, PEEK, POKE, 
USR, and lots more! 

The Model 500 board requires +5 volts at 2 amps, -9 volts at 
500ma, an external reset switch, and an ASCII serial terminal for 
operation. 
Model 500-1 $429_00 
Fully enclosed 500 board with power supply, reset switch, and 
two 25 pin EIA standard terminal connectors for loop through 
operation. The 500-1 is 12" x 15" x 4". 
Model 500-8 $629.00 
This unit is a 500 board in an eight slot Challengerlm case allow
ing seven slots for expansion. The unit has a heavy-duty UL 
recognized power supply and is 15" x 17" x 10". 

ORDER FORM 

Order directly from: 
Ohio Scientific; Hiram, Ohio 44234 
Thi s introductory offer expires August 31 , 1977. Pi ease allow up 10 60 days 
for delivery. 

PRINT OR TYPE CLEARLY. 

Name ________________________________________ _ 

Shipping Address ________________________________ _ 

Ci ty _________________________ State ______ Zip ____ __ 

Paymenl by: BAC (VISA)_ MC_ Money Order_ 

Credi t Card Account # _____________ Expires __________ __ 

Interbank # (Master Charge) ____________ _ 

__ Model 500 Boards @ $29S.00 

__ Model 500-' Computer @ $429.00 ______________ _ 

__ Model 500-S Computer @ $629.00 ______________ _ 

__ Addi tional4K RAM Memories 
for 500·S@$149.00 

4% Sales Tax (Applies 10 
Ohio Residents on ly) 

TOTALCHARGEDOR ENCLOSED ______________ _ 

All orders shipped.insured UPS unless otherwi se requested. 

1 ______ ---- - ------------------------------------------ ______ _ 

Ci rc le 12 on inqu iry card . 

IIIIIBIENTIFIB 
Hiram, Ohio 44234 



As~~YTE 
5-100 BUS? 

Would y ou pl ease sho w th e pin 
desc ription of th e 5-100 bus, or at leas t 
te ll me where I ca n find it? 

Dav id W Anderson 
15500 S 1300 W 

Bluffdale UT 84065 

The 5 -700 bus, so called, is the name 
used by "everybody else" who manu 
factures a MITS Altair compatible 
per ipheral, processor or board. M ITS Inc 
defined the bus by designing the Altair 
8800, and during 7976 various manu
facturers who mal?e Altair compatible 
per ipherals and processors wi th A I tair
lil?e bac/iplanes began calling i t the 
"5-700" bus in advertisem ents. 50 fo r 
detailed information, purchase the docu
mentation of an Altair 8800, or one of 
the other central processors which copy 
th is arrangement. Sooner or later, we 
expect 10 print an art icle detailing th is 
information .• 

MUL TIPLICATION 

I n the Apr il 1977 BYT E you 
pu bli shed some in forma t ion on th e 
8008. From looking at the instru ction 
se t publi shed I don ' t see a multiplica tion 
instru ctio ll . Do any mi croproc esso rs have 
a hard wa re multipl y in stru ction, or is it 
al ways in software? 

Joseph H Sto cktoll J r 
Rt 6, Caro line Dr 

Stockbridge GA 30281 

Th e 8008 was the first micropr ocessor 
to be both widely marheted and of suf
ficient capability to make a decent 
general purpose computer. Since i t came 
out, in the early years of this decade, 
designs have evolved considerably, but 
few d esigns to date (7977, first quarter) 
include hardware mul t ip ly and divide 
functions. The Digital Equipm ent Cor
porat ion's LSI-77 has a PDP-77 instruc
tion set which does not include mul t iply 
or divide operations in its basic set, but 
which has an optional ex tended arith
metic option wh ich provides 76 bit fixed 
point arithmetic operat ions and 32 bit 
floating point arithmetic op era tions. The 
Texas I nstruments TMS-9900 processor 
has multiply an d divide operations for 
76 bit integer ar ithmetic built in to its 
design. But the popularly used 8080, 
Z-80, 6800 and 6502 processo rs do not 
incorporale this feature and the user 
must do mu l t iplica t ion and dil'is ion in 
software. • 

Put exceptional 
versatility and control 
into your 5-100 bus 
system with the 
'fjlue boart1s' ... and 
save 
money 
in the 
bargain! 

XB1 Extender Board 
Board Only $9.00 
With Connector $13.50 

MB4 4K Static RAM (low power) 
Kit 5129.95 
Assembled $179.95 

MB6A 8K Static RAM (lOW power) 
Kit $265.00 
Assembled $325.00 

MB3 2K14K EPROM (1702A) 
Kit less PROM's $65.00 
2K-$1 OS.00/4K- $t 45.00 
Assembled board available r---------, 
I ~ 

: 16K : 
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MT1 15 slot Mother Board 
Board Only $45.00 
With Con!1ectors $105.00 

VB1A Video Board 
Kit $189.95 
Assembled $264.95 

~~1 $2~~eslzer Kit 

Assembled $325.00 

1/02 Interface Board 
Kit $55.00 
Assembled $79.95 

M"El7 16K Slatlc RAM (lOW power) 
Kit $525.00 
Assembled $599.95 
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Compare the Cybercom blue boards with any others on the market 
today. You 'll find exceptional quality plus prompt delivery and 
significant cost savings. All Cybercom kits are guaranteed 90 days 
for parts and labor. 
Contact your local computer hobbyist store or write for details. 

~ Solid State Music 
2102A Walsh Avenue, Santa Clara, CA 95050 
Telephone (408) 246-2707 Circle 13 on inquiry card. 
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Mne. Mode 

Condo Flags 
OPERATION 

Figure 7: This is the basic 
four line format that is 
used to describe each par
ticular opcode instruction. 
See text for a detailed 
description of the notation 
used. 

Robert J Borrmann 

Electrical Engineering Dept 

Manhattan College 

Riverdale NY 10471 

Here is a quick reference chart that de
scribes the opcodes for the Motorola 6800 
microprocessor. This chart gives all of the 
hexadecimal codes, including the ones that 
are unimplemented. The codes are given in 
a four line format as shown in figure 1. 

The first line has three values: a, band 
NN. NN is the hexadecimal op code; ais the 
length, one, two or three bytes, of the 
in struction; b is the length of execution in 
machine cycles for each instruction. 

The third line contains the condition 
flags that are affected by the execution of 
the instruction. The notation used for the 
condition flags is summarized in table 2. If a 
flag is set to a specific value by the instruc
tion, the flag and value are shown on line 4. 
I f the command is a branch instruction then 
this line contains the conditions under which 

A Accumulator A. 
B Accumulator B. 
# Immediate. 
d Direct. 
x = Indexed. 
e Extended. 

Relative. 
Inherent (no symbol). 

Table 1: Summary of the 
addressing modes that are 
used in the chart. These 
modes are found in blue 
on the chart. 

Condensed Reference Chart 

the branch will occur in parentheses. The 
letter "u" represents an operand interpreted 
as an unsigned 8 bit binary number, "s" 
represents an operand interpreted as a signed 
two's complement n·umber. The "u" and 
"s" conditions are cOI'rect only if the last 
flag affecting instruction executed before 
the branch is SBA, CBA, SUB or CMP. 

The fourth line contains a summary of 
the operations of the instruction in the 
AHPL language. AHPL stands for A Hard
ware Programming Language and is discussed 
by Hill and Peterson in Digital Systems: 
Hardware Organization and Design which is 
published by John Wiley and Sons Inc. The 
notation is taken from page 112 of that 
book. The upward and downward pointing 
arrows stand for various types of shifts. The 
upward pointing arrow is a circular shift left 
and the downward pointing arrow is a 
circular shift right. An arrow with a circle at 
its beginning denotes a shift with a zero 
moving into the vacated end. The arrow with 
the ditto mark (") is my own invention to 
denote a shift with the vacated end bit 
maintained. The (j) symbol is used to denote 
the exclusive OR function. The left pointing 
arrow is the APL standard assignment 
symbol. If a condition flag is set to a 
particular value by the instruction, the value 
is indicated. Any condition flags that do not 
have a particular notation follow the ordi
nary rules. Primes on the flag condition, 
such as v in the LSR, ROR and ASR 
instruction, denote a special rule for setting 
or clearing that flag. 

A nonstandard notation concerns the 
pushing or pulling of the stack. Pulling from 
the stack is accom panied by an increase in 
the vaiue of the stack pointer. The value is 
increased by 1 in the PULA and PULB 
instructions; by 2 in the RTS instruction; 
and by 7 in the RTI instruction. Similarly, 
pushing into the stack is accompanied by a 
decrease in the value of th e stack pointer by 
the app rop riate amount.-

CCR = xxhinzvc. 
h = Half carry. 
i = Interrupt mask. 
n = Negative. 
z = Zero. 
v = Overflow. 
c = Carry. 
x = Don't Care, always 1 

Table 2: Summary of the 
condition flag codes that 
are used in the chart. 
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Editor's Note ... 
The Holes in Opcode Space 

Looking at this chart of 
the 6800 (or a similar 
chart for any processor) 
one sees numerous "holes" 
in operation code space. 
These holes are the yellow 
boxes. An interesting chal
lenge for the owner of a 
microprocessor (or any 
computer) is to try and 
figure out what. happens 
when the forbidden op
codes are executed. Will 
these exotica turn out to 
have any uses? Or will 
they simply be another set 
of Naps? For example, 
look at the strange group
ing of the operation codes 
4X, 5X, 6X, 7 X where X is 
any hexadecimal digit. 40, 
50, 60, 70 are all negates, 
43, 53, 63, 73 are all 
complements, and various 
arithmetic operations oc
cur for other values. But 
the operation codes 4 7, 
51, 67 and 77 are nomi
nally undefined as are 4B, 
5B, 6B, 7B and several 
others. Could it be that 
those are operation codes 
that weren't documented 
in the literature because 
the masks of the LSI chip 
had errors? Could it be 
that they are supposedly 
unimplemented but are 
really just not documented 
so that a "next genera
tion" processor can be 
achieved by simply releas
ing the paperworl? ()nd seil
ing "new" chips? It's an 
area of personal research 
which could prove quite 
useful: Whenever you find 
a new processor, examine 
it for missing opcodes and 
see what wasn't docLi' 
men ted - then try to fig
ure it out by wri ling pro
grams which execute "un
implemented" instructions 
under carefully controlled 
conditions. 



for the 6800 

00 ' 10' ' 20' ' 30' '40' '50' ' 60 ' ' 70' ' 80' , 90' ' AO' , BO' ' co' , DO' , EO' , FO' 
SBA BRA , TSX NEG A B X e SUB A= Ad AX Ae B= Bd BX Be 
nZvc nzvc nzvc 

A- A- B PC~PC+,+2 IX-· SP.,. l OP--OP ACC'- ACC- OP 

'01 ' , 11 ' 21 '3 1' 41 51 6 1 7 1 ' 8 1' ' 9 1' ' A l ' ' Bl ' ' Cl ' ' Dl ' , El ' , Fl ' 
NOP CBA INS CM P A= Ad AX Ae B= Bd BX 8e 

nlVC !lzve 

nzvc f(A- BI SP- SP+l nzve+-fIACC - OP) 

02 12 ' 22' '32 ' 42 52 62 72 ' 82 ' ' 92 ' ' A2 ' , B2' ' C2 ' , D2' , E2 ' , F2 ' 
BHI r PULA SBC Aoo Ad AX Ae B= Bel BX Be 

IU1 > U2) nzve 
A- TOS ACC - ACC- OP-e 

03 13 ' 23' '33 ' '43 ' ' 53 ' ' 63 "! , 73' 83 93 A3 B3 C3 D3 E3 F3 
BLS r PULB COM A B X • 

IU1 ';;U2) nzve 
B- TOS OP--OP v..-o e- 1 

04 14 ' 24 ' '34' '44' '54 ' ' 64 ' , 74 ' ' 84 ' ' 94 ' ' A4 ' , B4 ' ' C4 ' , D4' , E4 ' , F4 ' 
BCC , DES LSR A B X e AN D A= Ael AX Ae B= Bd BX Be 
le=O) nzvc nzv 

SP-· SP- l IOP,e)~$ IOP,e ) n+-O ACC- ACCI\OP, v..-o 

05 15 ' 25' '35' 45 55 65 75 ' 852 ' 95' ' A5' , B5 ' ' C5 ' ' D5' , E5' , F5' 
BCS , TXS BIT A= Ad AX Ae .B= Bd BX Be 
le=l ) IlZV 

SP- IX-l nz-- f(ACC i\ OP) , V~O 

' 06' ' 16' ' 26" '36' '46' '56 ' ' 66 ' , 76' ' 86 ' ' 96 ' , A6 ' , B6' , C6 ' , D6 ' , E6 ' , F6' 

TA P TAB BNE , PS HA ROR A B X e LDA A= Ad AX Ae B= Bd BX Be 
ihn zvc nzv Il=O) nzve nzv 

CC R- A B A, v- O TOS- A IOP,e)-IIOP,e) ACC- OP v<-O 

'07' '17 ' ' 27 ' '37 ' '47 ' '57 ' ' 67 ' ' 77 ' 87 ' 97 ' , A7 ' , B7 ' C7 ' D7' ' E7 ' , F7 ' 

TPA TBA BEQ , PSHB ASR A B X e STA Ad AX Ae STA Bd BX Be 
nlV Il = l I nzvc nzv nlv 

A' CC R A- B, v-O TOS- B IOP,el-'i IOP,el OP' ACC, v-{) OP- ACC, v-{) 

'08 ' 18 ' 28' 3B ' 48' ' 58 ' ' 68 ' , 78' , 88 ' , 98' , A8 ' " B8" ' C8' , D83 , E8' , F8 ' 

INX 8VC r AS L A B X e EOR A= Ad AX A. B= Bd BX 8e 
l Iv=O) nzvc nzv 

IX- IX +l Ic,OP)-i;le,OPI ACC<-ACCmOP, v-{) 

'09 ' ' 19 ' , 29" '39 ' ' 49 ' ' 59 ' ' 69 ' 379 ' ' 89 ' ' 99' , A9 ' , B9" , C9 ' , D9' , E9 ' , F9" 

DEX DAA BVS , RTS RO L A 8 X e ADC A= Ad AX Ae B= 8d 8X 8e 
z nzvc Iv= l I Il zve hnzvc 

IX - IX- l A,CCR - I) PC- DTOS le,O PI-t le,OPI ACC<-ACC+OP+c 

' OA ' lA ' 2A" 3A '4A ' '5A ' ' 6A "! ' 7A ' ' 8A' ' 9A' ' AA ' ' BA" ' CA ' ' DA ' ' EA ' , FA' 

CLV BP L , DEC A B X e ORA A= Ad AX Ae 8= 8d BX Be 
v In=O) nzv n lV 

v..-o OP- OP- l ACC+-ACC VOP, V~O 

'OB ' ' l B' ' 28' 138 ' 0 4 B 58 6 B 7B ' 8B ' ' 9B ' ' AB' ' BB ' ' CB ' ' DB ' , EB ' , FB' 

SEV ABA BM I r RT I ADD A= Ad AX Ae B= Bd BX Be 
v hnzvc In = l ) ihn zvc hnzvc 

V' 1 A-A+8 RQ" 7S+K ACC-- ACC+OP 

'oc' lC ' 2C' 3C '4C ' ' 5C ' ' 6C '1 ' 7C' ' 8C ' ' 9C ' ' AC ' , BC ' CC DC EC FC 
CLC BGE r INC A B X e CPX :; (I X e 

e IS 1;'S21 nzv rl lv 
c'-o OP- OP'l nzv-fI IX-DOPI 

' OD' 10 ' 2D' 3 D 140 2 '5 D' ' 6 D' ' 7D ' ' 8D " 9D ' AD ' , BD' CD DD ED FD 
SEC BL T , TST A B X e BSR , JS R X e 

e IS 1< S21 nzvc 

e-l nz-fIO P) v<-O e-o 

'OE ' lE ' 2 E' '3 E' 4 E 5 E ' 6E ' ' 7 E' ' 8 E' 29EIl , AE 6 , BE ' ' CE ' , DE" , EE 6 , FE ' 
CLI BGT r WA I JMP X e LDS = d X e LD X :; d X e 

i IS 1> S2) I1 ZV nzv 

i..-o 7Stk ~ Rg PC+OP SP- DOP, v..-o IX<-DOP, v..-o 

'OF ' lF ' 2 F" 13 F'2 14 F 7 ' 5F ' ' 6 F' ' 7 F6 8 F ' 9 F' ' A F' J BF ' CF ' DF' , EF ' , FF ' 
SE I BLE , SW I CLR A B X e STS d X e STX d X e 

i IS 1';;S21 j'-1 nzvc nzv znv 
i-1 7Stk- Rg Op..-o,n-O,z<- l ,v~O,e"'O DOP<-SP, v..-o DOP+-IX,v+-{1 
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A Train Control Display 

Using the LSI-ll Microcomputer 

Figure 7.' Model railroad 
tra6k layout used in au
thors' system. During a 
typical demonstration, 
both trains leave their 
sidings under control of a 
Digital Equipment Corpo
ration LSI-77 microcom
puter and are routed along 
the tracks according to a 
control program in the 
computer. Feedback sen
sors are used to verify 
train locations at strategic 
times. 

51 

I n order to demonstrate the application 
of a microcomputer to real world situations, 
a model train system was developed which is 
controlled by a Digital Equipment Corpora
tion LS 1·11 microcomputer. Two model 
trains were used for the demonstration -
one adhered to a fixed schedule while the 
other was directed along a path to make it 
avo id the fi rst trai n. 

HO model railroad components were 
used. (HO is currently the most popular size 
for model trains and accessories among 
enthusiasts in the United States; the scale 
is 1/64th of actual size, but this can vary.) 
The layout includes some 75 feet of track 
and 18 switches plus detectors to determine 
train locations and a programmable power 

STATiON# 2 

58 

STATION # 1 
516 

518 

Jack Hart 
Digital Components Group Engineering 

Ed Badger 
System Diagnostic Engineering 
Digital Equipment Corporation 
Marlborough MA 01752 

supply to control train speed and direction. 
Control interfaces are used between the 
computer and the track for power. In addi
tion, switches are used to control train 
position and both station indicators and 
billboards check train positions and provide 
atmosphere. A 60 Hz clock is used for a time 
base, and peripheral devices are used for data 
entry, status reporting and transferring com
mands to the train system. 

As in many other such systems, the hard
ware and software elements of th is system 
can be analyzed separately, but it is impor
tant to keep the interrelations between the 
two in mind. Thus, when a detector informs 
the computer that a train is in a certain loca
tion, the control program must update the 

TRACK LAYOUT INDICATING 18 SWITCHES. 4 STATIONS AND 2 SIDINGS 
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system's fil es so that the new locat ion ca n be 
related to the location of the other trai n. 

Take the A Train 

Th e operat ion of this elect ric train system 
is straightforward (see figures 1 and 2). 
Upon startup, the trains are moved forw ard 
until they trip the location sensors in their 
respective sidings. These locatio n sensors are 
actually reed switches which will close in th e 
presence of a magnetic fie ld. Each train is 

provided with a magn et for this purpose (the 
next sectio n describes these sw itches in 
greater detai l). After both siding sensors 
have been tripped, the trains (called A and B 
for convenience) are individua ll y brought 
clear of the sid ing area . 

Th e lead train A is switched to a station 
and train B is diverted to the outer track. 
Th e softwa re used to co ntrol the trains and 
keep th em separated is then emp loyed 
throughout the remai nd er of the LS 1-11 
demonstratio n. 

MICROPROCESSOR.".. 8 PERIPHERALS 1 .~ ________ IN_T._E.~Iff.~A_C_E ___ r=======,--_1 TRACK AREA 

, 'I TRACK i~ 
VT52 

ERMINA 

SERIAL 

LINE 

UNIT 

SERIAL 
LI NE 

UNIT 

RT02 

TERMINAL 

'" ::> 

'" 
I 

(f) 

...J 

LSl- II 

MICRO
COMPUTER 

I POWER I 
I RELAY I 
I 

DRIVER I 
BILLBOARDS I 

I OUTPUTS AND STATION 

SIGNS I 
PLUI 

INPUTS 

INPUTS 

PLU2 

TTL 

TRANSLATORS 

I 
I 
1 

TRACK 
FEEDBACK 

SENSOR 

TRACK 
SWITCH 

SOLENOI D 

Figure 2: Block diagram of the LSI-II control system. The data bus is connected to two terminals used to input and display 
information at the operator's control station. It is also connected to a special interface which is based on two hardware latches 
called parallel line units, or PLUs. These PL Us store command by tes coming from the microcomputer which in turn drive flip 
flops and relay dri vers used to power the track and operate track switches. Commands from the computer are in the form of 
16 bit words. Each section of the track has been assigned a specific bit, and only those bits of the word necessary to change the 
track sections desired will change. Information from reed switches is also latched by the PLUs and sent back to the computer 
to be used in closing the feedback control loop. 
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HI! I'M AN LSI-11 MICROCOMPUTER 

I'M RUNNING THIS RAILROAD TO DEMONSTRATE MY REAL TIME 
MULTITASK r;:OREGROUND, BACKGROUND CAPABILITY. I MONITOR 27 
INPUTS AND CONTROL 32 OUTPUTS AND STILL HAVE MOST OF MY 
POWER UNUSED. 

STATION 

BOSTON 
NEW YORK 
LOS ANGELES 
SAN FRANCISCO 

STOP CODE ARRIVE TIME 

1 
2 
3 
4 

DEPARTED· (1 .) 
+32 SECONDS · (1., 2.) 
SCHEDULED · (1.) 

: *··TIME*··: .. (2.) · . · . · . : 12; 38; 17 : 
: ... *********! 

Figure 3: A typeset example of the type of display generated by the authors' 
terminal. Such pertinent train information as arrival times and estimated 
delays is available to the operator. "Arrival Tim e" m essages vary between 
"A RRIVED, " "DEPARTED," "+XX SECONDS," "DELA YED," "NEXT 
STOP, "and "SCHEDULED." 

Operator instructions such as specifyi ng 
where the trai ns are to stop and requests 
from the computer for instructions are 
transmitted by an RT02 remote data ter
minal. The terminal has a 30 character key 
board input and can display as many as 32 
alphan umeric characters. These charac ter
istics provide all the capabilities needed for 
full in te rac tion between the operatol" and 
the syste m. A ful l video terminal, the VT52, 
is used to disp lay train inform ation as wel l as 
advertisements and time of day. Th e ter
minal is serially connected to the central 
processor and operates at 9,600 bps. Multi
pl e messages can be displayed on the sc reen 
simultaneously (see figure 3). 

Software for the train demonstration ca n 
be ca ll ed " multitask." Tasks are assigned to 
be either a foreground or a background 
pl"ior ity status. Thel"e are 12 possible tasks 
required to run the train syste m, eight 
of which are in background. Foreground jobs 
take priority over background jobs by means 
of interrupts . Since most of the jobs are 
executed on an "as needed" basis, the 
pl"imary job of the background is to act 
as a "wheel spinner" whi ch cyc les in a wait 
loop un t il ca ll ed upon. 

Photo 7: A uthors Hart 
(foreground) and Badger 
performing a different 
kind of "engineering" with 
their LSI-77 controlled 
model railroad. The 
system was on display at 
the IEEE Electro 76 con
ference in Boston. The 
display was also seen by 
many of our readers at the 
Personal Computing 76 
conference in A tlantic City 
Nj in August 7976. 



-----l TRAIN 

---l~_-,----.----, 
MA GNET 

REED SWITCH 

Software execution in this syste m is con
tro ll ed by a real time clock program modul e 
which creates a reference base to coordi nate 
all program operatio ns. This particular clock 
makes use of a standard 60 Hz power line 
fr equ ency wh ich is passed through a low 
pass no ise filt er and then transformed into 
a train of squ are waves at TTL vo ltage level. 
These square waves are next fed to the BUS 
event line of the LSI-11 where they create 
processo r interrupts at each positive going 
transition of the waveform. Every 16.7 ms, 
then control is transferred to the clock job, 
whic'h regulates the " time of day" and 
"trai n arri va l" displ ays on the video terminal. 

Keeping Track of Your Trains 

Neither train can be successful ly con
troll ed unless its locat ion is known with a 
great deal of certa inty at any given time . 
This is done by processing informat ion from 
the various reed switches and extrapo lating 
t im es of ar rival at key points (eg: when 
train A is scheduled to arrive at a station). 

As mentio ned earlier, each train has a 
magnet mounted on it to activate the reed 
sw itch sensors (see figure 4). Each sensor is 
polled periodically to determine if a train is 
present. From this information it is possible 
to co mpare train position against the schedule 
and the time base to quickly tell if a train is 
on t ime or late; this informatio n can be dis
played on the video screen. Th e reed 
switches are con nected to the input side of 
parall el line unit number one (PLU 1, 
which serves as a data storage buffer to and 
from the computer) via a TTL translator 
which converts the switches' status to the 
appropriate TTL voltage level s needed by 
the PLU . PLU 1 's output is used to energize 
the billboard signs and sections of track 
under contro l of the LSI-11 . 

+5V 

Powering Up 

When two trains are to be controll ed 
simultaneous ly, as in this case, the simplest 
technique is to app ly power to isolated 
sectio ns of track at the right times. The com
puter can differentiate between trains A and 
B by checking position and schedule and 

Figure 4: Reed switch cir
cuitry used to send feed
back information to the 
microcomputer. When a 
train passes by, the mag
netic field causes the 
switch to close, pulling 
the signal line down to 
ground potential; this sends 
a signal back to the inter
face {and finally to the 
computer} that a train is 
passing. 

MORE POWER TO 
YOUR ALTAIR* 

12 AMPS @ Bv. (nominal) 
2 AMPS @ ± 16v. 

At any line voltage from: 

90 to 140 volts. 
Installs easily inside any Altair· 8800 or 
8800a. 

Over voltage and over current protected. 

Conservatively designed and specified. 

only $90.00 
postpaid in the U.S.A. 
California residents add 
$5.40 sales tax. 

BAHKAMERICARO •• 
PARASITIC ENGINEERING 
PO BOX 6314 ALBANY CA 94706 

• Altair is a trademark of MITS Inc. 
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FRO M PLUI FR OM PLU I 

+ 5 V 

RELAY 2 

.:>O~-------,: 

I 
>-----~---~I >-----~~--~I 

I I 

Figure 5: "Computer con
trolled track power cir
cuitry. Inllerted logic levels 
coming from PLU 7 drive 
two ty pes of relays. The 
first ty pe (represented by 
relay 7 in this illustration) 
chooses the polarity of the 
voltage going to the trac/?, 
while the second ty pe (re
lay 2 here) applies power 
to the track . Only certain 
stra t&gic areas of the trac/? 
(eCiuire" polarity switching. 

+3V 

IN SUL ATIN G 
T IES 

I I 
I I 

+B V I I 

~~ __ ------------~O~~} r TO RAILS 

- BV 

then crea t ing the pl"o pel- trac k energiza t io n 
seq uence to co ntro l the trains. There is o ne 
prob lem in using PLU ·1 's outpu t to energ ize 
the trac ks: its TT L output POWCI- is too low 
to dl·ivc the HO uain s being used. Thi s 
problem can be solved by th e use of relays 
(see fi gure 5) . 

Relaying Information 

Two types of relays al·e employed. FOI· 
those sec tions of tr ack which are simp ly to 
be tumed o n or off, a single pole I·elay is 
suff icient. Wh en powel- is requil·ed, the 
approp ri ate o utpu t word is tra nsferred to 

TURNOUT 
SW ITCH 

I 
~--- ---~ 

+5V 

+3V 

PLU ·1, which causes the des il·ed re lay to be 
energized. Thi s in turn app lies power to the 
track. When power is no lo nger required, 
PLU 1 is upd ated with a new word and the 
relay is de-energized . Some tracks, however, 
have reve rsing capabili t ies whi ch requ ire not 
only power but also one of two polariti es fo r 
track vo ltage. Figure 5 shows how two relays 
are used to do th is: relay 1 chooses the 
polarity of the trac k based on a co mmand 
from PLU 1, whi le relay 2 app lies po wer to 
th e tr ack, aga in on a co mmand from PLU 1. 
Each t ime a co mmand is given, a single 16 bit 
wo rd is written in to th e outpu t data buffe r 

LEF T 
L EG 

+3V 

R IGHT 
LEG 

~---------~-------~~ TO PLU2 

Figure 6: A typical fork (or "turnout") in the track. In this illustration, the turnout is positioned to divert the train to the left 
leg. These solenoid controlled mechanisms act as their own sensors. One leg of the switch is either grounded or ungrounded 
depending on its position. This is used to provide a logical 0 or 7 output to the computer for confirmation o f the switch's posi
tion. The solenoid is illustrated in figure 7. 
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PL U 1. Each section of the track has been 
assigned a specific bit and only those bits of 
the word necessary to alter the status of the 
track section in question will change. 

A Successful Turnout 

Another aspect of control is the "turn
out" switch (see figure 6). Turnout is a 
railroading term for a fork in the track 
which divides it into two branches. This 
term is used to avoid confusion with the 
electr ical switches. The turnout settings 
will obvious ly have to change as a function 
of the two trains' positions and the pro
grammed routes. The current status of a 
turnout must be determined by the com
puter before a train can pass through. A de
railment wi ll occur, for example, if the train 
proceeds from either leg of a turnout against 
the current setting. The turnout mechanisms 
in this system have been modifi ed to act as 
their own sensors. One of the two moving 
legs of the turnout is electrically isolated in 

____ TO SLIDE OF 
SWITCH TRACK 

SOLENOID CONTROLLED SWITCH TRACK 

one position and grounded in the other. I tis 
connected to a +5 VDC leve l (TTL) through 
a pullup res istm so that its output, which 
goes to parall el line unit number 2 (PLU 2), 
is either high or low depending on the 
switch's position. 

A software routine controls the turnout 
mech ani sms by ind exing the track tab le in 
memory to determine which track switches 
must be thrown to get both trains to their 
next checkpoints. I t then moves the turn
outs to the required position, waits until the 
mechanical motion of the switches is com-

+5VDC 

Figure 7: A turnout 
solenoid. This type of 
solenoid can be activated 
in either direction because 
of its center tapped coil. 
Application of voltage to 
the desired side of the coil 
determines the direction 
of throw. 

I 
DATA INPUT} 
FROM PLU2 o Q 1-.-----------10 Q :>0-...... ---': 

NEW } 
DATA 
READY 

INITIALIZE 

RE SET 

I SECOND 
DELAY 

t-----------IO 

I SECON D 
DELAY 

Q 

I 
I 

----? 
--D}TO TURNOUT 

SWITCH 

. ~ 

17VAC 

+ 5V DC 

I 
~-----'I 

I 
I 
I 

----<1'!.-~ 17VAC rr~} 

t=> 
TO TURNOUT 

SWITCH 

Figure 8: Coil activation circuitry. The coils used to energize the track solenoids cannot be energized 700% of the time (a 700% 
duty cycle) without burning up. This circuit uses flip flops and delay elements to provide a one second pulse to a relay where it 
is converted to 77 VAC, sufficient to activate the solenoid. This illustration, lil?e the rest in this article, is intended to illustrate 
a concept rather than to serve as a basis for actual construction. 
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pleted, and checks th e new sw itch position. 
Each track switch is moved by a solenoid as 
shown in figure 7. This type of so lenoid can 
be activated in eith er direction because of its 
center tapped coil: application of voltage to 
the desired side of the coil determines the 
direction of throw . 

Mortal Coils 

Activating each solenoid req uires a fairly 
elaborate arrangement, sin ce PLU 2 has o nl y 
16 bits in its output word, while 32 co ntrol 
signals are ac tu all y req uired for all left and 
right so lenoid positions. Furth er, th e so le
no ids cannot merely use a leve l co nve rte r to 
increase the output co ntro l signal of PLU 2: 
such solenoids cannot be co nstantl y ener
gized at the I'equired leve l without burning 
up. Figul'e 8 shows a circuit whi ch co nve rts 
the incoming signa l to a leve l of 17 VAC 
used to energize the solenoid. Th e initial 
signal is sent to IC1 , a hardware latch with 
both inverting and nonin vee rt ing outputs. 
This latch is used to buffer the incoming 
data. A 75 ns delay is used between the 
inverted output of the latch and the clock of 
flip flop IC2 to all ow the data leve l to sett le 
to its correct value before being clocked in . 

A logical 1 signal from PLU 2 will cause IC2 
to go high and activate the coil. Another 
delay circuit from the inverted output of 
IC2 feeds back to the clear line and tums the 
relay coil off after one second. All of this 
causes the tumout sw itch to move to its 
right hand position . Shifting the switch to 
the left invo lves the same type of procedure. 
To insure the correct initial condition s, a 
software routine in the LSI -'Il pl aces all 
turnout sw itches in the left hand position 
fo llowing startup. 

Off the Beaten Track 

An emergency (eg: a train del'ailment) 
will occasionall y occur which requil'es an 
immediate halt to all operations. A prov ision 
on the RT02 data terminal keyboard permits 
"panic stops" in such circumstances. To 
bring a more nOI'm al, orderly halt to the 
sys tem, an appropri ate command is entered 
in to th e data term in al: th is sends train A to 
station 1 and train B to station 4. When train 
A reaches its station, power is reversed on 
the tracks so that it will back in to siding 1. 
TI'ain B is simil ar ly backed into siding 2, 
wh ich signals the end of a ve ry tractable 
syste m demonstration I. 

Lefs talk about a Real Bargain 
It's the Typewriter/Terminal from AJ 
We have hundreds of ready-for-Iease, or 
ready-for-sale terminals that have 
been refurbished and repriced 
to make them a truly 
outstanding 
bargain. 

Circle 14 on inquirv card. 

Use it as a typewriter! 
Our AJ 841 features the heavy duty Selectric IBM mechanism to give 
you fast, dependable operation day after day. Use it in the office. Use 

it at home. At our price, it's an economical typewliter. 

Use it as a terminal! 
The 841 incorporates our own SELECTRONIC 
mechanism that turns it into one of the most useful 

and reliable computer terminals on the market. 
Thousands are in operation today. Your choice 

of EBCD or Correspondence Codes, with APL 
as an option . It will interface with almost 

any IBM computer. 
If you can use an efficient, low cost 

computer terminal, here's your chance 
to get one for about the price of a good 

typewriter alone. 
If you're interested, call AJ Marketing 
at 408 ·263-8520, Extension 280, 

or write for more details. 
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The TV Oscilloscope 

Photo 7,' A "typical" dis
play. This shows the com
pleted display in opera
tion. The large block 
letters are reverse video 
spaces. The use of blank
ing prevents generation of 
any signals at the top or 
bottom of the screen and 
keeps the visible portion 
of the display within the 
linear region of the TV set. 

HI! 
.:i.2 

1'5 l', j ;,;;: 
1 XY C:; 
: x J 

2 i-----------------

Although conceived and designed in
dependentlY, the display circuitry in my 
CRT terminal is virtually identical to that of 
CW Gantt in his article "Build a Television 
Display" on page 16 of June 1976 BYTE. 
The major difference is that I did not use the 
MM5320 sync generator, and my display is 
therefore not interlaced and its horizontal 
sweep is not exactly at the usual TV 
horizontal rate. My display, shown in 
operation in photo 1, consists of 24 lines of 
64 characters, with a frame consisting of 270 
raster lines repeated 60 times per second. 
With th is formulation I have a ti me 
allotment for 27 character lines with ten 
raster scan lines per character. The extra 
three character line positions represent 
overhead for vertical sync. 

In a TV set the interlacing is produced 
not by the hardware with in the set, but by 
the nature of the incom ing sync signal. By 

p'ISPLAY RAM 
AODRESS, LOW 
ORDER 

HORIZ SYNC 

Or, Some Notes on Building a Display 

v f.> 
J () 
o CI 

00 

Kenneth Barbier 
POB 1042 
Socorro NM 87801 

using a decode of what would have been 
character line 26 (raster lines 251 thru 260) 
as th e vertical sync, and a decode of 
character column 72 as the horizontal sync, 
the generator produces a horizontal sync 
freq uency of 16,200 Hz. The TV set is 
happy with these small deviations from its 
usual sync diet, requiring no readjustment 
when used for its original purpose. 

Another difference between the two 
approaches is in the size of the display . I 
wanted no fewer than 64 characters per line 
in order to be compatible with existing 
software written for a Teletype terminal. 
And to be consistent with more characters 
per line, using more lines per frame preserves 
the character's aspect ratio : the ratio of its 
height to width. 

With 64 character spaces each seven dots 
wide, plus sync and retrace time allowances 
of about 20%, I found my dot rate would be 

CHARACTER 
RESET 

I--___ ,.VERT 
SYNC 

Figure 7,' Block diagram of 
a television display. This 
version is very similar to 
the display described by 
C W Gantt in June 7976 
BYTE, page 78. The points 
indicated by circled 
numbers are used as de
scribed in the text to gen
erate the various test 
patterns shown in photos 
2,3,4 and 6. 

TO CHARACTER 
GENERATOR 

SCAN 0 I 2 

TO CHARACTER 
GENERATOR 

LT-~~~-I------~PAGE RESET 

AS A7 ABA9 AIO 

DISPLAY MEMORY 
ADDRESS, HIGH ORDER 
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AND Using It as a Synchronous Test Instrument to Debug Itself ... 

somethi ng over 9 MH z. How to pu sh all 
that through a co mmercial TV set fro nt end ? 
No way I I never even tr ied. So I had to 
invent my own TV set in terface which was 
described in my shor t ar ticle in Ju ly 1976 
BYTE, page 38. 

A simplified bl ock di agram of th e t im ing 
port ion of my terminal is shown in f igure 1. 
Since it va ri es onl y slightly from that of 
Gantt 's, I have not in cluded a comp lete 
detai led circu it diagram or explanation. At 
the bl ock diagram leve l it can be seen that an 
osc ill ator dri ves a do t coun ter and decoder 
to prod uce a scan of the f ive dots maki ng up 
each line of a character, fo ll owed by two 
dots worth of spac ing. Th e seventh dot is 
used to in crement the charac ter co un ter, 
which coun ts the 64 charac ters to be 
disp layed in each lin e. Th e end of th e line is 
a coun t corresponding to what would have 
been character 72 ; thi s is used to in crement 
the scan coun te r. The 65th thru 72nd charac
ter positions are timing overhead all owing 
time for hori zontal sy nc. 

The scan coun ter co un ts ten scan lines: 
one blank line above the charac ters, the 
seve n raster lin es co mprisin g the characters, 
a blank line below the charac ters, and a line 
on wh ich an under line or curso r posi tion 
marker can appear. At the end of th e tenth 
scan line , the character line coun ter 
advances. Th ere are 24 di splayable charac ter 
lines nu mbered 0 th ru 23. Line num be r 24 is 
for spac ing at th e bottom of the frame, line 
number 27 is rese rved for the ve rt ica l sy nc 
and retrace t ime, and lin e num ber 26 is a 
blank line at the top of th e screen. (Lin es are 

num bered 0 to 26 co nsistent with th e 27 
bin ary states of the li ne coun ter.) 

Th e outp uts of the character coun te r (0 
thr u 64) and the line cou nter (0 thru 23 ) are 
used to address the disp lay's prog rammable 
memory of 2048 bytes on two boards of 
1024 bytes (1 K bytes) eac h. Onl y 1536 
bytes of thi s memory are used in the di splay; 
th e remainder is ava il able to the processo r 
for norm al programming purposes. Th e 
processor can both write in to the program
mable memory area and read data from this 
memory. However, these operations shou ld 
take place dU I- ing vert ical retrace time to 
avo id visi bl e gli tches. The processo r needs to 
access the display memory in o rder to move 
the cursor arou nd without d isturbin g the 
sto red characters, and in order to implement 
scro lling when writing more th an 24 lin es. 
Bei ng ab le to read and wri te the d isplay 
memory makes it poss ible for these fun c
tions to be implemented ent ire ly in 
software . 

Enab l ing the processor as we ll as th e 
disp lay to read the memory also makes th e 
hardware more co mplex than Gantt 's . Hi s 
approach was to implement a d isp lay onl y, 
mine was to build a smal-t vid eo termin al. 
Both are buil t of the same fo undation 
blocks : a sy nc generato r, a memory address 
coun ter, and a characte r generato r. 

Wh atever approach yo u might take, once 
you have bui lt a composite sync generator 
and in te rfaced it to a TV set you have a 
powerfu l too l fO I- deve loping the res t of th e 
system, the main theme of this arti cle. By 
break ing the video lin e shown on Gantt 's 
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largest radio telescope in 
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Figure 2: (a) A modification of the Gantt televison display cirCUit, o f page 78, june 7976 BYTE, to use this test instrument 
technique. The line from IC7 pin 72 to the video level potentiometer is broken so that input to the video mixer, and thus to the 
TV, is taken from some arbitrary point under test rather than the usual source. (b) The author's video output circuitry, with a 
similar clip lead jumper normally in place fo r display purposes, but free to be m oved around for testing purposes. 
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Photo 3: Moving the alli
gator clip probe to address 
bit 7 at point 2 in figure 7 
yields this display. Here 
the line counts of several 
lines are shown at the left 
of the picture. 

Photo 2: Exploring the cir
cuit with the probing alli
gator clip produces various 
interesting signals. Here 
the clip looks at address 
bit 7, point 7 on figure 7. 
This signal changes state 
every other character posi
tion, giving vertical bars 
two character widths wide. 
Note the distortion at the 
top of the image, not nor
mally seen due to blanking 
of the display. 

Photo 4: Looking at a 
single dot position. When 
the alligator clip is moved 
to point 3 on figure 7, this 
pattern is produced. Each 
character has seven hori
zontal dot positions, of 
which two are inactive 
spacing positions, and five 
are used for character gen
eration. 

Photo 5: A garbage display 
field, obtained by the 
application of power to 
the memory. Each chip 
has a preferred start-up 
value, so this pattern tends 
to be the same whenever 
one turns on the display. 
/n this picture, blanking 
has been suppressed, so 
the distortion due to non
linearities at the top of the 
screen is quite visible. 
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schematic (June 1976 BYTE, page 18) 
between the output of Ie 7 pin 12 and the 
level control and bringing it off the printed 
circuit board through the edge connector, 
we can insert an alligator clip lead in series as 
seen in figure 2a. The equivalent connection 
modifying my own interface, published in 
July 1976 BYTE, page 38, is shown in figure 
2b. Now by using the clip lead as a test 
probe, any TTL level signal within the 
system can be displayed on the TV set 
to facilitate system development and 
debugging. 

This TV oscilloscope will displ ay signals 
as in te nsity modul ation within the displ ay 
field al'ea, instead of as the vertica l 
deflection on a real oscilloscope. Since the 
hardware we are building operates in 
sy nchronism with the field produced by the 
composite sync, and since our signals are all 
digital with a TTL logical 0 showing as white 
and logical 1 as black, this is not a real 
disadvantage. 

For example, probing around in my 
system I can display the output of the next 
to least significant bit of the add ress to the 
character storage memory as seen in ph oto 
2, test point 1 on figure 1. This output 
should change state for every other character 
position in the line. Counting the numbel' of 
bars in this picture, I saw that not all of the 
64 charactel's were going to be visible, since 
there are less than 32 bars showing in this 
displ ay . This told me that some adjustments 
had to be made in the relationship between 
the character counter, the horizontal sync, 
and the time allowed for retrace. Also, as 
seen at the top of the raster in photo 2, the 
horizontal sync is imperfect following the 
vertical retrace. This came about in my 
system since the widths of the sync and 
equali za tion pulses were not made the same 
as TV standards. Since none of the 24 lines 
to be di splayed are affected, I concluded 
that there was no need to cure this 
"problem." 

Photo 3 is another of the address lines to 
the memory, in this case the bit which will 
change state once every other character line 
(test point 2 in figure 1). The line counts for 
several positions are shown on this picture. 

A single dot time (one of seven per 
character) as di splayed on the TV osc illo
sco pe is shown in photo 4 from test point 3, 
figure 1. Examining this photo we might 
expect some smearing of the charactel'S to 
OCCUI' wh en the character generator is 
connected, since the "dots" are wider than 
they are high. This is a result of the TV set 
trying to display a 9 MHz dot rate . 

Up to this point we have been able to use 
the TV oscilloscope to test the portions of 
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[READ ONLY MEMORY} 
• Wil l accept up to 16 ea. 1702-A or 6203 EProm Prll,vidlnll 

Nords of non·volatlla memory for Boot \.~d. to . i~9r~PJj.,:~.~~ 
• Programming Available at Factory for $3.QO per; l5!'i~CifI'fwh"t! : ... ~i;~:. 

paniad by binary formated tape. 
• Each 1702-A has its own Vgg docked for Low Powar 1.i~1~~:~:::~:~~ 
• Will work with the weakest powar supply based $.100 bUI' 
• Switched Selected Address in 4K Blocks. ! 
• Switch selected walt states so that even tha slowest 1702 A !;Iln 

In your systam. 0-8 walt states. 
• Solder Masked on both sides of PC Boerd. 
• Component Screened on Component Side of PC Board. 

Kit Price: • • $119.00 Auembled Price: , ••• 118.00 

~~-:..L.Ir>...lo--_A~ [ .TATIC MEMORY CARD FOR SWTPC 8800J 
.8192 Words of Static Memory 
• Access Time: 600 nhC. (260 sec on raquest) 

Memory Chip 91 L02 APC 
• Battery Standby 
• Addraas Selected 8 Ea. SPST Dip Switch 
• Low Power 
• All Lines Buffered. 
• AIIIC'awlth lockets 
• Solder Masked on both Sides of PC Board. 

Kit Price: •• $218.00 AlIIIt'Ilbled Price: • • .$_.00 

[STATIC MEMORY CARD) 

• ALTAI~IMSA~and S-100 buss compatible. 
• Access TiI'ne: 250 nsec max. 
• ZlIoQ Speed Compatible up to 4 mhz. 
• Memory Chip: 2102LHPC or 21 02AL-2 
• Battery Standby: >1.6 to 4 volts< 
• Address Select: 8 ea. Spat. Dip Switch. 
• Wait States: None 
• Currant Reg. : Less than 200 ma per 1 K 
• All Address, Control, and Data out lines fully buffered. 
• All lC's supplied with IC Sockets 
• Solder Masked on Both Front and Back of P.C. Board . 

Kit Pflee: • • $295.00 Auembled Price: ••• $395.00 

$388.00 
$47.60 
S 38.00 
$26.00 
$ 39.00 
$45.00 
$88.00 

ORDER DELIVERY: FROM STOCK TO 10 DAYS 

Ci rcle 15 o n inquiry ca rd. 

'IISEI1LS~! 
ELECTRONICS, INC. 

TELEPHONE # 615 / 693-8655 



Photo 7: Physical layout 
of the equipment. The 
author's display is shown 
here as it was built on 
prototyping cards with a 
bus wired backplane be
tween connectors. The clip 
lead is shown here at
tached to memory address 
bit 7, as used to generate 
photo 3. The computer 
and keyboard are in the 
foreground. 

Photo 6: A map of the 
preferred states of one 
memory chip. By tapping 
into just one of the 
memory data lines with 
the display probe, it is 
possible to generate a map 
of the data. This data is 
identical to that of photo 
5, but we are now looking 
directly at one bit, instead 
of generating characters 
from 8 bit byte groupings 
of several chips. This same 
technique of looking at 
one bit can be done with 
normal programmed dis
plays, too, rather than the 
turn on pattern used here. 

the system that scan the dots making up the 
characters and the scanning of the memory 
addresses. When all is well to this point, we 
could connect the programmable memory 
address lines to the data inputs of the 
character generator and displ ay one of each 
character, as Gantt did on page 17 of June 
1976 BYTE. 

The next step is the connection of the 
display memory to the address lines, with 
the display memory data going into the 
character generator. Turning on the system 
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with the probe on the character generator 
output, we find that the memory contents 
will initially be an arbitrary pattern, 
producing a screen full of garbage as in 
photo 5. Note how the horizontal "pulling" 
at the top of the screen distorts the 
characters in the top line. As this is actually 
line 26, it is not used in the display, and will 
disappear after th e "b Ian k" signal is 
connected as in figure 2b. 

The arbitrary pattern is not totally so, 
since a virtually identical pattern will appear 
with each turn on. This is due to built-in 
asymmetries in the memory chips, with each 
bit having a preferred state to come up in 
when power is initially applied. We can 
connect our clip lead to one bit of the 
memory data as in photo 6 and see that each 
memory chip in the 2 K by 8 bit array has a 
unique pattern visible in these preferred 
states. 

In photo 6, notice the obvious division in 
the pattern about two th irds of the way 
down the display. Th is corresponds to the 
division between the lower 1 K (I ines a thru 
15) and the upper 1 K (lines 16 thru 23)of 
memory, which use different chips. 

After we connect the processor to the 
input side of the memory, we can use this 
same TV oscilloscope connection to examine 
the setting and resetting of each bit at each 
address under program control. Setting the 
memory to all zeros, each bit we turn on will 
appear as one black block in the display. The 
TV oscilloscope can thus be used to insure 
that the processor and display address 



correspond correctly, and that data is 
written correctly. (Of course, we could just 
as well have put some message on the 
di splay, too.) 

Photo 7 shows the hardware in my 
sys tem. The clip lead can be seen con nected 
to the display memory address lin e out of 
the timing board which was used to produce 
the di splay in photo 3. Since all of the dot 
signals, scan li ne signals, memory addresses, 
and the memory read and write data buses 
all appear on the backpl ane wiring of the 
system, virtually eve rything in the sys tem is 
accessibl e to the TV osci ll oscope test 
in strument. 

For even more versati lity in the TV 
osc illoscope, it might be useful to add an 
AND gate and another clip lead, so that the 
exac t timing relationships between two 
signals could be determined . Alternately, 
one of the signals could be added in to the 
vi deo at a different level to produce a gray 
image so that the two signals could be 
d ifferentiated. {For looking at programmed 
behavior, the same technique can still be 
used if the vertical or horizontal sync signal 
is used as a timing cue. Much more could 
obviously be written on this subject as 
readers adapt Ken 's idea to personal use . . . 
CH}-

A Structure Glitch 

END 
OF 
JOB 

I 
~ I 

RESOLVE DUMP 
FORWARD SYMBOL 

REFERENCE T ABLE 

I I I 
I I I 

Jack Emmeriehs ca ll ed upon his 
rece ipt of Apr il 1977 BYTE and reo 
ported a cou ple of errors in th e execu· 
tion of figure 3 on page 66 . (As Murphy's 
law wou ld have it , figure 3 was moved 
to the first part of the articl e at the last 
moment at Jack's req uest, and he did 
not get to see autho r proo fs for that 
one figure.) 

The major glitch is corrected by 
noti ng the above segment of the dia· 
gram in its proper fo rm. Two minor 
errors are an extraneo us " leve l 3" at 
the lower left of th e diagram, and an 
extraneous "Compare Strings" box in 
the "Genera l Service Routines" sho wn 
at the lowe r right of the diagram.-

I 

COMPLETE 
FLOPPY DISK SYSTEM 

FOR YOUR ALTAIR/IMSAI 
$699 

That's right, comp lete. 
The North Star MICRO-DISK SYSTEM™ uses the Shugart 

minif loppyTM disk dr ive. The controll er is an S·100 com
patible PC board with on-board PROM for bootstrap load . It 
can contro l up to three drives, either with or without 
interrupts. No DMA is required. 

No system is complete without software : we provide the 
PROM bootstrap, a file-oriented disk operating system (2k 
bytes), and our powerful extended BASIC with sequential 
and random disk fi le access ing (10k bytes). 

Each 5" diameter d iskette has 90k data byte capacity. 
BAS IC loads in less than 2 seconds. The drive itself can be 
mounted inside yo ur computer, and use your existing power 
sup ply (.9 amp at 5V and 1.6 amp at 12V max) . Or, if you 
prefer, we offer a power supply ($39) and enclosure ($39). 

Sound unbelievable? See the North Star MICRO-DISK 
SYSTEM at your local computer store. For a high -performance 
BAS IC computing system, a ll you need is an 8080 or Z80 
computer, 16k of memory, a terminal, and the North Star 
MICRO-D ISK SYSTEM. For additional performance, obtain 
up to a factor of ten increase in BAS IC execution speed by 
also ordering the North Star hardware Floating Point Board 
(FPB-A) . Use of the FPB-A also saves about 1 k of memory by 
eliminating software arithmetic ro utines . 

Included: North Star controller kit (highest quality PC 
board and components, sockets for all IC's , and power regula
tion for one drive), SA-400 drive (assembled and tested), 
cabling and connectors, 2 diskettes (one containing file DOS 
and BASI C), comp lete hardwa re and software documentation, 
and U.S. shipping . 

MICRO-D IS K SYSTEM . . . $699 
(ASSEMBLED) .. . .. . . $799 

ADDITIONAL DRIVES . . . $425 ea. 
DISKETTES .... . .. . .... $4.50 ea. 
FPB-A . . ...... . ....... $359 

(ASSEMBLED) . . ... . . $499 

57 

To place order, send 
check, money order or 
SA or MC card #wi th expo 
date and signatu re. Uncer - I 
tified checks require 6 
weeks processi ng. Calif. 
residents add sa les ta x. 

Circle 16 on inquiry card . 



Cont1n ued f rom page 6 

. • 
MAJOR LOOP WITH PARA LLEL TR AN S FER TO MINOR I \ LOO PS AND BA CK . . . 

SERIAL ELECTR ON IC 
INTER FAC E 

1 8U88LE TO I ELECTR ONIC 
INTERFAC E 

fJ~ 

. . . 
-~-:Q--JZ--5Z-R-X--Jt-~--

ELE CTRONIC 
TR AN SFER CONTROL INTER FA CE 
( MAJOR TO MINOR, MINOR TO MAJOR , 
OR CIR CULATE I 

64 1 
BIT POSITI ONS 
IN EACH MINOR 
LOOP -1.-,-

. 
v 
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. . . 
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144 MIN OR L OOP 
SHIFT REGI STERS 

. . . . . . . 

. . 
. . . . . 
v '-' • . . 

Writ e Operat ions: Read Operat ions: 

1, Ser iall y load major l oop 
2, A li gn m inor loops t o desired record 
3, T ra nsfer majo r loop to minor loops' top bit posit ion 

Figure 7: Conceptual dia
gram of a magnetic bubble 
film memory. This dia
gram is concocted from a 
general knowledge of the 
way bubble memories 
work, with captions based 
(in the figures given by 
Texas Instruments' press 
release on the TBMO 7 03 
memory part. The mem
ories to be used must 
also have support hard
ware (or so ft ware) to 
sequence the various steps 
needed to randomly or 
serially access desired 744 
bit bloc!?S stored in the 
chip's minor loop shift 
registers. 

co nsists of seriall y loading th e 144 bits into 
the major loop, then transferring all 144 bits 
into the minor loops; reading is done in 
reverse order by copying th e currentl y posi 
tioned bits of all 144 mino r loops into the 
major loo p then se ri all y readin g the majo r 
loo p. The result is a nonvo lat il e fil e storage 
device whi ch has 641 blocks of 18 bytes 
per bloc k, a total of 11,538 bytes in one 
'14 pin dual in line package meas uring 1.0 
by 1.1 by 0 .4 inches (2.5 by 2.8 by 1.0 cm). 
Using a volume parameter fo r memory 
density , this elephant of a memory sto res 
200,000 bits per cub ic inch ('13,000 bits per 
cub ic centi meter) in a nonvo lati le magnet ic 
medium. 

With this short introdu ction to the 
ex istence of a new low cos t, high density 
memol'y system, what are the I'amificati ons 
of such a part for the perso nal computing 
user? I'll confin e my co mments to two 
maj or classes of appli ca ti on fo r the memory, 
appli cat ions wh ich take advantage of its 
non vo lati lity, low cos t of.2 2 cents per bit in 
samp le quant it ies, and the large size of each 
part 's memory. The first class of applicatio ns 
for the bubb le memory is as nonvo lat il e 
fi le storage in minim um size person al com
puting systems analogo us to pocket ca lcula
tors ; the seco nd class of app li ca t ion is as 
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1. A li gn mi nor loops to desi red record 
2 . Transfer m ino r loop's t op bit position to maior loop 
3. Ser iall y u nload major loop and use data 

on line fi le sto rage for larger general purpose 
desk top or console perso nal computers. 
Superficiall y, the diffe rence between th e 
two classes of appl ication is in the number 
of these bubb le memory parts used with the 
produ ct. 

What Can You Do with Just One? 

Consid el' first the pocket programm able 
ca lcul ator. At th e Apri l 6 1977 meeting of 
the New England Computer Society, Bev 
Pettit of th e Hewlett- Packard ca lcu lator 
sa les office in Lexington MA gave an exce l
lent presentat ion of the fu nctional capa
bil it ies of the new HP-67 and HP-97 calcula
to rs, two produ cts which represent the 
ult imate in pocket ca lcul ato r perfo rmance 
to date. T hese mach ines can be used to 
perfo l'm fairl y sophi st icated prob lems, with 
overl ay structures fo r data and program 
mater ial swapped usi ng the magnet ic card 
mediu m incorporated in th e design . But, the 
machines are li mited by the fact th at th ere 
is a finite set of data registers (26, if I recall 
correctly) and 224 programming steps. What 
wou ld be the impact of adding a bu lk pro
gram storage fac ility imp lemented with the 
T I bubb le memori es or equ iva lent? Vi ewed 
onl y as a ca lcul ator, with 8 bit command 
codes for each function, just one such bub-



bl e memory ch ip wo uld lead to a dev ice 
which could permanently sto re in terpretive 
ca lcu lator programs with an aggregate total 
of 11,538 program steps, or an improvem ent 
of program capac i ty near ly two deci mal 
orders of magn itude. Or viewed as data 
memory, the same single chip cou ld ac
comodate over 1400 floating poi nt numbers 
in an 8 byte representation. (I have no 
informat ion on th e details of the HP-67's 
internal representation, but ass uming 
thir teen 4 bit BCD mant issa digits, two 
BCD ex ponent digits, and one 4 bit fi eld 
for signs, an 8 byte floatin g point rep l'ese nta
t ion is a fa ir esti mate fo r th e typical calcul a
tor's charac teri st ics.) But simply to genera li ze 
the ca lcul ator 's programming techniques to 
a much larger program and data stol'age fie ld 
is not the idea l situ ation. For examp le, th e 
HP-67 and HP-97 sys tems use an in terpret ive 
" label" operation code to ident ify places 
within a program. Wh en th e labe l is 
referenced by a "go to" command or "call 
subroutine" command , the intern al opera
t ion is to search lin ea rly through the pro
gram memory fie ld look ing for a label 
operation code fo llowed by the correct 
id ent ificatio n. This works quite acce ptably 
in a calcul ator with a 224 step capacity, but 
wou ld produce unacceptabl y long delays in a 
memory fi eld of the size represe nted by just 
one of these new bubb le memory chips. 

As the new capacity ge ts incol'porated 
into the sma ll personal computers ca ll ed 
programmabl e ca lculators, we can expec t to 
see the beginnings of mOl"e sophi st icated 
calcul ator operating systems and interpreters 
with features needed to take advantage of 
such memory. Th e lowly hand held ca lcul ator 
will stal"t having the data managem ent fea
tures of the magnetic disk based minicom
puter, but miniaturized to numeric symbols 
and small er total capacity. Perh aps we migh t 
even see a limited (ie : somewhat inconveni ent 
for touch typists li ke myself) alph an um eric 
data storage mode fo r program names and 
va ri ab le symbols in the nex t generat ion of 
calcul ators, reminiscent of the " Minisec" 
of Arthur C Cl arke's Imperial Earth which 
I summarized in my April 1977 editorial. 

What Can You Do with Just " N "? 

I n a more expensive co nsole or tabletop 
personal computing system, the sam e charac
teristics of nonvolatile electronicall y con
tro ll ed bulk sto rage which expand the ca l
cul ator concept can be applied to the general 
purpose computer system concept. Basicall y, 
the bubble memory makes possible a very 
large totall y electron ic on line buffe r storage 
memory, at a price compatibl e with personal 
computing economics. Sin ce the memory is 

Articles Po licy 

BYTE is continually seek
ing quality manuscr ipts writ
te n by individuals w h o a r c 
applying personal systems. 01' 

who have knowledge w hic h 
w ill prove usefu l to our 
readers. Manuscripts sh o uld 
h ave dou ble spaced type
wr itte n tex ts w ith wide mar
gins. Numbering seque n ces 
sh ou ld b e maintained sepa
rate ly for figures, tab les, 
photos a nd li stings. Figures 
and tab les shou ld b e provide d 
on separate sh ee ts of paper. 
Photos of technical subjec ts 
s h o uld b e t a k e n with uniform 
li ghtin g, shar p focus a nd 
should be supplied in the form 
o f clear glossy b lack and w hi te 
o r color prints (if yo u d o n ot 
h ave access to qu a li ty photog
raph y, ite ms to be photo
graphed can be shipp e d to u s 
in man y cases). Compu ter 
listings sh ou ld be supp lied 
using the d ar k est r ibbo ns pos
sib le o n new (no t recyc led) 
blank w hite computer forms 
or b ond paper. Whe re possib le, 
we \vQuld like auth ors to sup
ply a short stateme nt about 
th e ir bac kground a nd exper i
e nce. 

Artic les w hich arc accepted 
are t ypica ll y ack n ow ledged 
with a bind er c hec k 4 to 8 
weeks after rece ipt. Ho no rar
ium s for articles are based 
upon th e technica l quality and 
suitability for BYTE's r ead er
s h ip and are typica ll y $25 to 
$50 per typeset ma gaz ine 
page. We recomm e nd tha t 
auth ors record the ir name a nd 
address in formation redu n
dantly on materia ls submitte d, 
and th at a re turn envelope 
wi th postage b e sup p lied in 
the event t h e ar ti c le is n ot 
accepted. -

59 
Circle 17 on inquiry card . 



Given a choice for 
your home computer 

investment, 

you'd want 

totally electronic there is no problem with 
mechanical design considerations, an advan
tage which is offset by the constraint of not 
having removable media as is the case for a 
floppy disk. As the price of the parts goes 
down with eventual mass production, the 
cost per installed bit has the potential of 
dropping well below that of the removable 
media floppy disk storage devices. 

The implications of this bubble memory 
for the "appliance" computer are most 
interesting. Let's consider what the new 
"minimum" personal computing system 
which incorporates the bubble memory 
medium might look like. First, the sys
tem includes a typical microprocessor de
sign with eight of the contemporary 16 K 
dynamic memory parts for main memory, 
with perhaps 8 K to 16 K of systems soft
ware in read only memory. Peripherals 
built-in include video display (interface or 
built-in monitor depending on the manu
facturer), and alphanumeric keyboard, with 
a high speed audio cassette interface for 
long term program storage. For fil ing of 
current programs and data this minimum 
system incorporates eight of the TBM0103 
bubble memory units, giving a capacity of 
92,304 bytes of data or program file capa-
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city. With an appropriate operating system 
and high level language built into the read 
only memories, the symbolically named 
files in this bubble memory region can be 
rolled in or out of the 16 K volatile program
mable memory region as desired. Using the 
audio tape interface at the end of a program
ming session, the file memory could be 
checkpointed automatically onto tape while 
the user a.ttends to some other noncomputer 
related activity like eating, sleeping, etc. 
(Assuming an audio tape interface at 
100 bytes per second, it would take 923 
seconds or about 15 minutes to dump the 
state of the file memory, plus about three 
minutes to dump the programmable volatile 
memory of 16 K bytes.) 

What would such a conception cost? 
Perhaps $2000 to $3000, assuming produc
tion quantities of the bubble memory cost 
significantly less than $200, th at the sup
port circuitry is not excessive, and that the 
rest of the system uses existing technology. 
This would be the minimum configuration 
of such an "appliance computer circa 
1977-1978." The logical next improvement 
in performance would be to incorporate 
one Shugart style minifloppy disk file, at 
perhaps a $500 to $800 increment in price. 
The bubble film memory is functionally 



You'd want an a-oit computer 
lIIl.n.~r."" .. ""ring an intelligent front 

with octal keyboard entry 
display for fast readout, 

a resident monitor with built-in 
rap for one-button 
entry or storage. Or a 

I 16-bit computer with 
resident monitor. 

TI happens to be the first to commercially 
market the bubble memories . (AT&T has 
already been using them for several months 
in production phone equipment, but these 
parts are not available to general commercial 
users .) If we use the example of the Shugart 
minifloppy disk drives as a prototype for 
the delay from announcement to proven end 
user product for a system of similar com
plexity, then we can expect to see end user 
del iveries of mass storage subsystems for 
present day personal computer systems 
sometime late this coming fall. (This editorial 
was written April 8 1977.) As for complete 
computer systems which make the bubble 
memory an integral part, I would tend to 
expect the first such systems in the first 
half of 1978 or sooner depending upon the 
cleverness and resources of the companies 
which ultimately produce such products . In 
the meantime, perhaps some technologically 
enterprising reader will purchase the early 
sample versions of the bubble memory chips 
along with documentation, and design a 
homebrew computer interface which we can 
publish for the benefit of all BYTE readers. 
Th e bubble memory, a long awaited promise, 
has finally become a technological and 
commercial reality available for use in 
personal computi ng products .-

very similar to a floppy disk. The bubble 
memory's data transfer rate, at 50 kbps, 
is comparable to the transfer rates of the 
small floppies, and its access time to 
blocks of data is approximately one to two 
orders of magnitude faster (12.8 ms versus 
typically 250 to 500 ms head positioning 
time on a floppy disk). But th e bUbble 
memory chip capacity of 92,000 bits is 
about the same as the capacity of the 
typical 5 inch floppy disk . Using one floppy 
disk drive for its removable media attributes, 
and the standard permanently "mounted" 
simulated floppy disk of the bubble memory, 
this appli ance computer concept now has 
the ab ility to "instantly" copy disk fil es, 
sort data within the constraints of two 
92,000 byte file regions, and do many 
of the "memory intensive" tasks usu ally 
associated with large interac tive systems. 

You'd want a complete line of 
system compatible peripherals 
including a CRT terminal, paper 
tape reader/punch, and audio 

cassette mass storage. 
When Will We Users See Products? 

The announcement by Texas Instruments, 
accompanied by ex tensive advertisements in 
the electronics trade press for the bubbl e 
memory, a 64 K charge coupled device, 
vo lat ile memory and large 16 K dynamic 
programmabl e random access memories, is 
aimed primarily at designers of new products. 
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Continued from page 34 

• Type 03 : External Symbo ls 

Byte 
number Description 

Doll ar sign ($) delimiter. 

2,7 Up to 6 ASC II characters of the 
externa l symbol name. The name 
is left just ified, blank fil led. 

8,9 Record type 03. 

10, 13 Last address whi ch uses the ex
terna l symbol. This is the start of 
a link li st which is describ ed be
low . The most sign ificant byte is 
first. 

14, 15 Binary checksum. 

CRLF Carriage return, line fe ed. 

Th e Moste k SDB-80 assembl er outputs the 
external symbo l name and the last add ress in 
the program where the sy mbol is used. The 
data records which fo ll ow co ntain a lin k li st 
pointing to all occurrences of that sy mbol . 
Thi s is il lustrated in f igure 1. 

1. Th e external sy mbol record shows the 
labe l (L AB) and th e last locat ion in 

You'd want each computer 
supplied with full system software 

at no extra cost (assembler, 
editor, BASIC, debug). And 

enhanced system software and 
ready-to-use applications 
prog rams available at a 

nominal cost. 
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You'd want superior 
documentation with assembly, 

operation and software manuals 
that are the most thorough and 
accurate around, plus a factory 

and retail network of trained 
service personnel that can help 

you get up and running fast. 

the progl'am which uses the symbol 
(212AH). 

2. The ob ject code at 212A has a poi nter 
wh ich shows where th e previous 
refere nce to the external symbol oc
curred (200FH). 

3. This backward reference list co ntinues 
until a terminatm end s the li st. This 
term inato r is FFFFH . 

Th is method is easy to generate and decode. 
It has the advantage of reducing the numbel
of bytes of ob ject code needed to defi ne all 
exte rnal references in a program. In te l defi nes 
each extern all'eference exp li cit ly. 

• Type 04 : Relocating Record 

Th e add l'esses in the progl'am which must be 
I-e located are ex plicitl y defined in these re
cords. Up to °16 ad dresses (64 ASCI I char
acte l-s) may be defined in each record . 

Byte 
number Description 

Do ll ar sign ($) de limitero 

2, 3 Number of sets of 2 ASC II chal"
acte rs. Where two sets define an 
add loess. 



4 -7 ASC" zeros. 

8, 9 04 

10 Addresses which mu st be relo
ca ted. 

Last 2 
bytes Bin ary checksum. 

CRLF Carriage return, li ne feed. 

• Assembler Object Output Seq uence 

The SDB-80 Assemb ler wi ll output object 
records in the fo ll owin g seq uence: 

1. Internal symbols (ty pe 02) in alpha
betica l orde r. 

2. Exte rnal sy mbo ls (ty pe 03) in alph a
bet ical order. 

3. Data records (type 00), interspersed 
with re location reco rds (type 04). 

4. End of file record (type 01). 

Internal symbol records wil l be outputted 
on ly if internal sym bols are defined in the 
source progra m. The same is t ru e of external 
symbol records. Relocation records always 
will be outputted by the assem bler.-

You'd want all hardware systems 
in stock in easily affordable 

and buildable kit form from the 
world's largest and most 

experienced kit manufacturer. 
Systems designed to give you 

more and better features for your 
computer dollar. And all backed 

by a "We won't let you fail" promise. 

C'ircl e 18 o n inqu iry card. 

Because the world-leader in 
quality electronic kits has 

researched the needs of the 
computer hobbyist and 

developed some of the most 
sophisticated and affordable 

products around. 

They're the ones you've been waiting for! 
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GLOSSARY 

Object module The output from an assemb ler is 
called the object modu le. One or more object 
modules can be placed into memory by a loader. 
The output from the loader is cal led a " load 
modu le." 

Re locatabl e program : A program which has extra 
information in the object module is referred to as 
re locatab le. T he extra information allows the 
loader to place the program anywhere in memory. 
A nonre locatable program can be loaded only in 
one p lace in memory in order to work properly. 

Position independent p rogram : A program wh ich 
can be p laced anywhere in memory is cal led pos i
tion independent. It does not require re locating 
information in the object modu le. 

Interna l symbol: A symbo l which is defined in a 
program and whose location is made known to 
all other programs is ca ll ed an interna l symbo l. 
It is also ca l1ed "publ ic" ( Inte l ), "defined," 
"global," 0 " "common." 

External sy mbol : A symbo l which is used in a 
program but which is not defined in the program 
is ca l led an externa l symbol. Such symbols must 
be def ined as internal symbo ls in other programs. 

Li n kable progra m : A program w ith extra informa
tion in the object modu le which defines internal 
and externa l symbols is ca ll ed a l inkable program. 
The loader uses th is informat ion to connect, or 
link, externa l references to internal symbols. 



Speech Recognition for a 

Personal Computer System 

James R Boddie 
Bell Laboratories 
Murray Hill NJ 07974 

The August 1976 issue of BYTE pre
sented to the personal computer user an 
introduction to half of the problem of man
machine communication by speech: machine 
generation of speech. Speech synthesis has 
been investigated since at least the 1800s. 
High quality speech can be produced by a 
computer if it decodes utterances that have 
been efficiently coded and stored in mem
ory. Poorer quality, but sometimes accept
able speech can be synthesized by electron
ically simulating the human speech produc
ing mechanism. 

Speech communication in the other 
direction, machine recognition of speech, 
is usually considered to be a harder task. The 
purpose of this article is to present some of 
the problems and to introduce some solu
tions that may be realized by the personal 
computer enthusiast. 

The ideal speech recognizer would be a 
machine that could accept casually spoken 
sentences from many speakers with different 
dialects and transcribe them in real time into 
written text or translate them into com
mands for controlling some function. Un
fortunately, there are at least five major pro
blem areas in speech recognition that are 
still incompletely solved. 

• The Continuous Speech Problem. In 
ordinary conversational speech our 
words tend to "run together" acous
tically. Say "How are you" and "How 
(pause) are (pause) you." The con-
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tinuous version is uttered almost as 
a single word. What is the best pro
cedure for segmenting such an utter
ance into words? 

• The Multiple Speaker Problem. People 
say the same words differently. Can a 
machine allow for these differences 
or must it be "tuned" to each indivi
dual user? 

• The Limited Vocabulary Problem. 
Error rates, recognition rates and 
memory requirements increase with 
vocabulary size. How many words 
can be reliably handled by a machine? 

• The Vocabulary Entry Problem. The 
words in the vocabu lary have to be 
described to the compute'r in some 
way. What is the most efficient way? 

• The Noise Problem. Speech is filtered 
by some transmission process or 
corrupted by noise in transmission 
media such as telephone or radio . 
What is the best signal processing 
technique for these conditions? 

These are the problems that concern 
many industrial and academic research lab
oratories using the most sophisticated tech
niques and equipment available. However, 
there are some realistic goals for a speech 
recognizer in a personal computer system. 
That is, it should be possible to build a sys
tem which can accept isolated words from a 
limited vocabulary of ten·-- lo 20 words 
spoken by a speaker -whom-the machi ne has 
been trained to understand. These goals are 
well within the capabilities of most contem
porary microprocessors. 

Several such systems have already been 
designed using a modest amount of discrete 
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Figure 7: A speech encoding model. Messages from the brain in the form of desired words are processed through a series of 
transformations to produce the finished speech. These messages come in the form of "phonemes, " or word building blocks (see 
table 7), which mal?e up the desired word. This code is translate,d in to appropriate neuromuscular signals which control the 
speech "articulators": the vocal cords, vocal tract, lips, tongue and teeth. The other parameters in the figure show how dialect, 
emotions, context and external noises can all have an 'effec t on the final speech. 

logic. (See the first six references in the 
bibliography at the end of thi s arti cle.) Each 
of these systems can be eas il y dupli cated 
with a small amou nt of hardware such as a 
microphone , am plifi er, filters, an ana log to 
digital converter and a mi crocomputer. This 
paper will show how one of these well 
known recogn izers can be implemented . 
But first, a few basic facts abo ut human 
speech pmduction. 

The Speech Code 

In orde r to co nstruct a system for de
cod ing speech you should know how the 
acoust ic signal is encoded with the desired 
message. One way of look ing at the process 
is show n in fi gure 1. The message from the 
brain may be thought of as go ing through a 
se ri es of t ransformat ions which modify it 
by many factOl's. The word id ea or lingu is
tic in fo l'mat ion is first translated into speech 
so u~d units called phon emes. Thi s "code" is 
a coll ection of the descriptors Of the sound s 
necessa ry to say the words . In Engl ish there 
are app rox imate ly 40 basic types of so und s 
which are used to construct o ur ent ire 
vocabu lary. The phonemic code is translated 
by the central nervous sys te m into neuro
muscular signals for controlling the physical 
speech making apparatus or a rticul a tors ~ Th e 
articulators " modul ate" the sound generated 
by the vocal cords and produce th e radiated 
aco ustic signal . 

Th is process has sources of ermr. The 
phonemic codes for va riou s di a lects ue 
different from one anothel'. A speaker may 
say the sa me word many different ways de
pending on co ntext 01' physica l and emo
tional state. Differences in the sizes of 
peopl e's uticul ators acco unt for vu iations 
between speakers. Day to day changes in 
the art icul ators (due to a head cold, for ex
ampl e) ca n cause vari ations in the way a 
given person so und s. Finall y, the aco ust ic 
signal itse lf may be co rrup ted by noise or 
filtering. 

Th e message coding process produces a 

signal which co ntain s much informati o n that 
is not signifi ca nt to the intended message 
and wh ich makes any d il' ect com pari so n of 
speech waveforms difficult if not impossible. 
Th e exte nt of the cod ing inefficiency can be 
seen by a simp le examp le. The following 
se ntence: 

"The objective of this sect ion is to 
develop th ese techniques." 

co ntains 60 characters and can be spoken in 
abo ut three seconds. Using a 5 bit code for 
alphabet ic cha racters , real time transmiss io n 
at speech rates would require onl y 100 bps. 
If the uttel'ance were tra nsmitted with a 
str ing of 42 phonemes coded with six bits 
each, then 84 bps would be necessary. How
evel', if the speech signal itself were band
limited at 3 kH z, sampl ed at 6 kHz, and 
quanti zed to 256 leve ls or eight bits, rea l 
time trans mi ss ions would req uire a rate of 
48,000 bps, If a compute r could ana lyze this 
digiti zed speech in rea l time it would have to 
process one 8 bit speech samp le eve ry 
160 J-lS . A mi crocomputer with a cycle time 
of 500 ns would have o nl y 320 cycles be
tween speech samp les . That do es not a llow 
tim e for ve ry many in stru ct ions to analyze 
and match the data with reference wave
fOI'ms. The direct stol'age of the waveform 
would I'eq uil'e 6,000 bytes of memory fm 
eve l'y seco nd of speech. It should be clear 
that it is desil'abl e to have a method of 
rap idl y extracting the useful infoi'mat io n, 
thereby reducing the amount of data stmage 
and comp utation time. A look at the speech 
production mechanism provides some clu es 
fOl' data ana lys is and reduction. 

Speech Paramete rs 

Speech so und s or iginate from two 
so urces. So-ca ll ed "voiced" so unds are made 
by the voca l co rds and make up vowel-like 
sou nd s. The voca l cords produce per iodic 
bursts of ail' t hrough th e voca l trac t at a 
repet iti on rate of about 125 to 200 Hz. 

" Un vo iced" so und s or "fricatives" are 
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Voiced Exam ple 
AE bad 
AH father 
AI b ite 
AW bought 
AY bay 
EH bet 
EE beet 
ER b ird 
IX f it 
OU boast 
UX book 
UH but 
UU boot 
WX win 
YX yes 
RX rip 
LX l it 
MX man 
NX not 
NG ring 
Fricatives 
FX fail 
TH bath 
SX sip 
SH sh ip 
CH church 
HX hand 
Combinat ions of V 'oiced and 
Fricative Sou nds 
VX van 
OH than 
ZX zip 
ZH measure 
Stops 
JH jump 
PX pan 
TX tan 
KX can 
V oiced Stops 
BX ban 
OX dan 
GX gab 

3000 

N 
I 

N 
2500 

f-
z 
<t 
::; 2000 
Q: 
0 
u. 
u. 
0 1500 
>-
u 
z 
W 
::::J 1000 
0 
W 
Q: 
U. 

500 

Table 7: Speech phonemes. In English there 
are approximately 40 basic types of sounds 
which are used to construct the entire 
vocabulary. These sounds are called 
''phonemes.'' The phonemes are not pro
nounced literally, but rather senle as symbols 
for their respective sounds. The phonemic 
code is translated by the central nervous 
system into neuromuscular signals for con
trolling the physical speech making apparatus 
or "articulators." "Voiced" phonemes are 
the vowel-like sounds which are produced 
in the vocal cords as periodic bursts of air 
from 725 to 200 times a second. "Un
voiced" phonemes or "fricatives" are noise
like sounds made by forcing air through 
constrictions in the mouth. Some phonemes 
are combinations of voiced and unvoiced 
sounds: "Stops" result from momentary 
blockage of air flow (and sound). 

noise- like and are made by forcing air 
through co nstructions in the mouth . If the 
air flow is comp lete ly b locked fO!" a mo
ment, the sound is ca ll ed a "stop." Some
times we make both voiced and hicative 
sounds. Table 1 classifies various phonemes 
into these source types . Phonemes have 
special symbols that are often used, but this 
table uses a mach ine readab le format. 

The voca l tract is li ke a pipe from the 
voca l cords to the lips wh ich has sevel-al 
natural resonant frequencies called "for
mants." This pipe acts like a fi lter that most 
read il y passes sounds whose frequencies are 
the same as the formants. The three most 
prominent formants are centered around 
500, 1500 and 2500 Hz but they vary with 
changes in position of the tongue, lips and 
mouth. The voiced and unvo iced sounds can 
be thought of as "carrier" signals that al-e 

200 400 600 800 1000 1200 

FR EQUENCY OF FORMANT I ( Hz) 
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"modu lated" by the resonances in the vocal 
tract. 

It is we ll known that there is a correspon
dence between phonemes and the formant 
frequencies. In fact, it is only necessary to 
know the first two formant frequencies in 
order to identify many vowel sounds . Figure 
2 shows a map of several vowel sounds in a 
plane formed by the first two formants . For 
examp le, if you knew that for some interval 
of a speech uttel-ance the first formant was 
at 800 Hz and the second at 2500 Hz, then 
you might guess that the speech sound was 
the phoneme "EH ." 

A nice property of formant data is that 
it changes rather slow ly. I t is necessary to 
samp le the formant frequencies only every 
10 to 20 ms in order to keep up with chang
ing phonemes. This means that the motion 
of two formants could be stored in only 100 
bytes per second of speech as opposed to 
6000 bytes per second for the waveform 
itself. 

Natura lly, we would like a technique for 
eas ily measuring the ' first two formant 
frequencies by looking at the waveform 
data. The most accurate methods require 
either a lot of high speed computation or 
specia l purpose hardware_ Fortunate ly there 
is a vel-y simple way to get an estimate of 
the formants which is most suitable for 
microcomputer processing. 

Zero Cross ing Analys is 

Since the late 1940s it has been known 
that the amp litude of the speech waveform 
carr ies little information. Most of the lise
fu l information can be obtained from just 
the knowledge of the number of times the 
signal waveform crosses the zero ax is. This 
is ca ll ed zero crossing analys is. {This method 
would lend itsel f perfectly to Walsh trans
form analysis . .. CM] If you count the num
ber of times the signa l changes sign in a fixed 
interva l, say every 10 to 20 ms, you can get 
numbers which close ly fol low the changes 
in the first formant frequency. If you first 
emphasize the higher freq uencies by high 
pass fi ltering, then the zero crossing rate 
tracks the second formant frequency. 

Figure 2: Vowel phonemes on the formant 
plane. "Formants" are the natural resonant 
frequenc ies of the vocal tract. These reson
ances are similar to the resonant vibrations 
of organ pipes or the characteristic sound 
of an empty bottle when air is blown across 
it. The three most prominent formants are 
centered around SOD, 7500 ' and 2500 Hz, 
but they vary with changes in position of 
the tongue, lips and mouth. 



Alth ough the ze ro crossing rates do not 
give accurate estimates of formant fre
qu encie s, they do co nta in enough informa
tion to partiall y separate the vowels for 
recognit ion purposes. Figure 3 shows a map 
of vowels o n a high pass versus low pass 
ze ro crossing rate pl ane. 

There are many advantages in using ze ro 
cross ing analys is techniques in digital speech 
I-ecogn ition. One of them is that the neces
sary hardware is simpl e. Since o nly th e sign 
of the wavefo l-m is impol-tant, on ly one bit 
per sample is needed , which eli minates a re
quirement for an analog to digital conve rtel
in th e system. The anal ysis can eas ily be 
done in rea l time since no mu ltipli cation s are 
in vo lved - on ly cou nting. The zero cross ing 
paramete rs can be measured with simple 
hardwal"e or software as th e signal comes in, 
which elimin ates the necess ity of storing the 
wavefo rm. Beca use the amplitud e informa
tion is not used, the analys is is independent 
of voice vo lume and inflection. This makes 
zero crossing measurements somewhat less 
depend ent upo n characterist ics of individual 
speakers. 

Pattern Match ing 

After the acquisition of the ze ro cross ing 
parameters, the identification of the word 
can be done using o ne of two simp le 
pl"O cesses : in a one step approach, the pa ra
meter data is direct ly compared with 
I-eference patterns (somet i mes ca ll ed 
templates) for each word in the vocabu lary. 
Th e closest match is chosen as the most 
probable uttera nce. I n a two step method, 
th e parameter data is first converted into a 
str ing of phonemes. Th en this string is com
pared with a phonetic representation of the 
word s in the vocabulary. 

Both methods have prob lems. The one 
step compar iso n suffers if th e word is 
spoken at a different rate from the words in 
the sample set un less so me technique is used 
to find the bes t t ime alignment. Th e time 

Figure 4b: A diagrammatic representation of 
the word "SIX" on the zero crossing plane 
using a form of state diagram. In this graph 
the high and low pass functions from figure 
4a are plotted against one another in stylized 
fashion to better show how the zero cross
ing rates change as the word is pronounced. 
(Note that the word begins and ends with 
the same phoneme, SX.) The signal is split 
into two bandpass regions because these 
particular regions reveal key attributes of 
English words which can act as types of 
"fingerprints" of the words for later indenti
fication. 
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Figure 3: Vowel formants 
on the zero crossing plane. 
For comparison purposes 
the formants in figure 7 
are plotted here on the 
zero crossing plane. The 
term "zero crossing rate" 
refers to the number of 
times that the voice signal 
changes its polarity per 
unit time (see figure 4a). 
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Figure 4a: A plot of the word "S IX" showing the zero crossing rate as a 
function of time. The word is shown split into its four phonemes. In this 
case, the signal is first processed through two bandpass filters. Th e number of 
zero crossings is then determined by the computer. Results for both filters are 
shown. As the graph indicates, there is a very short period of silence during 
the pronunciation of the KX phoneme which can be verified by slo wly 
pronouncing the word "six. " 
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Figure 5: Speech filtering circuitry. A voice signal is picked up by the microphone and preamplified. It is then sent through a 
low pass filter made up of C7 and R 7 whose cutoff frequency is 3 kHz. The signal is next passed through a 7 kHz high pass filter 
and a 7 kHz low pass filter as shown. The two signals then go to the microprocessor interface for further processing. IC7, which 
forms the basis for this circuit, is a quad LM 3900 op amp. The diode-lil?e symbols shown on the four amplifiers indicate the 
use of "curren t mirrors" for the noninverting inputs. For a detailed discussion see National Semiconductor's book, Linear 
Integrated Circuits, page 2-250 and following. 
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Figure 6: In order to implement the speech recognition algorithm, 60 samples 
of speech over roughly 7 second's duration are sequentially processed 
through the circuit illustrated in figure 5. For each of the 60 intervals 
the number of high and low pass zero crossings per second is counted and 
stored in a software array corresponding to the regions in this figure. (This 
figure is not to scale.) A fter this, a straightforward statistical correlation is 
performed on the array to compare it with a series of word models in the 
memory and to arrive at the most lil?ely match. 
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dependence can be eliminated by co nsider
ing th e pattern of th e data pl otted on a zero 
cross ing pl ane. Figure 4 shows how the word 
"six" might be plotted. Th e one step 
method has the doubl e disadvantage th at a 
lot of memory is I-equ ired for temp late stor
age and that the matching may be more ti me 
consuming. Two step systems use less 
memory in the templ ate sto rage but depend 
on th e performance of an imperfect ph on
eme indent ifier, Th e ph oneme matcher mu st 
be abl e to tol erate errors such as missing, 
mi slabeled or extraneous ph onemes in the 
hypothes ized str ing, FOI' example, the out
put from a ph oneme indenti fiel' given in the 
utte l'ance "six" (or "SX IX KS SX") might 
be "SX SX EE IX IX EH KX SX SX ." 

A Practical Speech Recognizer 

You have probabl y real ized by now that 
there are many poss ibl e approaches to the 
analys is and recognit ion of speech. With 
this in mind , we can now consider in deta il 
an isolated word recogn ize r that can be 
impl emented on most mi croco mputer 
syste ms, Thi s algor ithm is based on one of 
th e ea rli est success ful wmd I'ecogniti on ex-
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FOR J = 1 TO 60 
Fl (J) = 0 
F2 (J) = 0 
FOR I = 1 TO 100 

[Delav for 160 /.is loop time] 

INPUT X 
Xl = XOR (X, XO) 
IF Xl > 1 THEN F2 (J) = F2 (J) +1 

; Input speech port 
;Exclusive OR input with last sample 
;State change or bit 1 

IF (Xl = 1) OR (Xl =3) THEN Fl (J) 
XO = X 

F 1 (J) +1 ;State change or bit 0 

NEXT I ;Save last sample 
NEXT J 

Listing 7: The input algorithm. Arrays F7 and F2 store the number of zero 
crossing counts in each 76 ms interval for the low pass and high pass channels 
respectively. This listing, like the following listings, is written in BASIC for 
illustrative purposes, but it must be translated into machine language to 
achieve real time performance. 

FOR I = 1 TO 30 
P(I)=O 
NEXT I 
FOR J = 1 TO 60 
FOR 11 = 1 TO 5 
IF Gl (11) > Fl (J) THEN 100 
NEXT 11 
11 = 6 

100 FOR 12 = 1 T04 
IF G2 (12) > F2 (J) THEN 200 
NEXT 12 
12 = 5 

200 I = (12-1 )*6+11 
P(I) = P (I) +1 
NEXT J 

FOR J = 1 TO L ;Corre late 
R (J) = 0 
FOR I = 1 TO 30 
R (J) = R (J) + P (I)*T (I, J) 
NEXT I 
NEXT J 
Jl = 1 ;Pick best 
Rl = R (1) 
FOR J = 2 TO L 
IF R (J) > Rl THEN Rl = R (J) : Jl = J 
NEXT J 
PRINT Jl 

INPUT "TEMPLATE NUMBER," L 
FOR I = 1 TO 30 
Pl (I) = 0 
NEXTI 
FOR K = 1 TO 8 
INPUT "READY?", Q 

[C~II routine for sampling speech and computing P] 

FOR I = 1 TO 30 
Pl (I) = Pl (I) +P ( I) 
NEXT I 
NEXT K 
FOR I = 1 TO 30 
T (I, L) = Pl (1)/8 
NEXT I 

Listing 2: The classifica
tion and accumulation rou
tine. This routine takes the 
information from arrays 
Fl and F2 and stores it in 
array P, which represents 
the zero crossing plane. 

Listing 3: The correlation 
routine. This routine com
pares the completed array 
from listing 2 with various 
word models in memory 
and uses standard statistical 
methods to find a best 
match. For a ten word 
vocabulary the entire 
speech recognition algo
rithm can be run in less 
than 69 ms. 

Listing 4: The template 
generation routine. A 
"template" is a word 
model in the form of an 
array. This routine, which 
can be run off line (in 
BA SIC if desired, since 
there are no time restric
tions), is used to generate 
all of the word models in 
the vocabulary desired. 
Eight samples of a given 
word are uttered by the 
operator and averaged to
gether to create each word 
template. 
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periments (see reference 1). Originally built 
with mainly analog components, it could 
recognize telephone quality digits from a 
single speaker with an accuracy better than 
97 percent in real time. A microcomputer 
using a minimum amou nt of extra hardware 
can easi ly duplicate this performance . 

The input stage is shown in figure 5 . The 
speech is low pass fil tered at 3 kHz and spl it 
into a 1 kHz high pass channel and a 1 kHz 
low pass channel. These filtered signals are 
compared with a reference voltage leve l and 
logic outputs indicate the resu lt of the com 
parison. That is, a logic 0 results from a sig
nal leve l greater than the reference and a 
logic 1 results from a level less than the ref
erence. Proper adjustment of the reference 
levels will allow the measurement of the sign 
of the signal. The outputs from th is stage are 
connected to the two least significant bits of 
a parallel input port. 

The microcomputer must sample the 
input port every 160 IlS and count the num
ber of state changes (zero crossings) over 16 
IlS intervals. If the input is sampled for 60 
intervals, then the machine will have " list
ened" for 0.96 seconds, which is more than 
enough time to pronounce most individual 
words. 

Listing 1 is the input algorithm. It is 
written in BASIC for illustrative purposes, 
but it must be efficient ly translated into 
machine language to ach ieve rea l time 
performance. All variab les are 1 byte 
integers unless otherwise noted. The inner 
loop must be executed once every 160 Il S. 
This can be done by using software delays 
or an external clock. The listing does not 
show details of how this delay is accom
plished. The F1 and F2 arr-ays are used to 
store the zero crossing counts in each 16 ms 
interval for the low pass and high pass 
channels respectively. Of course, the " IF " 
statements can be replaced by a simpl e 
"rotate into carry, branch if cMry" in the 
machine language code. 

The next step is to divide the low pass 
versus high pass (F 1, F2) plane into 30 re
gions as shown in figure 6. Then for each of 
the 60 intervals, the ze ro crossing counts in 
F1 and F2 are located on this pl ane and 
associated with one of the regions. A 30 ele
ment array P keeps up with the number of 
points in each region. This di st ribution of 
points in the F1, F2 plane is used as the 
input pattern to be compared with the refer
ence patterns. 

Listing 2 illustrates the classification and 
accumulation routine. The G1 and G2 ar rays 
contain the information about the division 
of the F1, F2 plane. They should be initial
ized (in BASIC or equivalent mac hine code) 
as follows : 



READ G1 
DATA 6,13,19,25,32 
READ G2 
DATA 32,48,64,80 

The calculation of index I involves a multi
plication by a constant 6. This can be most 
quickly done by coding: 

1= (12-1)*2 + (12-1)*4 + 11 

This BASIC statement can easily be trans
lated into machine language using two left 
sh ifts and add ition operations. 

The pattern matching is done by correlat
ing the P array with precomputed reference 
patterns for each word in the vocabulary. 
The word with the best match is picked as 
the most likely utterance. 

Listing 3 gives the pattern matcher 
routine, ex pressed in BASIC. L is the num
ber of words in the vocabu lary. R is an array 
that contains the calculated correlation 
va lues for each word. T is a 30 by L array of 
reference templates. The number con-es
ponding to the template which best matches 
the input is printed as J 1. The calculation of 
R requires 30 times L multiplications, which 
can be very time consuming. For a ten word 
vocabulary and an 8080 processor (one 8 
by 8 bit software multiply in 230 j1s) the R 
calculation can be done in 69 ms. Also note 
that while the numbers in P are always 
positive, this does not apply to the numbers 
in T. R should be a double precision (2 byte) 
number to avo id overflow. 

The templates are generated by averaging 
several sample patterns for each word. Much 
of this task can be done off line rather than 
in real time, so it can be coded in BASIC or 
other interpretive languages . A direct 
machine language coding is \relatively straight
forward, however. 

Listing 4 shows how eight patterns are 
averaged to form a template. The program 
uses the code of listings 1 and 2 to obtain 
the pattem in array P. The accumulation of 
the P1 array should be done with 2 byte 
arithmetic. The division by 8 is accom
plished by a simple right shift three bit 
places. 

Finally, a littl e data massaging is neces
sary. To make this type of correlation 
pattern matching wor-k, each template 
shou ld have the same statistical properties. 
Specifically, each template should have a 
mean va lue of zero and a normalized 
standard deviation. This is easily done with 
the program in li sti ng 5. The removal of the 
mean is simplified by the fact that the mean 
for each template is the same (60 interva ls 
divided by 30 regions gives a fixed mean 
value of 2). The normali zation of the stan
dard deviation involves computing a square 

FOR J = 1 TO L 
FOR I = 1 TO 30 Subtract mean 
T (I, J) = T (I, J)-2 
NEXT I 
S = 0 
FOR I = 1 TO 30 
S = S+T(I,J)*T(I,J) 
NEXT I 
S2 = SQRT (S) 
FOR I = 1 TO 30 ;Normalize 
T (I, J) = 8 * T (I, J) /S2 
NEXTI 
NEXT J 

root. If the square root function subroutine 
is not available, then it can be computed 
manually with a pocket calculator and 
entered by hand (PRINT 5 : INPUT 52). 
This is not too painful since it needs to 
be done on ly once for 'each word in the 
vocabu lary. 5 should be a 2 byte integer, 
and the division by 52 should be done using 
double precision arithmet ic . 

The templates can be saved and used 
indefinitely without a lteration, but new 
templates will be necessary for different 
speakers. Composite templates can be 
made by averag ing the refer-e nce patterns 
of seve r-a l talkers, but they do not work 
as well as individualized ones. 

Th is very sim pie speec h recogn izer is only 
one of many systems that can be adapted to 
microcomputers. Much more information on 
the digital ana lysis and synthesis of speech 
can be found in the IEEE Transactions on 
Acoustics, Speech and Signal Processing, 
which is avai lab le in most engineering 
libr·aries .-
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Listing 5: A normalizing 
routine. This auxiliary rou
tine is used to adjust the 
statistical properties of 
the templates. Specifically, 
each template is modified 
so that it has a zero mean 
value and a normalized 
standard deviation. This 
is done to insure that all 
of the word templates 
have the same statisti
cal properties prior to 
correlation. 

An Application for This 
Speech Recognition System 

An excellent application 
for Dr Boddie's system would 
be to use it as a quick way to 
enter hexadecimal code with- 
out toggling or typing. The 
vocabulary required could be 
kept to a minimum if the 
operator pronounces each digit 
separately (ie: "seven, seven," 
not "seventy seven") so that 
the various compound forms 
do not have to be learned. The 
computer would then verify 
the verbal entry by outputting 
the code to a printer or dis
play screen . Better yet, use 
this system in conjunction with 
a computerized speech syn
thesi zer such as D Lloyd 
Rice 's Computalker [BYTE, 
August 1976, page 16) to 
obtain a verbal interaction . 
A more soph isticat~d system 
cou Id process verbal op code 
mnemonics and assemble them 
directly in hexadecimal code 
on your display screen for 
verification. 



Cassette tape and other magnetic tape recording without bit errors requires 
that we get our feet wet in the murky waters of error correcting codes ... 

How to Pick ·up a Dropped Bit 

The oxide coating of a 
tape is sometimes uneven
ly distributed, particularly 
when the tape is old and 
has been used many times. 

The phenomenon of the dropped bit 
causes difficulties in two distinct al'eas of 
computer technology: in the recording of 
data on tape (or disk, or the like), and in the 
transmission of data from one place to 
another. Suppose, for example, that we are 
recording one hundred 32 bit words on a 
tape. Out of the 3200 bits that are to be 
written on the tape, there is a nonzero 
chance that at least one of them will be 
wrong. Eithel' it will be l'ecol'ded as a zero, 
when it should have been a one (a dropped 
bit) or it will be recorded as a one, when it 
should have been a zero (an added bit). Even 
if all 3200 bits are recorded correctly, there 
is still a nonzero chance that the next time 
we read this tape, we will read at least one of 
the one bits from the tape as if it were a 
zero, or one of the zero bits as if it were a 
one. In such a case we again speak of 
dropping a bit, or adding a bit. Often both 
dropped and added bits are referred to, 
generically; as dropped bits, and we shall 
continue to do so in this paper. 

In a similar way, suppose we are trans
mitting a message which consists of bits. 
(The message does not have to involve com
puters at all; it may, for example, simply be 
a message from one Teletype to another.) In 
a long message there is, again , a very good 
chance that at least one bit which is trans
mitted will be received in the wrong way. It 
might be received as a zero, when it is 
supposed to be a one, or vice versa. Again we 
speak of bits being dropped in transmission. 
(One slightly confusing piece of terminology 
here is that the entire collection of bits, out 
of which a very few are dropped, is very 
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often refen'ed to as a "message," even when 
we are not transmitting it, but rather record
ing it on tape or disk.) 

Thel"e are many possible sources of 
dropped bits. Tapes often have tiny dust 
particles on them which intel"fere with the 
reading and writing of data. The oxide 
coating of a tape is sometimes unevenly 
distributed, particularly when the tape is old 
and has been used many times . The same 
considerations, of COUI"Se, apply to flopp y 
disk memory, or any other kind of memory 
involving an oxide coating. In transmitting 
messages from one place to another, noise in 
the channel and receiver can very easily 

. degl'ade the quality of the reception. 
In order to solve the problems created by 

dropped bits, we can proceed in two general 
classes of ways. The first is to improve our 
hardware in such a way that dropped bits do 
not occur: We can clean our tapes . We can 
throwaway our old tapes. We can transmit 
messages at a slow rate, and so on. The other 
approach is what may be called "picking up" 
the dropped bits . The idea is to send a 
message that is longer than the original one, 
and that is so designed that, even if certain 
bits are dropped, the original message can be 
recovered. (As we mentioned above, the 
word "message" is being used here in a 
general sense; it may, in particular, be a 
record written on tape or disk.) 

Picking up a dropped bit is refert"ed to, 
more precisely, as "errol' correction," a term 
which must be carefully distinguished from 
"error detection." In error detection, we 
simply detect the fact that some bit has been 
dropped; we cannot tell which bit is the 
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wro ng one, If we cou ld tell that, then we 
cou ld correct the error, beca use if a bit is 
"one," and it is wro ng, then it must rea ll y be 
"zero," and vice versa , Knowing which bit is 
wrong is what enab les us to do error 
co rrection, 

Both error detection and error correction 
are affected by the question of how many 
bits in a message al'e wrong. If we can 
te ll wh ich bit is wrong, assuming that there 
is on ly one wl'Ong bit, then we have single 
error correction - even though we might 
not be ab le to correct more than one error 
in a message (or we might correct these 
errors in the wrong way) . In the same way, 
if we can tell, for examp le, that something 
is wrong whenever one or two (but no more 
than two) bits in a message are wrong, then 
we have double error detection, even though 
thel'e might be some patterns of more than 
two wrong bits wh ich are such that we can
not te ll that anything is wrong. 

A simple way to perform error detection 
is by means of what is common ly call ed 
parity checki ng. In large systems, 8 bit bytes 
recorded on an I BM standard tape are always 
accompanied by a ninth bit, the pat'ity bit. 
This bit is so chosen that the total humber 
of one bits among the nine bits (the original 
eight, plus the parity bit) is an odd number 
(1, 3, 5, 7 or 9). (Sometimes it is done the 
other way around, that is, to give even 
parity instead of odd parity; but we shall 
ignore this alternative fo r the mome nt.) Now 
let us suppose that no more than one of 
these nine bits has been dropped. When the 
bits at'e read again, if the total number of 
one bits is an even number, we know that 
there has been a dropped bit. We do not 
know, however, which of the eight bits was 
dropped. (Actually, for all we know, it 
might be the nin th bit - the parity bit itse lf 
- that was dropped.) 

Parity checking is extended, on IBM 
standard tapes, to provide for the possibility 
of error correct ion as we ll as erl'O r detection. 
This is done by performing "two
dimensional" parity check in g, as shown in 
figure 1. Each column has a parity bit, and 

each row also has a pi'xity bit. Now suppose 
that exact ly one of the bits in the message of 
figure 1 was dropped . If that bit was in (say) 
the fifteenth column and the second row, 
then the par ity in the fifteenth co lumn will 
be wrong - there will be an even number of 
one bits in it, rather than an odd number -
and the parity in the second row will also be 
wrong. If these two parities are wrong, it is 
then a simp le matte r to find the bit in the 
fifteenth column and the seco nd row and 
change it (from a ze ro to a one or from a 
one to a ze ro) . 

The assu mption th at is made in this 
parity scheme is that dropped bits will be 
infrequent eno ugh that, in a message (or a 
record on tape) of thi s size, on ly one bit, at 
the most, will be dropped. For this reason 
the two-d imens ional parity check ing scheme 
of fi gure 'I is said to prov id e single error 
con'ection, but not double erro r correction. 
Suppose that the bit in the seventeenth 
co lumn and the first row is also dropped. 
This mea ns that the fifteenth column, the 
seventeenth column, the first row and the 
seco nd row will all have wro ng parity. In t his 
case, which two bits aloe wrong 7 Let us 
denote by (x, y) the bit in colu mn number x 
and row number y. In thi s case, it is bits (15, 
2) and ('17, 1) that were dropped. But it 
co uld just as eas il y have been bits (15, 1) 
and (17,2), and exactly the same erroneo us 
behavior would have occurred. In other 
words, we can't tell, when there is a doubl e 
error, where the double error is if this 
scheme is used, and thus, we have no way of 
correcti ng it. 

The two-d imensi onal parity checking 
scheme does, however, provide double erro r 
detection. Whenever there is a double er ror, 
that is, wheneve r exactly two bits in the 
message are dropped, we can detect thi s fact. 
This is tr ue even when both errors are in the 
same co lumn. Of course, in that case, there 
will be no way to tell what column the 
erro rs are in . All of the column parities will 
be right, because an odd number of bits with 
two changes in it remains an odd number of 
bits. Th e o nl y way we can tell that some-
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Figure 7,' A block of data, 
eight bits plus parity in 
height, 32 bits plus parity 
in width, used as an ex
ample in the text. This 
layout of bytes might be 
thought of as a block of 
data on a standard 9 track 
tape drive; or it might be 
an internal memory image 
of data sent and received 
through a serial data port, 
bit by bit, as in the per
sonal computer's audio 
tape interfaces. 

Both error detection and 
error correction are 

affected by the question 
of how many bits in a 

message are wrong. 



Standard parity checking 
schemes of th is kind can 
be improved upon in two 
ways: The first is by in
creasing their efficiency; 
the second is by increas
ing the number of errors 
that can be corrected. 

Suppose that there are 
no errors at all in a given 
256 bits. 

thing is wrong, in this case, is that exact ly 
two of the row par ities are wrong. The same 
thing is true in reverse, if the two dl"Opped 
bits are in the same row, but not in the same 
co lumn. 

In fact, this scheme will not onl y de tect 
all double erl"O rs, it will detect alm ost all 
multipl e bit en·ors. If there are more than 
two dropped bits, as long as these are 
rand oml y distributed (and not caused by a 
sc ratch on a tape, for example), th en the 
probability is ovel'whelming that all of them, 
or at least most of them, will be in different 
col umn s, and thu s there wi ll be qu ite a num
ber of column pariti es that will be wl"O ng. We 
can not refer to the gi ven scheme as a 
multiple error detection scheme, in ge neral, 
because there al'e some cases in which el'rors 
go co mplete ly undetected. For exampl e, 
co nsider the fo ur bits we treated ear li er, 
namely bits (15, 2), (17, 1), ( 15, 1)' and ( 17, 
2). Suppose that these four bits al'e all 
dropped, and that no other bits are drop ped. 
Now we have an undetectable error: Al l our 
par iti es, including those in the fiftee nth and 
seventeenth col umn s and in the fil'st and 
seco nd rows, will be ri ght. But th is is so 
infreq uent an occurrence that it may, fo r all 
practical purposes, be ignored. 

Standard pat"ity checki ng schemes of this 
kind can be improved upon in two ways : 
Th e first is by increas ing their efficiency; the 
seco nd is by in creas ing the number of en'o rs 
that can be corrected. We shall treat these 
points one at a time. 

Suppose that the record in figu re 1 
co ntained eight rows and 32 co lumns, fO I- a 
tota l of 256 bits. If we include the check 
bits there are nine rows and 33 columns. 
This ·means that there are 9+33 = 42 dif
ferent check bits. (The row of check bi ts has 
to have a check bit of its own, of course, and 
so does the column of check bits . Sometimes 
these are the same, but even if they are, 
there are st ill 41 check bi ts.) In contrast, we 
will now exhibit a clever scheme that reo 
qui res on ly eigh t check bits. I t performs 
single error correctio n, just as does the 
scheme of fig ure 1. It has, however, certain 
disadvantages which we will discuss later. 

The scheme is as fo ll ows. We num bel' the 
bits in our message from 0 to 255. The last 
of the eight check bits will be a parity bit for 
half of the bits in the message, namely the 
bits numbered 1, 3, 5 and so on up to 255. 
No te that these are the bits such that the bit 
number (1, 3, 5 and so on) , when it is itself 
ex pressed in binary, as an 8 bit quantity, has 
a one bit in the last position (indicating that 
it is an odd number). 

The next to last of the eight check bits 
will again be a parity bit for half the bits in 
the message. This t ime, however, it will be 
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for the bits numbered 2, 3, 6, 7, 10, 11 and 
so on, up to 254 and 255 . Th ese bit numbers 
are all such that, if they are themselves 
ex pressed in binary, as 8 bit qu antities, then 
the next to las t bit of each of these 8 bit 
quantities will be a o ne bit. 

Th e ge neral scheme should now be 
apparent. Eac h of the eight check bits is a 
par ity bit for half the bits in the original 
message. For 1 ,;;;; k ';;;; 8, the k-th check bit is 
a par ity bi t for all the bits th at have the 
following property: If the bit number is N, 
and if N is expressed as an 8 bit binary 
quantity, then the k·th bit of thi s quantity is 
a one bit. In particular, the first of the eight 
check bits is a parity bit for bits 128, 129, 
130 and so on, up to 255, of the ori gina l 
message. 

Suppose now that one of our bi ts is 
dropped. For definiteness, let us suppose 
that it is the 99th bit. We express the 
number 99 as an 8 bit binat"y quantity: 
01100011 . And now let us look at our eight 
check bits. Which ones of them are go ing to 
be wl"Ong? The last one will be wrong, 
because 99 is an odd number , and therefore 
the 99th bit (wh ich was dropped) is one of 
the 128 bi ts (half of the origi nal 256) of 
which th e parity was taken to form this last 
check bit. Th e ne xt to last check bit will also 
be wrong, because 99 has the property that 
the seco nd bit from the right in its binary 
rep resentation is a one bit. Th e first check 
bit, though, will still be right, because thi s 
represents parity on the 128th, 129th, 
130th, etc, bits, and none of these bits were 
dropped. 

The ge neral patte rn should now be 
apparent. If we look at the eight check bits 
fro m left to right, and if we write a zero for 
each parity check that was right, and a one 
fo r each parity check that was wrong, we 
obtain the pattern 01100011 . This is exactly 
the number 99 expressed in binary. And this 
means th at we can tell that it was, in fact, 
the 99th bit that was drop ped - which, in 
turn, means that we can correct the error. 
Thus we have a single error correction 
scheme, just as before, enabling us to pick 
up one dropped bit. 

Th ere are three pro blems with this 
scheme. Th e first is as follows. Suppose that 
there are no errors at all in a given 256 bits. 
Then, of course, all the check bits will be 
right, and we will obta in the pattern 
00000000. But this pattern tells us that bit 
number 0 is wrong! In fact, none of our 
check bits involve parity on bit number 0 at 
all, and th us we have no way of tell i ng 
whether this bit was dropped or not. This 
problem, however, can be so lved rather 
simply. We transmit onl y 255 bits of data, 
instead of 256, and these are numbered from 



1 to 255. The efficiency of the scheme is not 
too badly affected; we now have eight check 
bits for every 255 data bits, rather than eight 
for every 256. 

The seco nd problem with the scheme is 
that we have not considered the possibility 
that one of the check bits might be wrong. 
Suppose that the last check bit is wrong, and 
that all the other bits are right. Then using 
the sc heme above, we would obtain the 8 bit 
pattern 00000001, and this would tell us 
that it was bit number 1 of the original 256 
that was wrong. In general, an error in any 
of the bits numbered 1, 2, 4, 8, 16, 32,64 or 
128 can be confused with an error in one of 
the check bits . The solution, however, is 
again very simple: We just leave these bits 
out. We are now transmitting only 255-8 = 
247 bits of data, with eight check bits, and 
aga in the efficiency is not too badly af
fected. If the 8 bit pattern we obtain 
contains seven 0 bits, and only one 1 bit, 
then we know that it is a check bit that is 
wrong. 

Th e third problem, however, is more 
serious. Suppose that more than one bit out 
of the 256 was dropped. Note th at in our 
scheme, if there is an error of any kind, we 
determine one particular bit position to 
change. In other words, we always assume 
that if there is an error, it is a single error. If 
there is a multiple erro r we are always going 
to do the wrong thing. This is in contrast 
with the two-dimensional parity checking 
scheme, in which we almost always know 
that something is wrong, no matter how 
many bits get dropped. The only solution to 
this problem is a partial one: We can forget 
about correcting errors and use this scheme 
to detect errors only; and if we do this, all 
double errors will be detected. In other 
words, this scheme can be used for single 
error cOITection or double error detection, 
but not both. 

A remarkable property of our scheme is 
that the eight check bits can all be generated 
simultaneously. We take the exc lusive OR of 
all the binary integers 00000001 thl'u 
11111111 (or 1 thru 255 in decimal) -
leav in g out 1, 2, 4,8, 16,32,64 and 128, as 
noted above - wh ich correspond to one bits 
in the message. That is, if the i-th bit in the 
message is a one bit, then the integer i, 
written in binary, is exclusive ORed with all 
other integers i with the same property. The 
resulting 8 bit quantity consists of pre
cisely the eight check bits we need . For 1 
,,;; k ,,;; 8, the k-th bit of this quantity is the 
exclusive OR of as many one bits as there 
are positions i in the message, such that bit i 
is a one bit and the k-th bit of the integer i is 
also a one bit, together with a number of 
zero bits, which do not affect the exclusive 

OR. An algorithm for performing this proc
ess is as foil ows: 

1. Initi alize so as to poin t to the first bit 
of the message . 

2. Set R1 = 3. (R1 will contain the index 
i as above.) 

3. Set R2 = O. (R2 will contain the eight 
check bits.) 

4. Set R3 = 4. (R3 will be 4, 8, 16, 32, 
etc, as above .) 

5. If the current bit in the message is a 
zero bit, skip the next step (that is, 
go to step 7). 

6. Set R2 equal to the exclusive OR of 
R2 and R1 . 

7. Point to the next bit of the message. 
8. Set R 1 = R 1 + 1 . 
9. If R1 *- R3 then go to step 5. 

10. Set R3 = R3 + R3. 
11. If R3 *- 512 then go to step 7. 

At this point, if we are writing a message, 
we appe nd the eight check bits in R2 on to 
the end of the message. If we are reading a 
message, we, read the next eight bits and 
form the exclusive OR of these bits with R2. 
If the resu lt is zero, the message is without 
er ror. If it is 'I, 2, 4, 8, 16, 32, 64 or 128, 
then one of the check bits is wrong. If it is 
anything else - call it i -then the i-th bit is 
wrong, and must be changed (to a ze ro if it 
is a one, or vice ve rsa) . 

I t should also be cl ea r that there is a 
scheme like this for any number m of check 
bits, We have here taken m = 8, and the 
number of data bits is 2m- m-1 = 256-8-
1 = 247; but we could have taken m = 4, for 
example, obta ining four check bits for each 
11 bits of data. This provides another 
ap proach to the problem of multipl e errors 
in 256 bits; we can I'equil'e only that there 
be no mUltiple el' rors in 11 bits (say), at the 
cost of a cer tai n loss of efficiency. 

Is it possible to pick up more than one 
dropped bit at a time? Th at is, can we devise 
a scheme that is capable of double error 
correction? Yes, we can; we can even provide 
n-tuple errol' correction, for any (fixed) 
positive integer n. Schemes fOl' doing this, 
however, are quite complex, and their com
plexity increases with the number of errors 
to be cOITected. There is a whole subfield of 
electr ical engineering called the theory of 
error correcting codes, which concerns itself 
with schemes of this kind. It is remarkable 
that errol' correcti ng codes involve one of 
the few known practical app lication s of the 
theory of Galois fields. (Every math ematic ian 
knows the tragic sto ry of Galois, a French 
math stue/ ent back in the Age of Dueling 
who got involved in a challenge to a duel, 
and, know in g his opponen t was a far better 
duelist than he, spent his last night on ear th 
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Suppose that more than 
one bit out of the 256 was 

dropped. 

Is it possible to pick up 
more than one dropped bit 

atatime? 



A fundamental concept in 
all error correcting code is 
"Hamming distance." 

Circle 20 on inquiry card . 

fever ishl y writing down all the mathematics 
he could . He died at 21, a monument to the 
stup idity of taking politics too se riously.) 

A fundamental concept in all error CO I'

recting codes is "Ham ming distance." 
Consider two code words ( I and C2; each 
code wmd co nsists of a message (data bits) 
together with the check bits for that mes
sage. Take the excl usive OR of C, and C2; 
the number of one bits in the result is ca ll ed 
the Hamming distance between C, and C2' 
If the Ham ming distance is -I , thi s means 
that C, and C2 are th e sa me, except for one 
bi t position at wh ich they are differe nt. Th is 
in tu rn means that if it was that particular 
bit which was dropped, then C, wi ll get 
mistaken for C2, or vice versa. ' 

On th e othel- hand, suppose that a par
ticulal- code has the property that for every 
pair of code words ( I and C2, the Hamming 
distance is 3 or more_ Now suppose that C, 
is a co de word and C2 is not. Suppose that 
when a message is transm itted, the n, du e to 
so me bit being dropped, it is C2 that is 
received when it shou ld have been C,_ Th at 
is, the distance between (I and C2 is "I 
(since onl y one bit was dropped). In this 
case the error can always be corrected_ That 
is, of all possible code wo rd s, we can always 
tell that C, is the one we wanted. To prove 
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this, suppose that there were ano ther code 
word, C3, that is actuall y the one we 
wan ted. Th en the distance betwee n C3 an d 
C2 would be , (s in ce we are ass uming th at 
onl y one bit is dropped), and we already 
know that the distance between C, and C2 
is -1_ But in this case the distance between 
the two code wmds C, and C3 cannot be 
greater than 2, and th is contrad icts our 
assum pti on that two code words must have a 
distance between them of 3 0 1- more_ 

In genel-a l, if the minimum Hamming 
distance between any two code wo rd s is 3, 
~h e code is a si ngle error correcti ng code 
(although the actual cor rect ing of the en-o l-s 
might, in some cases, be an elabo rate and 
inefficient process). We can extend this 
immediately and say that, if the minimum 
distance is d = 2e+', the code is an e-tuple 
error co rrectin g code (usuall y referred to 
as an e-error correcting code), for any 
integer e. This code will not detect any more 
than e elTors, unless we sac rifi ce some error 
correct ion capabi lity. If x and yare integers 
with x> y and x+y+' = d, then we can use a 
code with minimum distance d, as above, to 
co rrect any y errors and simul taneously 
detect any x errors. As a special case of th is, 
if y = 0, we can detect any dol errors with
out any error correcti on capabi li ty at all _-



32K. One Card. One low price. 
Only from the Digital Group . 

Now, on only one flilly static card , th e Dig ita l G rou p has 
sq ueezed in a w ho pping 32K o f mem ory. Whi ch , w ith a little 
quick additi o n, mea n s a full 64K architecture now requires 
onl y 2 boa rd s ins tea d o f 8 . That' s a 4-to-1 s pace reducti on 
... and leaves one extra memory s lo t on the Digita l G ro up's 
s tandard m o therboa rd s till available fo r future p roducts . 

All thi s and one low pri ce, too. 
It just may be the bes t news of all. O ur full s ta ti c, asse mbled 
and tested 32K memory boa rd is only $995 . Now tha t' s wo rth 
re memberin g. It's subs tantia lly les's th an our eq u iva le nt as
sem bled 8K boa rd prices. (Please no te: We' re initia ll y o ffer
ing thi s 32K boa rd assembled only, but kit ve rsion s w ill soon 
be ava ila ble, too- a t even lower prices.) 

He re's w ha t you ge t. 

Specifications : 
• 32K on sing le ca rd 
• S peed -450n s. All of our curre nt CPUs w ill o pera te at 

full-ra ted speed . 
• Decoding- Lower o r uppe r 32K bank 
• Power- +5V only ell 4A 
• Ca rd s ize-12" x 5" (excluding connecto r fin gers) 

Features: 
• May be inte rmixed on Digita l G roup sys tem s w ith our 

8K memorv ca rds 

• A ll da ta and address lines are buffe red 
• Fully sta ti c mem o ries- EMM 4801 (450ns) o r equiva 

lent 

Price: 
32K boa rd comple te, assembled and tes ted $995.00 

For a ll th e mem o rable d e tails, just fill out the coupon be low. 
(Then a ll yo u ha ve to rem ember is to ma il it in .) 

L-( illn@_ o _@-,,=~,,---Ol@_Cl ----,~ @=-·[f@]J_O----"-'-[g) ___ ) 

P O. Box 6528 
De nver, Colo rad o 80206 (303) 777-7133 

o I promise to mail this in , so add me to your mailing list! 

Name _____________________ _ 

Add res 5 ______ ______________ _ 

City/State/Zip __________________ _ 

o Remember me? I'm already on your mailing lis t, but I need the 
memory spec sheet des perately. 

Circle 21 on inquiry card . 



Figure 7: Conceptually, it's easy to expand 
the e ffective memory space of a processor 
by adding a latched output port which pro
vides extra high order bits of addressing. The 
result is a "paged" memory technique which 
can address a much larger memory address 
space. In this example, four bits added to 
76 bits y ields 20 address bits, giving a micro
processor an effective addressing range o f 
7048576 locations. Ho wever, there are dis
advantages of such a technique in this simple 
conception : Each 64 K region is completely 
isolated from its neighbors, since the 10 port 
technique requires software switching 
between regions, which cannot in general be 
accomplished within one or a small number 
of instructions. 

Give Your Micro a Megabyte 

Wh at is it th at makes a microcomputer 
"micro? " There a r~ many factors in vo lved, 
but one of the most cru cial is th e small 
memory avail able in most hobby computers. 
I had scar'cely go tten my Altair up and 
running with 8 K of memory before I wanted 
to write programs th at exceeded its storage 
capabilities. Pagin g pl'Ogr'ams in and out 
hom du al cassettes became a major nuisan ce, 
so I gathered my pennies and bought an
other 4 K memory boa rd . In less th an a 
month I needed even mOl"e storage . It is a 
fact of programming li fe th at one mu st 
trade storage space for executi on speed in 
programs. I tri ed to write a program in 
BASIC to pl ay Mastermind on my Altair'. 
Mastermind has 1296 poss ibl e moves, each 
move composed of four nu mbers. Storing 
thi s optim all y would r'equire about 5 K 
bytes; the 'BASIC code took nearl y 6 K 
bytes, leaving me alm ost no space for my 
program. I tri ed to write the program to 
regenerate th e moves each turn. This saved 
th e space , but it took ove r' ten minutes of 
computation to respond . Few hum an pl ay
ers can put up with such a wait. Don' t 
think th at thi s lack of memory affli cts 
onl y small machines. I wo rk on several 
large compu te rs, each of whi ch has ove r 
100 K bytes of sto r'age. Pl'Ogra ms have been 
wr'itten on each system which strain th e 
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memory limits . The unwritten law has it 
th at " programs ex pand to fill all ava il able 
space." We programming ex per im enters 
don 't have much co ntrol over the stru cture 
of our processor architec tur'es, but we do 
build up our own memOl"Y systems. In all 
sy stems th at I have worked on, the memory 
was the single most ex pensive com ponen t. 
Peripherals rank secon d in most sys tems. 
This is the area in wh ich we can upgrade 
our mach ines most read il y from the "m icro" 
class . This article will describe, in a ge neral 
way, two me thods for ex panding the sto r'age 
capability of a computer. These meth ods are 
widely used in big mach ines, bu t are rarely 
built into sm all machin es. This need not be 
the case. 

Present day 8 bit mi croprocessors ty pi cal ly 
have 16 bit address buses. Thi s implies that a 
max imum of 64 K bytes can be directl y ad
dressed. Many mini compu te rs also have 
16 bi t bu ses, bu t often address up to a 
megabyte . How do th ey accompli sh thi s 
apparent bit of magic? Obviously, th ey mu st 
come up with some more address bits some
where. Minicomputers do it by us in g spec ial 
registe rs call ed mappin g reg isters. Th ese 
r'egister's contain th e extra address bits, I f the 
mapp ing register contents are fi xed, th en 
onl y 64 K can be ad dr'essed. But by dynami c
all y changing th e bits of (fOl" example) a 



1--------------------------------, 
I 
I 
I 
I LATCHED 

4 BIT OUTPUT PORT 

~ 
4 

Robert D Grappel 

148 Wood St 

Lexington MA 02173 

ADDRESS BUFFERS 

20 BIT EFFE CTIVE 
SYSTEM ADDRESS 
BUS 

4 bit mapping register, the processol- can 
effectiv ely address an en tire megabyte . In 
minicomputers, the mapping fun ct ion is 
usuall y performed automatica ll y, when 
needed, by operating system software. Each 
task loaded in the system has access to 64 K, 
as determined by its mapping register. 
Homebrewed microprocessors can do th is, 
too, as we ll as comme rcial systems with 
appropriate modifications. We need to add 
a regi ster for mapping. We can't add the 
needed bits to th e processor itse lf, but we 
can use peripheral registers as we I ike. Ju st 
treat the mapping register as an output 
device. Figure 1 shows how an 8 bit micro
processor with 16 address bits can generate 
an effect ive 20 bit add ress space using a 
4 bit output port as a mapping register. A 
multitasking operat in g syste m could be 
wl-itten to sw itch up to 16 tasks, each of 
whi ch has access to 64 K. With such systems, 
64 K segments of data cou ld be kept in 
part itions (64 K space defined by the map 
register), separate from the programs in 
which they are used . The opportuni ties for 
innovative syste m design are vast. As men
tioned , the more memory a syste m has, the 
more co mplex its programs become. 

"Wait a minute l", yo u Me ask in g. "We 
we re ta lking abou t microcomputers with 
typically 4 to 16 K. What good is extending 
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the address space without the memory? Wh o 
cou ld afford to build a megabyte of storage?" 
Good qu est ions. The answer is the second 
trick used by big systems . .. it is ca ll ed 
"virtu al memory." This is quite a sleight of 
hand technique. Bas ica ll y, it amo un ts to 
thi s: If yo u can't have memory at the ad
dl-ess, move the address to the memory you 
have. Nobody expects a system to actua ll y 
have a megabyte of on lin e storage. That is 
too expensive fOI· all but the biggest ma
chines. Di sk (0 1· tape) is also a sto rage 
medium. It is slowel-, but a heck of a lot 
cheaper for large vo lum es of data. Suppose 
that so me exte rnal storage device ho lds a 
lot of data bloc ked into 4 K chunks. Wh en
ever the processor asks fOI- data, the chun k 
that conta in s that data is read into a 4 K 
memory from whi ch the processor gets it. 
Thi s is the esse nce of virtua l memory: a 
sma ll but fast memory which is being filled 
by a large but slow exte rnal store . To the 
program it ap pears that its entire add ress 
space is fill ed with active memory; it ju st 
has to wa it so metimes. Sin ce most progl-ams 
move more or less seque nt ial ly through 
memory , many memory accesses are often 
mad e to the sa me chunk of memory. These 
accesses are as fast as the rea l memOl-y can 
be. The system can have several chunks 
ac tive at the same tim e. Thi s, aga in, is the 
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trade-off of memory space fo r execut ion 
speed. 

Th e I'est of thi s al-ti cle outlines a virtual 
memory system fo r a typica l mi croprocessor. 
It wi ll work with most popul ar processors. 
The one requirement is a READY 0 1" WAI T 
capabi li ty th at will halt the pmcesso r at any 
po int in an instru ct ion upo n an ex ternal 
signal. This is abso lutely necessary to halt 
the processor un til th e des ired chUlik (o r 
more pm perl y " page") of memory has been 
loaded. The 8080, 65 02, Z-80, TMS9900 
and oth er processo rs have this feature. The 
6800, unfortunately, does no t. 

We will ass ume a page size of 4 K bytes. 
Thi s means th at the low ord er 12 bits of th e 
address bus wii l addl"ess the memory page. 
We will ass ume a single 4 K page of rea l 
memory fo r si mpl icity. Two processo rs need 
access to thi s memory. The main processor 
uses it, bLit th ere must also be anoth er 
processor whi ch can access the memory page 
to move th e data in to and out of it. Thus, 
both the add ress and data buses must have 
switches to permit eith er processo l' access to 
th e memory. Now, we need to know if a 
'give n address li es in the current memory 
page. The pag ing processor uses an outpu t 
port as a page address reg iste r. Thi s reg istel" 
is compared with the upper bits of the ad
dress from th e main processo r. A circuit fo r 
such a page se lect log ic is show n in fi gul'e 2. 
It co mpares the upper foLir bi ts of the 
address bus against the contents of a 4 bit 
page register. It uses 7485 4 bit magnitude 
comparators to test wheth er the address is in 
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Figure 2: If a virtual memory system is 
implemented, there is a definite need to find 
out whether or not a referenced address is 
currently in the swapping region of memory. 
This can easily be accomplished by using 
one or more comparator chips. If the page 
select register is equal to the current page 
address reference to the swapping region, 
then access is normal. But if a page fault 
occurs (a reference to a page not presently 
in memory), then the paging processor is 
invoked while the main processor is at 
rest waiting for data. The 2 microprocessor 
strategy discussed here is but one of a 
number of strategies possible for implement
ing virtual memories. 

the page identified by the page register 
contents. The output goes high when the 
address falls outside the page. (The 7485 is 
cascadable, so this circuit could be exte nded 
with extra bits to generate a virtual memory 
space of a full megabyte. This would requi re 
a megabyte of peripheral storage, or about 
four floppy disks .) 

Processors are cheap th ese days. One may 
as we ll use a micro to control th e ex ternal 
sto rage. It will be idle most of the time, 
when th e main processor is happy with the 
present memory page. Wh en the page se lec t 
log ic indica tes th at a ch ange of page is neCes
sa ry, the pag ing processo r goes into actio n. 
The main processor is made to wait. Th e 
memory buses are switched to the contro l 
cif th e paging processor. The pag ing pmces
sor reads the upperfour (or more) bits of the 
main processo r address. If th e present page 
of memory has bee n written into, then the 
new contents of th e page must be res tored 
onto the ex ternal store. The new page must 
be read in from external storage and pl aced 
into the memory page. Th e page written 
latch is I"eset, sin ce we will want to know if 
the main pmcessor changes th e co nte nts of 
the page . Finally, the page add ress reg ister 
is upd ated. Thi s releases th e main processo r 
to co ntinue process ing as though no thing 
had happened. It never not iced that th e 
pag ing pl-ocessor too k ove r. Th e mechanism 
of storage used by th e pag ing pl'ocesso l' is 
a detail of the des ign of the virtual memory 
system. It could use hard di sks, f loppy di sks, 
3M drives, digita l or even audio cassettes. 
(A very in ge nious commercial uni t using 
a mi croprocesso r and interpreter fo r the 
APL language runs such a virtual memory 
system on cassettes. Watching thi s lit tle 
beast run its cassettes around whil e running 
a program is quite impress ive. It features a 
256 K byte effective address space . .. Ii mited 
by th e storage on a cassette. [See the MCM/ 



SYSTEM 
INITIALIZATION 

INITIALIZE 
PERIPHERALS 

SET MEMORY PAGE 

ENABLE INTERRUPTS 

WAit FOR INTERRUPT 

I ENDLESS LO OP 
IN MAIN PROCESS 

800 sold by Microcomputer Machines Inc, 
2725 Center Av, Fort Lee NJ 07024. j 
A simple fl owchart of such a paging proces
sor program is shown in fi gure 3. The main 
program is simpl y initiali zat ion followed by 
a wa it loop. The reset function of the main 
processo l- also starts th e paging processor . 
There is a sma ll difficulty here: Th e mem ol'y 
page must be initiali zed by the pag ing pro
cesso r befo re the main processor can use it. 
Some mea ns must be found to keep the 
main processor busy whil e the memory page 
is be ing initi ali zed. A oneshot tl"iggered by 
the reset line (or by the pag ing processor), 
whi ch hold s the main processor in the wait 
state for suff icient time for the memory to 
be set up , will work. An o utput bit from th e 
paging processor can also be used. The initia l 
page wo uld probab ly be the operat ing sys
tem . This brings up anoth er interest ing point. 
Since the entire content of memory is 
stored on an ex tel'llal , and nonvo latil e 
med ium , o ne can th in k of th e entire memory 
space as a bit li ke ROM. A page ca n be 
wr ite protected by not letting the pag ing 
processo r restore that page from rea l 
memory _ Such memory protec tion can be 
impl emented by a ROM which is addressed 
by the page address lines from the main pro
cesso r and which rese ts th e page written 
latch_ Thu s, the page processo l- doesn't th in k 
th at the page has been changed, and doesn't 
write on th e ex ternal copy. SoftwMe in the 

PAGE FAULT 
INTERRUPT 

YES 
WRITE 
LATCH 
,00 

IF WRITE LATCH; 0 THEN PAGE HAS 
NOT BEEN CHANGED SINCE IT WAS 
LAST READ 

RESTORE PAGE 
TO MASS 
STORAGE 

WRITE L ATCH;O (NO NEED TO COPY 
DATA BACK IF IT HAS NOT BEEN 
CHANGED) 

NOTE : 

READ 
NEW PAGE 
FR OM MASS 
STORAGE 

"WRITE LATCH" IS A HARDWARE 
FLIP FLOP TESTABLE BY SOFTWARE, 
CLEARED BY SOFTWARE, AND SET 
BY HARDWARE WHENEVER DATA IS 
STORED (WRI TTEN TO) THE PAGING 
REGION OF MEMORY_ 

CLEAR WRITE 
LATCH 

RETURN FROM 
INTERRUPT 

page processo r can imp lement program co n
Uol of "wl-ite protect io n. " 

Another point is th at if th e main pm
cesso r has ROM in its address space, one 
doesn't want the pag ing processor to waste 
t im e try ing to page into th at address Mea. 
A simil ar use of a ROM in th e paging proc
esso l- ca n inhibi t pag ing of certa in pages 
in which th e .main pmcesso r ROM is 
located . 

With a virtual memory system, and 
perhaps memory mapp ing, there is often 
no need to do 10 with large data blocks. 
Everything is, effective ly, in mem Ol'Y ad
dress space and 10 is often hidden by th e 
pag ing process . Thi s ca n greatly simp lify 
programs that use lots of data. 

Virtu al memory sys tems are not espe
ciall y cheap. Using a f loppy disk, a system 
such as I describe here wou ld pmbabl y 
cost aro und $2000 to bui ld . A single flopp y 
stores about 256 J< bytes ; so with mapping, 
this system wou ld a ll ow a qu arter megabyte 
add ress space. Think of wi ring together 
two tho usa nd 2'/02sl Think of th e power 
supp ly that wo uld req uire! Besides, 2 -102 
chips cost mu ch more than a doll ar each. 
Th e virtu al memol-y space cou ld be doub led 
by adding another floppy drive_ It sho uld 
take quite a while fo r yo u to exceed th ese 
sto rage limits. When yo u do, th e system 
I-ead il y expand s. You're not likely to byte 
off more than yo ur micro ca n chew. -

81 

Figure 3: What to do when 
a page fault occurs. This is 
a simplified flow diagram 
of a virtual memolY sys
tem control process, in
cluding initialization and 
response to a page fault 
in terrupt. It is assumed to 
be running in a micro
processor dedicated to 
memory management. 



An ·Introduction 

to Numbers 

The concept of f ixed po in t numbers , 
scaled numbers and floa ting po in t numbers 
or igin ated in the sc ienti fic co mputer en
viro nment at a t im e when a co mputer was 
genera ll y co nsidered to be either a sc ient ific 
compute r or a bus iness compute r rather than 
the gene ral purpose comp uter of today. 
Busin ess co mputers used fixed point num 
bers but des igners felt no need to describ e 
them as such because that was the onl y kind 
of number used. Som e business co mputers 
used dec imal arithm et ic rather than bin ary 
arithmetic and al lowed a var iab le amo unt of 
dec im al digits fo r various va ri ab les and 
values of progl·ams. Some busi ness com
puters referred to theil· dec imal digits as 
characters and regarded every characte r 
whether or not it was a deci mal d igit as 
hav ing a decimal digit va lue. But here we'l·e 
concemed with the wider concepts of num
bel· repl·esentat ion in a gene l·al pUI·pose 
computer. 

In the general purpose machine we regard 
all numerical va lues to be binary numbers in 
some sense. Th e po int in fixed point and 
floating point is not a dec im al po int but is a 
bin al·y point. A bin ary point in a binary 
num ber plays the same role as the dec imal 
point in a decimal number. Th e binary 
number 10.1 (meaning lO·U has the decima l 
value of 5. Th e bi nary number ·10.,.1 has the 
decimal valu e of 2.5. The binary digit to the 
left of th e binary point has the place valu e, 
position al va lu e, of one; the binary digit 
next further left has th e place valu e of two, 
then four, then eight, etc. The first binary 
digit to the right of the binary point has the 
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place value of one half, then one fourth, one 
eighth, etc. Binary ·10.10..10.10. is decima l 
10..625. Conversion is seen by add ing the 
digit's place va lu es I 0..625 = 8 + 2 + 0..5 + 
0..125. 

The binary value in a I· eg iste r or memory 
locat io n co ntains onl y binary digits as a 
success io n of binary ze roes and ones. I t has 

. nothing in it that is exp li cit ly a bin al·y po in t. 
It is the respons ibili ty of the programmer to 
dec id e the assumed position of the binary 
point. If the binary po int is assu med to be to 
the ri ght of th e least significant binary 
digit, th e va lu e is an ordinary in teger. Such 
a va lue is often ca ll ed a "fixed po int " 
num ber as in FORTRAN or PL/ 1. The 
bin ary point can be ass umed to li e anywhere 
with in the word or anyw here outside of the 
word. When the binary point is assu med to 
be f ixed at any pl ace other than at the ri ght 
of the least signifi cant bit (LSB) it is 
common ly ca ll ed a sca led va lue, 01" scaled 
fi xed po int value. Any other fixed place
ment is a·sca led binary number. 

Fixed Poinl Value (Integer) 8 Bits 

I 1 I 0 I 1 I 0 I 0 

128 64 32 16 

Scaled Fixed Point 

ASSUMED 
BINARY PO IN T 

1 I 0 I 1 I 0 I 0 I 1 I 0 I 1 I · 
16 1 t 112 1/4 1/8 

ASSUMED 
BINARY 
POINT 

165 DECIMAL 
UNSIGNED 
RANGE : 0 TO 255 

20.625 DECIMAL 
UNSIGNED 
RANGE : 0 .0 TO 3 1.875 



THE LOGICAL CHOICE-First in a series 

Logic Probe 1 is a compact, enor
mously versatile design, test and trouble
shoot in g tool for all types of digital 
applications. By simply con necting the 
clip leads to the circuit's power supply, 
setting a switch to the proper logic family 
and touching the probe tip to the node 
under test, you get an in stant picture of 
circuit conditions. 

LP-1 's uniqu e c i rc uitry-which 
combi nes the functions of level detector, 
pul se detector, pulse stretc he r and 
memory-makes one-shot, low-rep-rate, 
narrow pulses-nearly impossible to see, 
even with a fast scope-easily detectable 
and visib le. HI LED indicates logic "1 ", 
LO LED, log ic "0", and all pulse transi
tions-positive and negative as narrow 
as 50 nanoseconds-are stretched to V3 
second and displayed on the PULSE LED. 

By setting the PULSE/ MEMORY switch 
to MEMORY, single-shot events as well 
as low- rep-rate events can be stored 
indefin itely. 

While hi gh -freq uency (5 -10MHz) 
sig nals cause the "pu lse" LED to blink at 
a 3Hz rate, there is an add itional indica
tion wi th unsymmetrical pulses: with duty 
cycles of less than 30%, the LO LED will 
light, while duty cyc les ove r 70% will 
light the HI LED. 

In all modes, high input impedance 
(100K) virtually el iminates loading prob
lems, and impedance is constant for al l 
states. LP-1 also features over-voltage 
and reverse-polarity protection . Housed 
in a rugged, high-impact plastic case 
with strain -relieved power cab les, it's 
built to provide reli able day-in, day-out 
service for years to come. 

LO Leo ON 

LOGOC '" ~~ 

LOGOC"0"~~-----'7~ 

PULSE LED BLINKS 
ON FOR 113 SEC. 

LOG'C",·· / ~ 
LOGIC "0" ----,.,./ ( c= -~J 

lOGIC .. , 

LOGIC "0 

I 
LO LEO ON I HI LEO ON 

4--T~ l f J SEC .~ 

Hl lEDON 

PUL;~FLED r5 Li Ll Li @iLED 
• • + • + 

LO LED ON 

OUR,..,C PUlSf 111""'51110",5 I'UlSl: lE D 811NK~ 
.of J ' U Il" TE 

HI lEO ON , LO LEO DOES NOT RESPOND TO NARROW PULSES 

L::' ~~DDr= 
DUIl "'lG PULSE TR""S ITIO'lS PUlSE l f O BUNKS 
AT ~ .. , R" TE 

L::",~~:. _-:--'OLL_-LO-L-_-'OL.L __ 
LO LEO ' ON ; HI LED DOES NOT RESPOND TO NARROW PlJLSES 

esc's MULTI-FAMILY LOGIC PROBE 1. 
AT $44.95, IT DIGS UP A LOT OF INFORMATION WITHOUT 

BURYING YOUR BUDGET. 
PULSE LED- Lets you know 
what' s going on-and off. PULSE/MEMORY Switch-
Indicates positive and nega- PULSE posi tion detects 

HIlla LED's-Display level tive pu lse and level transi- and stretches pulses as nar-
(HI-logic " 1 ", La-logic "0") tions. LP-1 stretch'es pul ses row as 50 nano seconds to 
of signal activity at node as narrow as 50 nano- V3 sec. SWitch to MEMORY Logic Family Switch-
under test ~secondS to full Y3 sec. and It stores Single shot and TTLl DTL or CMOS matc hes 

(3Hz pu lse rate) low-rep-rate events Indefl- L ' "1" d " 0" I I 

\ 

nitely; HI / La LED's rema in oglc an .. eve s, 

~ a/Cive / for greater versatili ty. High --==-- Input Impedance-100K 

/ 
--= virtua lly elim inates circuit 

. loading problems and is 
l: constant in both "0" and 

Non-corrosive nickel- ~ 3 1J1. "1" states. CMOS pos ition 
plated probe tip and clip .... ~~ ~ 1J1. . also compatible wi t~ HTL, 
leads-For re liable contacts ~"'lO ~; ~::; HINIL and MaS logiC 
and maximum life Gte PRO ' ::!1 3111: ~ 

8E lP-1 t, G 

/ 
Protected-Features bui lt-in 
reverse polarity and ove r
voltage protection ; strain
relieved power cab le 

CONTINENTAL SPECIAlTIES CORPOI/AnON =$= EASY DOES IT 
44 Kendall St. Box 1942 N ew H aven . CT 06509 
TWX: 710-465-1227 

""gg.d hI'!,.o, P'''''o 
case-Bu ilt to take it ... in 
the lab or in the fi eld 

West Coast o ffi ce : Box 7809. San Francisco, CA 9411 9 
TWX : 910-372-7992 

See your CSC dealer or call 203-624-3103 (East Coast) or 415-421-8872 (West Coast) 
9 AM to 5 PM local time. Major credit cards accepted. Add $2.50 for shipping and 

handling in the U.S. and Canada on direct orders of $50.00 or less; $3.00 for orders 
over $50.00. On all foreign orders add 15% to cover shipping and handling . 
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The val ues wh ich can be represented as an 
integer in one 8 bit byte arc from ze ro to 
255 when all values are considered to be 
un signed, and th erefol'e posit ive, I n signed 
two's comp lement notation the fi xed point 
values in one byte are the integers fro m 
- '128 to + 127, I n either case there are 256 
different va lues poss ible, of wh ich all are 
in tegers wi th no fractions perm itted, 

Scaled fi xed point binary is not oft en 
used except as a part of a floating point 
word, Wh en sca led numbers were wide ly 
used in ear lier computers, th e binary point 
was frequently pl aced, or assumed to be 
placed, in the center of a long computer 
word of 36 bits, 48 bits or 60 bits in length, 
Another common placement used was at the 
left of the most significant bit (MSB) but to 
the right of th e sign bit of a two's comp le
ment number. In sca led va lues of this type 
the values are always less than one and 
greate r than minus one, Many modern large 
computers have in structions to facilit ate 
operat ions on these fraction al sca led va lues, 

SIGN BIT 

ASSUMED 
BINARY 
POINT 

Signed Sca led Fi)(ed Point Va lues 

-0 .7 109375 

Scaled fi xed point va lues will not figure 
stro ngly in our futures, exce pt in those rare 
cases where speed or other applicat ion 
dependent crite ri a requ ire opt imi za tion, 

For signed and sca led fractional two's 
comp lement numbers, the laI"gest bin ary 
value is 0 .1 1111 '11 and th e smallest bin ary 
value would be 1 .0000000 where the digit 
to the left of the binary point is the sign bit; 
however, if we are to limi t the I'ange to 
fractional values , we mList throw out the 
1.0000000 state and treat 1.0000001 as the 
most negative value. This leaves us with 255 
states rang ing from +(127/128) to 
-(127/ 128) or performing th e division, 
+.9921875 to - .9921875 . 

Extending Precision 

The fact th at a particular computer uses 
bytes for its memory storage and registers 
does not mean that a datum must be one 
byte. A unit of data can be any number of 
bits regardless of the computer word length. 
It can be 19 bits on a 13 bit word machin e if 
you program such a co nstruct ion. This 
would be unusual but it certainly is possible. 
I t is customary to define the numerical data 
so that it will use 1,2,3 or some other whole 
number of bytes or words. Dividing data.on 
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memory address boundaries eases and simpli
fies pmgramming, 

Scaled va lues were useful enough for 
many purposes but their use was troubl e
some to th e programmer, If a va lu e got too 
laI"ge, there was danger of ove rfl ow , I f a 
va l ue got too sma ll , there was a loss of 
significance caused by too many leadi ng 
ze roes and the dangel' of the va lue becoming 
ze ro. Special sca ling facto rs had to be used 
from time to time to keep the probl em in 
hand , and of course the effects of the scaling 
factors had to be removed when the compu
tations were comp leted. Th e invention of 
fl oating point numbers cured most of the 
sca ling difficulties. 

Enter Floating Points 

A floating po int number has two parts for 
each val ue. One part is a fraction which is a 
sca led fixed point number as described 
above, The fr actional part has many names. 
I t may be call ed the fraction, mantissa or 
coefficient. The typical floating po int num
ber has a fl'action whose abso l ute va l ue is 
always less than one. Th e minimum frac
tional va lue is determined by the base of the 
other part of th e floating point number. This 
other part of a floating point number has 
been called th e exponent, power or charac
teri stic depending on whose descr iption yo u 
read. It is the exponent or power to be 
app li ed to some base (also cal, led the rad ix) 
that forms a scali ng factor, Th e va lue o f the 
number is th e fraction al part multiplied by 
the base rai sed to the power of th e ex
ponent's value. 

For many years the base for the ex ponent 
part of a fl oat ing point number was almos t 
in variab ly two. For a base radi x of two a 
nominal minimum absolute value for the 
fractional part is one half. We set up our 
hardware or software to fOl'ce the most 
significant bit of the mantissa to be one, in 
order to "normali ze" our numbers, Simi
larly, for each possible base we constra in the 
fr actional value: For a base of four the 
minimum fraction value is one fourth . For a 
radix of eight the minimum fracti on is one 
eighth and fOl' 16 it is one sixteenth. IBM 
System 360/370 uses a radix of 16 for the 
exponent base in floating point numbers and 
so do various other computers and systems. 
Whatever the radix fo r the exponent, when
ever the fraction is greater than or equal to 
th e minimum value for th at base, the float
ing point number is said to be normali zed. 
(In o rder words, it is the "normal" or "best" 
form.) 

There is very littl e standardi zation among 
floating point numbers. The rad ix for the 
exponent's base may be two or it may be ten 



FLIPOVERO FLOPPY 

Only $750 from Peripheral Vision. 
Peripheral Vision is a brand-new company that's dedi

cated to selling reasonably priced peripherals for various 
manufacturers' CPU's. 

We think you 'll flip over our first product. 

It's a full-size floppy disk for the Altair-Imsai plug-in 
compatible S-1'00 BUS. And it's available for as low as $750. 

Here are the features: 

• 1 interface card supports 4 drives 

• Stores over 300,000 bytes per floppy 

• Bootstrap EPROM included-no more toggling or 
paper tape 

• Completely S-100 plug-in compatible 

• Interface cabling included 

• Drive is from Innovex (the originator of the floppy 
concept)-assembled and tested 

• Interface card design is licensed from Dr. Kenneth 
Welles and the Digital Group 

• Disk operating system with file management system 
included on floppy 

• Cabinet and power supply optional 

Prices : 

Interface card kit and 
assembled and tested drive 

Power supply- + 24V at 2A 

Cabinet-Optima, blue 

Circl e 23 on inquiry card. 

Kit Assm. 

$750 $850 

45 65 
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Now, a little more about our company. 
Peripheral Vision may be brand-new, but we have some 

old-fashioned ideas about how to run our business. 
We know there are serious incompatibilities among the 

different manufacturers' peripherals and CPU's. We want to 
get them together. And , we want to bring significant new 
products to market-products consisting of everything from 
adaptation instructions/ kits for hardware and software to 
major new products. 

It's a tall order, but we feel we 're up to the task. 
Peripheral Vision has already obtained a license from 
The Digital Group to adapt versions of some of their prod
ucts to the S-100 BUS. And we 're working on getting more 
from other companies. 

Most important to our customers, Peripheral Vision is 
committed to helping you get along with your computer. 
We 'll do all we can to make it easy. 

Write us now for all the information on our company, 
our philosophy and our exciting line of products. And be 
prepared to flip over all of it . 

p.o , Box 6267 I Denver. Colorado 80206 / (303) 733-1678 

Send me the works, and I just might flip over it! 

Name ________________________________________ _ 

Address ______________________________________ _ 

City/State /Zip ______________ _ 



Table 7,' This is a summary 
of the nominal maximum 
relative error that occurs 
for different field widths. 
The fie ld widths are 
measured in bits. The max-
imum error column is cal-
culated as being the maxi-
mum error or change in 
value that occurs if the 
least signi ficant bit is lost 
or changed. The decimal 
digits column indicates the 
number of decimal digits 
which are unaffected by 
relative error in the repre-
sentation. 

or even 16. Within a floati ng po in t word the 
bits for the exponent can be either before or 
after the fract ion. The nu mber of bits fOl' 
the exponents vary wide ly in d iffere nt sys
te ms as do those for the h act ions. There al'e 
vario us schemes for show i ng the signs for the 
expo nents and the signs fm the fl'act ions. 

Th e dynam ic I'ange of va l ues all owed for 
a float ing point number is determ ined pl' i
mar il y by the radix fO l' the expo nent and the ' 
number of bits in the exponent. The IBM 
System 360 and 370 hardware uses an 8 bit 
expo nent of wh ich one b it is used to take 
care of the sign for the expo nent (it is not 
trul y a sign bit but the overa ll effect is much 
the same) and one bit handles the sign for 
the fract ion wh ich leaves six bits to detel'
mi ne the va lu e of the exponent. The largest 
value in six bits is 63 whi ch, when app lied to 
a base of 16, produces 1663 or approxi
mate ly 7Xl075 . The small est posit ive ex
ponent is equiva lent to 16- 64 or approx i
mate ly 9X l 0- 78 These expo nents must be 
mult iplied by some fract ion between 0.0625 
and 1 to get the fina l va lue of a floating 
po in t word . The expo nent fo r a Un ivac 1100 
series computer is nine bits wh ich loses two 
bits for the signs. The I'emaining seven bits 
wou ld seem better than the remaining six for 
the System 370 except that the radix of the 
expo nent is two. Th e lal'gest exponent is 
2127 or app rox imate ly 1.7Xl038 and t hus 
mu ch small er than that for the I BM version. 
The Un ivac doub le prec ision f loat ing po int 
wo rd all ows numbers to 21024 01" approxi-

Number of M ax imum Decimal 
Bits V alues Error D igi ts 

2 4 .250 0 
3 8 .125 0 
4 16 .063 1 
5 32 . 03 1 1 
6 64 .016 1 
7 128 8E,3 2 
8 256 4 E,3 2 
9 512 2 E,3 2 

10 1 k 1 E-3 3 
11 2k 5 E-4 3 
12 4k 2E4 3 
13 8k 1E4 3 
14 16k 6E-5 4 
15 33k 3 E-5 4 
16 66k 2 E-5 4 
17 13 1k 1 E-5 5 
18 262k 4 E-6 5 
19 524k 2 E-6 5 
20 1M 1 E-6 6 
21 2M 5E-7 6 
22 4M 2E-7 6 
23 8M 1 E-7 6 
24 17 M 6 E-8 7 
25 34M 3 E,8 7 
26 67M 1 E-8 7 
27 134M 7E,9 8 
28 268M 4 E-9 8 
29 537M 2E,9 8 
30 1G 9 E-10 9 
3 1 2G 5E-10 9 
32 4G 2E-10 9 
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mate ly 1.8X 1 0308 which is pretty 
impress ive. 

The precis ion, or accuracy limit, of a 
floati ng po in t number is determined by the 
num ber of bits in the fraction pa rt. Just in 
case you're mistakenl y tempted to regard 
accuracy and precis ion as bei ng the same, let 
us learn to distingu ish between them . Pre
cis ion re lates to the ab ili ty to differe nt iate 
betwee n va lue representat io ns that are 
nearl y the same. In tel'1l1S of decimal va lues 
the prec ision can be to eight significant 
d igits but if the accu racy is less than the 
precision then some or all of these eight 
digits are nonsense. Accuracy cannot exceed 
prec ision. Precision can be defined as the 
max imum poss ible relat ive accUl'acy. Yo u 
cannot easi ly ascri be a pl'ecision to a 1 bit 
fie ld because there is o nly one nonzero va lue 
poss ible. 

In sp ite of slight conceptual error it is 
often co nven ient to regard the prec ision as 
the represent ional error caused by the vari 
at ion of one in t he least signi ficant bit 
posit ion fO l' a field width in bits that does 
not include lead ing zero bits . Usi ng th is 
method fo r two bits we can stip ul ate four 
va lues, so we can say the precision is about 
25%. 

From th is po int let us decide to give 
precis ion as the precis ion in bits in the bit 
field that does not include leading zero bits. 
Then, fo r each such prec isio n, we can 
compute an erm~ that will have nothing at 
all to do with accuracy beyond placing a 
lim it on the accuracy. Th is is eq ui valent to 
say ing that a method or procedure which 
pmduces a va lue can be tota ll y wrong but 
this does not reduce the prec isio n in the 
va lue as it is represented. We can claim the 
sq uare root of 4 to be 1.389567. This sq uare 
root is qui te pl'ec ise but not vel'y accurate . 

When one thi nks of elTors it is usually 
errors caused by all inaccUl'acies rathel' than 
just those errors caused by pl'ecis ion of 
express io n: However, for the remainder of 
thi s art icle I wi ll take a narrow view of errors 
and assu me they are al l caused by precision 
onl y. Th e no mina l maximum relative errors 
for d iffe rent fie ld widths, measured in bits, 
are summar ized in tab le 1. 

Our approx imate rule fOl" the max imum 
error in a 2 bit value gave us 25% when 
the tr ue va lue was abo ut 20%. As the fie ld 
width in the num ber of bits increases the 
approximate rul e improves and is close 
enough in any case. It is im portant to 
remember that the effective fie ld width does 
not inclu de leading zeroes. 

The floati ng point fraction on the Un i
vac 11 08 (Un ivac ca ll s it the mantissa) is 
27 bits wide and the most significant bit is 



always set for positive values . Thus the 
precision, expressed as the max imum repre
sentat ional erro r, is about one part in 108 
and is equivalent to seven or eight significant 
decimal digits. The single precision floating 
point fraction on the I BM System 370 com
puters is allowed a width of 24 bits but 
because the exponent r.adix is base 16, the 
nOl'mal ized fraction can have hom none to 
three lead ing zeroes. The precision therefore 
va l'ies from an error of about one part in 108 
for 24 bits to one part in 107 for 21 bits. 
The equivalent decimal precision is about six 
or seven significant deci mal digits . The IBM 
fraction is not quite as good as Univac's but 
the dynamic range allowed by the floating 
point exponent is greater. Both are greatly 
infer ior to the CDC machines with their 12 
bit exponent and 48 bit mantissa in a word 
of 60 bits . 

It is not customal'y to use a signed value 
in the ex ponent part of floating point 
numbers . The more usual arrangement is to 
bias the exponent by adding a constant. The 
ex ponent range for the I BM floating word is 
from 16- 64 to 1663. The 16 is not shown 
but is ass umed. IBM adds 64 to the ex
ponents so that the floating exponent part 
for the val ue 16-64 is zero and for 1663 
is 127 . A floating value of one is equiva
lentl y 16X 1 /16=1 which yields binary 
01000001000100000000000000000000 as 
a singl e, 32 bit value. In hexadecimal this is 
41100000. The exponent part in hexa
decimal is 41. Table 2 shows a summary of 
the binary and hexadecimal digit placement 
as used by IBM. 

Negative floating values are typically 
formed one of two ways. The word as a 
whole is simply arithmetically inverted or 
else on ly the sign bit is inverted . Either of 

The COMPUTALKER Model CT-! optimizes the trade-off 
between low data rate speech and directly digitized speech. 
Low data rate speech relies on 'canned definitions for the 
sound of each phoneme , which produces mechanical 
sounding speech. Digitized speech, while remaining faithful 
to the original sound, requires! OK to 20K bytes per second 
of storage and is inflexible to phonetic manipulation , 

With the Model CT-!, the sounds are defined in real time 
under soitware control. Parameters which represent the 
phonetic structure of human speech are transmitted to the 
CT-! at a rate of 500 to 900 bytes per second. This allows 
the production of highly intelligible and quite natural 
sounding speech output. Speaker characteristics and 
language or dialect variations are retained in the output. 

The CT-! can also be operated in a low data rate mode using 
phoneme definitions contained in the CSR! Synthesis-by
Rule software package . The COMPUTALKER sp'eech synthesis , 
system , used in this way, has the advantage that the 
software driver can easily be modified to keep the 
naturalness and intelligibility of the speech output up to 
date with the constantly evolving state of the art of rule 
governed speech, 

hexadecimal 4 o 0 000 

binary 01000001000100000000000000000000 

Table 2: The breakdown of a sample number of a 32 bit word into binary and 
hexadecimal digit groups. 

these methods is satisfactory and neither 
changes the dynamic range of the expo nent 
nor the prec ision of the fraction . 

Many I BM users go to double precision 
floating point because the precision equiva
lent to 6 dec imal digits is not sufficient for 
theil' needs. In this case the exponent, and 
the dynam ic range, is not changed but the 
fraction width is increased to 56 bits which 
is equivalent to about 17 decim al digits. 
Dou ble precis ion on the Univac allows 
12 bits for the exponent, versus the single 
precision 9 bits, and 60 bits for the fraction, 
versus the single pl'ecision 27 bits . Double 
precision on the CDC machines is almost 
ridiculous - the exponent is essentially 
repeated in the second word which allows 
96 bits for the fractional part which is 
equivalent to more than 30 decim al digits! 

If I were writing a complete programming 
syste m for an 8 bit byte machine, I would 
not use a 4 byte copy of the I BM floating 
word but would use two bytes for the 
expo nent with an exponent base radix of 
two rather than 16 and four bytes for the 
fraction part. A 32 bit fraction is equivalent 
to about nine significant decimal digits and 
the exponent range would be ridiculously 
large. Or maybe one should use the IBM 
method but adding two bytes to the fraction 
pal't. My point here is th at I personally do 
not like a word with only six decimal digits 
of precision.-

CALIFORNIA: 

(i.COMPUT~ALKER Long Beach, CA90815 
~ _ A·VIDD ElectroniC' 

[213]598-0444 • 

~ 
Lawndale, CA 90260 

~ Byte Shop of Llwndlle 
.-_ _ ---'-1_-, [213] 371·2421 

I ® 0 O · I Orange, CA 92667 
• . The Computer Mlrt 

AMPLIFIER [714]633·1222 

5,100 BUS 

t 
SPEAK "KAAMPVUTAOLKER" 
WRITE FOR INFORMATIVE LITERATURE 

COMPUTALIIER CONSULTANTS 

~A~'T~O~J:I~~:~~:O:06 

87 

Santa Monica, CA 90401 
The Computer Store 
[213]451·0713 

GEORGI": 
Atlanla, GA 30305 
Computer Sy.tem. Center 
[404]231·1691 

INDIANA: 
Bloomington , IN 47401 
The Dltl Domlln 
[812]334·3607 

KANSAS: 
Kansas City, MO 64113 
Mlcro,Com, Inc. 
[816]333·8383 

MICHIGAN: 
Royal Oak, MI 48073 
Computer Mlrt of ROYII Olk 
[313] 576·0900 

NEW JERSEY: 
Hoboken, NJ 07030 
Hoboken Computer Works 
[201]420·1644 

OREGON: 
Portland , OR 97201 
Byte Shop of Portllnd 
[503]223·3496 

VIRGINIA, WASH. D.C.: 
Fairfax, VA 22030 
Roberiliriformllion 
Service., lric. 
[703]560·6119 

CANADA: 
Toronto, Ontario / Canada 
M5V lZl 
The Computer Pllce 
[416]598·0262 

ENGLAND: 
London NW6, England 
Compelec Electronic. 

GERMANY, AUSTRIA: 
8011 Munich·Putzbrunn 
D,"mea Dlv. of Meallton KG 
[089]46 50 66 

JAPAN: 
Shibuya-ku, Tokyo, Japan 
PIX Electronlcl 
[03]370·2751 
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SYNCHRO·SOUND Enterprises 
Your Small Computer Department Store 

One-stop shopping for 
Hardware and Software 

• 

LEAR SIEGLER 
ADM·3A TERMINAL 

' ...... 
• • -u .. 

• Full addressable cursor. 
• Character Generation- 5 x 7 dot matrix. 
• Display Format- Standard: 1920 

characters, displayed in 24 lines of 80 
characters per line. 

• Character Set-' Standard: 64 ASCII 
characters, displayed as upper case, plus 
punctuation and control. 

• Communications Rates- 75 to 19,200 
baud (switch selectable). 

• Computer Interfaces- EIA standard 
RS232C and 20mA current·loop (switch 
selectable). 

• Data Entry- New data enters on boltom 
line of screen; line feed causes upward 
scrOlling of entire display with top·of· 
page overflow. Automatic new line 
switch selectable, end·of·line audible 
tone. 

ADM·3A Kit, . , , , , . ,$839.95 
ADM·3A Assembled, 1079.95 
Lower Case Option ... . 89.00 

Compare our PRICES, PRODUCTS, QUALITY, 
DELIVERY, SERVICE ... we carry everything 
you need in small computers, terminals, 
printers, monitors, keyboards, accessories. 
We'll meet or beat competitive prices on 
everything we sell! 

Friction Feed .......... $1099.00 
Tractor Feed ... . .. . .. ... 1229.00 
RS 232C Serial Interface ... 250.00 

SPECIAL BUYS 

HAZELTINE Modular One Video 
Terminal . .. . .... . .. .. ... .. ..... $1639.00 

SORAC IQ120 Video Terminal Kit. . . .. 959.00 
DEC LA180 Printer .............. . .. 2769.00 
COMPUCOLOR 8001 Color Graphics 

Computer .... . ..... . ..... , . . . . . 2595.00 
ICOM Microfloppy Disc & Controller . . . 989.00 
NORTH STAR Microfloppy Disc & 

Controller ..... ......... .. , .... . 
OKIDATA Model 22 Printer ......... . . 
OMNITEC 401 C 300 Baud Modem .. . . . 
2708 EPROMS . . ........ . ......... . 
OAE Papertape Reader . ..... .. .... . 

599.00 
2095.00 

300.00 
29.95 
69.95 

SOL 20 In Stock For Immediate Delivery 
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The Model SS·1 Communications Terminal 
is a non·contact capacitive keyboard with a 
guaranteed life of over 100,000,000 opera· 
tions. 

• MOS/LSI Encoder with high reliability 
low power consumption. 

• Key Roll Over which eliminates operator 
error and increases thruput. 

• Hysteresis for teas~ proof operation. 
• Solid State performance at mechanical 

switch prices. 
• Tactile Feedback at the operate point. 
• ASR·33 Array with four mode encoding. 

Keyboard Kit ........ $99.95 
Enclosure (with numeric 

cutout) ........... . 49.95 
Numeric Pad .. .. .. .. . 34.95 
Complete Kit (with pad)179.95 
Assembled Unit 

(with pad) . ... .. .. . 229.95 

• 132 column printing • 30 CPS PS 

$1769.95 
• Full keyboard • Tractor Feed 

SOFTWARE 
Attention ALTAIR DISK Owners 

Now available-an .Accounts Receivable 
System for the small user. This system is ex
pressly designed to be run on an 8080 based 
microcomputer using an Altair floppy disk with 
Altair Basic, Video Terminal and Printer. Many 
features normally found only on large scale com
puters are included. Provided are such functions 
as: Adding New Customer Accounts, Deleting 
Dormant Accounts. Transaction Processing, 
and Report Generation . The MonthlyStatements 
include both current and aged balances. Other 
reports generated are the Aged-Accounts 
Receivable and Delinquency Notices. 

This easily usable system requires very little 
operator training . All communication is in an in
teractive mode with the program constantly 
prompting the appropriate responses. Operator 
errors are easi Iy corrected and accidental data 
base deletions are prevented by requiring addi
tional confirmation . 

This Accounts Receivable System, although 
supplied ready for use, may readily be modified 
to include special installation-dependent func
tions. All major programs are written in high 
level language making program additions and 
alterations a simple task. This program module 
is designed to serve as the basis for a complete 
accounting package. Provisions are included for 
linking Billing Inventory Control and General 
Ledger modules which will be available in the 
near future. 

We carry a full line of the following: TDL, OAE, 
Processor Tech., Hayden, Tarbell, IMSAI, 
Cromemco, Compucolor, Icom, Lear Siegler, 
Okidata, DEC, Javelin, Teletype, North Star, 
Heuristics, Peripheral Vision, TRW. Same day 
delivery and shipping on most items. Full, 
modern repair facilities on premises for com· 
plete servicing of everything we sell. 

~ 
SYNCHRO·SOUND Enterprises 

~ ~ The Computer People 
193-25 Jamaica Avenue, Jamaica, 
New York 11423 • 212/468-7067 

Hours 9-4 daily Visit our new showroom .. . 
and Saturday working units on display 
Dept. B BankAmericard • Master Charge ----------------------------_. 

l"j Pl ease send me further information on : (list items) 

Pri ce List 0 

Name ______________________________ __ 

Address ____________________________ _ 

Circle 25 on inquiry card. 



Alain Chance 
20 rue de Longchamp 
75116 Paris FRANCE 

A 

Jeu de NIM, Peut Etre? 

We recentlYrf?ceived the following frorr Alain Chance in Paris. AlaIn is a 
confirmed, SR-5g fan, as his letter so (lmply indicates. It just goes to show 

, that enthusiasm~for small systems programming /s by no means limited to 
the . 

I am an enthusiastic reader of your maga
zine . Since I own an S R-52 with PC-100 
printer attachment, I have read "The Buried 
Gold in the SR-52" and "Desk Top Wonders" 
[December 7976 BYTE, pages 30 and 92] 
with great interest. 

But I think that the register organization 
offers a much more fantastic ability : By the 
use of memory functions and program 
storage registers, a program can alter itself! 

To find out the correspondence between 
codes and program register contents , we 
execute the fJllowing sequence using the 
SR-52's 2 digit keycodes: 

*7TEE 12 STO 70 *rset *Iist 

and we get: 

display 3.14159265412 
printout = 00020 001 01 00200 00354 

00426 00559 00641 00731 

The following program should prove very 
useful to SR-52 enthusiasts: 

0000 0010 0020 0030 
0040 0050 0060 0070 
0080 009 *LBL 010 A 011 0 
0120 0130 0140 015 * rtn 
016 *LBL 017 B 018 EE 0195 
0208 021 + 022 RCL 0237 
0241 025 = 026 STO 0277 
0280 029 *rtn 0300 0310 

To see how it works, perform the following 
sequence: 

* 1f STO 05 5 STO 97 
Input 0.7094336 
Press B, display = 5.60709433660 
Press A, display = 3.14159265400 

The A function operates exactly the same 
way as if we had keyed in the following 
steps (in the learn mode): 

*INO RCL 97 

To replace those four steps by GTO 123 
(whose codes are 41 01 02 03), we would 
merely input .3020141 and press B. 

This unique feature opens a new dimen
sion in programming. 

"That funny black caterpillar you just killed will set you back five 

For SR-52 games hunters, I offer the 
following version of NIM which allows up to 
nine rows of 1023 pawns each. (This pro
gram should be run with the PC-100 
printer .) 

bucks." . 
By Duane Bibby 
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Program Listing 

!lJSR-52 CODING FORM - KODEFORM - FEUILLE DE PROGRAMMATlON 

"" TITLE I TIT El' TITRE _ J E.U _DE J~l ~___ PAGE I SEITE I PAGE ---,J.",,___ OF I VON J OE __ ---:-__ 

PROGRAMMER I PROGRAMMIERER I PROGRAMMEUR _-Al.o.._~ t'l-CH AN cL DATE I DATUM / DATE _fLn~Ot 1.91' 
Loe: . Code Key Comments 

Adr. Kede Taste Bemerkungen 

Adr. Code To uche Commenl31res 

Play Instructions 

Loc. Code 

A dr. Kade 

Adr. Code 

Key Comments 
Taste Bemerkungen 

Touch e Commentaires 

loco Code 
Adr. Kade 
Adr. Code 

1. Load in the play card both A and B sides 

2. Initial ize: 'fix 0 'CMs *rset 
3. Ente~ the starting position: For each non

empty row, input its number, n, (1 .;;; n ';;; 9) 

and press 8; thim input the number of 
pawns, X n • (0 .;;; xn .;;; 1023) and press A. 

4. To play against the SR·52, input the num
ber, I'l, Q·f the row you have altered and 

press B; then input the number of pawns 
that remain in this row and press C . 

5. To begin a new game go to line 2 above. 

hope that such programs will encourage 
Texas Instruments to create a European 
SR-S2 Users Club. Many people are for sure 
waiting for personal computer system dealers 
in Europe.-

Key • Comments 

Taste IBemerkungen 
Touch e Commentaire 

Example 

Starting 

Position 

Player 

SR·52 
Replies 

Player 

SR·52 
Replies 

Player 

of 

1. 
4 . 

::: . 

':::. 
z. 

1. 

;: . 
!. 

( I, 

~ . 

2. 

1. 
o. 

I) . 

SR·52 Wins 
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Labels 
Label 

Labels 

Play 

1.1 0 

0(1 

0(1 

"'F:" 
Ff: " 

" f ... 
H :" 

Fr·" 
i:' F 

1" 1' " 
Pf 

n '" 
F'f" 

r'F." 
1-'1:" 

F F' 
r-r. ' 

I·· r·" 
Pc:" 

r·T·" 
I-'f" 

BITS, BYTES 
I BALONEYI 
For all of you non·aficionados of the Computer 
Art. . . . 

BIT - an electrical signal or logic level (like 
the zero or one of the Binary numbering system) 
- Motorola's M6800 is an 8·bit MPU. 

BYTE - a set of eight electrical signals, or 
logic levels (bits) - The M6800 is capable of 
addressing 65,000 bytes of memory. 

BALONEY - the state·of·the·MPU·art that says 
that you must be a trained computer expert to 
use a Microprocessor in a practical manner. 
More and more "individuals " are becoming self
styled computer 'experts' at home, with their 
own MPU kits. They are doing things that others 
said, "cou ldn't be done," (just because they 
forgot to ask). 

NOW'S YOUR CHANCE - for only $235.00 (plus 
$5.00 postage and handling) you can order your 
MOTOROLA M6800 MICROPROCESSOR EYALUA· 
TION DESIGN KIT, directly from Motorola. 

IT'S A COMPLETE KIT - the MEK6800D2 Kit 
has all the parts necessary to complete the sys· 
tem and get "On The Air," except for the Power 
Supply. It includes: 

o (1) MC6800 Microprocessing Unit 
o (2) MCM6810 - 128 x 8 Static RAMs 
o (2) MC6820L - PIA's 
o (1) MC6830L - Program ROM 
o (1) MC6850L - ACIA 
o (2) Printed Circuit Boards 
o (1) MC6871 - Clock 
o (1) 6·Digit Seven Segment Display 
o (1) 24·key Keyboard 
o Complete kit of resistors, capacitors, 

sockets, circuits, etc. All the parts 
necessary to the system, but the Power 
Supply. 

THE M6800 MPU KIT FEATURES 
o 24·key Keyboard 
o 7 Segment Display 
o Cassette Interface 
o EROM Expandable 
o RAM Expandable 
o Wire Wrap Capability 
o Parallel & Serial 
o Interface Capability 
o Single 5·Yolt Supply Required 
o Layout on Boards 
o Documentation 

IF YOU'RE READY FOR 
A MICROPROCESSOR 
- THE M6800 IS 
READY FOR YOU! 
Send your order in today 
for one of the most 
powerful MPU Kits on 
the market. Fill in the 
order form below and 
mail it with your check 
to: 
MOTOROLA 
MPU KIT SALES 
Department B 
P.O. Box 27605 
Tempe, AZ. 85282 

----
I have enclosed $235.00 plus $5.00 shipping and 
handling (add applicable state and local taxes) in 
check or money for each MEK6800D2 Micro· 
processor Design Kit Ii. Please send __ Kit(s). 

NAME ________________________ _ 

ADDRESS ___________ _ 

CITY _____________ _ 

STATE _ ___ _ __ ZIP _ _ _ 

Please print clearly - Make checks payable to 
Motorola Inc. 

~ !,!!!:?~.?p~~~ .. 'no 

Circle 6 on inquiry card. 



A Machine Code When it became necessary 
to insert a routine between 

locations x and x+1 in 
memory , I found myself 

with two miserable op
tions for manual patches. Relocator for the 8080 

Leor Zolman 
362 Memorial Dr 
Cambridge MA 02139 

About the Author: Leor 
Zolman has been pro
gramming for four years, 
inCluding such applications
as medical graphics for . 
Cedars of Lebanon Hospi~ 

tal in his hometown of Lo!; 
Angeles. He is currently 
working on a 2 K resident 
monitor for the 8080, and 
characterizes himself as a 
BASIC games enthusiast. 
Mr Zolman is 77 years old 
and a freshman at MIT. 

Many mi cmco mputer hobby ists pass 
through an ea l"ly stage in the deve lopment of 
theil" systems where mac hine language is the 
on ly mode ava il ab le fOI" pmgl"a mming" My 
system co nfigul"at ion at that point in clud ed 
an IMS AI mainframe and 4 K memory, a 
VDM - I video driver and monitol", and a 
Ta l"be ll cassette interface. The big pm bl em 
when programming so mething like LIFE fo r 
th e VDM in machin e language occurs when 
it beco mes necessa l"y to in se l"t a m utine (call 
it routine y) between locat ions x and x+ 1 in 
memory. I found myse lf with two mi se l" abl e 
options open: 

1. Rep lace three 0 1" so bytes (the exact 
IlLlmber depending o n whel"e the new 
instruction begins, o n byte 3, 4, or 5) 

. with a patch to routine y, pl aced 
somewhere e lse in memory, th en re
stme the lost bytes at the end of 
rou t in e y and jump back to locat ion 

Number 
Label of Bytes Address 

x+4, or so, This is not exact ly ideal. 
2. Manually I'elocate the program from 

location x+ 1 on down unti I th e end 
of the program (un less you left plenty 
of NOPs to handl e just such a situ at ion 
- then, when yo u're all finished, 
yo u're left with a bun ch of use less 
NOPsl) to make room for mutine y. 
This involves writing the whole thing 
out on paper first th en togg ling it in, 
Once aga in, far hom optimal. 

My so lu t ion to thi s dilemma was to write 
a machine langu age program wh ich pel"forms 
the seco nd type of relocat io n above quickl y 
and painl essly when give n just 11 bytes of 
relocatio n data as shown in tabl e 1. 

The program, which I call the "reloca
tOI', " performs its du ty in two phases . 
Ph ase 1 simpl y takes the bl ock whose firs t 
address is a, and whose last address is b, then 
transfe rs it as is to the area begi nning with 

Comments 

2 
0000 , 

Fi rs t ad dress of block to be relocated a 
00 DE 

b 

c 

d 

e 

2 
ODDF. 

Last ad dress of block to be relocated 
ODED 

2 
ODE1. Des tination address (ie: wh ere the byte at locat ion a should go) 
ODE2 

2 
ODE3. 

First address to have references fixed 
ODE4 

2 
ODE5 . 

Last address to have references fixed 
ODE6 

00 = fix references only 
ODE7 Function select: 01 = move block and fix references 

02 = move block only 

Table 7: These six I?ey pieces of information must be entered into the 
locations shown (b eginning at hexadecimal ODDD for listing 7) before 
relocation can be performed 
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address c. That's it fo r ph ase 1. If the fun c
tion se lec t byte is eq ual to 02, th en the 
I'elocato r quits here and goes into an infin ite 
loop which shows up as a know n pattem in 
the li ghts of an Alta ir or IMS AI fro nt panel. 
This is an indicator of the end of execution. 

Ph ase 2 is the tricky Pal"t. All addl'esses 
(mean ing all 2 byte operands of 3 byte 
instruction s) wh ich fa ll between items a and 
b above (inc lu sive) mu st have added to th em 
the distance (number of bytes) which the 
block was moved. This va lue is eas il y com
pu ted by the ex pl'ess ion c- a. FOI" exampl e, 
if a ten byte block was moved from startin g 
locat ion 10 to decimal starting location 75, 
the n the value 65 must be add ed to any 2 
byte operand in th e program hav ing a valu e 
f!"Om 10 to 20 inclu sive. 

The purpose of items d and e in the 
relocat ion data is to tell the re locator where 
it must look for such operand s (references), 
so that they may be altered or "fixed" 
accordingly. Since the references may li e 
anywh ere within the program (not necessa r
il y just within the re located block) d shou ld 
be set equ al to the ve ry firs t locat ion of the 
program, and e shoul d be se t to the last. Th e 
excepti o n to thi s, which occurs wh en a data 
bloc k lies in the way, will be covered later. 
(To avoid the exception, the "good" pro
gramming practice of keeping data separate 
from exewtable code is highly recom
mended . . . CHj Phase 2 may be executed 
without phase 1 if the fun ct ion se lect is set 
to O. 

The beauty of this program becomes 
apparent when a frie nd having 32 K in hi s ' 
machine hand s yo u a tape of a program he 
wrote re sidi ng so mewhere up in the sky (01' 

so it seems to yo u, with o nl y 4 K) and yo u 
wou ld like to run it. All you have to do in 
th is case is: 

1. Load in the relocator 
2. Load in yo ur fr iend 's program in any 

free memory space 
3. Feed th e re locator th is relocatio n 

data: 
a. the or iginal first address of the 

progl'arn 
b. the ori gin al last ad dress of th e 

p!"Ogram 
c. the locat ion where yo u loaded it 

(first locat ion) 
d. same as c 
e. c + length of the program (th is 

equ als c + b - a + 1) 
f. 00 (funct ion select to fix references 

onl y) 
4. Exam ine the start of the relocator and 

hit run. Wh en the LED s stop flickering 
(about '1 seco nd for each 1 K between 

Listing 7.' A relocation program for use on 8080a systems. The program ta/?es 
any existing program and transfers it to any other location desired in memory 
with a minimum of fuss. Throughout th is program, endless loops are used to 
signal the end of major operations. These loops will cause the data LEOs to 
output a constant light pattern on the front panel (line 0037 for example). If 
desired, the program can be modified 50 that it jumps to any other desired 
routine at these pOints, or returns to your monitor. All numbers followed by 
an H are considered to be hexadecimal in this -program (eg: 02H in line 
0035). Interestingly enough, while the program resides at starting location 
DODO, it is perfectly capable of relocating itself! 

Address 

Hexadec im al 

Code 

0000 3 1 FF 00 

L abel Op Operand Commentary 

L X I SP, STACK 
03 2A OF 00 LHLO SBO T getb; 
06 54 MOV O,H move b to DE ; 
07 50 MOV E,L 
08 2A E1 00 ' LH LO OTOP get c; 

DB 44 MOV B,H m ove c to BC; 
DC 40 M OV C, L 
00 2A DO 00 LHLO SSTRT ge t a; 

10 C5 PUSH B save c; 
11 CD A9 00 CA LL COM PH complement HL; 
14 19 DAD 0 HL := b - a; 
15 44 MOV B, H move t o BC; 
16 40 MO V C, L 
17 E1 POP H get c; 

18 09 DAD B set HL equal to bottom of 

dest ina tion area; 

19 3A E7 00 L OA FU NK get f; 

1C 87 ORA A if f =O, then sk ip phase 1 ; 

10 CA 3A 00 

20 1A X 

21 77 

22 78 

23 B7 
24 C2 2C 00 

27 79 
28 B7 

29 CA 32 00 

2C 2B Y 

20 1B 

JZ STEP 3 
LDAX 0 

MOV M,A 

MOV A,B 

ORA A 
JN Z Y 
MOV A.C 
ORA 

JZ 

OC X 
DC X 

A 

TEST 

002E DB OC X 

H 

o 
B 
X 2F C3 20 00 JMP 

32 3A E7 00 TEST LO A FUNK 
35 FE 02 CPI 02H 

37 CA 37 00 DONE JZ D ON E 

3A E5 STEP 3 PUSH H 

3B 62 MOV H,O 

3C 68 MOV L,E 

3D CD A9 00 CA LL COMPH 

40 01 POP 0 
41 19 DAD 0 
42 22 E8 00 SHLO OISP 
45 2A E3 00 LHLO ST ART 

48 2B DC X H 

49 23 LOOP IN X H 
4A EB XC HG 

4B 2A E5 00 L HLD STOP 
4E EB XC HG 

4F 7B MOV A, E 

50 95 SUB L 

5 1 7A MOV A,O 

52 9C SSB H 

get byte from source; 

sto re byte at dest inat ion; 

if move is over, then go to 

TE ST ; 
else keep a goin'; 

move is now over; 

if move only. then go to 

DONE . (thi s is end less loop); 

save c; 

get a; 
place a in H L; 

DE := c-a; 
this is th e disp lacement; 

get d; 

53 OA 53 00 DON E2 JC OONE2 if re ference fixing is com -

56 
58 

005B 
5C 
50 

60 
6 1 

62 

06 1A MV I 
11 B1 00 L X I 
1A C HE K3 LOAX 

BE CMP 
CA 7B 00 JZ 

05 OCR 
13 IN X 

C2 5B 00 JNZ 
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pleted, th en go to DONE2 . 
(this is endless loop); 

B, l AH get 3 byte op code count; 

D ,T A BLE3 address of 3 byte op table ; 
o 
M 
ACT if next byte in memory is 

start of a 3 byte ope ration , 

go t o ACT ; 
B else try nex t op; 

o 
CHEK3 if there are more 3 byte 

o·ps left to chec k, go 

back to CHE K3; 



Listing 7, continued: 

Hexadecimal 
Address Code Labe l op Operand 

65 06 12 MV I B,12H 

67 11 CB 00 LXI o,TABLE2 
6A 1 A CHEK2 LOA X 0 
6B BE CMP M 
6C CA 77 00 JZ SK IP 
6F 05 OCR B 
70 13 IN X D 
71 C2 6A 00 JN Z CHEK2 

74 C3 49 00 JMP LOOP 
77 23 SK IP IN X H 
78 C3 49 00 JMP LOOP 

7B E5 ACT PUSH H 
7C 2A OF aD LHLo SBOT 
7F 54 
80 5D 
81 2A 00 00 
84 44 
85 40 
86 E1 
87 23 
8B 7B 
89 96 

008A 23 
8B 7A 
8t 9E 
80 oA 49 00 

90 2B 
91 7E 
92 91 
93 23 
94 7E 
95 98 
96 oA 49 00 

99 2B 
9A EB 
9B 2A E8 00 
9E EB 
9F 7E 
AO 83 
A1 77 
A2 23 
A3 7E 
A4 8A 
A5 77 
A6 C3 49 00 

A9 7C 
AA 2F 
AB 67 

Hexadecimal 

MOV o,H 
MoV E,L 
LHLo SSTRT 
MOV B,H 
MOV C, L 
POP H 
INX H 
MOV A, E 
SUB M 
INX H 
MOV A,o 
SBB M 
JC 

DCX 
MOV 
SUB 
INX 
MOV 
SBB 

LOOP 

H 
A,M 
C 
H 
A,M 
B 

JC LOOP 

DCX H 
XCHG 
LHLo o lSP 
XCHG 
MoV 
ADO 
MOV 
INX 
MOV 
AoC 
MOV 
JMP 

COM PH MOV 
CMA 
MOV 

A,M 
E 
M,A 
H 
A,M 
o 
M,A 
LOOP 

A,H 

H,A 

Address Code Label op Operand 

OoAC 70 
AD 2F 
AE 6F 
AF 23 
BO C9 

MOV 
CMA 
MOV 
INX 
RET 

A,L 

L,A 
H 

Cbmmentary 

else perform same compariso n 

wit h table of 2 byte ops; 

if th ere are more 2 byte 

ops le ft to try, go back 

10 CHEK2; 
else mus t be 1 byte, 

ignore it, skip the 

operand of a 2 by te 

in stru c tIO n ; 

a 3 by te op erati on; 

gel b; 

move b to DE; 

get a; 

move a to Be; 

HL points to 82 - 83; 

if operand is > b, ignore i t, 

if operand is < a, ignore it , 

HL points to 82 - 83 again: 

get cl isp lacern ent va lu e ; 

add 10 B2 - B3 ; 

go look for more 3 byt e 

op era ti o ns; 

com pl em ent H L ; 

Commentary 

Address 

00B1 
B4 
B7 
BA 
Bo 
CO 
C3 
C6 
C9 

CB 
CE 
01 
04 
07 
oA 

00 
OF 
E1 
E3 
E5 
E7 
E8 

d and e) hi t stop, You shou ld see C3 in 

t he data LED s of an A l ta il' or IMS A I. 

Th at's it' Now th e program should run 

ri gh t wh el'e you loaded it, unl ess o ne of the 

followin g pmbl em s occurs, , 

Relocating to a Lower Memory Location 

The b loc k move (phase 1) is done tai l 

fil'st. For a bl ock of length n , t hen, byte n of 

th e soul'ce wou ld be tl'an sfe rred to byte n of 

the dest inal io n, then byte n- 1 wou ld be 

moved, t hen n- 2, etc, up to byte 'I , Th ere
fme, relocat ing fO l'ward in to higher memory 
always works, but I'e locating backward in to 
lower m emmy fai ls if th e differe nce between 

the so urce and dest inat ion add resses is not 
greater th an the b lock length , In such a case, 

say m ov ing a block at b to location a, an 
interm ediate re locatio n mu st be clone from b 

to c (whel'e Ic- al > length of block), and 

th en a seco nd I'e locat ion must be performed 

f rom c to a. Note: I could h ave h ad t he 

I'e locator check the d il'ect ioll of th e move 

Hexadecimal 
Code L abel Commentary 

01 11 21 
22 2A 31 
32 3A C2 
C3 C4 CA 
CC CO 02 
04 oA DC 
E2 E4 EA 
EC F2 F4 
FA FC 

06 DE 16 
1 E 26 2E 
36 3E C6' 
CE 03 06 
DB DE E6 
EE F6 FE 

00 00 
00 00 
00 00 
00 00 
00 00 
01 
00 00 

d 

TABLE3 

TABLE2 

SSTRT 
SBOT 
DTOP 
START 
STOP 
FUN K 
olSP 

--

table of 3 byte ap codes; 

tab le of 2 byte cp codes; 

source start a; 

source bottom b; 

destination c; 

start phase 2 d· 
end phase 2 e; 
function select f; 

d isp lacement (program def ined) ; 

---- start of p rog ram 

Figure 7: A special case in program reloca
tion, The program block a thru b is to be 
moved to location c, but the in tegrity of the 
data blocl? from f thru g must be preserved. 
The technique in this case is to change pro
gram references in two passes: up to, but 
not including, the data blocl?, and then after 
the block Locating all data at the end of 
programs will of course prevent this type of 
problem. 

b 

g 

c 

e 

source b lock 

data a rea 

destination block 

) 
e nd of program 
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and proceed either tailor head f irst accord
ingly, but the program is long enough to 
cause toggling headaches as it is. 

Problems with the LXI Instruction 

LXI instruct io ns in which the operand 
happens to eq ual an address in th e block 
between a and b but doesn't ac tu ally refer to 
an address (LXI H, 0000 is a good exampl e) 
present a problem. If you are in the process 
of wr iting the progr·am ti"y to use LHLO 
instead (or, if worse co mes to worse, LHLO 
with MOV B, H and MOV C, L for LXI B, 
xxxx) and set as id e two bytes of sto rage at 
the end of the program for the data. 

If the program was not written by you, o r· 
if you rea ll y wa nt to use LXI, then the on ly 
alternat ive is to go through yo ur li st ing (if 
you have oner) and change the locations in 
question. But this p!"Oblem never caused me 
much trouble. 

Data Block Problems 

Avo id re locat ing data whenever· possible. 
If relocation is necessary do not uy passing 
through it with phase 2. Here is an 
exampl e of how to hand le data areas: In a 
program residing f!"Om locat ion d to locat ion 
e, a block start ing at a and end ing at b is to 

be moved to locat io n c. As a com plication, a 
data block resides from locat io n f to loca
tion g. See figure 1 for a memory map of 
this situ at ion. The relocat ion sho uld be 
performed in two runs of the r·e locator as 
fo ll ows : 

Run 1. Give r·elocation data of a, b, c, d, 
f-1, 1. Thi s moves th e block and 
fixes all references up to loca
t ion f, the start of the data area. 

Run 2. Give data of a, b, c, g+l, e, O. 
This simply fixes up the re main
ing references after skipping the 
data area. 

f Here again the practice of I?eeping data 
separate from executable code should allev
iate this problem . . . CHj 

In the li st ing provided the relocator re
sides at locat ions 0000 to OOFF, but it is 
se lf-re locatab le, of cou rse. The six key item s 
of relocat ion data must be set up at loca
tions OPOO to 00E7 as shown in table 1, 
with the low byte coming first numerically 
in each case . 

I sin ce rely hope that this program repays 
yo ur under·standing and toggling efforts 
with a vast redu ct ion in relocation 
frustration . • 
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The value of this program 
becomes apparent when a 
friend having 32 K on his 
machine hands you a tape 

of a program he wrote 
residing somewhere up in 
the sky (or so it seems to 
you, with only 4 K), and 
you would like to run it. 

Circle 9 on inquiry card. 



BASICally BASIC 

(an informal introduction to BASIC) 

Robert Baker 
15 Windsor Dr 
Atco NJ 08004 

Th e BASI C pmgramming language was 
deve loped in the ea l'Iy l 960s at Da rtmouth 
Co ll ege as a conve rsat ional, pl'obl em so lving 
language. It has wide ap pli cations in sc ien
t ific, business, and ed ucational env ironments 
since it can be used to so lve both simple and 
co mpl ex mathemat ica l problems ho m the 
user's tel'min al. Due to the small number of 
clea rl y understandab le co mmands and pm
gramming statements req uired, BAS IC is one 
of the simpl est languages to learn and use, 

Like most pmgramming languages, 
BASI C can be divided into two sections: 
elementa ry statements for sim ple progl'ams 
and more adva nced techniques and state
ments fO!" co mpl icated probl ems. ' As an , 
in trodu ction to BAS IC, thi s art icle dea ls 
primat' il y with the elementary funct ions and 
state ments recog ni zed by BAS IC as it is 
most freque nt ly im plemented, with program 
exa mpl es in clu ded to illu strate their ap plica
tions. Several operat ing commands and a fe w 
of the more adva nced feat ures fo und in 
some BASI C systems will also be menti o ned. 

The spec ific fea tures ava il ab le on each 
co mpu te l' syste m will diffe r sli ghtly, for ming 
many di ffe rent dialects of th e BAS IC lan
guage. Wh en wri t ing progra ms to be co m
pat ibl e with diffe rent systems, it's general 
pract ice to use onl y elemental'y state ments 
co mmo n to most f0 l'l11 S of BAS IC. The 
BASI C programming manu al a i' eq ui va lent 
doc umentat ion shoul d always be consul ted 
to ver ify the comm ands and statements 
ac tu all y ava il abl e and the co nve ntions used 
for a par ti cul ar syste m. 

BASIC Operating Commands 

After ga ining access to BAS IC in what
eve r manner required by a parti cul ar- syste m, 
BAS IC will norm all y respo nd with a message 
indicating it is wa it ing for a co mm and. The 
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vari ous operating cOlllmands depend on the 
BASIC im plementat ion used. Several of the 
command s usuall y ava il ab le are: 

OLD: Load a previ ously saved pro
gram. BASI C may requ est the 
old program (o r f il e) name, 
depending on the systenl. 

NEW: Enter (o r wri te) a new pro
gram fro m the conso le. 
BASIC may requ est a pro
gram (or f il e) name de
pending on the sys tem. 

LIST: Print the current pmgram on 
the conso le. Some systems 
may all ow prin ting individual 
lines or groups of lines. 

RUN : Co mpil e and execute th e cur
rent program. Some systems 
may all ow starting at a part i
cul ar line. 

SAVE,RESAVE,orREPLACE 
Save th e current program. 

UNSAVE, PURGE, or SCRATCH 
Delete th e current program. 

BYE, GOODBYE, or SYSTEM 
Exit BASI C. 

I n addi t ion, so me syste ms may accept 
abbreviated co mm ands or offe r various 
editing co mmand s to poss ibly de lete lines, 
resequence lilie numbers, etc. Most BAS IC 
in te rpreters will usuall y type RE ADY when 
wa iting for an operati ng co mmand . New 
lines are in se l' ted by sim ply typing a line 
number fo ll owed by the des ired in stru ct ion 
terminated wi th a carri age return. Line 
numbers and individu al in stl'u ct ions wi ll be 
disc ussed late r. 

Fundamental Programming Concepts 

What does it ta ke to re prese nt a pmgram 
in a high level language such as BASI C? As 



SATISFY YOUR APPETITE 
FOR COMPUTER 
KNOWLEDGE dT~OOKDOOKS 
Send for the cookbooks and 
manuals described. Increase 
your knowledge of minicomput.; 
ers, microprocessors, computer 
technology, related computer 
circuits and peripheral equip
ment. Be satisfied or your 
money back. 

CMOS Cookbook 
By Don Lancaster 
Your complete guide to the 
understanding and use of 
Complementary Metal-Oxide
Silicon integrated circuits. 
Gives usage rules; power 
supply design examples; 
applications; information on 
breadboards, testing, tools, 
and interface. Detailed 
coverage of logic and more. 

416 pages; softbound. No. 21398 $9.95 
The Big CMOS Wall Chart 35" x 23" 
Big , readab le wall chart provides essential 
information on CMOS devices. No. 21399 $2.95 

TV Typewriter Cookbook 
By Don Lancaster 
Your comprehensive guide to 
low cost television display of 
alpha-numeric and graphics 
data for microprocessor 
systems, word processing, TV 
titling and video games. 
Covers configurations, 
memories, keyboards, 
techniques and much more. 
256 pages; softbound. No. 
21313 $9.95 

Send your order 
Today! 

Send books and/or wall charts checked below, 
$ __ enclosed·. I understand that , if not 
completely satisfied, I may return my order 
within 10 days for a full refund. 

o 21351 0 21399 0 21080 0 20969 

0 21404 0 20850 0 21313 0 20715 

NAME 

How To Buy & Use 
Minicomputers 
& Microcomputers 
By William Barden , Jr. 
This manual gives you the 
basics of minicomputers and 
microcomputers. Explains 
their hardware and software, 
the peripheral devices available 

and various programming languages 
and techniques. Allows you to decide which 
system is best for your needs. 240 pages; 
softbound. No. 21351 $9 .95 

Computer Dictionary and 
and Handbook 
By Charles J. Sippi & 
Charles P. Sippi 
At your fi nger tips you have 
more than 22,000 definitions, 
acronyms, and abbreviations 
dealing with the field of data 
processing. Also 13 
appendices cover a myriad of 
computer related subjects. 
784 pages; hardbound . No. 
20850 $19.50 

Active-Filter Cookbook 
By Don Lancaster 
Dynam ic coverage of active 
filters. What they are and how 
to use them. Learn to build 
and app ly them to audio 
equal izers, speech therapy, 
psychedelic lighting and more. 
240 pages; softbound. 
No,21168 $14.95 

please print 

ADDRESS 
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C 
CITY 

STATE ZIP 

EJ63 1 

" o 
c: 
-I 

0 21398 0 21035 0 21168 
·1 nelude sa les tax where applicable. 
Canadian prices slightly higher. 

®~ Howard W. Sams" Co., Inc. 
4300 West 62nd Street 
Indianapo li s, Indiana 46206 
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Microcomputer Primer 
By Mitchell Waite and 
Michael Pardee 
Written for the beginner in the 
computer field. All the basic 
concepts and characteristics 
of microcomputers are 
explored. The easy to under
stand language prepares you 
for further study. 224 pages; 
softbound. No. 21404 
$7.95 

TTL Cookbook 
By Donald E. Lancaster 
You'll discover what 
Transistor-Transistor Logic .is, 
how it works and how to use 
it. Discusses practical digital 
applications. You'll learn to 
build TTL systems that 
entertain, test and train. 336 
pages; softbound No. 21035 
$8.95 

r's Guide to TTL (Wall Chart) 35" x 23" 
Shows you needed information on TTL 
devices at a glance. No. 20180 $2.50 

IC Op-Amp Cookbook 
By Walter G. Jung 
Now one book gives you 
in-depth exposure to IC op 
amps. Covers theory and over 
250 practical circuit applica
tions. 592 pages; softbound. 
No. 20969 $12.95 

RTL Cookbook 
By Donald E. Lancaster 
You will learn the how and 
why of Resistor-Transistor 
Logic. Obtain useful design 
information and many digital 
applications. 240 pages; 
softbound. No. 20715 $5.75 



Operator Example Description 

+ A+B Add A and B 
+ +A A is positive 

A- B Subtract B from A 
- A A is negat ive 

A'B Multi ply A t imes B 

AlB Divi de A by B 
A1 B A to 
A"B 

the power B 

Table 7.' Arithmetic Operators. A typical 
BASIC interpreter incorporates an arith
metic expression parsing algorilhm which 
recognizes the usual add, subtract, multiply, 
divide and exponentiate operations. Pre
cedence is described in the lex t, and 
parentheses are used for explicit ordering of 
operations. 

with any computel' language, BASIC uses 
certain notat ions for numbel's , vari abl es and 
operat ion s. 

Numbers 

The compu te r can comp ute th e va lue of 
ex pressions like 12/7 or SQR(9); but while 
they use numbel's, they are not co nsidered 
numbers and may not be used in li sts 'of 
constant data . Numbers Me se lf defining 
va lues wh ich are ge nel'a lly ex pressed in 
dec imal form and may be pos iti ve or nega
t ive (ie: 3 or - 2.79. Most BASIC languages 
wi ll also allow sc ientific no tat ion fo r num
bers, where the lette r "E" is used to signify 
'10 raised to a pOWel'. A number exp ressed in 
thi s form , such as aEb, wo uld indicate "a" 
times 10 raised to the power "b". Thu s, 
O. '125 may be exp ressed as 0.125EO 01' 

'125E-3, and I 000 may be written as l E3 01' 

'IOE2. Wi th sc ientif ic notat ion, a num ber 
mu st always be pl'esent on both sides of th e 
let ter "E" , and may be either positive 01' 

negat ive, There is usuall y a max imum num
ber of digits allowed with either numbel' 
no tati on depending on the pal' ticul ar com
puter and BAS IC im plementatio n, 

Variables 

Simple numel' ic va l' iab les are ge nerall y 
spec ified by any single lette l' or any letter 
followed by a single digit. Thus, E7 wo uld 
be interpreted as a vari able along with A, B, 
C2, and XO, Certain compu te r syste ms may 
all ow more advanced va ri ab le labeling. But if 
yo u ex pect co mpatibil ity with other BAS IC 
syste ms, it is best to use thi s I'estl' icted, 
simpl er fOI'm. 

Numeri c variables rep resent a IlLllllb el' 

98 

with a va lu e. The va lue is ass igned to the 
vM iab le by eithel' LET or RE AD state ments, 
An assig ned value will not change until the 
next LET or READ state ment wh ich ex 
plicitl y changes the variab le. In the typ ica l 
BAS IC intel'prete r, all numeri c va ri ab les al'e 
init ially set eq ual to ze ro befol'e a pwgram is 
I'un, It's only necessa ry to ass ign an ini t ial 
valu e to a variable when a va lu e o th er than 
,zew is des ired. 

Ari th metic Opera tors 

Ar ithmet ic computations in a language 
like BAS IC are pel'fonned by eva luat ing 
single line formulas sim ilJl' to those used in 
standard math emat ica l ca lculat ions, Any o f 
the ar ithmet ic opel'a tOl's li sted in tabl e I 
may be used to write a des il'ed fOl'mul a. In 
computations utili zing mu lti ple ope rato rs, 
the OI'der of precedence is detel'l11ined by J 

ve ry co nve nt ional se t of rul es : 

I, A formu la inside parentheses is eva lu
ated befOl'e the parenth es ized quantity 
is used in a co mputat ion, 

2. Normal ly, an operato r can not foll ow 
another ope ratOl'. Th e ope rators + and 
- can, however, fo ll ow the ope ratOl's 
*, / , t 01' ** In this case, th e + or -
takes precedence ove r the lead ing 
operator to indi cate the sign of a 
quantity. 

3. Withou t parenth eses in a formul a, ** 
and t ta ke precedence ove l' * and /, 
wh ieh take precedence ove r + and - . 

4. With onl y * and / ope l'ato l's and no 
pal'entheses, BASI C performs th e 
operations h om left to right in the 
order they are I'ead. 

5, With onl y + and - ope l'ato rs and no 
parentheses, BASIC pe rfo rm s the 
operati ons from left to I'igh t in the 
ord el' th ey Me I'ead, 

The fol low ing exa mpl es will help il lustrate 
these ru les and how a BAS IC inl crp l'c tcl' 
typically execu tes vari ous co mput dlio ll S: 

B+3*A**2 H A squared tilll es 3, then 
adde d to B 

B+(3*A)*"2 B Pmd uct of 3 time, A is 
sq uared, th en added 
to B 

(B+(3*All'*2 <-> Produ ct of 3 t imes A is 
added to B and the SUIll 

is then sq uared 
A/B/C h Quot ient of A d ivided 

by B is then divided 
by C 

A- B- C H C IS su b tracted fWIll 
th e res ul t of B sub-
tracted fW Ill A 

A'I'*2**3 h Th e I'es ul t of A sq uMed 
is then cub ed 



The most cost effective 
products for your 
microcomputer. 

Complete dynamic refresh logic without loss of processing 
efficiency while programs are running; 

Board select logic which allows more than one 64K byte board 
per system; 

S-100 bus compatibility including on-board voltage regulator; 

Memory overlap which allows memory sharing the same address 
space to coexist in the same system; and 

Write protection in 16K blocks 

THE CGM77 COMPUTER GRAPHICS MACHINE is a fully tested 
system that provides the basis for developing the most sophisticated 
video graphics imaginable_ The CGM77 board is S-100 bus compatible, 
making it usable on over a dozen different computer systems. The only 
additional components needed for a complete video graphics system 
are 8K bytes of RAM interfaced to the microcomputer system. The 
EXTENSYS RM64-32K RAM board is ideally suited for this. 

Special control panels are available that provide universal control 
for interfacing with the graphics board. Output of the board is in the 
fo rm of composite sync that can be used directly by a high resolution 
video monitor. 

The heart of the system is the EXTENSYS GRAPHICS MACHINE. 
This is a sophisticated piece of software developed by EXTENSYS for 
the rapid implementation of video graphics. The GRAPH ICS 
MACHINE permanently resides in PROM chips that are part of the 
board and therefore never need to be loaded. The GRAPH ICS 
MACHINE software actually .transforms the microprocessor into a 
much more powerful and sophisticated computer whose instruction 
set is ideally suited for the development of video graphics or video 
games. 
Contact your local computer store _________ ., 

~r~r~~~IYfr~~~~S:SJ _ B-1 I 
I PlcOIse p lace my o rder for the foliowln!J I I OTY DESCR IPTI ON AMOUNT t' 

_ AM64 32K byte boanl @ $ 895 ca corpora Ion I 
I ~~~::ci~~~~:~~~:~~~~~ ~~~::: 592 Weddell Drive I I CGM77 comp",,,,,",,,,;,, Sunnyvale, California 94086 
I booed S~b~O~;~ eo __ Pl ease check method of paymen t: I 

Ca liforn ia residents add 6W~:' Ia;OTAL __ ~=~~~~~~:~;:: No. _ _ _ I 
I ShipPing and handling prepaid in contine ntal United States expiration date --- I 

_ Master Ch arge No. __ _ I NAME expirat ion date --- I 
• ADDRESS _ ___________ _ 

I CITY STATE __ Z IP - -- SIGNATURE : I 

~=~~~~=~------------~ 
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Function 

SIN (X) 
COS(X) 
TAN(X) 
COT(X) 
ATN(X) 
EXP(X) 
LOG(X) 
SQR(X) 
ABS(X) 

Sine of X 
Cosine of X 
T ange nt of X 
Cotangent of X 
Arctangent of X 

Arithmetic Functions 

In addit ion to the five arithmetic opel'a
tions, a fu ll y impl emented BASIC in te r
preter can eva lu ate several stand ard mathe
matical fun ctio ns. Th e elementary fun ct ions 
ava il able in a typical BASIC Me li stecl in 
tab le 2. Any va l id form u la may be su bsti
tu ted fm X in all of the fun ctions. More 
advanced functi ons are often ava il ab le and 
will be di scussed late r. Vari ous oth er mathe
mati ca l function s may be ava il ab le de
pending on the individu al comp utel' system 
used. Somet imcs ex tended nonal'ithmct ic 
functions are also made ava il abl e. 

Relational Symbols 

Wh en it is nccessary to co mpare va lues, 
six mathe matica l sy mbols of relat ion al'e 
used in I F state ments. Some systems may 
use the al temate wl' itten ex press ions, espe
ciall y wh en the terminal s do not have the 
stand ard sy mbols. Table 3 li sts the sta ndard 
sy mbo ls and altemate fomls of relational 
operat ions. 

Line Numbers 

In any BASIC pmgl'am, each statement 
must in clude a line number as ment io ned 
ea l'li er. The f il's t lin e is usuall y numbered 10 
and all foll ow ing line num bers are generall y 
in steps 01' 10. This all ows in sertion of ex tra 
sta tements betwee n ex ist ing lin es by using a 
line number between th e two lines where the 
statement is to be add ed. New lines are 
co rrectly in serted by BAS IC by using the 
line number spec ified with each statement. 
Th e onl y restrict ion on linc numbel's in a 
program is that each lin e number mu st be 
greater than the preceding line number. 

Elementary Programming Statements 

The elementary statements of the BAS IC 
language are ident ified by the fil'st word of 
the state ment. 

Description 

t X is usua " v interpreted 
( as an angl e expressed in 
, rad ians on most svstems, 

e raised to th e power X 
Natura l logarithm of X 
Square root of X 
Absolute value of X 

(eX) 

(1n X) 
( .JX ) 
( IX I ) 

} X is alwavs in terpreted 
as a number, 

Table 2: Typical BASIC Mathematical Functions, The usual implementation 
of a full BASIC interpreter provides this list of built-in mathematical 
functions. The precision and range of numbers depends upon the details of 
the implementation and its number representation internally. 
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LET Statement 

Th e LET state ment is used to ass ign a 
give n number 0 1' th e I'esult of a ca lcu lat ion 
to a part icul ar vari ab le or group of va riabl es. 
Th e genera l form of the LET statement is: 

LET r var iab le 1 = [formul a] * 

* Any item shown in brackets w ill indicat e a 
general fo rm of an argumen t , such as : 

[variable] = any variab le 
[lin e number] = any line number 

With so me BAS IC impl ementat ions, the 
word LET may be opti onal in the statement. 

Examp les of assigning a value to a single 
variab le would be: 

10 LET X= 'I 
20 LET A=B *2/3 

In many BAS ICs, sevcral var iab les may be 
ass igned the same va lu e by a single LET 
statement, such as : 

30 LET X=Y2=B=4 
Also, a variab le may appear o n both sides of 
the equal sign since th e entire ca lcul ation is 
co mpl eted using "o ld" va lu es of data before 
the resu lt is assigned to variables o n the left 
hand side of the "=" sign. For example, the 
state ment : 

1 00 LET X=X+ l 
will take the old va lue of X added to one 
and ass ign the resu lt as the new va lu e of X. 
Th e LET statement is not an algeb ,'aic 
eq uali ty, but a co mm and to perform the 
comp utat ions and assign the answer to th e 
vari ab les spec ified. It is an unfort un ate fact 
of co mputer language life th at most lan
guages use the same "=" symbol for ass ign
ment (data transfe r) and relational tests 
(data compari so n) . 

READ and DATA Statements 

These statements are used to enter infor
mat ion in to th e computer for a given pro
gram, Th e READ statement ass igns values 
obta ined from DATA statements to the 
variables li sted in the READ state ment. A 
DAT A state ment mu st be present in order to 
use a READ statement. 

Befo,'e a program is run, the typ ical 
BASIC interpreter wil l take all DATA state
ments in the order they appear and store 
them in a large data block. Every time a 
READ statement is encoun tered, the next 
ava il ab le numbers fmm the data block are 
assigned to the var iab les in the READ 
statement. If the data block run s out of 
data, the program wi ll stop and an error 
message will be printed. 

READ statements are normally located 
near the beginning of a program since data 
must be read in before work ing with it. 
DA T A statements may be located anywhere 
in a program, as long as they occur in the 



Talk to your computer for $299 
with SpeechLa6. 

Use SpeechLab to directly 
control any S-100 Bus Com
puter such as Sol, 1MSA1, Altair 
and so on. Speech Lab can 
teach you almost as much as the 
Bell Laboratories know about 
voice recognition , voice control 
and computer input. 

SpeechLab digitizes and 
extracts data from speech wave 
form and applies pattern 
matching techniques to recog
nize the vocal input. Response 
is real time. The system 
features 64 bytes of storage per 
spoken word and can handle 
up to a 64 word vocabulary. And 
recognition after very little 
practice is 95 percent or better. 

$299'" assembled and tested 
When we talk price every

body's skeptical. And why 
not? We give you a complete 
hardware/ software system, 
a 275 page laboratory manual, 
95 page hardware manual 
and high fidelity microphone. 

The lab manual includes 
35 graded experiments with 
over 100 tables and graphs. In 
fact, it's the only introductory 
volume on speech recognition 
currently available. 

Software includes 
SpeechBasic Basic program
ming language in source and 

* Available in kit form for s lig htly less. 

paper tape, assembly language 
speech recognition program 
in source and paper tape, hard
ware self-test program in 
source and paper tape. 
SpeechBasic plot, correlation, 
recognition and advanced 
recognition programs are 
offered in source. 

Hard to believe, you bet. 
True? A Los Angeles customer 
says, "I love your kit!!! I 
have 40 boards and 2 IMSAI's 
and your kit was the best 
documented of them all. I love 
the way you integrated the 
software and hard ware to
gether. I love your lab manual:' 

We loved those comments. 
They tell the story better than 
we ever could. The LA cus
tomer did ask who the founders 
of the firm were so he could 
relate better. They're a couple of 

gifted young engineers who 
got tired of the big firm, big tech
nology trip and decided to take 
a chance with a better idea. 

You can't get better quality 
You can't get more performance 

Sure, more complex, 
higher price equipment is avail
able for about 50 times more 
money. It won't do much more 
than you can do with Speech
Lab. And the quality and 
state-of-the-art engineering 
can't be any better. We use 
CMOS design for low power 
and ultimate reliability. 

See SpeechLab at your nearby 
computer store 

Selected computer stores 
have Speech Lab on display. 
Visit your nearest. If he doesn't 
have it, ask him to contact us 
or simply write us directly. 

r--------------------, 
I Heuristics , Inc., Box B, 900 N. San Antonio Road I 

Los Altos, CA 94022, Phone (415) 948-2542 

I 0 Send m e SpeechLab. I e nc lose $299. I 
I California residents add sales tax. I 
I 0 Send me m ore information. I 
I Name I 
I Street I 
I City State Zip I 

In Canada: H -.- I I Trintronics Ltd. ~ ... rl. Ie. I 186 Queen St. W. ~ _ ~- I 
L ~o~,=n~a ~~~ ________ _____ __ INC.-.J 
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Standard Alternate 
Symbol Expression Example Description 

A=B A equa ls B 

< LT A < B } A is less than B 
A LT B 

<= LE A <= B } A is less than or equa l to B 
ALE B 

> GT A > B } A GT B 
A is greater than B 

>= GE A >= B } A is greater than or equal to B 
AGE B 

<> NE A <> B } A does not equal B 
A NE B 

Table 3: Typical BASIC Relational Operators, These operators are used 10 

specify comparisol7S between operands which might be numbers, I/uriubies or 
formulae, In certain BASIC implementations, substitutes are made when 
special characters are not available, For example, in a homebrew computer 
system using an older Baudot Teletype model, such substitulions would be a 
virtual requirement, 

correct order', Many programillers f ind it 
convenient to place DATA statements just 
before the END state ment at th e cnd of the 
progralll, Each READ statement is of the 
forlll: 

READ [li st of variablesl 
While each DATA stateillent is of t.hc for lll: 

DATA !Iistofn uillbers ] 
Exaillple: 

100 READ X,Y,Z 
200 DATA 1,2, 3,4,5,6,7,8,9,0 

The stateillents in this examp le would read 
the first thr'cc nUlllbers of the data block 
(1,2, and 3) and ass ign thelll to X, Y, and Z, 
Always remember that onl y numbers, not 
formulas, may bc used in OAT A statcmcnts 
andl 4j3 and SQR(7) Me for'mula s, 

PRINT Statement 

PRINT statements ar'e used for' a vari ety 
of purposes in a typical program , While the 
command is called "PRINT" in many sys
tems this mean s in fact "send data to the 
pr'imar'y BASIC output device," such as a 
har'd copy pr'inter' 01' electronic display de
vice, The following example illustr-a tes the 
format used to pr'int the results of a com
putation 01' a va r'iab le value: 

10 PRINT X, SQR(X) 
This example wo uld print or display the 
curr'ent value of X followed by the squal'e 
root of X a few spaces to the right. To print 
a specified message, the message is enclosed 
in quotes and the following format is used: 

20 PRINT "NO ANSWER" 
This example would simply pr'int the wOl'ds 
NO ANSWER on a single line without the 
quotes, If desired, messages and values may 
be intermixed: 

102 

30 PRINT "THE SQUARE ROOT OF" 
X "IS" SQR(X) 

This statement would type the following line 
if the va lu e of X were nine: 

THE SQUARE ROOT OF 9 IS 3 
To sk ip a line or issue on ly a carr iage return 
and line feed, the PRINT statement is used 
with no ar'guments: 

40 PRINT 
With many of th e mor'e advanced BASIC 

sys tems ther'e are va ri ous pr' int con trol 
chal'acte r's and spec ial statements which may 
be used to contro l thc spac ing of thc data 
bc in g pr' inted, This contl'Ol may vary bc
tween systems an d is bcyond thc sco pc of 
thi s article, For' th e pr'ese nt, it' s suffici cnt to 
unde r' stand th e primar' y use of th e PRINT 
statement and to know ther'e arc o f'ten 
methods avai lab le to pr'int data in any 
des ired for'mal. 

GO TO Statement 

Th e GO TO sta tement is used to un con
dition all y jump to some specified statement 
in the progr'am other than th e nex t seq uen
tial statement. Th e linc be ing jumped to ma y 
be <l nyWher'e in the progr'a m, befo re or after 
the curTent line, The gener-a l for'm or the GO 
TO state ment is: 

GO TO [line number' ! 
Example: 

100 GO TO 200 
This examp le wou ld always cause th e pro
gram to skip to lin e 200 whenever reaching 
line lOa, 

IF Statement 

The I F statement is used to co nditi ona ll y 
jump from the seq uential order of sta te
ments according to the truth of some rela
tion, The program will sk ip to the des ig
nated line number on ly if th e r'efat ion 
specified is true, The I F statement, some
times r'efen'ed to as a cond itiona l GO TO 
statement, has the genera l fOl'm of: 

IF rfo r'mul a] [r e lation] Ifonnul a l , 
THEN [line number'! 
Example: 
120 IF X=O, THEN 200 
l30 IF SIN(X) <= 0,5, THEN 80 

In this examp le, if the va lu e of X is zel'O, the 
pl'Ogram will skip to line 200, If the sine of 
X is less than or cqual to 0,5, th e prograll1 
will jump back to line 80, Wh cn both 
cond iti ons are fals e, the pr'ogram wi ll go to 
the next line in order, The wo r'd "THEN" 
may be rep laced with "GO TO" 01' the 
comma before "THEN" may be opti onal 
depending on th e sys tem, 

ON Statement 

Where the I F statement pl'Ovid es a two 



THE LATEST IN TAPE SYSTEMS 

MODEL CC-8 - $175.00 

4800 BAU D CASSETTE RECORDER 

An ASYNCHRONOUS NRZ type Recorder 
with remote motor start/stop. ErroJ rate 108 at 
4800 BAUD. Can be used from 110 to 4800 
BAUD into a UART or "Bit Banger PIA" - no 
clocking required. This is not an audio recorder. 
It takes RS232 or TTL signals from the 
terminal or compute r and gives back the same 
signals. No audio interface is used. Motor 
start/stop is manual or through TTL or RS232 
signals. 

Tape speed is 3.2"/second nominal; 1.6"/sec. 
optional. 110 volt, 60 Hz, 5 watts. (220 Volts 
on special order). Can use high quality audio 
cassettes (Philips Type) or certified data 
cassettes. Can be used in remote locations from 
a 12 Volt battery. 

Recommended for DATA LOGGING, 
WORD PROCESSING, COMPUTER 
PROGRAM RELOADING and ' DATA 
STORAGE. Especially recommended for 6800 
systems, 6502 systems, 1800 systems and 
beginners with the 8080 systems. Manual 
control except for motor start/stop. 6800 or 
8080 software for file or record searching 
available on request with order. Used by major 
computer manufacturers, Bell Telephone and 
U.S. Government for program reloading and 
field serviCing. A VAl LABI LlTY - Off the 
shelf. 

MODEL 3M3A - $220.00 

50 KILOBAUD CARTRIDGE RECORDER 

This is a self clocking (1/1) high speed 
recorder. Loads BASI C in under 2.0 seconds. 
Recording is done at 19.2 Kilobaud. Playback 
at 50 Kilobaud. File or Record searching is 
done at 50 Kilobaud and loading is automatic. 
Worst case access time about 2 minutes for up 
to 2 megabytes on the 3M Data Cartridge. 

Tape speed 10"/sec. on record, up to 
30"/sec. on playback. Records one clock track 
an done data trac k 0 n each pass (2 passes). 
Recording is NRZ unencoded from RS232 or 
TT L signals. 

This recorder requires one Parallel port for 
motor control, and one serial port for data and 
clock. (Cannot be used with UART's or UART 
boards such as the 3P+S). Used with USA RT's, 
ACIA's or other 1/1 clocking I/O devices under 
software control only. No manual controls. 
Software for 8080 and 6800 available. Power 
supply is built in, 110V, 60 Hz. 220 V, 50 Hz 
for export. 

2SI0 (R) CONTROLLER 

$190.00 ($160.00 Kit) 

PR OVI DES MONITOR AND TAPE 
SOFTWARE in ROM TERMINAL and TAPE 
PORTS on SAME BOARD CONTROLS ONE 
or TWO TAPE UNITS (CC·8 or 3M3A) 

This is a complete 8080, 8085, or Z80 
system controller. It provides the terminal I/O 
(RS232, 20 mA, or TT L) and the data cartridge 
I/O, plus the motor controlling parallel I/O 
latches. Two kilobytes of on board ROM 
provide turn on and go control of your Altair 
or Imsai. NO MORE BOOTSTRAPPING. Loads 
and Dumps memory in hex on the terminal, 
formats tape cartridge files, has word processing 
and paper tape routines. Best of all, it has the 
search routines to locate files and records by 
means of six, five, and four letter strings. Just 
type in the file name and the recorder and 
software do the rest. Can be used in the BiSync 
(IBM), BiPhase (Phase encoded) or NRZ modes 
with suitable recorders and interfaces. 

This is Revision 7 of this controller. This 
version features 2708 type EPROM's so that 
you can write your own software or relocate it 
as desired. One 2708 preprogrammed is 
supplied with the board. A socket is available 
for the second ROM allowing up to a full 2K of 
monitor programs. 

Fits all S 1 00 bus computers using 8080 or 
Z80 MPU's. Requires 2 M Hz clock from bus. 
Cannot be use ; with audio cassettes without an 
interface. Cassette or cartridge inputs are 
RS232 level. 
AVAI LABI LlTY - Off the shelf. 

OVERS EAS: Export Version 220 volt 50 hz. Wlite factory or: Megatron·Datameg , 8011 Putzbrunn , Munchen , Germany ; 
Nippon Automation 5·16-7 Shiba , Minato-Ku, Tokyo, J apan ; Hobbyd ata, FACK 20012 , Malmo, Sweden ; G. Ashbee, 172 
Ifie td Road , London SW 1O-9ag: Trintronics, Ltd. , 186 Queen Stree t W. , Toronto , Ontario, Canada; EBASA , Enrique 
Barges 17 , Barcelona 14, Spain ; ARIES, 7, rue Saint Phillipe du Roule, 75008 Paris ; Microlem 20131 , Milano , Italy ; Eagle 
Elec tric, Capetown, S. Africa. 

For U.P.S. delive ry, add $3.00 Overseas and air sj1ipments charges collect. N.J . Residents add 5% SaJes Tax. WRITE o r CALL for further 
in for mation. Phone Orders on Mas ter Charge an d BankAmerica rd accepted. 

Ca nadi an Dist ribu to r: 
Trint ronics Limited 
186 Queen Stree t West 
Toro nto, Canada M5V IZ1 
Tel : (4 l 6) 598 -0 262 NATIONAL MULTIPLEX CORPORATION 

3474 Rand Avenue, Sou th Plainfie ld NJ 07080 Box 288 Ph one (201) 561-3600 TWX 710-997-95 30 

Circle 29 on inquiry card . 
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Legal Loo ps: Illegal Loops: Legal Loops: 

100 FOR X .. NOTE CROSSOVER 213 FOR X 

[10 FOR Y 780 FOR X 220 FOR Y 

790 FOR Y 

['30 
FOR Z 

157 NEXT Y 

160 NEXT X 820 NEXT X 260 NEXT Z 

830 NEXT Y 

FOR W .. 

Figure 7: Nesting Diagrams: Legal and Il
legal. There Clre legal and illegal ways to nest 
FOR . . . NEXT loops. The legal way to do 
so is to ensure that the program always has 
complete loops within loops. The illegal way 
is to have the loops cross each other. The 
arrows show the scope of each loop in this 
set of examples. 

[

300 

350 NEXT W 

400 NEXT Y 

410 NEXT Z 

way fOI"k in a Pl"ogl"am, the ON statement (if 
it is implemented) allows a mul tip le path 
switch. The genera l form of the ON state
ment is: 

ON [formula!, 
GO TO [list of line numbel"s ] 

Any fOl"mula may be used and the instruc
tion may conta in any number of line num
bel"s as long as the statement fits on a single 
line. 

The va lue of the formula is computed and 
truncated to an integer. If the I"esu lt is one, 
the progl"am skips to the line numbel" OCCUI"
ring first in the list; if the I"esult is two, it 
skips to the second line number in the li st, 
etc. If the I·esult of the fOI"mula computation 
is less than one or greatel" than the number 
of line numbers li sted, an eITOI" message is 
printed. 

Example: 
20 ON X-I, GO TO 100, 200, 300 

This examp le will cause one of the 
fol lowing: 

If X is 2, program will go to line 100 
If X is 3, program wi ll go to line 200 
If X is 4, program wil l go to line 300 
If X is less than 2 or greatel" than 4, an 
error message wi ll be pl·inted. 

The comma preceding "GO TO" may be 
omitted or the WOl"d "THEN" may be 
substituted for "GO TO" on some syste ms. 

END Statement 

Every program mu st have an END state
ment and it must be the statement wrth the 
highest line numbel· in th e program. The 
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general form of the END statement is simpl y 
the word "END": 

9999 END 

STOP Statement 

The STOP statement is equivalent to a 
GO TO statement, where the line sk ipped to 
is the END statement of the program. The 
statement is simpl y the word "STOP": 

1000 STOP 

REM Statement (Remark) 

The REM statement provides a method 
of inserting remarks and comments in a 
program li sting. Even though whatever fol
lows REM is ignOl"ed, the line numbel" may 
be used in a GO TO, I F, ON, or GOSUB 
state ment. The genel"al form of the REM 
state ment is: 

REM [any desil·ed in fo rmat ion ! 
Exampl e: 
1000 REM THIS ROUTINE AVERAGES 
10 NUMBERS 

Elementary Programming Examples 

Now that the elementary state ments and 
functions have been introduced, three 
samp le progl"ams are included which will 
help illu strate how sta tements are comb ined 
to accomplish various computations or 
compat"isons. 

Loops 

Th e simpl est way to execute a seq uence 
of instructions a given numbel" of times is by 
using a program loop. The block of in stl"uc
tions within the loop is executed repeatedly 
until a given condition is satisfied . In BASIC 
there are two statements used to spec ify a 
loop: Th e FOR statement is used at the 
beginning of the loop and the NEXT state
ment at the end . The genel"a l fOI"m of the 
FOR statement is: 

FOR [numeric variab le] = [fol"mul a1! 
TO [formula2] STEP [fOl"mul a3 J 

Depending upon the BASIC impl ementation, 
the word "BY" may be substituted for 
"STEP" in the FOR statement. 

The accompanying NEXT statement is of 
the form: 

NEXT [numel"ic variab le] 
The vat" iab le in the NEXT statement mu st be 
the same vat"iab le as in the FOR state ment 
for each loop. 

Loops may be nested to a level dependent 
on the particular BASIC impl ementation 
system, bu t the loops must be lega ll y nested 
and not crossed . Figul"e 1 shows some 
examples of legal and illegal nestin g. 

The value of the numeric variab le sta rts at 
the valu e of formu la"1 and is changed by th e 



The SOROe 10120 
CURSOR CONTROL. Forespace, back
space, up, down, new line, return, home, 
ta b , PLUS ABSO LUT E CURSOR A D
DRESSING. 

TRANSMISSION MODES. Conversation 
(half and ful l Duplex) PLU S BLOCK 
MODE - transmit a page at a tim e. 

FIELD PROTECTION. Any part of the 
di sp lay can be "protected" to prevent 
overtyp ing. Protected fie lds are disp layed 
at reduced intensity. 

EDITING. Clear screen, typeover, abso
lute cursor addressi ng, erase to end of 
page, erase to end of line, erase to end 
of f ield. 

DISPLAY FORMAT. 24 l ines by 80 char
ac tel's (1,920 characters) 

CHARACTER SET. 96 characters tota l. 
Upper and lower case ASC II . 

KEYBOARD. 73 keys including numeric 
key pad. 

REPEAT KEY. 15 cps I'epeat action. 

DATA RATES. Thumbwheel se lectable 
from 75 to 19,200 baud. 

SCREEN. 12 inch I'ectangular CR T - P4 
phosphor 

Specials of the Month 
North Star Micro Disk 
w ith power supp ly and cabinet . .... Kit - $699 

A ssembled - $799 

IMSAI 1-8080 with TDL ZPU . ... . . Kit - $825 
A ssembled - $975 

Digital Systems FDS Disk Drive with 
CP/M Software (assembled only ) . Single - $1 ,750 

Du al - $2,350 

Mounta in Hardware PROROM .. . Kit - $145 
A ssembled - $2 10 

Vector Graphic 8K RAM ....... , , Kit - $235 
Assembl ed - $285 

X IMEDIA OFFERS A FULL RANGE OF PRODUCTS FOR 
THE PERSONAL COMPUTER ENTHUSIA ST ANO THE 

SMAL L SYSTEM DESIGNER. LET US QUOTE ON ALL 

YOUR HARDWARE AND SOFTWARE NEEDS. 

OUR RETAIL STORE - THE COMPUTERIST tm - IS NOW 

OPEN IN SAN FRANCISCO. CALL US FOR DIREC TIONS. 

SPEC,IAL INTRODUCTORY PRICING 

Kit $ 995.00 Assembled $ 1,295.00 
(Price includes block mode, lower case and 24 
line op tions) 

NOW WE'RE 
TOLL FREE 

800-227-4440 
(in California, Hawaii, and Alaska, call collect : 

415/566-7472) 

1290 24th Avenue, San Francisco, CA 94122 
(415) 566-7472 

Circle 3 0 o n inquiry card, 

COD orders freigh t co ll ect. Orders with payment shipped prepaid. California 
res id ents add 6 % sa les tax. Pl ease allow 3 weeks for del ivery . 



Sample Program =1: 

value of formula3 (either positive or nega
tive) each time BASIC completes an execu
tion of the loop. If the word "STEP" and 
formula3 are omitted, the step value defau lts 
to positive one. It should be pointed out, 
however, that the control variable may be 
changed within the body of a program loop 
if desired. Exercise cal'e when using non
integer step values since nonintege r numbers 
cannot be represented exactly in binary and 
may be truncated or approximated within 
the computer. This may cause an undesil·ed 
number of loops to be executed due to the 
unexpected results. [See W Douglas Maurer's 
"Software Bug of the Month #2" on page 87 
of the july 7976 BYTE.] For this reason, 
every effort should be made to use an 
integer step valu e wh enever· possibl e. 

Example : 
5 LET F=l 
10 FOR X=l TO 10 STEP 1 
20 LET F=F*X 
30 PRINT X,F 
40 NEXT X 

This examp le program loo p will be executed 
10 times as X is innemented by one 
between the va lu es of one and 10. Du ring 
each pass of th e loop, th e numbers X and 
X-fac tmial will be printed. Th e FOR state
ment in thi s exa mpl e could have been 
shortened to: 

10 FOR X=l TO '10 
since the step valu e was one. 

Subroutines 

When a par-ti cul ar sequ ence of statement s 
is to be used repea tedl y in seve r·al di ffe r·ent 
pl aces within a program, they may be 
wri tte n as a subroutine. A subl"O uti ne is a 
comp letely se lf-contained progr·a m accessed 

Th is program reads a group of numbers from a data b lock and prints the 
average of the numbers read . The number 9999 is used as a dummv item in the 
data block to indicate the end of the data b lock . The individua l numbers of the 
data block are read until 9999 is found. Since a[ [ variables are initially set equal to 
zero until assigned another va lu e, there is no need to include a statement to 
initialize Sand C to zero (LET S=C=O). 

Program 

10 REM print average of numbers 
20 Read X 
30 [f X =9999, then 70 
40 Let S=S+X 
50 Let C= C+l 
60 Go to 20 
70 Print SI C "is the average of" 

C "numbers" 
80 Data 5,7,3,9,27 ,54,31,9999 
90 End 

Exp ranation 

Remar k 
Read a number X 
Check for end of data if X=9999 
Add X to sum 
I ncremen t the da ta coun t C 
Go back for m ore da ta 
Compute and print average 

Data 
End of prog ram 
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by th e main pr·ogram or oth er sub l"O utin e ~ 

using a sub l"Outine calli ng conve ntion. 
In BASIC, subrout ines ,I re ente red (01 

call ed) by using GOSUB statements any· 
where in the main program (or oLher sub· 
l"O utin es) of the general fo rm: 

GOSUB line number· 
The GOSUB statement is sim il ar to a GO TO 
sta tement except th e compu te r saves the 
locati on of the GOSUB statement befo l·e 
go ing to th e subl·outin e. Statements are th en 
executed sequentiall y until a RETURN 
statement is encountered. The RETURN 
statement dir·ects th e computer to retul"ll to 
th e line fo ll owing the GOSUB statement 
that ca ll ed the subroutine. I t consists simpl y 
of a li ne number and th e wo rd " RETURN " : 

'1000 RETURN 
and is usuall y the las t line of a subroutine. 

Subroutines may appear anywhere in the 
main pl·ogram but should onl y be entered 
with a GOSUB statement and exited via a 
RETURN statement. A subrout ine may 
actuall y contain several RETURN state
ments as lon g as one will be used. By using a 
GOSUB statement within one sub ro Lltine to 
call a second subroutine, sub l"O utines may be 
nes ted. Th e level of sub l"O utine nesting is 
sometimes limi ted depending on the pani
cu lar BAS IC impl ementati on used. 

Exampl e: 
10 LET L=4 
20 PRINT "TH IS PROGRAM PRINTS" 
30 GOSUBI 90 
40 PRINT "THIS MESSAGE WITH" 
50 GOSUB ·190 
60 PRINT "FOUR BLANK LINE S" 
70 GOSUB 190 
80 PRINT " BETWE EN PRI NT ED 

LINES." 
90 GOSUBI 90 

100 REM Th en the numbers ·1 to 10 are 
pr inted with th e 

110 REM number' indica ting th e num be l· 
of blank lines 

·120 REM foll owing th at line. 
130 FOR L= I TO 10 
140 PRINT L 
150 GOSUBI 90 
160 NE XT L 
no PRINT "DONE" 
180 STOP 
190 REM Su brouti ne to prin t "L" 

blan k lines. 
200 IF L > 0, THEN 220 
2 10 RETURN 
220 FOR X= I TO L 
23 0 PRINT 
240 NEXT X 
250 RETURN 
260 END 

Thi s exa mpl e illu stl"a tes how subroutines al·e 
utili zed and th e use of mUlti ple RETUR N 



top values, 
professionalism 
Computerland stores 
are exciting, enjoyable 
places to visit. From the 
striking decor to the fun 
and challenge of the 
ComputerlandTM Game 
room, you'll find 
Computerland stores a 
completely new 
shopping experience. 

You can count on 
Computerland stores for 
total professional 
support whether your 
needs are those of a 
computer hobbiest, 
education, science or 
business user. The 
skilled, management· 
trained staff offers 
knowledgeable service, 
expert maintenance, 
and software guidance. 

breadth of 
products 
At Computerland stores 
the emphasis is on 
quality products. Major 
brands like Cromemco, 
DEC, Diablo, IMSAI, 
Lear Siegler, 
Polymorphic Systems, 
TDL and Vector 
Graphic to name a few. 

now open: 
• DeHart Street 

Morristown, NJ 07960 
(201) 539-4077 

• 6840 La Cienega Blvd. 
Inglewood, CA 90302 

(213) 776-8080 
• 813 B Lyndon Lane 

Louisville, KY 40222 
(502) 425-8308 . 

• 104 W. First Street 
Tustin , CA 92680 

(714) 544-0542 
• 24001 Via Fabricante 

Mission Viejo, CA 92675 
(714) 770-0131 

• 22634 Foothill Blvd. 
Hayward, CA 94542 

(415) 538-8080 

Every store is 
completely stocked with 
tools, books and a 
broad range of 
accessories. 

beginners 
welcomed 
Do you want to get 
started with 
microcomputers? Are 
you seeking expert 
guidance on computers, 
peripherals, software? 
The place to visit is 
your nearest 
Computerland. 

• 4233 Convoy Street 
San Diego, CA 92111 

• 50 East Rand Road 
Arlington Heights, IL 60004 

• 225 Elmira Road 
Ithaca, N.Y. 14850 

(607) 277-4888 
• 16065 Frederick Road (Rt 355) 

Rockville, MD 20850 
(301) 948-7676 

• 1612 Niagara Falls Blvd. 
Buffalo, NY 14150 

opening soon: 
• Thousand Oaks, CA 
• Park Ridge, IL 

• Franchise Opportunities available - Contact: Ed Faber, President 
Computerland Corp.TM (415) 895-9363. 

Ci rcle 3 1 on inquiry card. 



Sample Program # 2: 

statements within a single subroutin e. It also 
shows how th e line number of a REM 
statement may be used in a GO TO, I F, ON, 
or GOSUB statement as mentioned ea rl ier. 

Every time a "GOSUB '190" statement is 
encountered in th is exampl e, the program 
will go to the subwutine starting at line 190. 
If the value of L is less th an or equal to ze ro, 
the computer will return to the mai n pro
gram. Otherwi se, the subrout ine will pr in t a 
num ber' o f blank lin es equal to th e valu e of 
L before re turn ing to the main program . 

Lists and Tables 

In addition to the limited number of 
simpl e variabl es, BAS IC usuall y all ows the 
capability to designate the elements of li sts 
or tables. Simple val' iables al'e call ed un
sub scripted var iab les whil e li st or table 
elements are ca ll ed subscripted vari ables. 
Subscripted vari ab les may be used anywh ere 
an un subscripted variable wo uld normally be 
used, except imm ediately after "FOR" in a 
FOR statement m in a NE XT statement. 
Several special matrix instructions and fun c
tions will be discu ssed later. 

The name of each li st or tabl e mu st be 
designated by a single letter. Th e individu al 
elements of a li st (also ca ll ed a vec tor) are 
specified by the li st name foll owed by a 
subscr ipt in parentheses : A{O), ACI), 
... A{n} whi le table {also ca ll ed a matri x} 

elements are specif ied by doub le subscripts: 
B{l,I), B{ 1,2), . . . B{m,n} . The subsc l'ipt 
fOI'm is fl ex ibl e and may be eith er a consta nt. 
or any lega l ex press ion as ' long as the 

Th is program will determine the sma llest and la rgest numbers o f a gi ven data 
block and print the va lues. The fir st .entrv in the da ta block indicates th e number 
of entries to read from the data block . (An a lternative would be to use end of 
data indicator. ) 

Program 

10 Let S=10E6 
20 Read C 
30 Read N 
40 If N > =S, then 70 
50 Let S=N 

60 Go to 90 
70 If N<= L, then 90 
80 Let L=N 

90 Le t C=C-1 
100 If C < > 0, then 30 
110 Print " largest number is" L 
120 Pri nt 
130 Print "small est number is" S 
140 Data 8 
150 Data 2,7 ,42,7 4,21,61,47,29 
160 End 

Explanation 

Set smallest number to someth ing big 
Get number of entries 
Read data (once for each numbed 
Jump if la rge r th an ol d small est numbe r 
Set new small est number equal to 

this number 
Conti nue (skip largest t est) 
Jump if sma ll er than o ld la rgest numbe r 
Set new largest number equal to 

th is number 
Decrement data count 
If C not equa l zero then continue 
Print answers 
With b lank line 
Between them 
Number of da ta entries 
Data 
Program end 
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sub sc ript value is not less than zew . Th e 
single letter denoting a list m ta ble name 
may also be used as a simple vari abl e without 
confu sion. Th e sa me lette l' may not, how
eve r, be used to denote both a I ist and a 
table in the sa me program since a li st is 
actu all y a singl e colu mn tabl e. 

Exampl e: 
10 FOR 1=0 TO 2 
20 FOR )=0 TO 3 
30 READ M{I,J) 
40 NEXT) 
SO NEXT I 
60 DATAl ,2,3,4 
70 DATA S,6,7, 8 
80 DATA9,'IO,n,12 

This example routine shows how a 3 by 4 
tab le may be entel'ed into a pmgl'am using 
elementary statements and how the tab le 
entries are specifi ed. 

Storage space is automaticall y reserved 
for any li st or tabl e with subscripts (typi
call y) of 10 or less {th e exac t number 
depends on the implementation}. For larger 
subscr ipts, space must be reserved by using a 
DIM statement. A DIM statement may ap
pea r on any line before the END statement, 
but it is normall y placed at the beginning of 
the pwgram. A DI M statement may also be 
used to rese rve less space fm a small li st 01' 

table when a large program requires more 
program space. 

The ge nel'al fOI'111 5 of DIM state ments fm 
li sts or tables are: 

DIM [list name] ( maxim um subscl-ipt ) 
DIM [tab le name] ( max imum row 
subscrip t" max imum column subscrip t ) 

Separate DIM statements ar-e no t needed fOI
each list 01- tab le; several lists or tables may 
be spec ified in a single DIM state ment by 
separating them with commas. 

Exa mple: 
10 DIM VCIS} 
20 DIM M{20,20} 

May also be written in a single DIM state
men t as : 

'10 DIM V{lS),M{20,20) 
This examp le rese rves space for '16 items in 
vec tor V: 

V(O}, V(l), V(2), . .. V(l S) 
and 441 ite ms in matl-i x M: 

20 + 1 rows and 20 + 1 co lumn s 

Advanced Statements and Functions 

Thi s section will briefl y introduce the 
more advanced and speciali zed fea tul-es o f 
BAS IC. These fea tures may or may not 
be ava il able in a parti cul ar BASIC implemen
tati on, whereas the elementary statements 
and fun ctions alt-eady presented sh ould 
always be found. Refer to the programming 
manual fo r your particu lal- BAS IC inter-



• ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT ONE TIME 
• THE NUMBER OF FILES AND SIZE OF FILES IS LIMITED ONLY BY THE SIZE OF THE DISC 
• MERGING FILES REQUIRES NO EXTRA DISC SPACE 
• NO WAITING FOR THE DISC TO RE.PACK 
• LONGER DISC LIFE - MORE EVEN DISC WEAR 

Our Basic Floppy Disc System (BFD-68) must, in all mod
esty be called superb. It comes completely assembled with a 
disc controller that is plug compatible with the SWTPC 6800 _ 
In fact all our products use the 6800 standard S5-50 (Smoke 
Signal 50) bus used by SWTPC. The cabinet and power supply 
are capable of handling up to 3 Shugart Mini -Floppy Drives . 
One drive is included in the price of the BFD-68 and others 
may be added easily at any time. Or you may save money by 
ordering the dual-drive BFD-68-2 or triple drive BFD-68-3 (pic
tured). Price: BFD-68 $795, BFD-68-2 $1169, BFD-68-3 $1539, 
SA-400 Drive $390 _ 

The BFD-68 includes our Disc Operating System Software. 
Our software provides for a soft-sectored disc format consist
ing of 128 bytes per sector, 18 sectors per track and 35 tracks 
per disc. The software provides direct commands to name and 
rename files, transfer memory to disc and disc to memory and 
to automatically jump to the starting location of any program 
loaded from disc to memory. The direct command names are: 
RUN, GET, GETHEX, CLOSE, SAVE, DELETE, APPEND, RE
NAME, COPY, L1~- " FIND, LINK and PRINT. In addition, the 
Disc File Management subroutines are available to create files 
under your program control. 

A bootstrap PROM is included on the controller board to ini
tiate the Disc Operating System which loads into a 4K memory 
board located at 7000 or optionally at DOOO. Thus, you can be 
up and running from a cold start in just a few seconds. 

SUPER SOFTWARE 
Free patches are provided for SWTPC BASIC version 2.0 and 

Co-Resident Editor/Assembler. These patches allow the SAVE 
and LOAD commands to work with the disc or the cassette at 
your option. 

SUPER EDITOR: Smoke Signal Broadcasting now has its 
own editor. It is a content oriented editor with string search 
and block move capability. Changes may be made by referring 
either to line number or string content or a combination of 
references. Naturally, it is designed for file transfers to and 
from the BFD-68. Price: SE-l $29 on diskette. 
ALL OUR PRODUCTS EXCEPT THE PS-l ARE COMPLETELY ASSEMBLED . 

SUPER ASSEMBLER: Inputs source code from file on the 
BFD-68 disc system and outputs object code to disc file . As
sembly listings include alphabetized and tabulated symbol 
table. Price: SA-l $29 on diskette. 

Complete source listing included for both editor and assem
bler. Order both for $53 and save $5. 

SMARTBUG - A CURE FOR MIKBUGITIS: A super smart 
Motorola-Mikbug replacement that preserves almost all Mik
bug entry locations so your present programs will run without 
modification. Uses ACIA instead of PIA and includes many 
additional features including a software single-step trace com 
mand . A SMARTBUG listing is included and object code is 
provided on a 2708 free with each P-38 series board pur
chased. Source listing available separately for $19 _50. 

NEED A FULL SIZE FLOPPY? Our P-38-FF is a plug-in inter
face card to the ICOM Frugal FloppyTM . It includes all the fea
tures of the P-38-1 plus one 2708 EPROM containing the ICOM 
bootstrap software. Just plug the P-38-FF into your SWTPC 
6800 and your ICOM into the P-38-FF and you're ready to 
use the Frugal Floppy and ICOM's 6800 software package. 
Price $299_ 

Our P-38 is an 8K EPROM board containing room for 8 
2708's . Or, you may use it to hold ' up to 7 2708's plus your 
Motorola Mikbug or Minibug II ROM. The P-38 addressing is 
switch selectable to any 8K location. Price $179. 

The P-38-1 contains all the features of the P-38 plus an inter
face to the Oliver Paper Tape Reader and our EPROM Pro
grammer. Price $229. 

The PS-l Power Supply Kit provides plus and minus 16 volts 
required for the P-38 series boards. Also, it allows a wiring 
modification to be made to the 8 volt supply that will increase 
its output by one volt . Price $24.95. 

Our M-16-A is a 16K single power supply STATIC RAM mem
ory system. The M-16-A is fully buffered and requires only half 
the power of a similar size system using low-power 2102's. 
With the M-16-A, you can expand your system to 48K and still 
have room left for one of our EPROM boards_ The M-16-A is 
switch selectable to any 4K starting address and hardware 
write protect is included. Quick delivery. Price $595. 

BANKAMERICARD, VISA AND MASTER CHARGE WELCOME. 

Circle 32 on inquiry card. 



Sample Program # 3: 

Thi s simple inventory program for th ree products illu st rates the use o f the ON 
statement by reading an item code number followed by an item count from the 
data block. The ON statement decodes th e item code to determine what total to 
add the new count to. When done, the program prints all the current inventory 
totals. 

Program 

10 REM inventory 
20 Read N,Il,I2,I3 
30 Read I,C 
40 If I > 3, then 130 
50 If 1 < 1, then 130 
600n I,go to 70,90,110 
70 Let 11;ll+C 
80Goto150 
90 Let 12;12+C 

100 Go to 150 
110 Let 13;13+C 
120 Go to 150 

Explanation 

Program name 
Read data count and original totals 
Read code and count 
Check for val id code 

Decode item code 
Add to item ==1 
Co ntinue 
Add to item 1±2 
Continue 
Add to item "'3 
Continue 

130 Print "invalid item code" 
140 Stop 

Print error m essage 
Ex it program 
Decrement d ata cou nt 
Finish data 

150 Let N;N-l 
160 If N <> 0, then 30 
170 Print "item # 1 ; " 11 
180 Print "item #2 ; " 12 
190 Print "item #3 ; " 13 
200 Pr int 

Print total s 

210 Print "total items;" 11+12+ 13 
220 Data 6,1020,1349,714 

Bl ank line 
Combined to tal 
Original tota ls 
Data 230 Data 1,12,1,7,3,27,2,11,3,212,1, 

136 
240 End Program end 

. Notice how this program checks for an illegal va lue before the ON statement . 
An invalid item code causes a message to be printed and the STOP statement 
terminates the program. 

preter to be sure th e des ired fun cti ons 
and/or state ments are avail abl e. 

INPUT Statement 

Th e INPUT statement acts like a READ 
statement except data is entel'ed h om the 
consol e keyboard rather than hom DATA 
statements. Whenever BASIC encounters an 
INPUT statement it types a ques ti on mark 
(?) to indi ca te it is wait ing fo r operato r 
input. Th e user then types th e des il'ed input 
as it would norm all y appeal' in a DATA 
statement termin ated by a carri age return. 
INPUT sta tements are usuall y combined 
with PRINT statements to indicate what 
value is des ired: 

10 PRINT "NUMBER OF DAYS " ; 
20 INPUT D 

The semico lon at the end of the PRI NT 
statement causes the ques ti on mark to be 
typed on the sa me line as th e message. 
Normally, the qu es tion mar- k would be 
printed on a sepal'ate line. In thi s exampl e, 

110 

th e words N UM BE R OF DAYS with out 
qu otes would be pl'inted foll owed by a 
qucs tion mar- k. Thc numbel' ty ped fo ll owed 
by a carriage return wo uld be ass igncd to th e 
va ri able D. The data entered via an INPUT 
statement is not saved wi th th e pl"Og ram so it 
sh ould onl y be used when entering small 
amounts of data or data th at is unknown 
until the program is run . 

RESTORE Statement 

The RESTORE statement typi call y 
pel'mits I'eading data from the DATA sta te
ments of a progl'am more th an once. Wh en
eve r a RESTORE statement is encoun te l'ed, 
BASIC I'esets th e data bl ock po inter to the 
fir st entl-y in th e data bl ock. Th e next 
READ statement th en starts reading the data 
bl ock all over aga in . 

SIGN Function 

The sign fun cti on: 
SGN( X) 

l'c tUI"llS a va lue indi ca ting the sign of the 
argument spec ified. Th e va lue one is ass igned 
for any pos itive num ber, zel-o fo r ze ro, and 
- 1 fo r any negati ve numbel-. 

Exa mpl e: 
SGN(2.7S) = 1 
SGN(O) = 0 
SGN(- 0.2S) = --I 

The sign fun ction ca n be combined with an 
ON statement to give a three way bl-a nch 
depending on th e sign of a num be l-: 

60 ON SGN(X)+2, 
GO TOI 00, 200, 300 

Thi s instruction will jump to 100 if X is 
ncga ti ve , 200 if X eq uals ze ro, or to 300 if X 
is pos it ive . 

INTEGER Function 

The in tege r fun ction: 
INT(X) 

I-eturns the gl-eates t in teger of X that is less 
th an or equ al to .>( . 

Exampl e: 
INT(2.98) = 2 
INT(- 2.0S) = - 3 
INT(4) = 4 

Th e integer functi on may be used to l"Uund 
numbers to the neal-es t integer by adding O. S 
to th e number: 

INT(X+O.S) 
It may also be used to truncate a number LO 

any specific number of decimal pl aces (n): 
I NT(X * 1 O** n+O.S) / (1 O** n) 

Random Numbers 

Most fOI-lll s of BASIC pl"Ovide a means of 
ge nerating a I-a ndolll number betwee n zero 
and one. This fun cti on is genel-a ll y used to 
silllul ate events that happen in a so mewh at 
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MAT READ a,b,c . .. Read the specified matrices 
or vectors, dimensions pre
viously specif ied. 

MAT M = ZER Set a ll components of 
matrix M,equal to zero. 

MAT M = CON Set all components of 
matrix M equa l to one . 

MAT M = ION Set up square matrix M as 
an identity matrix . 

MAT PRINT a,b,c ... Print th e specified matrices 
or vectors. 

MAT INPUT V Call for the input of a 
vector . 

MAT B = A Set matrix B eq ual to 
matrix A. 

MAT C = A+B 

MAT C = A- B 

MATC=A * B 

MAT C = TRN(A) 

MAT C = (k) *A 

MAT C = INV(A) 

Set matrix C equa l to the 
sum of matrices A and B, 

Set matrix C equal to the 
res ult of matrix B sub
tracted from matrix A. 

Set matrix C eq ual the 
product of matrix A 
multiplied by matrix B, 

Set matri x C eq ual to the 
transpose of matri x A, 

Set matri x C eq ual to 
matrix A multip lied by 
the number k which must 
be in parentheses and may 
be given by a formula . 

Set matri x C equal to the 
inve rse of matrix A. 

Special MAT Functions . . . . 

DET Equa ls determinant of a matrix after 
invers ion. 

NUM Equals number of components fol lowing a 
MAT INPUT. 

Table 4: Matrix 'Special Functions of BASIC. 
The addition of these matrix functions to 
BASIC is one of the most common exten
siol7S to the language's capability. For 
engineering and scientific applications, such 
fun c lions are a virtual necessity. 

I'andom way such as a dice roll in a ga me. 
Th e genera l form of the I'and om function 
reference is: 

RND 
with no ai'gument needed. If a pal'ticular 
BASIC impl ementati on does requ ire an argu
mcnt, the number one is typically used: 

RND(l) 
To generate a random single dig it in tege l', 

the fo ll owing in struction might bc used: 
40 LET X= INT(I O*RND) 

If it is desired to gene rate a I'ando m intege r 
numbel' between two limi ts, this in stru ct ion 
may be used: 

112 

60 LET X=INT(A*RND+B) 
This instruction will generate an integer 
randbm number between A and B, where A 
is larger than B. Thus, to simulate a dice roll 
fOI' a game, with in tegers between 1 and 6, 
use: 

INT(6*RND+l ) 
To aid in debugging pl'Ograms, the typica l 

BASIC RND function generates the same set 
of I'andom numbers in the same ordel' each 
time a pl'Ogram is I'un. In some implementa
tions inserting a RAN DOM I ZE statement as 
the fil'st statement in a program using 
random numbers, repeated runs of the pro
gl'am will produce different I'esults. 

User Defined Functions 

In addition to the standard BASIC func
tions, some BASIC interpretNs all ow up to 
26 add itional functions to be defined with 
the DEF statement. Th e name of the def ined 
function must be three letters, the first two 
always being "FN" (eg: FNA, FMB, ... , 
FNZ) and the DEF statement may appear 
anywhere in the program. Each DE F state
ment defines a single function and it ca n 
conta in any combination of other functions 
and/or variables besides those denoti ng the 
at'guments of the function. Any vat'iab le that 
is not an argume nt of a function wi ll use its 
CUITent valu e in the program. For exampl e, 
to repeated ly use the function: 

ex2~3X +Z 
define the function : 

DEF FNE(X) = EXP(X**2)+3X+Z 
and then ca ll fOl' diffNent values of the 
function by: 

FNE(2), FNE(A+B), etc 
Th e cUl'rent value of Z is used each time the 
function is ca ll ed. Al so, each defin ed func
tion may have zel'O, one, two, or mOI'e 
nu meric variab les as al'gu men ts of the 
function . 

Examples: 
10 DEF FNA = 3. U 6*(R**2) 
20 DEF FNB(X,Y) = (X+Y) / (X *y) 
30 DEF FNR(A,B,C,D) = FNB(A,B) + 

FNB(C,D) 
Multiple line defined functions are con

stl'ucted by dropping the equa l sign and 
ending the funct ion definition with a 
FNEND stateme nt. The function name with
out al'guments is used as a temporary val'i
ab le to compute the function's va lue. Multi
ple line functions usuall y cannol be nested 
and there must not be a transfer fl'Ol11 in side 
the function to outside its I'ange, or vice 
versa. Also, GOSUB and RETURN state
ments are not typicall y all owed within a 
multiple line defined function . 



OataSync 
OS-100 

Educated 
Terminal ... 

• Internal microprocessor control for high reliability. 
• True word processing with character and line insert/delete. 
• 24 lines by 80 characters on a full nine-inch screen. 
• Special individual function keys control the block screen send, screen protect, 

forms mode, tabs, scroll up and down, print page, line centering mode, and 
other modes. 

• A full cursor control key pad is included. 

$695 
Kit 

• All switches are Cherry gold cross point for extra long life. 
• A full-function light pen attaches to the terminal for easy control of all dis

played characters on screen. 

$795 
Assembled 

• Two serial RS232 ports transmit up to 9600 baud. 
• Tarbell forma t cassette interface reads and writes up to 4800 baud to and 

from the screen or your computer. 
• All switches, including baud rate, parity stop, local-RS232 CRT controls, 

and on-off are accessable from the front. 
• Weighs under 30 lbs. including strong ABS cabinet. 
• Terminal can also be used as a full word processor or text editor. 

DataSync 16K RAM 
Circle 34 on inquiry card. 

$298 
Assembled 

Fast access, low power, dynamic RAM memory 
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Example: 
10 DEF FNM(X,Y) 
20 LET FNM = X 
30 IF Y = X, THEN 50 
40 LET FNM = Y 
50 FNEND 

This example returns the larger of the two 
argument values whenever the functi on is 
called. 

ASC (single character or mnemonic of nonprintable character) 
Returns a decimal value for the ASCII code of the argument. 

CHR$(numeric formula) 
Opposite function to ASC, argument is truncated to an integer which becomes the 
content of a one character string which is returned . 

INSTR(numeric formula, string formula, string formula) 
Searches for the second string within the first string. Search starts at character 
position specified by the numeric formula truncated t o an integer or at the first 
character if omitted . Returns the position of the first ch aracter in the substring if 
fou nd, 0 if not. 

LEFT$(string formula, numeric formula) 
Returns a substring of the string formula, starting from the left. Substring 
contains the number of characters specified by the numeric formula t runcated to 
an integer. 

LEN (string formula) 
Returns the number of characters in its argument. 

MI D$(string formula, numeric formula, numeric formula) 
Returns a substring of the string formul a, starting at the character position 
specified by the first numeric formul a truncated to an in teger. Th e substring 
contains the number of characters specified by the sec ond numeric formul a 
truncated to an integer, or the substring continues to the end of the string if the 
second numeric formula is omitted. 

RIGHT$(string formula, numeric formula) 
Returns a substring of the string formula, starting from th e ri ght, con ta ining the 
number of characters specified by the numeric formula t runcated to an integer . 

SPACE$(numeric formula) 
Returns a string of spaces, the length specifi ed by the numeric formul a truncated 
to an integer. 

STR$(numeric formula) 
Returns a string representation of its argument (the number is converted to a 
string) . 

VAL(string formula) 
The opposite function of STR$. Returns the number represented by the string 
formula (the string is converted to a number!. 

In addition to these functions, the CHANGE statement is used t o convert between 
strings and numer'ic data and vice versa as follows : 

CHANGE [string formula) TO [numeric formula) 
Changes the string specified to a numeric vector . The zero element of the vecto r will 
contain the number of characters in the string and the decimal ASCII code of th e letters 
will be stored in the numeric vector . The statement : 

CHANGE [numeric vector) TO [string variable ) 
changes the numeric vector to a string. The zero element of the vector mu st con ta in the 
number of characters in the desired string. 

Table 5: A "typical" set of string manipulation functions implemented in a 
BASIC interpreter. This table lists functions found in the author's experiences 
with BASIC on Digital Equipment Corporation computers,- similar sets of 
string functions are often implemented by other "extended BA SIC" 
interpreters. 
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Vectors and Matrices 

Since operations on li sts and tabl es occur 
frequently, a special se t of mat ri x instru c
tions and function s are usuall y avail able in 
BASIC. The list of typical MAT instru ctions 
and functions plus a brief description of 
their operation is fo und in table 4. Many of 
the matrix statements require spec ial condi
tions to ex ist in order to be lega l or may 
allow operations on vectors as well as 
matrices. While every vector has a ze ro 
component and every matrix has a zero 
column and row, these are ignored by MAT 
instructions. An y numeric array referenced 
in a MAT statement other th an a MAT 
INPUT, will be se t up as a matrix unless 
specifica lly decl ared as a vector in a DIM 
statement. 

Strings 

So fal', only operation s dea ling wi th 
numel'ic information have been di scussed; 
bu t some form s of BASIC also process 
alphanumeric info rmation in the fo rm of 
strings. A string is a sequence of characters 
including letters, digits, spaces, 0 1' some 
other pl' inting characters. In BASIC it 
cann ot, however, contain a line terminatm 
such as a line feed, carri age return, fo rm 
feed, or vertical tab. Strings are normall y 
enclosed in quotes (eg: "ANSWER") when 
used as string con stants, but may be omi tted 
in some instances. 

Vari ables may be used for simpl e strings 
·and string vectors but not fo r matrices. Any 
vari ab le or vector name foll owed by a doli a!' 
sign ($) stands for a strin g: 

A$, B2$, 01' C$(I) 
String vari ables or constants are used just as 
numeri c qu antiti es in most BASIC state
ments. However, numeri c and string data are 
kept in two separate data bl ocks and are 
utili zed independentl y of each othel·. The 
RESTORE statement di scussed ea rli er rese ts 
both data pointers to the beg inning of the 
data blocks. A typi cal implementation tri ck 
to rese t onl y the numeric data po in te r is to 
use : RESTORE *, and use RESTOR E$ to 
reset only the string data poin ter. 

Tabl e 5 shows some of the poss ible 
functi ons for manipul ating stl'ings in BASIC 
in so me implementations. 

Other Fea tures 

Many BASIC softwal'e sys tems, espec iall y 
large time shal' ing systems, so metimes all ow 
special operation s in vo lving data files and 
special formating of data. An example is the 
PEEK and POKE fac ility which is used in 
Altair BASIC for bi t level manipul at ion. It is 



always best to refer to the BASIC program
ming manual for the particular implemen
tation being used as I have pointed out many 
times before. Always check what features 
are offered and how to use them, since they 
can vary drastically from system to system. 
There may also be special editing or 
operating commands available depending, 
aga in , on the system used. 

In Closing ... 

Now that the general statements and 
functions have been discussed and some of 
the more advanced features have been intro
duced, the best way to actually learn the 
BASIC language is by hands-on experience. 
Find a system with BASIC, check the 
avai lab le BASIC features, then start with 
small, simple programs. In no time at all you 
should be ab le to program almost anything 
desired. BASIC is an extremely easy lan
guage to learn and use so don't let the term 

"HIGH LEVEL LANGUAGE" 
frighten you away . Look for future articles 
on programming techniques, games, and 
app lications as BASIC becomes available for 
more and more microcomputer systems. 
BASIC programs should be very easy to 
reproduce and convert for various specific 
systems, including microcomputers. -

A New Microcomputer Series from 
CGRS 

CGRS Microtech Inc, POB 368, 
Southhampto n PA 18966, has an
noun ced a new line of microcomputers 
ca ll ed the 6000 series which are all 
Altair bu s co mpatible and based on the 
Mos Technology 6502 microprocessor. 
Th e Microputer I is a 3 board tutorial 
system featuring 256 bytes of pro
grammable memory for $229.95 . The 
Microputer II in clud es 2 K bytes of 
programmab le memory with room for 
up to 4 K bytes of erasable read only 

........... J ...... ' -
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Interface any Selectric I/O Writer 
to S-100 computers with a TYPE
AWAY Selectric I/O Writer Inter
face.TYPEAWAYis compatible with 
any model 731 or 735 I/O Writer, 
including versions with correspon
dence or BCD coding. 24 or 48 volt 
solonoids. and common anode or 
common cathode diodes . . TYPE
AWAY is a complete package of 
everything needed to interface any 
model 731 or 735 I/O writer to an 
S-100 computer. including; 
* S-100 compatible PC board with 

solonoid drivers. input ports . 
and PROM memory. 

* Complete ca bles and connectors 
* Power supply for 24 or 48 volt 

systems. 
Optional word processing software 
is also available. 

Add professional. economical hard 
copy to your S-100 system with an 
mM Selectric I/O Writer and a 
TYPEAWAY interface. 

Prices 
Kit ... .... ....... . ..... $225 
Assembled. . . . . . . . . . . .. 325 
Documentation. . . . . . . . . 25 

Call toll-free anytime to 
place credit card orders: 

800/6485311 

MICROMATION INCORPORATED 
524 UNION STREET 
SAN FRANCISCO. CA. 94133 
415/398-0289 

Circle 35 on inquiry card. 



memory. T he p rice is $389 .9 5. Th e most 
sop histi cated syste m in the se ri es is th e 
Mi cro puter III , a comp lete mi crocom 
puter sys te m upwa rds compatible with 
th e f irst two systems. Co ntac t the ma nu· 
facture r for furth e r inform a tion.-

Circle 572 on inquiry card . 
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Dou glas El ec tronics has a nn o un ced 
th e avai lability of a comple te lin e of 
brea dboards des igned to be compat ible 
with Digita l Eq uipm e nt Corporation's 
PDP-ll a nd 8fA mini com pu ters . 

The glass e poxy boards, which featu re 
elect roplated solder c ircu its and go lel 
connector tabs, come in a variety of 

Atte ntion Ind ividua ls, Clubs a nd 
Computer Stores: An 8080 Octal Code 
Card Is Now Ava ilable 

T yc hon Inc has ann o un ced this new 
8080 Octa l Co el e Card. Th e code card is 

co n figuratio ns and options whic h in
clude ex tend e r boards wit h sockets, wire 
wrap boards and breadboards fo r custom 
logic circuitry. Co ntact Douglas Elec
t ro nics Inc , 7 ·18 Mar in a · Blvd , San 
Leand ro CA 94577 . 

Circ le 573 on inquiry card . 

nWe may have the surplus 
electronics 
you need!" 

Terminal/ Keyboard 

With Schematics 
$250 .00 

- CRT T enninals 
-Assemblies 
Tape Dri ves $800 .00 

- Peripherals 
- Components 

Keyboards $40.00 to $60 .00 

(ASCII En coded) 

Equipment Cabinets $45.00 to $60.00 
(19'· With Fan) 

Send for a free catalog or call 
Bill Blaney. toll free 800 258-1036 

in NH 603·885·3705 

Come to our showroom 

10 Flagstone D rive, Hudson, New Hampshire 03051 

Circl e 3 6 on inquiry card . 116 

a slide ru le like a id for program min g and 
debu gg in g 8080 software in octal nota
tion. It co n ta ins a ll the mn e m o nics and 
their co rresponding octal codes. The 
instruc tions a re a ll co lor co d ed to in dio 
cate which fl ags a re affected durin g exe· 
cuti o n. The pocket sized ca rd measures 
6.5 by 3 inch es (16.5 by 8 c m) and it 
provides the inst ruc tions in a neat, 
logical for m at for quick refe re nce. 

Th e bac k side of the ca rd is p rinted 
w ith a n ASC II code chart for a ll 1 28 
charac te rs plus the 8080 sta tu s word and 
reg iste r pa ir co des . 

Delivery of th e 8080 O c ta l Coele 
Card is imm ed ia te a nd thc pri ce is $2.95 
postp a id . Qu ant ity discounts sta rt a t ten 
units, a nd c us tom imp rintin g is a lso 
ava ilable . Accord ing to T yc hon, a hexa
decim al ve rsion of the card will be 
ava il a b le in th e nea r fu ture . 

For fu rthe r in fo rm atio n write 
Tyc hon Inc, POB 242, Bl acksburg VA 
24060. -

Circle 574 on inquiry card . 

A New Way t o Do S li t-N·Wrap 

Vec tor Electron ic Company, "12460 
G ladsto ne Av, Sy lm ar CA 9 134 2, has 
just scnt alo ng thi s photo of a neat new 
ad diti o n to th e ir lin e o f Slit-N-Wrap 
tool s, t he P·160-4T1 p istol gripp ed 

110 VAC powe red wrapping too l. This 
$8 0 tool will accept the P180 
Slit-N -W rap tool bit , o r a s ta nd ard wire 
wrapp ing attach me nt in th e form of th e 
P1 60-2A w rapp ing bit. Whil e S lit- N-W ra p 
can be done by ha nd, it becomes mu c h 
more co nve nie nt whe n it is powered as 
with this tool. {Because t he Slit-N·Wrap 
tec hniqu e req uires no s trip p in g of wire, 
it tends to be somewhat fa s te r t han 
standard wire wrap as a matte r of cou rse , 



sin ce the too l is always held in one's 
hand and is never put down for the 
str ipp in g operation as in w ire wrap w i th 
reel wi re.) -

Circle 575 on inquiry card. 

IMSA I Bro chure and Cata logue 

A beau t i fu I fou I' co lor brochu re ou t
lining the I MSA I product fami ly ca rn e 
our way recentl y. In the same package 
was th e cu rrent pr ice list of thi s fam il y 
of computers and comp uter products, 
wh ich may be inspected at m any loca l 
co mputer stores. A full cata log is also 
ava il abl e accord ing to th e brochure, at a 
pr ice of $1. Wri te IMSA I Manufacturing 
Corpol'at ion, 14860 Wickes Blvd, San 
Lea ndro CA 94577 .-

Circle 576 on inquiry card. 

A ltair Bus Floppy 

Synetic Designs Company, POB 
2627, Pomona CA 9 1766, has se n t along 
th is picture of the ir new "ready to use" 
d isk system for Altair compatib le 8080 
based computers. The product is ca ll ed 
the FDS- 2, and i t empl oys iCOM 
standard size floppy disk drives. The 
total package in cludes the iCOM execu
t ive system, tex t ed i tor and asse mbler 
fo r the 8080, p lu s the custom "exec u tive 
handler" provided by SDC to allo w 
user-specific attribu tes of the executi ve . 
From one to fo ur drives may be attached 
to the contro ll er, wi th two drives show n 
in thi s photograph. Maxi mum o n l ine 
ca pacity w i th four dri ves is ju st ove r 
1 Mb. Th e reco rding fo rm at is I BM 35 40 
and 3740 co mpatible to al low transfe r of 
data to and from other comp uter 
sys tems on f loppy disk ca rtri dges. Fil es 
may conta in sou rce data, program Objec t 
data or use r generated data. The dr ive 
may be see n at Compu ter Mart of New 
Jersey and other sto res nationwide . 
Delivery is quoted as three weeks ARO 
fo r sma ll ord ers; price was not quoted in 
the press release mater ials.-

Circle 577 on inqu iry card . 
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ANNOUNCING 

SEMINARS 
AUGUST 22-26 

(the week preceding the Atlantic City convention, PC' 77) 

CHOOSE FROM ONE OF THE 

7 FIVE DAY and /or 

SEMINARS 2 EVENING 
SEMINARS 

BRING THE WHOLE FAMILY 
(Recreation Facilities Available) 

REASONABLE 
Individual/Family Rates fo r a limited number at the college 

on a first come, first served basis 

TRANSPORTATION 
available to the ATLANTIC CITY CONVENTION 

Software courses (DAY) 
Programming in Basic for the pC owner. 

An inlwdu(lilln 10 th e 1l;IS!( I,'"g ua!;!.!. Frum heginning III writing app li ca tio n 
prngrams. Emp lu5is u n TOl '" UK a nd 12K Bdsic fur the Z80. In d uel l's intro In 
TOL's f OR TR/\ N. 5 199 

Assembly language Programming for th e ZBO/BOBO 
An inirUllu[liu n to .lS!>l!mhly I,Ul g U.a gc pwgrdmmillg. Fi rst CI/\'t>r" 8080 
in structions .1I1d Ih e n hr.m chcs intn Ihe cx lrJ insl rtl ctiuns .lV,lil;lhlc for lh e 
2-8U. In d ud es inlru Itl TUI.', 7-RO Monitor .11111 M.lcrn·Asscm hle r Jnd JIso 
('liv ers ""l'li c.l lilln 5 in inll'rfJd ll ~ Jnd cunlrol. S249 

Ad vanced Assembly language Prog rammin g for th e Z-80 
Fu r ~IHneUlH.' whu knuws Ih l' HOBO. C II \· ,'r~ .lillie!! l-80 instruc liun!> Jnd ho w III 
~l'I Ihe mllsl lIul ol lh elll. EllIp hJsis un u~c ulTOl's MJcru-A~~cmbrcr, 
App li ",l liu ll tu digitdl lugit re pldcelllcni il l1ft process cunlrnl. 529!1 

FORTRAN IV 
An inltudul'1inn III Ihl' rORTKAN lan g udg'·. hum beginning til wriling of 
" ppli ca tion pwgrJITlS. Emfl h .l .. i ~ lin T Dl'~ ANS I ~ t Jncldrcl FORT RA N IV for th l' 
l·RO. 5299 

Word Pro cessing with a Text Editor and Fo rmatt e r 
Introdu ction tu th e liSt' III t il l' 1ClF;1 Editor Jilt! 11'xt Ou tpu t l ' rIlCl's~u r fo r 
J c hi e\'in~ IJJ sic word procl'ssing ('a pdhilili l's, EmphJsis 11Il TD l's Tt'x t Editors 
dnd fl'x I Output Pruct'~'lIr" . r.lmi lidtiLJ lion wilh systcm n·(lu itelllenl5. 5299 

Hardware courses (DAY) 
Introduction to H obby Computing 

A survey cours e deJ li ng in I n l'lF;p loraliun IIf Ih e tluhb y co mputing field .10(1 

defining Ih e bJs; cs nc e t! edtu Ill' und t' ts luud in order lu J.:l'I s tM tl'd. 5 199 

Digital log ic Circuits . 
Instructi ull in digilJlln gic ci rlui ls cove ring th e 7400 TTL J nel Ih e CMOS series . 
C"d t' ... rl'J..: islers. cou n ter!>, lll e llllHY. cu mbin.litltiJ llogic. t' lc. 5199 

EV~~~o~Pu~~,~~e~~o~Ps 
Guest leclurt's from f1wncr 'u p er.l lnrs of co mpuler storcs J nd minucompu tt'r 
nloHluf.ll·lur crs. Ho"" lu h ecmne a tll',I I,·t . Huw In gel a /rJllchise. ' ·Iow In 
upe r.t lc ,I bu sin ess. tluw tu sc t up ,1 servicl' fa cilit y ... • ln d Illore. $99 

Kit Building lab 
Ins tru c tion .lOd guid,lOce (Ill kit building. Brin g ),o ur kits ! St'ECt,\l : Anyu ne 
I.lki ng tldivery o n a r Ol produ ct during Illl' co urse Imust b,' ordered in 
,ldvd nCl'1 wi ll receive Ihi ~ wor kshup FREE. O the rs pdy unly... $49 

SPONSORED jointly by 
TECHNICAL DESIGN LABS, INC. (TOL) 
Prince to n , N.J. and 

TRENTON STATE COLLEGE 
Tre nton , N.J, 
For registration forms and brochure write: 
Z-80 SEM tNARS Office of Continuing Education 
TRENTON STATE COllEGE TRENTON , NEW JERSEY OB625 
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How Far-Which Way? 

Rene E Pittet 

WMU Physics Dept 

Kalamazoo MI 49008 

Assisted by M Davidson 

Did you know that your computer can 
answer the questions of how far and which 
way fOI- you in microseco nds for mauodis
tances? At leas t my SWTPC 6800 can with 
its 8 K BASIC high leve l compilel- language . 

The usefulness of this pl"Ogl-am will be 
apparent to anyone who sails a boat or flies 
an airplane. By inputting longitude (degrees 
and minutes) and latitud e of the stal"ting 
point first, and the destination second, the 
program will print out the di stance in statute 
miles, or nautical miles with a minor change, 
and the true bearing. Look up the variation 
of magnetic north in your area and ad d that 
correction for a magnetic compass heading; 
or better yet, add it into the program. 

The pl"Ogram of listing 1 is offel-ed as a 

aJ ARCSIN X 
x + _1_ X3 + 1 x 3 

2x3 2x4x5 

X5 + 1 x 3 x 5 X 7 + 1 x 3 x 5 x 7 X9 
2x4x6x7 2x4x6 

b)ARCSINX= X 
X3 5 x X5 1 5 x X 7 

+--+---+ ---+ 
6 40 336 

105 x X9 

3456 
radians 

Figure 7: A series expansion of the A ReSIN function, as found (above) and 
as evaluated partially for use in the expression in listing 7 at lines 758 and 
760 of the program. 
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model to sta l·t from and can be mod ified 01-

elaborated on according to the wishes of the 
usel·. I t is based on what is known to 
cartogl'aphers as a Lambert Conformal Conic 
Projection map. This type of map uses a 
fixed reference po int in its pl-ojection, so the 
method is less accu rate the farther nOI-th 01-

south you go, into Can ada 01- Alaska for 
example, from the reference point in th e US. 
Howeve r, it wi ll be quite accul'a te within a 
I-estricted al-ea such as that covered by an 
FAA ael"Onautical regional or sectional chart. 

The requirement for this program grew 
from my Civil Air Patrol activities when we 
search for downed ailuaft (a true hardware 
crash) and send rescue teams out to find 
them. Usually we have an airport to start 
ft-om and grids to seat"ch in by ail'. The 
downed airuaft is spotted visually or by 
reception of a signal from its emergency 
locator transmitter (EL T) . If found, its coor
dinates al-e radioed back to the mi ss ion 
coord in atOl". He then dispatches the gl"Ound 
teams to the rescue and here is wh ere the 
questions "how far?" and "which way? " are 
answered by the computer. 

The routine uses the trigonometric so lu
tion of a right triangle to determine the 
distance (hypotenuse) and direction (arcsine 



of X) . The sides of the triangle X5 and Y5 
al'e the differences between the two sets of 
coordinates of longitude and latitude. 

To explain the pmgram a little, notice 
th at the ARC SIN X is a special subl'outine 
which had to be ueated since ARC SIN, 
ARC COS and ARC TAN functions al'e not 
included in SWTPC 8 K BASIC. This ARC 
SIN X function is perfOl"med by use of the 
trancendental fOl"mula shown in figure 1 a 
which is I'educed to the equation of figUl'e 
1 b. The fOl"mula, translated into BASIC, is 
shown on lines 158 and 160 of listing 1 . . 

Since the ARC SIN X fonllula above is 
less accurate fmm 45° to 90°, we switch and 
use 90° - COS of the complimentary angle of 
th e right triangle and get the same I'esolution 
as when the angl e is 0° to 45°. Th is is 
wl' itten in BASIC in lines '155, 163 and 168 
to "175. Also, notice that in lines 58 and 59 a 
ve ry small numbel' (1.E-9) was added to th e' 
two sides X5 and Y5 of the right triangle 
X5, Y5, D. This extremely small en'or 
elimin ates the problem of dividing into zem 
at the 90°,180°, 270° and 360° points of 
the comp ass when one or the other of these 
sides of th e triangl e are zero. SWTPC 8 K 
BASIC doesn't like zems in your math 
formu las. 

In line 60 the hypotenuse of the triangle, 
D, is multiplied by 1.1516 to get statute 
miles. This conversion factor assumes that 
youl' calculations have been in British nau, 
tical mil es which have 6080 feet to the mile. 
If youl' calculations have been in American 
nautical miles, with 6076.115 feet to a mile, 
th e conversion factol' would be 1.1508. 

In lines 50 and 54 the numbers 44.89 and 
74.82 were derived from th e ratio of nau, 
tical British miles per degree of longitude 
versus latitude in the northern hemisphere at 
about 43° nOl"th latitude. In other pans of 
the globe, fal,ther nonh 01' south, it would 
be advisable to I'ecalculate to maintain accu
racy. (The distance of one degree of longi
tude gets smaller and smallel' as you go north 
or south from the equator.) 

To correct for the magnetic variation in 
yo ur area add the degrees of cOITection at 
lines 162 and 174. FOI" example, if the 
aeronautical chan shows 3° west vdl"iation, 
then add +3 to R5's value. 

One last comment: the latitude and longi, 
tude are entered as a decimal number. The 
digits to the left of the decimal are degrees 
and to the right, minutes; seconds al'e not 
used. The program sorts it all out and 
understands what you are inputting by using 
the INTEGER functions in lines 50 to 56. 

Try it for aircraft flight planning or a 
sailing trip in large bodies of water, then 
check the accul'acy by actual measurement 
on an aeronautical chart.-

00 P R I NT "'''''''''''''''''" 
05 LINE = 64 
10 PRINT "TO COMPUTE DISTANCE & DIRECTION" 
12 PRINT 
14 PRINT "ENTER LONGITUDE (XX,XX) AND LATITUDE (YY,YY) OF BOTH PLACES:" 
16 PRINT 
18 PRINT "ENTER Xl, Yl" 
20 INPUT Xl, Yl 
22 PRINT 
24 PRINT "ENTER X2 Y2" 
26 INPUT X2, Y2 ' 
27 DIGITS = 2 
28 GOSUB 50 
36 PRINT 
38 PR I NT ","" """"" " """"""'," 
42 PRINT 
44 PRINT "TRY ANOTHER SET"",,"," 
46 PRINT 
47 GOT018 
48 STOP . 
50 X3 = 44.89 * INT(Xl )+74.82*(Xl,INT(Xl)) 
52 Y3 = 60 * INT(Yl)+100*(YHNT(Yl)) 
54 X4 = 44.89 * INT(X2)+74,82*(X2,INT(X2)) 
56 Y4 = 60 * INT(Y2)+100 * (Y2,INT(Y2)) 
58 X5 = (X3,X4)*SGN(X3,X4)+1.E,9 
59 Y5 = (Y3,Y4)*SGN(Y3,Y4)+1.E,9 
60 0 = 1.1516*SQR(X512+Y5t 2) 
61 PRINT 
62 GOSUB150 
63 PR(NT "DISTANCE = ";0 
64 PRINT "(STATUTE MILES)" 
65 PRINT 
68 IF X4> X3THEN 74 
70 IF Y4> Y3 THEN 84 
72 GOTO 88 
741FY4Y3THEN80 
76 PRINT "TRUE BEARING = ";270,R5;" DEG'S" 
78 RETURN 
80 PRINT "TRUE BEARING = ";270+R5;" DEG'S" 
82 RETURN 
84 PRINT "TRUE BEARING = ";90'R5;" DEG'S" 
86 RETURN 
88 PRINT "TRUE BEARING = ";90+R5;" DEG'S" 
90 RETURN 

150 REM ARC SGN X SUB,ROUTINE 
154S = Y5ID 
155 C = X5 / D 
158 Sl = S+(S I 3/6)+(3 * St 5/40)+(15 * S17/336) 
160 S2 = 105* S19 /3456 
162 R5 = (S1+S2)1.017453293 
163 IF R5> 45 THEN 168 
164 PRINT 
166 RETURN 
168 Cl = C+(C13 /6)+(3 * C 5/40) 
170 C2 = (15 * Ct7 /336) + (1 05*C t 9/3456) 
172 R4 = (C1+C2) 1.017453293 
174 R5 = 90,R4 
175 GOTO 164 

TO COMPUTE DISTANCE & DIRECTION 

ENTER LONGITUDE (XX,XX) AND LATI 
TUDE (YY,YY) OF BOTH PLACES 

ENTER Xl, Yl 
? 83,00 
? 42.24 DETROIT CITY AIRPORT 

ENTER X2, Y2 
? 87,55 
? 41.58 CHICAGO O'HARE 

DISTANCE = 255,92 
(STATUTE MILES) 

TRUE BEARING = 264.16 DEG'S 

TR Y AN OT HER SET"",,"""""""""""""" 

ENTER Xl, Yl 
? 

Listing 7.- A BASIC program used to calculate range and bearing information 
from navigational coordinates. (This program was typeset from a hand typed 
listing of the original, which had been developed and debugged from a 
computer sans hard copy.) In the sample printout, user input is preceded by a 
question marl? que/yo 
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D U T RON I CS ®a leader in low cost, low power ram boards has just announced it's Z 80 
piggy back card. This plug - in board enables you to use your existing IMSAI, ALTAIR CPU card 

and upgrade your system to a Z - 80. 

The card design is such that all you do is pull out your 8080 and 8212 chips, plug in the Board 

to the 8080 socket itself and the ribbon cabl e to the 8212. 

A system monitor, on paper tape, is included with the board as well as a 280 Manual and Theory 

of Operation Manual. 

Dutronics will also supply all additional software at no cos t, when it be comes available 

Th e pri ce is $159.95 (assembl ed) only. OFF THE SHELF. 

80 

for more information call or write to: 

BY'f'!:-' OF PHILAIJELPI// /l 
1345 IV, Lan,cas ter Ave. 
Bryn Ma wr, Penn. J90]O 
(2 15) 525-7712 

BYTE OF PALO AL TO 
2227 EI Camino 
Palo Alto , Ca. 94306 
(415) 327-8080 

HOBOKEN COMPUTI:' R IVOR"' .') 
20 Hudson Place 
Hoboken, N. ] . 07030 
(207 420-1644 

13 YTE OF WE STMINSTER 
14300 Beach Blvd. 
lY' es tminsl,er, Ca. 92683 
(714) 894- 9J31 

liYTE 0 1" SAN TA CLlfR A 
3400 El Cam ill a Real 
San!.a Clara, Ca. 95051 
(408) 2,/9-122/ 

R.H.S. MARKETING 
2233 El Camino Real 

Palo Alto, California 94306 
(415) 321-6639 

DEALER INQUIRES INVITED 

B of A & MASTERCHARGE ACCEPTED 



16384 BYTES for $485.00 
assembled (with sockets) : tested - burned-in - guaranteed 

A new high in 5100 bus memory cos t e ffectivenes s. Fully as sembled 

(wi th sockets), tested, burned-in and guaranteed. 4Kx1 dynamic 

memory chips (the same ones used by the ton in IBM compat

ibl e memory systems) combined with se lf contained control 

lo gic , yiel d a me mary s y stem with: 

• Low power consumption, total board 5 watts. 

• Tran s parent refresh, whi ch means the 

memo ry looks static to th e outside world. 

• No waiting. In fact, xrdy is no t even con 

nec te d to the memory. 

• Full DM A capabi lity 

• R eliabl e, low le ve l clock and contro l 
signals . 

Dynabyte 
Dynabyte ® brings to th e 5 -100 Bus a state of th e art, industrial quality memory system. 

16K on a single board fo r $485 .00, Guaranteed for 1 year. 

BYTE OF PASADENA 
496 So . L ake Ave. 
Pasadena, Ca. 91 109 
(213) 684-3311 

BYTE OF SAN TA C LA RA 
3400 El Camino R eal 
Santa Clara, Ca. 95051 
(408) 249- 4221 

BYTE OF WALNUT CREEK 
2989 N. Main St. 
Walnut Creek, Ca. 94596 
(4 15) 933-(j252 

BYTE OF SAN MA T EO 
1200 W. Hillsdale Blvd. 
San Mat eo , Ca. 94403 
(4 15) 341-4200 

BYTE OF FALO AL TO 
2227 EL Camino 
P alo Alto , Ca. 94306 
(4 15) 327- 8080 

Circle 37 on inquiry card. 

for more information call or write to: 

R.H.S~ MARKETING 
2233 El Camino Real 
Palo Alto, California 94306 
(415) 321-6639 

DEALER INQUIRES INVITED 

B of A & MASTERCHARGE ACCEPTED 



Add Cursor Control to Your TVT II 

Brot he r Thomas McG ahee 
The Sales ian Ce nter 
8 0 S S ixth St 
Columbus OH 4321 5 

If yo u own a TVT II and wou ld li ke a 
simp le circu it to pwvid e fo r opel'at ion of the 
cursor and erase funct ions, then consider the 
circuit shown in figure 'I, This simp le circui t 
wil l accept ASC II contro l cha racte rs and 
decode them in a manne l' suitab le for con
tw lli ng all of the cmsol' contro l and erase 
funct ions, and it even has a few outp uts that 
Ciln be used to provide use r defined fun c-

Figure 7: Diagram for the TVT 1/ cursor controller. IC7 is a 4 to 76 line 
decoder that will select which control command is wanted. Transistor Q 7 is in 
the circuit to make it compatible to the Southwest Technical Products' screen 
read and UART boards. Diodes D7, D2 and D3 are in the circuit to protect 
IC7 when it is connected in parallel to the output of a gate on the main 
TVT 1/ board. IC2 is wired as a one shot to activate the Sonalert when a 
control G is pressed. 
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+5V 
R5 
10K 
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IN914 (3) 

8 1 23 vce 5 DI 
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74 154 

J4 7 e 8 
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74 12 1 
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15 
17 

J3 GND 4 

12 

EN A 8LE IF 0 

14 

VCC 

GND 

7 

t ions , such as enab ling externa l dev ices or 
turning on be ll s and whistles . 

In the ve rsion presented here several 
fu nctions are provided , inc luding home, 
erase to end of line , el'ase to end of frame, 
cU l'sor up, cursor down, curso r left, cu rsor 
ri ght, and be ll. I n add it ion there are five 
other unused codes that may be assigned any 
way you wish. Co ntro l J and M are unused, 
sin ce the TVT II a lready decodes th ese as 
carriage return and li ne feed. 

How it Works 

IC1 decodes the incom ing ASC II ch ar
acter, and se lects one of its 16 outputs to 
go to log ical zero whenever bits 5, 6 and 7 
are a ll log ica l zew. The TVT II data lines are 

R3 
10K 

9 

PRIN T 

REXT 
CEXT 

0 

II 

R4 

6 
IK 

+ MA L LORY 
SC-6 
SONALERT 

02 
2N2222 

CURSOR CONTROL E QUIVAL ENT LOGIC: 
GND 

J42 >----.. .-----------1--<: ~: I 
COMPUT~.~ .. J 

CURSOR SIGNAL 

86 

D-,":"_~C~U'::'R~SO~R"--.. 
R I 
2 ,2K 01 

2N2222 

-, • TO IC I P IN 18 
",8:..7___ SIGNAL 

I 
L_-o IF 86-87-0 

R2 
IK J3 AND J4 AR E PART OF T HE TV- II MARK ETED 8Y 
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ASCII 
Binary Code Keys 

0000000 Null 
0000001 Ctrl A 
0000010 Ctrl B 
0000011 Ctr l C 
0000100 Ctrl D 
0000101 Ctrl E 
0000110 Ctrl F 
0000111 Ctrl G 
0001000 Ctrl H 
0001001 Ctrl I 
0001010 Ctrl J 
0001011 Ctrl K 

0001 100 Ctrl L 
0001101 Ctr l M 
0001110 Ctrl N 

0001111 Ctrl 0 

Function 

X 
X 
X 
X 
Down Cursor 
X 
Erase to end of Fram e 
Bel l 
Home 
X 
Line Feed 
Right Cursor 

Erase to end of Lin e 
Carriage Return 
Up Cursor 

Left Cursor 

IC1 
74154 pin # 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
13 

14 
15 
16 

17 

How To Remember 

D and Down are easily mnemonically related, 

F and Erase EOF are easily mnemonically related, 
G is the standard bell function in ASCII. 
H and Home are easily mnemonica ll y re lated, 

K was chosen for Right not so much because it was desirable so much as the fact 
that it was t he least undesirable, A, Band C are common ly used program con
trol commands, J and M are used for carr iage return and line feed . Thi s leaves 
us w ith on ly E, I or K, I chose K and use the mnemonic K for Kontinue. 
L and Erase EOL are eas ily mnemonically related. 

While N is not mnemonical ly related to Up, it was chosen since many keyboards 
have an upward point ing arrow above the N , 
o is not mnemon ically related to Left but was chosen because many keyboards 
have a left pointing arrow above the 0, 

Table 7: This table summarizes the inputs to and the outputs from IC7. Along with the desired keycode is gil/en the binaty input 
to IC7, the output pin that is enabled, and the function that it is wired for according to the circuit of figure 7. At the right is an 
explanation of the alphabetic mnemonic that is used to remember the correct key to cursor command code. Note that with the 
exception of the bell, line feed and carriage return commands, these functions are not standard ASCII functions. 

IN270 

r---14I----C>TO CONTROL KEY 

NEW KEY 

~ 
IN270 

'----te--C>l~PHABETICAL KEY 

labe ll ed from I to 7 by SWTPC. Bit 5 is 
routed to le i 's G2 input, and th e GI input 
of 1(1 is fed from the TVT II "computer 
cu t'sor" signa l, whi ch is zero whenever bits 6 
and 7 are both log ica l O. Bits 1 to 4 Me 
applied to th e A, B, ( and D inputs of lei, 
Wh enevet' one of the first 16 contro l chat'
actet'S is detected, one of the decoder's 
outputs wi ll go to logica l zero, 

You will notice that some of the outputs 
are connected to diodes, This is to pmtect 
the outp ut of 1(1 when it is connected in 
parallel wit h the outp ut of a gate on the 
main TVT II board. You cou ld use an open 
co ll ector versio n of this decoder integrated 
cit'c ui t, but I chose to use a 74 '154 because 
they at'e readi ly ava il ab le at low cost. I have 
'I N9 'I4 diodes on my unit, and have not had 
any pmblems. A germanium type, such as a 
1 N270 might be a better cho ice, but I 
simply used whatevet' I had on hand. 

01 is included in the circuit so that this 
circuit will be compatib le with SWTPC's 
sCt"ee n read and UART boards. It provides 
log ic to advance the cursm when to ld to do 
so by the othe r boards. I (2 is a one shot set 
up to handl e the be ll function, A control G 
will cause a low go ing pulse at its A'I input. 
It will then st t-e tch the pu lse for a seco nd or 
so to drive the Sona lert, or whatevet' you 

Figure 2: Simple circuit to add control I?eys to a keyboard. The new key is 
wired to both the control key and the alphabetical key. The diodes are 
needed to isolate the keys from each other. 

wish to use as a bel l fu nction, There are 
severa l other outputs fmm lei that can be 
used to initiate other bells and whistles in 
a simil ar mannet. The J numbet's in f igure 'I 
refer to the con necto r plugs o n the main 
TVT II board. 

Tabl e 'I is a li sting of the 16 outputs 
and th eit' f un ction ass ign ments. An "X" in 
th e tabl e indicates a free fu nct io n waiting to 
be impl emented , A mnemonic exp lanat ion 
of the funct ions at the right of table 'I helps 
when using the key boat"d , If fm any t-eason 
you wish to change which contm l keys 
perfot'm which functions, ju st wire to a 
different output pin on lei. 

If you at'e using a d iode encoded key
board, you can add cut'sm co ntml and erase 
keys quite eas il y, if you already h ave a 
co ntro l key, All you do is connect each 
cursor a t' erase key as shown in figure 2. Th e 
diod es serve to iso late the keys. Whenever 
the key is depressed it will simultaneo usly 
act ivate both the co ntro l and alph abet ic 
keys. You can ad d as many of these type 
keys as you need. Wh il e you Me at it, you 
may wish to add a ca lcu lator type array of 
switc hes fa t' numet'ical entry , You simply 
wit'e them in pat'alle l with ex isting numer ica l 
keys; no diodes needed, This wi ll cons id er
ably speed up the entry of numerical data.-
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WI LL TRADE: AKC Samoyed puppy or stud 
service for computer {or related } hardware, BASIC 
so ftware. or texts of interest. Contact G Frank 
Humiston, 506 Wayn e Av, EI Cajon CA 92021. 

FOR SALE: Complete Wang computer system. 
CPU IModel 2200A) contains 12 K RAM expand
able to 32 K. BASIC is resident in 20 K ROM. 
CRTltape drive IModel 2216/2217) in one console. 
12 inch diagonal 64 character by 16 lines screen, 
Dri ve is fu ll y under program co ntrol. Alph a· 
numeric keyboard (Model 2222) with separate 
numeric key pad and 32 special function keys. 
Commercial quality equipm en t excellen t for small 
business application. All for $4,500 or trade (new 
at $9,3001. Write or call fo r data sheet. AI Leung, 
POB 5272, Redwood City CA 94063, (4 15 ) 
364-6746. 

HE LP : I found some partially assembled electronic 
equipmen t and other items for Four- Ph ase Systems 
Inc sync modem monitor two summ ers ago in the 
Fl am ing Gorge N at ional Recreat ion A rea UT. I 
have been unsuccess ful in tracing the owner. To 
claim, let the owner identify the equipment in full. 
Jay Radavich, 120 \1, S Polk, Moscow 10 83843. 

FOR SALE: MOS Technology Inc KIM-l w i th 1 K 
homebrew 21L02 R AM. Power supp ly: three each 
+5 V at 1.5 A, 1 each - 5 V at 0.5 A, 1 eac h at 
+ 12 V 0 .5 A, 1 each at - 12 V 0 .5 A. Serial adaptor 
board, SAD-l Ichecked out on aCT 1024, works 
OK ), wood case, extra 22 pin con nec tors with two 
ext ra on case, cross a~sembler m anu al, TIM man 
ual. Pl ease monitor with tape and books, Tin y 
BASIC wit h tape and hexadecimal li st, 10 each 
Memorex, 30 minutes each side w ith programs. 
$330 takes al l. Robert G Ll oyd, 7554 Sou thgate 
Rd, Fayettevill e NC 28304, (919) 867-5822. 

WANTED: T o buy, for persona l use on ly. Tested 
programs for business app li cations, business games 
and simu lations. Micro BASIC or IBM 360 BASICI 
FORTRAN IV. Doug Gilson, # 72 Uni vers it y Ter, 
Columbia SC 29201. 

WANTED: Young student with small budget wants 
back issues of BYTE, Radio Elec tronics, Popular 
Electronics , and co mputer and electron ics books 
(at li st price or less plus postage ). Will buy or trade 
w ith back issues of Popular Science or Pop Ular 
Mechanics. (I have them back to 1932. ) Contact 
me at the next m ee ting of SDCS or wr ite Victor 
0' Rear, PO B 1388, La Mesa CA 92041. 

FOR SA LE: IMSA I one UCRI cassette board $39, 
one 8080 processor board $ 160, one 4 port parall el 
10 board $ 140, one 2 port serial 10 board $140, 
two parall el board cables $20 each, two ser ial 
board cables $15 each, one SWTPC PRAO printer 
$240, one Oliver Audio paper tape reader $60 , one 
D C-50 MH z RF generator $200, one Motorola 
PT-300 Handi Tal kie $250, one Software by Scelb i 
SCE LB A L higher leve l language $35, one 8080 
assembler $20 . A ll boards fu ll y assem bled and 
guaranteed to work. Will ship COO UPS; you pay 
the freight. Vance James, POB 2292, Hickory NC 
28601. 

Readers who have equipment, software or other 
items to buy, sell or swap should send in a clearly 
typed notice to that effect. To be considered for 
publication, an advertisement should be clearly 
noncommercial, typed double spaced on plain 
white paper, and include complete name and 
address information . These no~ices are free of 
charge and will be prin ted one time only on a space 
available basis. Insertions should be limited to 100 
words or less. Notices can be accepted from 
individuals or bona fide computer users clubs only. 
We can engage in no correspondence on these and 
your confirmation of placement is appearance in 
an issue of BYTE. 

Please note that it may take three or four 
months for an ad to appear in the magazine . • 

NEEDED : BYTE issues volume 1, numbers 1 to 
10. Must be complete, and preferably in at least 
good cond itio n. H igh quality Xerox reproduct ions 
may be co nsidered (i f BYTE doesn't mindJ. For 
Xerox, please forward a sample reprod uced page . 
T Mishler, 59 14 Glenn Av, Flin t MI 48505, 

FOR SALE: CRT termin al, 3 month old Micro
T erm ACT ·1 with 9 inch Sa nyo monitor. 16 lines 
of 64 characters, autoscro ll , 110, 300, 600, 1200, 
2400, 4800, 9600 bps, RS232C or current loop . 
Modified for direct display of typed data. A ll 
documentat ion. $495 includes sh ipping. Bob 
Ripley, Rt 3, Faye ttevill e A R 72701. (501) 
267-3 172 even ings. 

FOR SA LE : T o high es t bidder, all issues of BYTE 
magazine published to date, in mint co ndition. Will 
not break up collection . Only highest bidder w ill 
be notified. Send offers to D avid H icks, 1711 E 
Will ow Ave, Wh eato n I L 60187. 

WANTED : T ec hni cal info on SR-52. Labels, for
mat and signal levels of interconnection pins to 
printer, card reader data format and reco rdin g 
technique, IC pinouts, schematic, programm ing , 
architecture, signal levels, voltages, anyth ing that 
w ill , help me interface it with a homebrewing Z-BO 
and/or reload program from an outside memory. 
Will pay duplication COSts or w ill buy a service 
manual if ava il able. Wi ll work or exchange informa
tion w ith anyo ne who has attempted to interface 
this unit. Help. Jack Lambert , 5 Graham Rd, 
Lex ing to n MA 02173, (617) 862-8490. 

BYTE: Issues 1 thru 13 in good condi tion , 
complete set for $39. Tom French, 404 Leeward 
Ln dg, Roswell GA 30076, (404) 993· 1042. 

WANTED: Bac k issues of BYTE. Need Septembe r, 
October, November, D ecember 1975 and Apri l 
1976. Also need December 1975 and January, 
February, March 1976 o f sees Interface. Send 
your asking price to Dick De Nicola, 516 Devanah 
St, Covina CA 9 1722, (2 13) 685-6307. 

FOR SALE: V iatron 2 111 Data Management 
Center with Printing Robot and all ma nu als . Unit is 
in operating cond iti on, $700. Dan Wolf, c/o 
Interglobal Photos, New Yo rk NY 10003. 

FOR SA L E: Southwest T echnica l Products TV 
typewriter. Includ es keyboard, 1 K o f RAM, serial 
interface board, power supp ly, cursor con trols and 
two page memory options wired. Mounted on a 
metal chassis. Complete wired and in work ing 
cond iti on, $200. Webber Hall , 16967 Blanche PI , 
Granada Hills CA 91344, (2 13) 363-2004 . 

FOR SALE: 7 track AM PE X FR400 Digital T ape 
Hand ler; includes all m otors, motor co ntrol cir
cu itry, hubs, capsta n, take up ree l for 2400 foot 
1/2 inch tape, comp lete documentation and parts 
li st. No read write electron ics or manual contro l 
pane l. Best o ffer plus shipping for 160 lbs, about 
19 by 17 by 17 inc hes . Paul Kr ieger, 2 111 W Iliff, 
Englewood CO 8011 0, (303) 922-2385 . 

FOR SA LE : Paper tape equ ipment. T wo high 
speed oigitronics 8 level paper tape readers 300 
cps, stop on character, like new, $60 each. One 8 
level paper tape punch, including al l drive electron
ics and interface to 8 bit micro, $75. Jim McCo rd , 
120 E De La Guerra, Santa Barbara CA 93101, 
IB05) 963-894 1 . 

FOR SALE OR TRADE for workin g or non
working mini compu ter. SCR 826M A, H orizon 2, 
Lampkin 105B, etc. Please write Dale Hu tc hinson, 
108 18 Brentway Or, HOllSton TX 77070. 

FOR SALE: One 6502 K 1M system with documen
tation, $ 175. One 6502 MPU and 6530-004 TI M 
with TIM manual, $45. Three 6530-005 RAM, 10 
port combina tions, $ 10 each. Eight 2 102s, $ 12 the 
101. and two 6111 A-4s, $6 for both. M iscellaneous 
TTLs: 74100, 74 150, 8202, 84 16, S.50 each. I 'rn 
hou se cleaning and hope someone can use these. 
J Grina, 1233 Ray PI , St Paul MN 55 108. 

FOR SA LE: SCM Typetron ic 98 /330 ICDC-98 16) 
2R/2P wi th Fron feed carriage. Includes control 
unit 10 printer, processor, two readers and two 
V-punch united. Original cost $23,000. Best offer. 
Mr Hepburn, Rockland MA. (617) 87 1-1790. 
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FOR SA LE : MITS Altair 8800a. Assembl ed, facto
ry tested. Includes : CPU card with 8080a, factory 
assembled SIO-C ITTY) interface card, ACR leas
sette) interface card, facto ry ad justed to the new 
MITS frequencies, two 4 K dynamic memory 
cards, 12 total factory installed edge connectors 
and card guides, switchable fan and MITS modif ied 
power suppl y. Originall y cost over $ 1400. Wilt sell 
for $850 (or make me an offer). Call Craig Pearce 
at (312) 484-5846 17 to 10 PM, CST J. 

FOR SALE: Complete factory assembled Sphere 
system: 6800 MPU, keyboard, CRT, PWR supp ly, 
res ident monitor in PROM , 4 K user memory , 2 
cassette 10_ Asking $10UO, or wil li ng to trade for a 
working IBM 1620 . Bob Wada, 128 12 Court St , 
Garden Grove CA 92641, (7 14) 893-B940. 

WAN TED: System Viatron 2 1 and accessories. 
Fred De Bros, 15 Garden St, Boston MA 02114. 

WANTED: I would like to purchase the first 12 
issues of BYTE lie: volum e 1, numbers 1 to 121. I f 
you have any of these issues for sale please write 
W R Parks, Assistant Professor of Computer Science, 
Walters State Community College, Appalachian 
Hwy, Morristown TN 37814. 

WANTED: Selectric typewriter/terminal com
patible w ith Altair type system. Need ei ther 
complete unit or conversion kit inc luding interface 
for Selectr ic I or II. Charles Ames, 46 Coburn 
Woods, Nashua NH 03060, (603) B89-5000 after 
7 PM. 

FOR SALE: One M ITS 4 K static memory board 
and one M ITS 4 K dynamic memory board, $165 
eac h. One Processor T ech 8 K memory board 
$3 15. All boards fu lly socketed, f ull y assembled, 
and work perfectl y. J R Fish, 2 121 Co lumbia Pike 
# 208, Ar lington VA 22204, (703) 521-6763. 

FOR SA LE : TTY paper tape, 1 inch wide, 8 inch 
diameter ro lls , buff, oi led, perfect for ASR-33. 
$5 plus UPS shipping per 7 ro ll carton {12 Ibs} or 
$ 15 per 28 roll case plus UPS. T wo or more cases, 
$ 12.50 each plus UPS . Dan SParker, 1007 3rd St 
#3 , Davis CA 9561 6, (916) 758-2341 even ings. 

FOR SALE: Burrou ghs Card Reader ISeries A590, 
Style # A592), its logi c unit, and a complete set of 
schematics. Any offer will be welcome. I ts physical 
dimen sions are 10 by 9 by 24 inches. Chris Nolet, 
131 Bridge St, Ded ham MA 02026, (617) 
329-3189. 

WANTED: M anual , schematic and service data for 
Burroughs calculator Model C-5 155, Series C-5000. 
Luis Pena , POB 954, Montevideo, Uruguay, 
S AMER ICA. 

FOR SALE: 1702A by In tel. Bought large lot to 

cut expense. Will ing to share savings. Factory fresh. 
$5.50 plus $1 for sh ipping and packaging. B 0 
Lichtenwaln er, 29 Michael Rd, Stamford CT 
06903. 

FOR SALE: First 24 issues of BYTE cornp let e. 
Best offer. Roy Lynch, POB 8, Sabina OH 45169, 
(513) 584-2424. 

FOR SALE: PDP-ll /03, cheap; 16 K + 24 K board 
for same; portable TI terminal; twin floppies, 
RT-11. Make offer for all or any of the above. Also 
LA36 DECwriter II , 5 1200. Ornnitech 701 B 
modem, $ 190. Would like to discuss an DEC or 
DEC compatible hardware and software. Need 
PDP-l1 /04 or larger. Walter D'Ull, 2239 Grand 
Co ncourse, New York NY 10453, (212) 933-0300 
or (201) 744-0685. 

WANTED: In formation on how to interface a 
Flexowriter Programatic to a processor. I will pay 
for cOSt of duplicating and pos tage. H ave T echnical 
Manual and schematics for Models Flo SFD and 
SPD for anyone who needs it. Frank Goeringer, 
6 Fox Meadow Ln, Cahokia IL 62206, (6 18) 
337-7031. 

SO FTWAR E WANTED: Bio·engineering or bio· 
med ical simulation programs for IMSA I 8080 in 
BAS IC, PDP-ll in BAS IC or FORTRAN, WANG 
2200 in BASIC, IBM 360 or IBM 370 in almost 
any language. Donald Becnel , POB 14473, Baton 
Rouge LA 70808. 



:!I1£EiGlJN 
The Intelligent Video Interface 

The MERLIN Kit with manual is $269. 
MERLIN assembled & tested is $349. 

Order yours today. 
MC and BAC accepted 

Interfaces via keyboard cable. 
Software is available in the 
MEl ROM (MCAS - $29). 

If you are still not 
convinced that MERLIN is the best buy 

in Video Interfaces/Monitors 
see one at your local computer 

store or write for more info. 

... MlnlTerm Associates, Inc. 11 ~"'····B·O·X·2·6·S·' ·B·e·d·to·r·d·, ·M·A·O·17·3·0·(·6·1·7)·S4·S·_·12·0·0·····,. 

Circle 38 on inquiry card. 



Robert Grate r 

1595-21 Laurelwood Rd 

Santa Clara CA 95050 

Figure 7: This diagram 
shows electrical connec
tions of the 76 pin remote 
adapter socket installed as 
U 7 8, with patches to the 
pin 3 anode connections 
of U79 thru U23 of the 
KIM-7 design. The display 
positions of U79 thru U23 
can have 74 pin sockets 
installed if it is desired to 
occasionally revert to on 
board displays. 

Photo 7: The homebrew 
remote display board, 
plugged into KIM via a rib
bon cable. With such a 
remote display and a re
mote I?eyboard connected 
through KIM's edge con
nector, it is possible to 
create an enclosed hous
ing which protects the 
processor. 

Giving KIM Some Fancy Jewels 

When my KIM -l arrived I was exc ited, 
but a little dubious; after all, I had read all 
those microprocessor books and sti ll d idn't 
know beans about programming. Well , MOS 
Techno logy's exce ll ent man uals took ca re of 
that and I'm on my way to kn ow ing what 
I'm doing. When I say exce ll ent, I mean if I 
learned it, anyo ne can I 

But KIM has a funda mental problem I I 
like KIM, but I ju st can't see myse lf sitting 
theJ"e with a naked boal"d gathel"in g dust and 
me dropping ashes all ovel" it wh il e I sweat 
out a Pl"ogl"am. Also with MOS Technology's 
welcomed an noun cement of the KIM-2 and 
KIM-3 progr"ammable memory boards and 
the co min g KIM -4 mother board, it's rea ll y 

U 18 ADAPTOR 
SOCKET 

~ SEG A UI8AN ~ 

2 15 
SEG F SEG B -

2- urBAN UI9AN 
14 

~ U20AN SEG G ~ 
5 

U21AN SEG C 
12 -

6 
U22AN UIBAN ~ 

...!...- SEG E S EG D ...!2.... 
8 

U23AN N/C 2-
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time to start thinking about putting KIM in 
a nice enc losure. But in order to bury KIM 
in an enclosure, I had to somehow bring the 
di spl ays and keyboard lin es out. 

MOS Techn ology was nice enough to 
bring the keyboard out to the ap pl icat ion 
connector, so one prob lem was solved before 
I started. But what about the display? I didn 't 
want to just parall e l the ex isti ng r"eadouts on 
the board because that would mean that 
much extra current, and thi s might not make 
the drivers too happy. I came up with the 
fo ll owing so lu tion which is fai rl y simpl e, yet 
a bit deli cate to start with. Deli cacy and 
di sc reti on with KIM are req uirements of the 
task of un so ld er in g the ori gin al readouts, 

r--- - r--- - r---

UI9 U20 U21 U22 U23 

2. 2 2. 2. 

i...-- L.-...- i...-- "---- i...--
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16 PI N 2 2 DIP SOCK ET r---
ON BACK OF 7 7 UI8 
REMOTE r---

8 DI SPLAY 
10 8 BOARD r---

6 12 10 r---
~ 13 II r---
~ 15 13 

14 \ 31 ffi 

turni ng these disp lays in to remarkab le jewels. 
The MAN 72 7 segment readouts (U18 

thru U23 of the MOS Techno logy docu
me ntation) are unsolde l·ed with an it"O n of 
less than 35 Wand a "so lde l· suckel-" 0 1- simil ar 
vac uum so lder remova l too l. Th is is th e on Iy 
way I've ever fo un d to successful ly unglu e 
items on double sided boards. Thi s wi ll all ow 
yo u to rep lace the dis pl ays with one 16 p in 
socket as show n in figure 1. The 16 pi n 
socket wi ll go in the 14 pin U 18 slot (there 
is room for the extra pi n be low). Use of the 
unused pins of the o ld 14 pin disp lay patte rn , 
plus o ne extra socket pin of the 16 pi n 
socket, all ows a ll the necessary co nt ro l 
signa ls to be ro uted to the extema l displ ay 
position. 

In order to mou nt the ·16 pi n socket, take 
a sma ll piece of Vecto rboard wi th 0.1 in ch 
spacing and lay it over the spot for U18 and 
line it up with the ex ist ing holes; this will be 
your· marking guide. Now using a scr ibe or 
small dril l, mark the spots for pi ns 4, 5, 8, 
and 14 (which were orig inall y un used at 
U ·18). Do not mark the spot for pin 9 si nce 
it would go through the c ircui t on the other 
side. Hold the Vec torboard f irml y when 
mark ing and check for ali gnment with a 
16 pin socket after mark ing it. Now using a 
# 58 dri ll at the highest speed you ca n get, 
carefull y drill the ex tra fo ur holes. Take 
your 16 pin dip socket and cli p off pin 9 on 
the back side; now it may be so lde red in 
place with p in 1 to the upper left. (If yo u 
so lder five 14 pin sockets in the other di s
play pattems, yo u can plug the six displays 
you removed into the sockets and check to 
make sure KIM is st ill talkin g to you). 

Now we have fo ur ex tra pin s at U1 8 
and five anode leads to bring out on U18's 
modified socket (which is cal led the ada ptor 
socket) in figure 1. Ac tu all y we have f ive 
extra p ins sin ce pin 6 on all the displ ays is 

,....-- r---- r---

r-- r- r--
r--- '-- r-

UI9 U20 U2 1 
r-- - r-
r-- - -
r--- - -
r--- - r--

3~~ 3"9 i4 3 "9'i4 

-
r--!-
~ 

U22 2 

~ 

--.!.Q 

I I -

3 9'i4 

-

U23 

3 "9'i4 

Figure 2: A remote display 
board. A fter removing the 
KIM-' displays, a remote 
display board is constructed 
for mounting in a more 
convenien t paclwging ar
rangement. The wiring of 
the cable which plugs in to 
the '6 pin soc/?et installed 
at the U 7 8 pOSition of the 
K I M-' board is listed in 
the diagram. 

SUMMARY OF rNTERFACE CABLE 

Pin Connect ion Pin Connection 

1 Segment A Cathode 9 No Con nection (Do not dr i ll on K IM) 
2 Segment F Cathode 10 Segment 0 Ca th ode 
3 U1 8 Common A n ode 11 U1 8 Common An ode 
4 U20 Common Anode 12 Segment C Cathode 
5 U2 1 Common A n ode 13 Segmen t G Cath ode 
6 U22 Common A n ode 14 U 19 Common A node 
7 Segment E Cathode 15 Segment B Ca th ode 
8 U23 Common Anode 16 U18 Common A node 

the decimal point cathode and is not used. 
All we have to do now is br ing the five other 
common anode leads fro m U1 9 thru U23 
to our· modified U1 8 socket as illu strated in 
f igure 1. Thi s may be do ne with ve ry small 
(#26) wire. I picked up pin 3 of all the other 
disp lay sockets which seemed to give the 
eas iest rout in g, straight down the midd le. 
The wiring diagram of fig ure 1 shows the 
con nectio ns. Now yo u have the or·iginal on 
boa r·d disp lay with the option of plugg in g 
into the adapto r· socket with an 16 pin DIP 
plug for a fro nt panel display when you put 
KIM in a box. 

The front pane l d isp lay may be wir-ed as 
show n in figu r·e 2. I used a modi f ied clock 
disp lay board and wo ul d have bee n just as 
we ll off wir ing it by hand on Vec torboa rd . 
Also I used a 16 pi n DIP male to male plug 
with another ·16 pi n socket moun ted o n the 
back of the displ ay board, so the whole 
works can be unp lugged if I want to go back 
to the bare I<IM fo r testing or whatever. Ju st 
fo r a li tt le added elegance and pi zzazz, I 
rep laced the two data d isp lay readouts with 
MAN 7G green LED d ispl ays fo r some classy 
emera l d jewe l effects. 

Thi s mod ificat ion of KIM's displ ay jewe ls 
is just the fi rst ste p in getti ng KIM into a 
more workable med iu m for expans ion and 
dress ing he r up a bit. I've also been working 
o n the complete housi ng, but that 's another 
sto r·y .-
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Yet Another Format? 

Ian Robinson, 308 W 5th St, Neillsville 
WI 54456,sent in an extend ed letter on an 
al ternat ive to the bar code format we pro
posed in November and December, and have 
begun using. He proposes a format which 
looks like thi s: 

010101000010100 

data bars (1 s on ly) 
clock bars (each bit) 

Binary data 

However, there is one disadvantage to 
this format: It requires two read sensors 
sin ce the data clock bars and the data bars 
must both be read simultaneo usly. He argues 
lhat this method can be hand drawn with 
quite a var iation in density, which may be 
true, but the who le idea of the bar codes was 
to automate the printing process for mass 
produced software distl-ibuted in maga· 
zines . • 

BAR CODES AND OTHER TOPICS 

I enjoyed the April 1977 iss ue of 
BYTE , which I thought was somewhat 
improved in areas of my interest. In 
particular, I enjoyed your artic le, "A 
Software Controlled 1200 bps Audio 
T ape Interface." For a while, I thought 
that o ur interests migh t be diverging, 
but now yo ur arti cles are tending more 
toward the hardware direction, with 
one particular area of common interest 
that intrigues me grea tl y . 

The id ea of published software in 
bar code form could we ll be the greatest 
co mmunications method yet, as far 
as hobby leve l exchanges go. Here 
are some add ition al id eas for yo ur 
co nsi derat ion. 

An almost perfec t vers ion of the 
optica l reader described by Freder ick 
Merkowitz in hi s arti cle on page 77 of 
Decem bel' 1977 BYTE is ava il ab le from 

Wilcox Enterprises, whose ad also 
appears on page 85 of this issue. Thi s 
item se ll s for a mere $15, and co nta in s 
a B & L Microscope equ ipped with an 
EPI illumin ator (through the lens) and 
a 10 x objective lens. The microscope 
assembly is equ ipped with a photocell 
and slit assemb ly, and is mounted on 
a pre cision set of slid es. Th e assembly 
is scan ned or driven by a motor (every 
uni t I have ordered has been damaged, 
but the motor can be replaced easi ly, 
by any sem iskill ed hacke r) and gear 
assembly. 

An in fra red em itter and se nso r 
combi natio n, mounted in a TO - 18 
pack age, is ava il ab le from Ultra Se nsors 
In c at 2400 West 102nd St, Suite 3'13, 
Minneapolis MN 55431 . Th e price is 
$4 .50 in unit quantities (ask for the 
Cyc lops Eva lu at ion Kit ). Thi s device is 
eas il y mad e into a li ght pen sty le reader, 
or any other configuration one might 
des ire. There see m to be no signi ficant 
prob lems with ambient li ght , o r ang le 
of approach with this device, if the 
se lf-contai ned lens is held in contact 
with the paper wh il e reading. This device 
works best if it is powered by app rox i
mate ly '10k Hz pulses of 5 to '10 V mag
nitude, through a 27 Ohm current 
limi t ing resistor (or it ca n be driven 
by a single UjT transistor oscillator 
operating at 10kH z). Con nect the 
photocell to a LM 308 op amp through 
a l OO pF capac itor fo ll owed by a 3.3 k 
Ohm resistor to grou nd (ie: a differen
tiator). If yo u rectify the output of 
the op amp, you have the scanned 
ba r code signal I 

A bar code printer (coded for the 
sta ndard ba r codes, ala supe r market) 
is ava il ab le from: 

Medica l Reco rd Systems 
Division of Ames Color-File 
Corporat ion 
'12 Park St 
Somerv ill e MA 02143 

Th ey ask a very high $6 ,500 (in hobb y 
term s) price for this critter, and t he 
electroni cs for bar code fO I-m ul at ion and 
in terFace are not of particular interest 
in our case . Possibly the printer mech-

anism alone can be purchased. With 
such a machine con nected to a key
board and a universal (ie: programmable) 
cassette tape in terface, B YT E maga
zin e cou ld reproduce almost anyo ne's 
software recordings into one of the 
bar code formats that yo u have been 
discussing. This wou ld make t he dream 
of software exchange a reality. (If 
BYTE wou ld li ke a forma l quotation 
for co nst ru ction of such a system, 
just ask . This is my business. A first 
guess at the cost, with bar code printer, 
would be approx ima te ly $13,000.) 

I don't enjoy wr it ing software, 
and I find the manual entry of software 
li sti ngs a very boring task. Published bar 
codes cou ld change th is. 

I have recent ly made seve ral vid eo 
monitors by convert in g a Magnavox 
'12 in ch, transformerless set for a tota l 
cost of $87 each. I go to a Magnavox 
dealer, and purchase an MG 5056WAF2 
less the video, audi o and tuner mod
ul es. Th ese are plug-in and can be 
removed in minutes right in the show 
room (take a 1/4 inch nut driver with 
you). The dealer can use these modules 
to se rvice qu ite a few Mag navox sets, 
and the total rebate has been $'53.55 
to me. By sawing the fingers off an o ld 
PC ca rd, you can fab ri cate a connector 
to fit into the vid eo modules socket, 
and make con nection to pin 4 V (video) 
and pin 8 (ground). Delta Electron ic's 
L9971 iso lat ion transformer at $6 then 
mounts in the sa me sc rew holes that 
mounted t he tu ners! If yo u think there 
wou ld be sufficient interes t in this 
project, I cou ld put together a proj ec t 
artic le on sa me. 

Th e front cover picture of April 1977 
BYTE is fantastic. How about poster 
size reproductions of this? I need several 
(to justify the present conditio ns on 
severa l of my own benches)! 

Sumner 5 Loomi s 
Route 1 , Box 131 A 

Prairie Point MS 39353 

Thanks for your excellent comments 
and suggestions, but I thought I used 
software to generate and decode the 
information at the interface . . . CH'. 

HIGH-SPEED CASSETTE INTERFACES (The Stringy Disk) 

DAJEN Electronics 
7214 Spring leaf Ct. 

Citrus He ights, Ca. 95610 

(916) 723-1050 

Circle 39 on inqui ry card. 

CRI-B 

600 to 12,000 status 
controls, 1 K monitor with 
cassette routines provided 
on tape. 

SUMMER SALE! 
Take 10% off. Good thru Aug . 31, 
1977. Dea ler inquiries invited. 

This one does it all! 
Announcing: Universal I/o, moni
tor in EPROM, RAM, RS-232, cur
rent loop, 3 parallel ports, cas
sette I/o, relay control. Kit: $235. 

Re lay control of two re
corders, latc hed input port 
for keyboa rd, tape rea de r, 
etc, Fil e -sea rch capabilities. 

Biphase, Kansas-City, Altair, IMSAI, Poly, Tarbell compatible 
Kit $120, Assembled $165 Kit $135, Assembled $175 

Manual $3.50 Manual $4.50 
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ASCII Keyboard Kit from Radio Shack 

Radio Shack has announced the 
new Arch e r ASC II Key board Encoder 
kit for $5 7.8 0 . The price includes a ll 
elec troni cs a nd pa rts needed to asse mble 
the key board as shown . An ex terna l 
5 VDC 500 m A power suppl y (not 
suppli ed) is necessa ry to power th e unit; 
this ma y be purchased loca lly. The 
pr inted circuit boa rd alon e , including 
asse mbl y a nd pa rts manu a l, is avail
abl e fo r $ '14 .95. See your local Radio 
Sh ac k dea ler for de ta il s on th eir latest 
ca talog shee ts. -

Circle 634 on inquiry card. 

A New Multiplexed Analog 10 Card 
for the Z-80 

Si gnal Labora tori es In c, 202 N State 
Co ll ege Bl vd , Ora nge CA 9266 8 , is 
making ava il a bl e a new analog 10 ca rd, 
Wi th thi s board, intended for use with 
th e Zil og Z-8 0 development sys tem s, 
the engin eer o r sc ienti st ca n m o nitor 
up to 16 ana log channels in rea l tim e. 

Circle 97 on inquiry card . 

PCC'S 

Reference Book 

of Personal 

and Home Computing 
Ever try to find the addresses of some manufacturers of, say, 
tape cassette or floppy disk interfaces for micros? Frustrat
ing, isn't it ? Well PCC has done something about it . This 
book lists hundreds of companies and stores selling hardware, 
software, and services. Survey articles on software, hardware, 
kits, applications and the future for the experienced and the 
not-50-experienced user of micros. Also included in this edi
tion are bibl iograph ies for further reference, book reviews, 
and an index of the articles from the major hobbyist maga
z ines. All for the low price of $4 .95, plus 50 cents postage. 

Available through: 

BITS, Inc. 
70 Main Street 
Peterborough N H 03458 

Master Charge and 

BankAmericard Welcome . 

In unusual cases, processing may exceed 30 days. 
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The channels are sequentially sampled 
and sent through a 12 bit analog to digi
tal co nverter. Two multiplexed digital 
to analog outputs are also ava ilabl e 
on the board, as well as four discrete 
(1 bit) outputs and a DC to DC con
verter, enabling the board to be powered 
with only +5 VDC. One analog to digital 
conversion takes a maximum of 20 J.i.s. 
A programmable gain amplifier is also 
included offering gains of 1, 2, 4 or 8. 
An option is available which allows 
the board to monitor up to 32 analog 
input channels. Price for quantities 
under ten ranges from $595 to $910, 
depending on options. Available from 
stock .-

A Sophisticated New Small System 

Circle 645 on inquiry card. 

On Line Shirtware 
Microkit In c, 2180 Co lorado Av, 

Santa Monica CA 90404, has announ ced 
their new Microkit 8/16 Universal Micro
computer Development System as shown 
for $5,275. The system is ava il ab le in 
both 8080 or 6800 vers ion s, and the 
pri ce includes 32 K bytes of program
mab le memory, two cassette recorders 
and a high speed graphics d isp lay . An 
interest ing feature of the software sup
port package, ca lled Quickrun, is that 
the monitor , deb ugger, ed itor and 
assembler reside in the 32 K byte memory 
simultaneously, along with a source code 
work space and an object code work 
space. This allows up to 1000 steps of 
so urce program and 4 K bytes of object 
code to reside in memory simultaneousl y. 

Fed up with those tiresome Paris 
originals? Eschew the tacky route at 
your next computer club meeting with 
Martha Herman's new comp uter T-shirt 
designs. Try REAL TIME OPERATOR 
on a dark green background, or maybe 
GARBAGE IN - GARBAGE OUT on 
orange. Other titles in clude COMPUTER 
WIDOW and RANDOM ACCESS; there 
are ten in all. 

Shirts are available from Martha 
Herman , 114 W 17t h St, New York 
NY 10011, for $5 plus $.60 postage per 
shirt. State chest size. -

Circle 646 on inquirY ,card. 

No bells or whistles ... just performance, 
a warranty and a low price. 

For $107.00 take your choice; the 4K RAM board or the 
alpha video board. For $137.00 the video graphic board 
can't be matched. (8K RAM and much more on the way.) 

These are not kits, but completely assembled, burned-in, 
tested boards with a 1 year warranty. No soldering, no 
messing, no chance of mis-connections ... just plug 'em 
in and you're ready to go. 

The 4K RAM has the same features and speed as what 
you're used to (500 nsec, no wait states) but with a couple 
of extras you might not expect. Like a mechanical write 
protect switch that gives you positive memory protection. 
And Visaddress®, an easily accessible switch on top of the 
board for easy to read address selection. 

The alpha video board offers Visaddress address selec
tion and displays 128 ASCII characters: both upper and 
lower case. A standard 16 line by 32 character format with 
character selectable video reverse and socketed ROM are 
standard features. (Character generator ROM available with 
standard graphics characters. Optional Greek or ASCII 
control characters available.) 

And our video graphic board gives you an exceptionally 
easy approach to computer animated dynamic displays. 

Circle 40 on inquiry card. 130 

Our matrix approach allows direct addressing of each dot 
in an 128 by 96 array, simplifying dynamic movement. And 
unlike DMA displays, our on-board RAM allows your CPU 
card to do other work during display time and with no 
dynamic RAM problems. And like our other boards, it has 
Visaddress address selection. 

Quality, assembled boards at less than kit prices. But 
what else would you expect from a company whose prime 
product is electronic test instrumentation and microproc
essing components? 

Order direct, by check, BankAmericard or Master Charge 
(Add $1.50 shipping, credit customers give us all the card 
numbers, please and Ohio residents add 4 Y2 % sales tax) 
or contact us for more information. Kent-Moore Instrument 
Company, P.O. Box 507, Industrial Ave., Pioneer, Ohio 
43554. (419) 737-2352. 

Kent-Moore 

INSTRUMENT COMPANY 





Circle 42 on SO'FTWARE--.. 
All programs include: Complete assembler source listing, 
sample output, hex dump, sorted symbol table, plus com· 
plete instructions and thorough documentation . 
Text Editing System for 6800. The best! SL68·24 $23.50 
NEW Mnemonic Assembler System for 6800 . 
SL68·26 $23.50 
NEW Stack Oriented Arithmetic Processor 
(6800) SL68·25 $10.00 
NEW 8080 Klingon Capture Space game. SL80·7 $6.50 
Special Game Packages Each containing 6 programs: 

8080 PD80·1 $19.95. 6502 PD65·1 $19.95. 
6800 PD68·1 $16.50 

Complete 6800 Software Pack 16 programs. 
PD68·3 $35.50 
Battleship for 6800, like the board game. SL68·22 $8.00 
Space Voyage'" TSC's 6800 Star Trek game. 
SL68·5 $12.00 
Micro BASIC Plus The best 6800 "Tiny BASIC' 
SL68·19 $15.95 
Diagnostics for 6800 . Very Important! SL68·23 $10.00 
Stock Market for 6800. Lots of fun! SL68·7 $4.25 
Complete Catalog of all of our programs . $ .25 
Program-of-the-Month-Club ,. Join the hundreds of 
hobbyists already enjoying this service. No obligation 
and no time valued cards to return . Discounts offered . 
One year for $2.00 
To Order: Include 3 % postage. $1.00 handling on 
orders under $10 .00. Indiana residents add 4 % sales tax . 
Check your dealer! 

T5L TECHNICAL SYSTEMS CONSULTANTS 
BOX 2574 W. LAFAYETTE, INDIANA 47906 

16K STATIC RAM 

• USES 4K STATIC RAMS· NO REFRESH 
• VERY LOW POWER · LESS THAN 1 AMP 
• Z80 FAST - 250n5 BOARD ACCESS TIME 
.' PROVISION FOR BATIERY BACKUP 
• LOW PROFILE SOCKETS FOR ALL CHIPS 
• EACH 4K ADDRESSABLE TO ANY 4K SLOT 
• HARDWARE/SOFTWARE MEMORY PROTECT FOR EACH 4K 
• SPECIAL PAGING FEATURE ALLOWS UP TO 

1 MEGABYTE ADDRESSABLE MEMORY 
• INSTRUCTION MANUAL INCLUDED 
• 30 DAY WARRANTY ON PARTS. 90 DAY ON ASSEMBLED UNITS 

AVAILABILITY: STOCK TO 60 DAYS 
PRICES: ASSEMBLED $529. 16K KIT · $459. 12K KIT · $354, 

8K KIT · $249. 4K KIT · $149. 4K EXPANSION KIT · $115 
CONSTRUCTION MANUAL FOR EVALUATION ... . ...... S 1.75 
QUANTITY DISCOUNT .. . ................. 5 BOAR DS-5% 

10 OR MORE- l 0% 
CASHIERS CHECK OR M.O. PREFERRED; PERSONAL CHECK 
DELAYS SHIPPING 2 WEEKS; C.O.D. CHARGES $3 PER BOARD 
PURCHASE ORDERS ADD 5%. NET 30. NO DISCOUNT. 

DEALER & OEM INOUIRIES INVITED 

OMNI SYSTEMS INC. 
P.o. BOX 7536, UNIV. STATION 

PROVO, UTAH 84602 

READER SERVICE NO. 198 

Circle 43 on inquiry card. 132 

Th e use r ca n thus sw itch a t any t im e 
from editing to asse mbl ing to de bugg ing. 

Qui ckrun all o ws the use of sy mbo li c 
debugg ing. Being abl e to refe r to memory 
loca tio ns by th eir sy mbo li c names 
elimin ates th e need to co nsul t program 
li stings to find hexa dec im a l mem ory 
addresses. Also in cluded in the system 
are memory protect fea tu res and a 
mi croemul at o r. Th e la tte r a llo ws th e 
use r to simul ate up to 20 K by tes of 
memo ry. · 

Circle 647 on inq uiry card . 

A New Drafting Aid fo r Printed 
C ircu it La yo uts 

The Mac hine and Con trol Divisio n of 
Interrotec h , POB 128, Fa rmin gton ME 
04938, has announced a new drafting 
templ a te for $8.95 to be used in des ign' 
in g "tapeless" p rinted circuit board 
layouts using in k pens, o r pe nc il s. 
The te mpl a te produ ces pin layouts 
of du al in lin e in tegrated circuits that a re 
twice ac tu al size. The templ a te has a 
versa tile pa tte rn th at in cludes a ll th e 
popula r sizes up to 40 pin packages .• 

Ci rcle 635 on inquiry card . 

Badge Reader Module Announced 

RD Produ cts In c, 6 132 Route 96 , 
Victor NY 14564, have announ ced th eir 
Mar k I badge reader fo r $100 in qu anti 
ti es o f 1 to 25. Th e reader is des igned 
to read ID ca rds (such as c redi t ca rds) 
hav ing magneti c stripes. A max imum 
of 12 decimal or hexadecim al di gits 
ca n be read on a mag neti c st rip e hav ing 

..--



Your microcomputer is only as good 
as its memory 

2 7 --DISK MEMORY . .. FD·B _~ 

_. __ ~1~ 

Your micro
computer is .. . 
in a manner 
of speaking ... 
capable of think
ing. The amount 
of information you can store, combined 
with the access speed, determines the 
bottom line capability of your microcomputer. 
The Midwest Scientific Instruments' FD-8 Floppy 

Disk Memory System will enable you to get the 
most out of your microcomputer ... 6800 or 8080. 
We have the most complete 6800 disk operating 
system available today, which interfaces to any 
microcomputer via a single PIA chip. 
When used with the MSI FDOS Operating 

System ... included with purchase ... the FD-8 
gives your microcomputer a level of performance 
which can only be matched by larger computers. 

You can have program save and load with 
named, variable length, password protected 
files at three levels: object code files, source code 
files, and BASIC files. 

It has disk routines which can be used easily by 

low level assembler lan
guage programs as well as 
high level BASIC programs. 

The coresident assem
bler/editor saves and loads 

source files from disk, 
assembles and stores object 

code on disk, and creates assembly 
listings on a high speed printer. 

You get a full ANSI standard · BASIC inter
preter· with program load and save, from disk as 
well as tape, with both random and sequential 
disk data files. BASIC also has multi-I/O port 
capability under software control. 

And all you need do to access any of these 
functions is type the appropriate commands on 
you r term i nal. 

The FD-8 is complete, including all power sup
plies, cabinet, cables, software, manuals, and 
documentation . 

You can order the FD-8 as a kit for $1,150.00, 
or wired and tested for $1,395.00. 
Visit one of our dealers for a demonstration, 

or send for our free Catalog of MSI products. 

American Microprocessors 
Equipment & Supply Corp . 
Chicagoland Airport, P.O. Box 515 
Prairie View, Ill inois 60069 

A·Vid Electronics Company 
1655 East 28th Street 
Long Beach , California 90806 
(213) 426·5526 

~S~ 
1~ . (312) 634·0076 

Microcomputer Systems, Inc. 
144 South Dale Mabry Avenue 
Tampa, Florida 33609 
(813) 879·4301 

Micro Store 
634 South Central Expressway 
Richardson, Texas 75080 
(214) 231·1096 

Vanguard Systems Corporation 
6812 San Pedro 
San Antonio, Texas 78216 
(512) 828-0553 

Electronics for Yachting 
1525 South East 16th Street 
Ft. Lauderdale, Florida 33316 
(305) 525-3478 
TWX 510-955-9484 

High Technology 
1020 West Wilshire Blvd . 
Oklahoma City , Oklahoma 73116 
(405) 842·2021 

Computer Workshop 
174 Ifield Road 
London England 
SW109AG 
01·373·8571 

220 West Cedar. Olathe , Kansas 66061 • 913/764-3273 
TWX 910 749 6403 (MSI OlAT) 

0000000000000000000000000 
o Before I forg et . . . send me your catalog 0 

o Name 
o -------------------------------------
o Add ress __________________________________ _ 

o o City _______________________________ _ 

o 
o 
o 
o 
o 

.0 State Zip 0 
O . , ~7nO 
0000000000000000000000000 

°MSI BASIC is an add iti onal $65.00 

MSI is a dealer for Southwest Technical Produ cts. Mastercharge & BankAmericard Orders accepted 

220 West Cedar • Olathe , Kansas 66061 • 913/764-3273 • TWX 910 749 6403 (MSI OlAT) 

Circle 44 on inqui ry card . 



up to 5 mils of protective pol yes ter 
coati ng. The co mpany is co nsidering 
the manufacture of a reader designed 
to read whole programs encoded on 
I D card magnetic str ipes .• 

Circle 636 on inqui ry card. 

A Tutorial Training Computer 

The Datac 1000 computer, contro ll er 
and tutoria l card is a new product 
avail able from Datac En gineer in g, POB 
406, Sou thampton PA i 8966. This card 
is avail ab le in two models, the tutoria l 
version and the full y populated vers ion . 
Th e tutori al version is $185 asse mbl ed 
and tested, with power supp ly; the full y 
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Attenti on LSI-ll People 
Wanting Mass Storage 

Charl es River Data System Inc, 235 
Bear Hill Rd , Waltham MA 02 '154, has 
announ ced its new FD 'I 'I Floppy Disk 
Add-On System for PDp· 1 '1 computers 
as we ll as LSI -11 microco mputers. Th e 
system was des igned to be hardware, 

popu lated ve rsion is $345 assembled, 
tested and with power supp ly. In either 
case you get a 6502 processor, an 
instantl y usabl e computer w i th expan
sion capabilities, and a unique system of 
touch sensiti ve inpu t keypads, see n along 
the lower edge of the board dep icted in 
this photo . A documentation pac kage ac
co mp an ies each processor bo ard .• 

Circle 63 7 on inquiry card, 

Make the HAL Connection 
• 8080A MPU 
• 1K Monitor/ Debug 

Software in 
2708 EPROM or 
2-3624 PROMs 

, • On board space 
for : 4K ROM ' 
(2708),2K RAM 
(2102A-4) 

• 24 lines of 
Parallel I/ O (8255) 

• Hardware " front 
panel" on board 

• Optional 
Accessories : 
CRT Terminal 

Board, BASIC in 
EPROM, Audio 

Cassette Interface, 
• TIY Current Loop or 7K RAM Expansion Board/ 

RS-232C serial I/ O (8251) EPROM Programmer, Power Supp ly , 
MCEM-8080 from $375 (2-3624 ROM/ 1K RAM) or$445 as shown (2708 EPROM/ 2K RAM) 

and solve your lab or OEM computer problems 
1, Connect to the 24 lines of Parallel I/ O puter system elements are incorporated in 

and ASCII or Baudot Serial I / O , this fully assembled, tested single-board 
2, Connect to processor bus to add mem- computer. Some unexpected features of 

oryexpansion board / EPROM program- the HAL MCEM-8080 are: hardware " front 
mer, I/ O devices, or our unique CRT panel" which allows sett ing a breakpoint 
Terminal Board . and manual control of the computer; 1K 

3. Connect to our power supply or use ROM Monitor/ Debug Software (with user 
your own, ca llable, Intel@compatible I/ O rout ines) 

Lab users and OEM's alike will find solu- which great ly simplifi es program develop-
tions to their computer problems with the ment; Parallel and Serial I / 0 on the board; 
MCEM-8080 computer. All essential com- and very reasonable pri ces, 

Call or write for further information on the HAL Connection . 
You' ll be glad you did! 

I11IJ 
HAL COMMUNICATIONS CORP. 
Box 3658 807 E. Green Street, Urbana, III. 61801 
Telephone (217) 367-7373 
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softwa re and media compatib le with the 
DEC RX11 products. I t includes write 
protect switches, unit select switches, up 
to four drives with one unit load on the 
DEC Unibus, P ROM se lf-diag nostic pro
grams and bootstrap loade r. Track to 
track access time is 6 ms. Single quantity 
pri ce of the dri ve and DE C compat ibl e 
co ntroll er is $27 50 .• 

Circle 638 on inquiry card. 

Portable Games 

1I1~()7 -«)-
G.'1rre:Pa·.::I 
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I IP(,;ItI'()T 
Games Pac i 

For th e benefit of the stead il y grow
ing ranks of pocket ca lculator game 
enthusiasts, He wlett-Packard is offeri ng 
the Games Pac I . Intended for use with 
the co mpany's HP-67 and HP-97 pro· 
grammab le ca lculators, the package con
ta ins an owner's handbook (shown) and 
20 prereco rded program cards. Games 
in clude Space War, Golf, Slot Machine, 
Dice, and a Bowlin g Sco rekee per. Th e 
price is $35. Contact Hewlett-Packard, 
1 SOl Page Mill Rd, Palo A lto CA 
94304. -

Circle 648 on inquiry card , 

A New Version of t he PCM ·12 
Microco mputer 

Pac i fic Cy ber/Metri x In c, 180 
Thorup Ln , POB 215, San Ramon CA 
94583, has announced a new ve rsion 
of the ir PCM·12 microcomputer called 
the PCM-12A. Th e new unit is a 12 
bit mach ine based on the I nters il 
I M6 100 micropro cessor, and is de· 
signed to be co mpatib le wi th PDp·8 



software. The new model incl udes 
the fo ll ow ing features: 

• Memory ex pandib le to 32 K bytes 
of program mab le memory. 

• Crysta l co ntroll ed da ta rate ge n
erator to serv ice pe riph erals. 

• Front pane l co ntrolled bootst rap 
loadi ng. 

• Can be ex pand ed to run with 
Dig ita l Equipme nt's OS-8 oper
at ing system. 

The unit is availa ble either asse mbl ed 
o r in kit form . The kit pr ice of $799 
includ es the co ntro l pa nel , 1 K byte of 
sta ti c programmable memory, ca bin et 
and power suppl y.-

Circle 639 o n inquiry card. 

Hew lett-Packard's Perso nal Computer ... 

The HP 983 1 A desk LOp co mpute r is a 
pe rsonal comp u ting en try o f Hew let t-

PAPERBYTES 

Minidisk and Verbat im TM - New 
Prod uct s fro m I TC 

I nformatio n T ermina ls Corporat io n, 
323 Soquel Way, Sunnyvale CA 94086, 
annou nces a new propriet ary fe rri c 
ox id e binder system cal led Verbat im TM. 
This new material w ill form th e storage 
medium for th e company's f loppy disks, 
mag net ic ca rds, co mputer ca rtrid ges, 

Packard, whi ch comes in at the high 
end of th e present day spectrum of 
price, $7200: This machi ne speaks 
BAS IC with an 8 K byte source program 
string area expandable to 32 K maxi
mum in 8 K byte increments. It uses an 
o n board tape dri ve with 90 ips (229 
em/sec ) sea rch and rew ind speed, 22 ips 
(56 em/sec) data tra nsfe r speed. The 
tape cartridge ca n ho ld ap prox im ately 
250,000 by tes and is ava il abl e to BASIC 
app li cations programs as a resource. The 
ave rage access time is quoted as six 
seco nd s. Auxil li ary ROM car tridges are 
also ava il abl e for extension of its capa
bilities. Th e main displ ay per ipheral is a 
32 charac ter LED a lph anum eri c device , 
and th e key board is used as the primary 
in teractive inputs. Options in c lude 
printers, flopp y disks and other goodies. 
For inquiries contac t Hewlett-Pac kard a t 
1501 Page Mill Rd, Pa lo Alto CA 
94304. -

Circle 640 on inquiry card. 

digital cassettes, min i data cassettes 
and th e MD 525 minidisk . The new 
bind er is sa id to be more resilie nt a nd 
less a brasive th a n previous binders. 

Th e minidisk is approx im ate ly hal f 
the size of th e standard flopp y disk and 
provid es one third the storage ca pacity. 
Priced at $5.9 5 per disk , the minidisk 
is inte nd ed for use in the small sys tems 
market as well as in power typing 
and edit ing syste ms. Wh en you use 
hi gh speed digital media, this type of 
product will prove most useful.-

Circle 641 on inquiry card . 

Bite Ana lysis, Anyone? 

Th e latest issue of Com plot 's Appli
cation Newsletter describes a new tech
niqu e bein g used at the Universit y of 
Michigan's School of Dentistry. Re
searchers are using computer graphics 

Tiny Assembler 6800 -
Design and Implementation 01 a 
Microprocessor Sell Assembler 

No. 700 $7 

'I'IIIY'II 
Tiny Assembler 6800 

Design and Implementation 
of a Microprocessor Self Assembler 

by Jack Emmerich~ 

Send today to: 

BYTE Interface Technical Services, Inc. 

70 Main St 

Peterborough NH 03458 

Dealer inquiries invited 

All orders must be prepaid. 

Originally described in the April and May 1977 BYTE, PAPER BYTES is now offering 
Jack Emmerichs' Tiny Assembler 6800. This book contains the complete Tiny Assem
bler source listing plus object code in cross assembly format (space restrictions prevented 
printing of this material in BYTE). A bar code version of Tiny Assembler is included for 
convenience, as well as reprints of Jack's two articles and additional user manual mate
rials . Tiny Assembler will run on any machine with MI KBUG and 4K of memory starting 
at address 0000, and is an excellent tool for the interactive development of functional 
blocks for a large structured program. Add it to your 6800 system and you'll have a 
valuable programming aid which can free you from the drudgery of machine language. 
The best part is the price : only $7 . Order yours todayl 

---------------------------. 
Name 

Address 

City State Zip 

PAPERBYTES Price of Book $_---
Tiny Assembler 6800 

Postage , 35 cents $ _ ____ _ 

Total $ _ ____ _ 

o Check enclosed 

• 0 Bill MC # Exp . Date ----------- ---------
I ....... ~. ! 0 Bill BA # Exp . Date ________ _ 

Signature 

I 
I 
I 
I 

No. 700 ·1 In unusual cases, prOCessing may exceed 30 days. 
You may photocopy this page if you wish to leave your BYTE intact. ------------------------------------------
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Figure 2. The coordinate points comprising our 
model of the lateral craniofacila 
morphology of the skull 

in co njunction with a cornputer to 
study how changes in the nurnber of 
teeth th rough tirne can affect the shape 
of the sku ll and fi\ce. 

An X-ray of the skull's profile is 
first digitized into 177 key coordinate 
points to facilitate plotting. A typical 
plot is then produced in 30 seconds, 
which can be overplotted to show 
deviations of the skull a nd jaw due to 
age, corrective surgery or other factors. 
Researcher Dr Geoffrey Walker looks 
upon the technique as a rnajor tool 
which can irnpro ve the quality of cor· 
rect ive facial surgery and other dental 
techniques. For further inforrn at ion 
contact Corn plot Application News, 
One Houston Sq (at 8500 Carneron 
Rd), Austin TX 78753 .• 

Circle 642 on inquiry card. 

A New Econornical 6800 Software 
Package 

Users of 6800 based rn iCI'ocorn puters 
w ill be interested in Inpro Micro Sys
terns' new software package called 
MIKADOS, a comb in ation debugging 
program, assernbler and operating sys' 
tem which resides in 2 .5 K bytes of 
programmable rnemory . The assembler 
generates object code on the same lin e 
as the user's mn emonic to provide an 
imrnediate progra m li sting. The price, 
which includes user manual and hexa
decirnal object code li sting, is $12.95. 
Contact I npro Micro Systems, POB 
7776, Van Nuys CA 91409 .• 

Circle 643 on inquiry card. 

With a Small Floppy Disk, 
Where Does One Get Media? 

Media (for those new to the term) is 
a generic narne for tapes, floppy disks, 
hard surface disks, etc, which can store 
data. Intern ation al T errnina ls Corpo
ration has recently introdu ced a n ew line 
of floppy disK rnedia for use with the 
new drives such as the Shugart Mini
Floppy. The price of the ITC MD 525 
f lexible disk cartridge is $5.25 in single 

Now available direct from manufacturer ... 

PS-40 
48-column 
Thermal Printer 

• 64 ASCII characters (upper case) 
• TTL level parallel interface 
• STROBE-BUSY handshaking 
• Active low new line implementation 
• Local line feed (continuous) 
• 20 characters-per-second throughput 

PS-40 mechanism and Print Head ..... . ...... .. $250 
With TTL parallel interface - kit .. . .... . . .... $350 
With TTL parallel interlace -

assembled and tested ... ..... . .. . .... ... $400 
PS-40 with versatile multifunction RS-232C . 

interface (F-8 microprocessor) -
asSembled and tested .... _ ............. . $550 

Power supply . ............................. $100 
Case ......... ... ........................ $ 80 
Paper roll (5112" x 164') .. . ....... .... ... . .... $ 3 
Shipping Charges ...................... ..... $ 4 

• Delivery - Four weeks ARO, 
F.O.8. Addison, Texas 

Please complete and return coupon with check or Master Charge 
number. Money back guarantee! Texas residents add 5% sales tax. 

t.l~Qr', Ln~. 
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r----
To: Telpar, Inc. ---------

I 4132A Billy Mitchell Road, P.O. Box 796 
Addison, Texas 75001 Telephone (214) 233-6631 

I 0 Enclosed is my check in the amount of $ _______ -"covering 
purchase of . 

I 
I 
I 

o Place my order on Master Charge, please. My MC number 
is 
~------------_; expiration date is ____ _ 

Signature ________________________ _ 

Name (please print) _____________________ ~ 

I Address _________________________ __ 

City _____________ State _____ Zip ____ _ 

--------------
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quantit ies, and the press release says 
delivery is from distributor stocks. The 
co mpany is loca ted at 323 Soquel Way , 
Sunnyvale CA 94086. -

Circle 644 on in qui ry card. 

Not for t he Casual Amateur, Bu t ... 

~4ii ___ ~ 

I ~ ( _ I 

Th is " T raverscan" abso lu te free 
cursor d igitize r from the H Dell Foster 
Compa ny , POB 32 581, San A nton io TX 
78216, is an interes tin g id ea whi ch 
experim enters might find chall enging to 
emulate. Th is is a rea l t ime graph ic 
digiti ze r whi ch measures, coun ts and 
disp lays th e X and Y coord inate va lu es 
of points, w ith six d igi ts per ax is read 
directly in English or metr ic units. 
Numerous operat ional fea tures inc lu de 
elec troni c sca ling, 2 ax is sca lab le in te
grator (or di gi ta l planimeter) for auto
matic area co mputation, and o f course, 
output interfa ces th rou gh RS-232C ser ial 
li nes so th at the data can be captured by 
a computer. One uses a graphic d igitize r 
to ge t in fo rm ation fr om draw ings into a 
co mputer by tracing li nes and t racing 
around reg ions. Th e comp lex i ty of thi s 
particul ar dev ice strongly suggests it has 
some m icroprocesso r in te lli gence buil t 
in to i t loca ll y. H Dell Foste r Company is 
a subsidi ary of th e Keuffel and Esse r 
Compa ny. -

Circle 649 on inquiry card . 

Improving Y our Memory 

If yo u wa nt to expe rim en t w ith 
AP L or other sophisti ca ted dat a con 
stru cts requiring extensive memory space , 
(see th e ed itor ial in t he Nove mber ·1976 
BYTE), yo u may be interested in the 
new 64 K by te programmable memory 

THE L[]r:1PUTER R[][]r:1 
\ 

SMALL COMPUTER SYSTEMS. SOFTWARE. AMATEUR RAOIO EQUIPMENT 

3455 Southwest Tem ple Salt Lake City. Utah 84115 Pho ne: 801-486-43 11 

"WE TAKE THE 

\\\1~1"t~1 0 UT 0 F TH E f:1~LR[] II 

One Of The Nations Largest 
Full -Service Computer Stores. 

Over 1600 Square Feet Of Sales 
And Service Faci lities. 

WHEN YOU WRITE FOR OUR CATALOG AND ENCLOSE $1 TO 
HELP DEFRAY THE COST OF HANDLING AND MAILING, 
HERE'S WHAT YOU GET: 

1. A CERTIFICATE GOOD FOR $2 ON YOUR NEXT 
PURCHASE . .... ... . . . . . . . . .......... ... ...... . ........... . 

2. THE L[]I';1PUTER R[][]1';1 EASY TO UNDERSTAND 
CATALOG COVERING ......... ..... . . ..................... . 

IMSAI 
THE DIGITAL GROUP 
POL YMORPHIC SYSTEMS 
SOUTHWEST TECHNICAL PRODUCTS CORPORA TlON 
TECHNICA L DESIGN LABS 
ETC. 

3. THE L[]I';1PUTER R[][]1';1 " EASY GUIDE" TO HELP YOU 
PICK THE RIGHT SYSTEM, PERIPHERALS, COMPONENTS, 
AND SOFTWARE FOR .. . ............ . ........... . ......... . 

THE BEGINNER 
THE ADVANCED 
THE EXPERT 
THE SMALL BUSINESS 

4. A CURRENT LISTING OF PRESENTL Y AVAILABLE 

SOFTWARE 
PUBLICA TlONS 
PERIPHERALS 

5. INFORMATION ON REPAIR SERVICE, LOW COST 
CUSTOM PROGRAMMING AND OTHER SPECIAL SERVICES. 

AT THE L[]I';1PUTER R[][]1';1 YOUR WRITTEN QUESTIONS 
ARE HAPPILY RECEIVED AND PROMPTLY ANSWERED .. .. . . 

WE ALSO STOCK A COMPLETE 
LINE OF AMATEUR RADIO EQUIPMENT 

BANKAMERI CA RD . ... . . .. ...... . . .... . ... .. . . ... . MASTERCHARGE 
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Complete listing of all fea-
tu re articles 

. . 
appearing In 

Volume I of BYTE-
September, 1975 
cember 1976. 
easy reference. 

thru Oe
Indexed for 
Include~ all 

errata. 

yours, send a $.24 
self addressed en-

To get 
stamped 
velope to: 
FREE BYTE Index 

,:,70 Main Street 
P'eterborough N H 03458 

board recentl y ann ounced by Ex tensys 
Corporation, 592 Wed dell Dr , Su i te 3, 
Sunny dale CA 94086. The 5 by 10 inch 
(1 2.7 by 25.4 cm) boa rd hasahar-d ware 
prov ision for bank sw itching to ad d over 
one million by tes. This A ltair compat ibl e 
board also all ows memory address to be 
set in 8 K byte increments and provides 
hardware protection in 16 K byte 
increme nts. Po wer suppl y vo ltages re
q uired are 12 V 300 mA, 5 V 750 mA, 
and -5 V 1mA (Power suppli es are not 
included) . Memol'y ove rlap prot ec t io n is 
pro vid ed to prevent co nflict with existing 
memories. The price of the 64 K byte 
board is $'1,495. A 32 K by te boa rd is 
ava ilabl e for $895, and a 48 K by te 
board for $ '1,195. -

Circle 650 on inqu i ry card. 

Voice Synthesizers, Anyone? 

---r 
I 

MI COM Syste ms, 955 1 I rond ale Av, 
Chatsworth CA 9 1311 , is manufac turing 
a Voi ce Respo nse Sy stem in tended for 
minico mputers, wh ich uses a mi cro
processor as a con trol element. Th e press 
re lease descr ibes a sys tem whi ch can 
accep t Touch-Tone encoded in puts and 
give digitall y ge nerated sy n thel ic vo ice 
outputs. This syste m, whi ch is defini tely 
oriel)ted toward co mmerc ial systems 
markets , h as pr ices beginning at $5 00.-

Circle 65 1 on inquiry card. 

A Decimal Order of Magnitude 
Difference in Price 

We rece ived t hi s picture of a new 
ModellOOA Logic A nalyzer, produced 
by Paratroni cs Inc, 150 Tait Av, Los 
Gatos CA 9503 0, and see n in some detail 
in Popular Electronics, February 1977 . 
T his unit is ava il abl e in a comp lete kil 
for $198 .50, alo ng with a 100 page 
assembl y and ap plication s manu al. 



According to its makers it co mp ares 
quite favora bl y with commercia l labora
tory equipment products cos ting $2750 
(and up). The output di sp lay is on an 
ordinary osc ill oscope, with blanking, and 
co nsists of a truth table of the last 16 
sta tes of a 1 by te word of data. V ari ou s 
oth er useful fea tures make thi s an 
interesti ng test inst rum ent whi ch may 
prove useful to many of our readers . • 

Circle 652 on inquiry card. 

Texas I nstruments Introduces 12 Digit 
VLED Display Board 

T hinking about your own custom 
dec im al displays? Texas Instrum ents 
has ann ounced a multidigit visual li ght 
emitting diode (VLED) display st ick 
with ·12 digits on a single boa rd , called 
th e TI L804. The characters are 7 seg
ment red VLEDs, 0.27 inches (0.66 cm) 
hi gh ; lypical br ight ness is 50 0 micro 
ca nd elas at 20 m Ao The display stic k 
features ri ght hand dec im als at eac h 
digit, continuous unifo rm brightn ess 
of segments within each digit, and a 
wid e v iewi ng angle for distances up to 
15 feet. I t is prese ntl y ava ilable in a 
common cathode co nfigurati on to faci li 
tate mUltiplexing. I ntend ed co mmerc ial 
app li ca tion s include Citi ze ns' Band ra
dios, sca nn ers, digital instrum entation, 
elect roni c games, medi ca l elect ronics, 
test and measurement equipment and 
desk top ca lculators; th ese would mak e 

Two New Dal en Cassette Interfaces 

Dalen Elect roni cs, 72 ·14 Springleaf 
Ct, Citrus Heights CA 956 10, has an
noun ced t wo new cassette interface 
boards compat ibl e with th e Altair bus. 
Th e fi rst board is a universa l cassette 
interface ca ll ed th e UCR I, ava ilabl e 
for $175 assemb led or $ ·135 in kit form. 
Data transmi ss ion rate is user se lectab le 
f rom 520 to 41,000 bps. The unit 
can be opt iona lly eq uipped wit h two 

exce ll ent numeric displays for the 
experimenter as we ll . 

Th e price of the board is $ ·14 .65 
in quantiti es up to 100 and $11.65 
each in quantities above 100 to 999. 
Write T exas Instruments, POB 5012, 
Dall as TX 75222 .• 

Circle 659 on inquiry card. 

reed rela ys allo w ing the un i t to ind e
pe ndentl y co ntrol two cassette re
corders. The second interface board, 
the CR I-B , has a max imum data traris
mission rate of 6000 bps and is ava il 
able for $165 asse mbl ed or $120 as a 
kit.. 

Circle 571 on inquiry card . 

A Source of Neat Ideas 

Persons in terested in discove rin g the 
functiona l characteris t ics of a we ll 
thought out editing terminal design 
would do well to look at the new 
"2645A Disp lay Stat ion Use r 's Manual," 
publicat ion number 02645-90001, put 
out by Hew lett-Pac kard Data Termin als 
Divis ion . (Inquiries should be addressed 
to Inquiries Manager, Hew lett-Packard 
Company, ·15 01 Page Mill Rd, Palo Alto 
CA 94304.) This pamphlet of approx i
mately 40 pages in length is the user's 
manua l for this mi croprocessor con
t ro ll ed data te rminal with editing capa
bili t ies , wh ich make i t ex tremely adapt
ab le to nu merou s prac tical tasks .• 

Circle 658 on inquiry card . 

A New Tutorial Kit from Motorola 

Motorola has announced a new 
8 bit 6800 based microprocessor kit 
fo r tutori al purposes ca ll ed th e Edu
cato r II. The unit contains a 128 byte 

IN WIRE- WRAPPING HAS THE LINE ..... . 
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programmable memory, a 51 .2 byte 
read only memory and a TTL clock 
circuit. 

An executive program residing in 

A Processor Board with Expanded 
Features 

Morrow's Micro-S tuff, POB 6 194, 
Albany CA 94706, announces an Altair 
bus compatib le plug-in processor boar-d 
des igned to expand the capab iliti es 
of existing 8080a microcomputer sys
tems. Available for $325 assem bled or 
$250 as a kit, the board offers two spe
cial features. The first enab les the user 
to step through a program at a rate 
va ri ab le from I to 65,000 steps per 
minute. The seco nd feature preve nts 
the 8080a processor from sh utt ing 
off after a HALT instruct ion. While 
in this state, registers, memory and 10 
locat ions can be exam ined and altered. 
A built-in 12 pad keyboard and 10 digit 
readout are included on the board.-

Circle 654 on inquiry card. 

the read o nl y memory contains rou
tines for servicing interrupts, program 
transfer to and from cassettes, tape 
searching programs, and a program to 
test the finished kit. The executive 
program uses 14 bytes of the program
mable memory as a sc ratch pad mem
ory, leaving I 14 by tes for user pro
gram s. An option al 128 bytes of pro
gramm able memory can be added 
later_ 

The Educator II comes with an 
alum inum case for $ 169.95, including 
assembly and operat ing manuals. The 
un it is ava il able from Motorola dis
tributors_ For further inform ation, dis
tributors and computer sto res should 
contact Motorol a HEP/MRO National 
Sales Manager, 705 W 22 nd St, Tempe 
AZ 85282_-

Circle 657 on inquiry card. 

A New 6800 Microcomputer 
Evaluation Kit 

A new mi crocomp uter evaluation 
kit for M6800 sys tems is no w ava il ab le 
from the Integrated Circu it Division of 
Motorol a Inc _ This kit wi ll prove quite 
useful to those individuals with a min-

THE 8100 COMPUTER / CONTROLLER 
An exceptional price on an applications oriented 6503 based micro-processor system 
featuring: 
~ IT< bytes RAM locations (512 bytes supplied) 
~ IT< bytes ROM (256 byte monitor included) 
~ 2 - 8 bit input ports 
~ 2 - 8 bit output ports (1 latched, 1 buffered) 
~ 24 key touch operated keypad (used by monitor 

to a llow entry & execution of user programs 
a lso user definable . ) 

~ 2 - latched seven segment displays (us ed by 
monitor to display m emory location & contents 
eas ily us er programmed) 

~ Optional cassctte inte rface ($22_ 50) fits 
entire ly on the processor boarcl. 

THE IDEAL. LOW COST SOLUTION TO IMPLEMENTING ALL 
THOSE WILD COMPUTER BASED CONTROL SYSTEMS 
yoU'VE BEEN DREAMING OF! 
PAIA software currently availabl e or wlder 
developme nt includes : Milsic synthesizer 
interface: Ilome applications package including: 
multi-zone fire/burglar alarm, real time c lock, 
energy savlllg- heat/ai r conditioning control, 
compute r ge nerated "door-bell": Model roalroad 
controll cr a nd more ............... .. .. . 

8700 COMPUTER/CONTROLLER KIT ........ S 149.95 
(rcquircs 5v. (iv 1. 2A. : 12v. (ev 150 mao ) 

Shippcd dircct from Pt\IA (add $3 .00 postage ) 

Timesharing Software Listing Available 

Gregory Research Associates, 1900 
Greymont St, Philadelphia PA 191 I 6, 
are making ava il ab le a directory entitled 
Remotely Accessible Conversational Pro
grams and Data Bases. The p rice is $ 28, 
which incl ud es three bimonthl y updates. 
The listing is a guide to thousands 
of programs for timeshare users in the 
areas of business, engineering and 
sc ience. The programs listed are written 
in a conversational style wh ich requires 
no special knowledge of computer 
languages. Users pay only for those 
programs used based on rates li sted 
in the directory. Programs are received 
via standard te lephone lines; some 
requ ire terminal data rates of 120 
characters per second_ -

Circle 653 on inquiry card. 

imal budget and a keen interest in 
comp uters . 

The MEK6800D2 kit, when assem
bled, is a fully functional microcomputer 
system based on the MC6800 micro
process ing unit and its fam il y of asso-

IIWl. ElECTRONICS· DEPT. 7-B. 1020 W. Wilshire Blvd . • Oklahoma City. OK 73116 Also available at FULL-LINE Computer stores. 
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ciated memory and 10 devices. It is 
made up of two basic units, a m icro
computer module, 9.75 by 8.3 inches 
(24.8 by 21 cm ), and a keyboard and 
display module, 10 by 6.25 in ches 
(25.4 by 15.9 cm). The keyboard and 
display module also co ntains audio 
cassette interface circuitry for the 
Kansas City Standard , 300 bps redun
dant phase encod ing. 

LED readouts that display four address 
digits and two data digits in hexadec i
mal format. The keyboard is hexadeci
ma l with eight additional command 
keys. 

The display consists of si x 7 segment 

Also included in the k i t's three·ring 
binder is an assembly manual that 
covers testi ng, schematics, "JBUG" mon
itor program li sti ng and parts listing. 
An M6800 Programming Reference Man
ual and the M6800 Microcomputer 

A Summary Detail of the MEK6800D2 

The eight comma nd keys are: 

M Examine and change memory. 
E Escape from operation in progress. 
R Examine contents of processor regi sters P, X , A, B, CC and S. 
G Go to speci fi ed program and begin execution. 
P Transfer programs or data from memory to cassette tape. 
L Load memory from cassette tape. 
N Trace one instruction . 
V Set (and remove) breakpoints. 

The Microcomputer Module incl udes the foll owing devi ces: 

1 MC6800 MPU 
1 MCM6830 read only memories with JBUG monitor (SCM44520P) 
3 MCM6810 programmable memories (128 by 8 for 384 bytes total) 
2 MC6820 peripheral interface adapters (PIA) 

MC6850 asynchronous comm unications adapter (ACIA) 
MC6871 B clock generator 

In addition, the board has been engineered to accept the following optional 
devices (not included with the kit): 

2 MCM6810 programmable m emories (1 28 by 8) 
2 MCM68708 erasable read only memories 
3 MC8T97 buffers 
2 MC8T26 bidirect ional buffers 

Custom expansio n on the Microcomputer Module by the homebrewer is 
simplified by a wire wrap area t hat will accom m odate two 24 pin and 
twelve 16 pin sockets. The JBUG monitor read only memory ca n be reo 
placed by a Mini Bug" read only memory for RS232 interface to other 
peripherals. 

INTERNATIONAL DATA SYSTEMS, INC. 

S100 Bus Cards (ALTAIRIIMSAI Compatible) USES 

System Design Data book are also part 
of th is package. The kit may be used 
"as is" or expanded to a full 64 K 
sys tem through addition of buffers 
(and m inor modifications of on board 
memory decoding) . 

Cost of the kit is $235 , and it is avai l
able from Motorola Distributors. The 
5 V, 2 A power supp l y and cassette 
recorder required by th is device are not 
included, and can be purchased locall y. -

Circle 655 on inquiry card . 

A N ew Prototyping Board 

A new general purpose printed circuit 
board for the ex per im enter is avai l· 
able from World Wide Systems Co rpor
at ion, 8305 Private L a, Annandale VA 
22003, for $ 24.95 postpaid. The 100 
pin board is Altair bus compatible 
and features two go ld plated 36 pin 
10 st rips. A portion of the board has 
been reserved for th e install ation of a 
voltage regulator and heat sink; the 
power bus, grou nd plane and pin s are 
labell ed. Board d imensions are 5. 125 
by 10 in ches (13.02 by 25.4 cm). 
T he board can be lI sed w ith point to 
point so lder co nn ections, wire wrap 
or a combination of the two. With th is 
tool the expe ri menter ca n tr y his hand 
at de sign in g custom per ipheral in ter· 
faces. -

Circle 656 on inquiry card. 

400 North Washington Street. Suite 200 
Falls Church. Vi rginia 22046 USA 
Telephone (703) 536-7373 

KIT PRICE 

. 88-SPM Clock Module Your computer keeps time of day regardless of what program it is executing. 
Applications include event logging. data entry. ham radio. etc. Provision for 
battery backup is included. 

$96.00 

88-UFC Frequency Counter Module 

88-MODEM Originate I Answer MODEM 

GENERAL PURPOSE PERIPHERALS 

MCTK Morse Code Trainer/ Keyer 

Temperature Sensing Module 

Measure frequencies up to 600 MHz qr period with t / 10 microsecond resolu
tion. Computer can monilor four separate inputs under soffware control. 

Use your computer to call other computer systems such as large timesharing 
systems. Also allows other computer terminals to "dial-up" your computer. 
Auto-dialer is included so your computer can ca ll other computers under soft
ware control. Operates at 110. 134.5. 150.300. and 600 band. 

Hard /SoNware package which allows your computer to teach Morse Code. key your 
transminer, and send prestored messages. Uses "NEW CODE METHOD" for training. 

Use it to measure inside and/or outside lemperature for computerized climate 
control systems. etc. 

$179.00 

$245.00 

$29.00 

$24 .00 

DAC8 Eight Bit Digital to Requires one eight bit TIL level latched parallel output port. Use it to produce $19.00 
Anatog Converter computer music or to drive voltage controlled devices. 

Terms: Payment with order. Shipment prepaid. Delivery is slock 10 30 days. Write or cali for detailed producl brochures. 
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Christopher 0 Glaeser 

3904 NW 15th St 

Gainesville FL 32605 

Novel 8 Bit Multiplication 

Here is a 7 byte multiplication routine 
that was submitted by Christopher D Glaeser 
for use on an Intel 8080 along with his idea 
on how to save memory space and execution 
time. Working on the premise that one of 
the main problems with many multiplication 
routines is that they must call another 
routine to perform a double byte shift, he 
uses the DA D H command of the 8080 to 
surmount this difficulty. The DAD H com
mand performs the double byte shift by 
adding the HL register pair to itself. This 
saves having to call another routine to 
perform this function. The operands are 
loaded into the C and D registers prior to 
calling the subroutine. The resulting answer 
is placed in the BC register pair. All of the 
numbers in this listing are in octal. 

.' 

Address 

006000 
006001 
006002 
006003 
006005 
006006 
006007 
006011 
006012 
006013 
006016 
006017 
006020 
006021 
006022 
006023 
006026 
006027 
006030 
006031 
006032 

Op 

325 
345 
132 
026 
152 
142 
006 
171 
037 
322 
031 
353 
051 
353 
005 
302 
104 
115 
341 
321 
311 

Operand Label Mnemonic Commentary 

000 

010 

LOOP 

PUSH D 
PUSH H 
MOV E,D 
MVI D,OOO 
MOV L,D 
MOV H,D 
MVI B,010 
MOV A ,C 
RAR 

save original values of regi sters 
on stack; 

E:=fi rst operand; 

} io i'i,li" ,",i""", 

A :=second operand; 
A :=A /2; 

017006 JNC SKIP 
DAD D 
XCHG 
DAD H 
XCHG 
DCR B 
JNZ LOOP 
MOV B,H 
MOV C,L 
POP H 
POP D 
RET 

if CY :=O go to SKIP ; 
else HL:= HL+DE; 
exchange HL with DE; 
HL:= HL *2; 

SKIP 

012006 

exchange HLwith DE; 
B: =B- 1; 
if CY :=O go to LOOP; 
else B: =H; [high order 8 bits of answerl 
C:= L; [low order 8 bits of answer] 

} restore original value of registers; 

return to ca lling program;-

COMPUTER ENGINEERING 
THE MIDNIGHT SPECIAL .. . 
. . . a full color limited edition poste r for your Casey 
J ones fan tasies. 

The poster is 16Yz by 21 Yz inches (41 .9 by 54.6 cm) with 
a white border . The colors 'are the same as the original 
by Robert Tinney , which graces our July cover, minus 
the BYTE logo . The price is $3.00 , plus 50¢ postage. It 
is shipped unfolded , in a mailing tube. 

ORDER NOW. SUPPLIES ARE 
LIMITED. 

BITS Inc 

70 Main Street 

Peterborough NH 03458 

o Bill BankAmericard 

o Bill Master Charge II 

___ Posters $3.00 each 

plus $ .50 mailing 

o Check Enclosed 

$ 
No . ___________ _ Exp . Date __ _ 

Name ___________________ _ 

Address __________________ _ 

City _________ State __ Zip _____ _ 
In unusual cases, processing may exceed 30 days . .... ____________ ....;..;... _____________ .. __________________________ -----------_ • .1 
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~he volume we've been waiting lor 

Best of BYTE, Volume 1 

Send to: 
Bits, Inc. 
70 Main Street 
Peterborough NH 03458 

Name 

Address 

City 

Signature 

State 

The Best of BYTE, Volume I 

• 
Zip Code 

The answer to those unavailable early issues of BYTE. Best of 
BYTE, Volume I, edited by Carl Helmers Jr and David Ahl. This 
384 page book is packed with a majority of material from the first 
12 issues. Included are 146 pages devoted to "Hardware" and 
how·to articles ranging from TV displays to joysticks to cassette 
interfaces, along with a section devoted to kit building which 
describes seven major kits . "Software and Applications" is the 
other side of the coin: on-line debuggers to games to a complete 
small business accounting system is included in this 125 page 
section. A section on "Theory" examines the how and why behind 
the c ircuits and programs . "Opinion" closes the book with a look 
ahead as to where this new hobby is heading. It is now available 
through BITS Inc for only $11.95 and 50 cents postage and 
handling. 

Here is just a taste of some of the titles to be found in the Table of 
Contents, from the nearly 70 that appear there: 

The Shadow, Buck Rogers, and the Home Computer -- Gardner 
The State of the Art -- Helmers 
Could a Computer Take Over? - - Rush 
A Systems Approach to a Personal Microprocessor -- Suding 
Programming for the Beginner -- Herman 
Magnetic Recording for Computers -- Manly 
Assembling an Altair 8800 -- Zarrella 
Build a 6800 System With This Kit -- Kay 
The Digital Equipment LSI-11 -- Baker 
Flip Flops Exposed -- Browning 
Keyboard Modification - - Macomber 
Build a Television Display -- Gantt 
Build a Fast Cassette Interface -- Suding 
Add a Kluge Harp to Your Computer -- Helmers 
Write Your Own Assembler - - Fylstra 
Design a On Line Debugger -- Wier and Brown 
Processing Algebraic Expressions -- Maurer 
Total Kitchen Information System -- Lau 
A Small Business Accounting System -- Lehman 
Books of Interest 
Magazines 

Circle 51 on inquiry card. 

Check Payment method : 
__ My check is enclosed 
__ Bill my MC No. ___________ Exp. date ____ _ 

__ Bill my BAC No. Exp. date ____ _ 

Pr ice of book $ 11 .95 $---

Postage, 50 cents per book for ___ books $,---

Grand Total $--

Prices shown are subject to change without notice . 
All orders must be prepaid. 

You may photocopy this page if you wish to leave your BYTE intact. In unusual cases, processing may exceed 30 days. 
1 ______ ----------------------------------------------- ______________________________ _ 

143 



--------------------------------------------------
GourlDet Reading froID BITS 

__ Security Electronics by John E Cun
ningham. To catch a thief, apply liberal 
doses of ingenuity and a modicum of 
cleverness. Find out what's been tried in 
conventional alarm systems before you go 
off computerizing your home security sys
tem, though. New 2nd edition $5.95 

Send to : 

\ 

5celbi '
«8080)) 

SoftWcire 
9Ourmet(iuide 

&Cook . -.- , CBOOk 

__ Introduction to Biomedical Elect
ronics by Edward J Bukstein. What's been 
done in robot doctors? Nothing so far. But 
in terms of electronic aids to phy sic ians and 
practices of health researchers, consult this 
background review of the field of biomed
ica l electron ics $ 5.95 

Check payment method : 

__ Scelbi "6800" Software Gourmet 
Guide & Cookbook 

__ Scelbi "8080" Software Gourmet 
Guide & Cookbook, both by Robert Find
ley . Have you tried cooking up a program 
lately on your 6800 or 8080 processor? 
Have you needed a dash of ideas on how to 
add spice to a program? Then the Scelbi 
" 6800" Software Gourmet Guide & Cook· 
book and the Scelbi "8080" Software Gour
met Guide & Cookbook may prove to be 
quite useful additions to your library . 

Both books contain a wealth of informa
tion on the 6800 and 8080 instruction sets, 
plus general programming techniques ap
plied to the 8080 and 6800, conversion rou
tines, floating point routines, decimal arith 
metic routines, and much more. Order yours 
today and get a taste of what you r processor 
can do. Both books are priced at $9.95 
each. 

__ Practical Microcomputer Program
ming : The Intel 8080 by W J Weller, A V 
Shatzel, and H Y Nice. Here is a comprehen
sive source of programming information for 
the present or prospective user of the 8080 
microcomputer, an architecture which ap
pears in the MITS Altair, 8800, Processor 
Technology SOL, IMSAI 8080, Polymor
phics POL Y-88, and other popular micro
computer system products. 

After several preliminary chapters, the au
thors get down to practicai details with top
ics such as moving data, binary arithmetic 
operations, multiplication and division, use 
of the stack pointer, subroutines, arrays and 
tables, conversions, decimal arithmetic, var i
ous 10 options, real time clocks and inter
rupt driven processes, and debugging tech
niques . Most examples are given in symbolic 
assembly form, with occasional listings of 
assembled code using a Computer Automa
tion software development system. 

This 306 page hardcover book is well 
worth its $2 1.95 pr ice and should be in 
eve ry 8080 or Z-80 user 's library . 

BITS, Inc 
70 Main St 
Peterborough NH 03458 

_ My chec k is enclosed 

• - - Bill my MC No. ____ _________ Exp. date 

1--- 1 = Bill my BAC No. _____________ Exp. date -----

Total for all books checked 
Postage, 50 cents per book 
for books 

Grand Total 

$ _---

$ 
$ _---

Name 

Address 

City State 

Signatu re 

You may photocopy this page if you wish to leave your BYTE intact. In unusual cases, processing may exceed 30 days 

Zip 

~----------------------------------------------_-_I 
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~-------------------~----------__ The Thinking Computer: Mind Inside --------------------1 
Matter by Bertram Raphael. Artificial intel- __ How to Solve Problems by Wayne A I 
ligence, or AI, is the branch of computer Wickelgren. When confronted by a problem, I 
science concerned with making computers MI-nd many of us spend more time puzzling over 
"smarter." It is a growing, vital field that is, how to solve it than in actually doing so. This 
unfortunately, the subject of much popular book anafyzes and systematizes the basic 
misunderstanding . The Thinking Computer: methods of solving mathematical problems. 

Mind Inside Matter is a lucid introduction to Massagers The methods are described in terms of a 
AI that does much to overcome this mis- modern theory derived from research in 
understanding. With a minimum of technical computer simulation of thihking. Examples 
jargon , this book discusses the capab'ilities illustrating these methods include chess 
of modern digital computers and how they f' BITS problems, logical puzzles , and railroad 
are being used in contemporary AI research. ro In switching problems frequently encountered 
It discusses the progress of AI, the goals, in science and engineering . Whether your in-
and the variety of current approaches to terest in sol v ing problems is professional , 
making the computer more intelligent. recreational, or both, you w ill find this a 
$6.95. __ The Great International Math On Keys helpful book . $6 .50 softcover. 

__ Projects in Sight, Sound, & Sensation 
by Mitchell Waite. Dedicated "to all space 
cowboys." Detailed theory and practice of 
seven fascinating amateur electronics proj
ects, along with a complete and detailed ap
pendix on how to make PC boards. The 
projects included in this book are: The 
Syntheshape, an art generator that can be 
used to generate innumerable complex and 
beautiful patterns on the screen of an oscil
loscope. An electronic music box that will 
play over 3000 possible melodies when the 
lid is lifted. A way to control muscle tension 
explained in chapter 4. A muscle-wave bio
feedback monitor can be used to achieve 
deep relaxation . The laser-I ight show trans
fers light into fascinating patterns in a dark
ened room . Other projects include a Kirlian 
camera, a digital ESP machine, and neon
light randomizer. $5 .25. 

Send to : 

Book, from Texas Instruments. Do you 
need a numerical algorithm for calculating 
exchange rates in a hotel on a foreign trip? 
Or figuring those mysterious " points" when 
facing the sanctimonious charisma of a 
banker at mortgage time? This book is a 
compendium of simple explanations and 
step by step procedures for accomplishing 
numerical solutions to numerous com
monly encountered situations in daily life. 
Each entry is characterized by a statement 
of the problem, including the elements of 
theory required , and the keystrokes needed 
to solve the problem on an algebraic entry 
calculator. This is an invaluable sourcebook 
of information for the person who is in
clined to manipulate numbers. $4 .95. 

. 
--------------~ 

\$ 

Check payment method : 

~ __ My check is enclosed 

How to Solve Problems 
----- - ---, 

J~ 1 

__ Chess Skill in Mim and Machine edited 
by Peter W Frey. This is a most fascinating 
book , concerning itsel f with the when, how, 
and why of computer chess . The when de
scribes past ACM computer chess tourna
ments, with the details of more than a doz
en games. The how consists of the basics of 
both human chess skill and computer chess 
theory. It includes a detailed description of 
the best computer chess program to date 
(Northwestern University's CH ESS 4.5), an 
end game program called PEASANT, and of 
various search strategies and heuristic com
puter chess theory which should enable one 
to write his own chess program. The book 
ends with the why concerning the contribu
tions, now and in the future , of computer 
chess to understanding artificial intelligence, 
human intelligence, and learning. The only 
difficulty for the hobbyist's computer chess 
program is the need for a large computer for 
the fast processing of search strategies and 
large core storage for the program and its 
resu Its. $14.80 hardcover . 

BITS, Inc 
70 Main St ~ Bill my MC No. _____ _ _ _ _____ Exp. date 

1---1 = Bill my BAC No. Exp.date -----Peterborough NH 03458 

Total for all books checked 
Postage, 50 cents per book 
for books 

Grand Total 

$ _ ---

$ _--
$ _ ---

Name 

Address 

City State 

Signatu re 

You may photocopy this page if you wish to leave your BYTE intact. In unusual cases, processing may exceed 30 days 

Zip 

-------------~-------------------------------------

I· 
I 
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Continued from page 11 

se ts a ve ry hi gh goa l fo r us. When yo ur 
latest program cras hes , a poster li ke thi s 
on th e wa ll co uld give yo u the inspira' 
tion to hit th e resta r t butto n and try 
again. 

I f ind that I can ju stify my act ivi t ies 
in sm all com pu ting a lot eas ier when I 
can po in t to an ill us t rat ion li ke th is than 
through th e idea of the " ultimate toy." 
On e picture is in deed wo rth a th ousan d 
BYTES. 

Robert J Retell e 
2005 Whi tta ker Rd 
Ypsil ant i MI 49197 

WHY NOT 8 TRACKS ? 

am cur ious to know why 8 trac k 
tapes are not used for memor ies instead 
of cassettes. I would t hink th at by usin g 
one channel for a clock track yo u could 
have memory loca tions via a cloc k trac k 
co unter. A lso by moving f rom trac k to 
trac k, access tim e wo uld be saved, wo uld 
it no t ? Pl ease elabora te. 

Kurt Kramer 
8634 Lake Isle Dr 
Tampa FL 33617 

Sounds like a good idea. l ance saw 

a surplus automated cartridge turret 
mechanism which had been used by a 
radio station. Th is mechanism, which 
its owner intended to refurbish, would 
be used for an on line storage system of 
rather large capacity based on the wide 
tape cartridges similar to an 8 trac/? 
stereo cartridge. Maybe a reader will 
pic/? up on this and try it out, reporting 
the results as an article. 

RETROSPECTIVE: BYTE 'S 
PORNOGRAPHIC PHOTOS MARCH ON 

Never th ought that BYT E would go 
in for pornography. But without th e 
benefit of a G·st r in g, you show on 
page 54 o f th e March 1977 iss ue a bare 
so ld er ing iron. Solde ring irons without G 
ca n certa inl y co rrupt innocent co m
puters. Sin ce yo ur loca l Sears or Rad io 
Shack do no t ge nerall y bo tll er to stock 
proper ly ground ed ones, begin ne rs should 
be war ned. 

Sh olom Kass 
56 7 Baden A v 

San Francisco CA 94080 

Th e G-string mentioned in Shalom 
Kass's letter is the ground wire of 
a 3 wire 770 V interface for power. 
It is standard industrial practice to 
use such grounding, especially where 

delicate parts such as microprocessors, 
and other LSI or CMOS gates are being 
used. The static charge which a normal 
human being can build up in a d,y 
room with rug and rubber soled shoes 
can drive a sparl? across a considerable 
gap, and is measured in many tens of 
thousands of volts. 

SOME NEWS FROM DEUTSCHLAND 

My in vo lvement w ith mi cros began 
when one of your associates, Dan Fy lst ra, 
gave a ta lk at I FIP/ IF AC in Paris last 
summer , in wh ich he managed to men
ti on th e Motoro la 68 00 , the MOS Tech 
6502 , and also gave an example of a pro
gram in PL/ M . On com ing back to Darm
st adt, I found two groups of people at 
our fac ility who we re interes ted, nearly 
all professional compu ter engin eers. One 
of th em, Asbj ¢rn Smitt , had already 
wor ked on a 6800-IJased sys tem whi ch 
we use fo r sim ulating sate lli te te lemetry 
data; ano th er, Hel muth Wer thmann, had 
his own bu siness and had already built a 
68 00·based sys tem . So our cho ice as a 
club was so mewhat in evitab le. Asbj¢rn 
had bought the EVK 100 and the 
SWT PC AC-30 casse tte contro ll er , and 
we ve ry nea rl y we nt EM I , but then th e 
pri ces sort of doubled, so we we nt wi th 
051 instead aft er our chairman, Graham 

• A TOTALLY NEW CONCEPT! SAVES TIME AND MONEY! MAKES YOUR JOB EASIER! • 

• A powerful new tool for every serious 8080 user - professional and novice alike. • 
• Priceless timesaver for engineers, technicians, and programmers. Saves time and • 

money in the lab, on the production line, or in the field . 
• Convenient pocket size - 33/8 by 73/4 inches - gives quick and easy access to all vital • 
• reference data. No more searching here and there for codes, instructions, or definitions. • 

• 
It's all there - at your finger tips - everything you need to successfully use the 8080A • 
and - Intel's new 8085 microprocessor. 

• Features cross listing, for rapid assembly and disassembly, of MACHINE CODES and • 

• 
MNEMONICS. Concise description of 8080 and 8085 OPERATIONS, SIGNALS, • 
PINOUTS, and INSTRUCTIONS. Convenient cross conversion of OCTAL, 

• HEXIDECIMAL, DECIMAL, ASCII , and EBCDIC codes. Easy-to-read tables of powers • 

• 
of two, eight, and sixteen .. . and much more . . . • 
Sturdy. Handsome. Easy-to-use • Data Packed 

• Your timesaver will give many years of professional service. • 
• $12 .95 each (plus postage & California sales tax) - 25% discount for 4 or more. • 

• MoneyBack Guarantee: You must be fully satisfied or simply return the guide within 15 days for full and prompt refund. • · -- . • 
URBAN INSTRUMENTS • 4014 CODY ROAD· DEPARTMENT C1 • BANKAMERICARD. • 

SHERMAN OAKS· CALIFORNIA 91403 · -- . • PLEASE SEND 8080 timesavers to : CHECK/M.O. ENCLOSED 0 BANKAMERICARD 0 MASTER CHARGE 0 • 

• NAME . .. ...... . ......... . .. . ...... . ... . ... .. ... . .. .. .. . ........ CARD NUMBER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. • 

• STREET ...... .. . .. . •.. . •..•....•...•......... . . .....•....... . .. • 

• CiTY .. .. ........ .. ...... ...... ........... . .. .. ... .. .... .. ..... GOOD THRU . .. .4 DIGITS ABOVE NAME (MAsiiFi CHARGEj • 

LI:T~~~~~~~.~z~~~~.~.~.~.;G::E~~~~~~ •••••••• J 
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Else (whose main interest is biological 
monitoring), had convinced everyone we 
needed something which could be 
started off cheaply. (In the end Graham 
is at the Rolls·Royce end of the market, 
with a Digital Group l-80.) I had bought 
a SCAMP, which to my astonishment 
worked first time despite sorne startup 
trouble which we attributed to the 
rather bulky socket for the CPU, and 
which eventually I hope to work up into 
a co ntroller for the Selectric I'm typing 
this on. Our club is now about 40 strong, 
with considerable purchasing leverage 
since there are believed to be about 30 
people actively buying components (25 
OSI superboards, 16 Selectrics, which 
was all I could get in my Volvo the last 
time I went to England, and if you know 
anything about the quaint European cus
toms, avoid Belgium) , and of course our 
own BYTE archive. We are also in contact 
with John Barnes, a founder and mem
ber of the British Amateur Computer 
Constructors' Association, and having 
heard of the success he has had in using 
standard 8 track cassettes with short 
endless loops and saturation recording, 
I have ordered a few for experiment. 
Graham and Helmuth in the meantime 
are working on Philips cassettes. 

Things would probably have started 
more slowly had it not been for the 
impact of BYTE and the fact that Jack 
Davies, the guy running PACS, lives in 
Darmstadt with a perpetual fount of 
goodies which are available for inspection 
and (usually) instant purchase. The only 
complaint we have about 051 is that 
they have never dished out the listing of 
the Superbug monitor; so this has now 
been decompiled using the Thomson 
lister (running on the first of our club 
machines, built by Bob Dees of ICl), 
and another program running on our 
4/72. (ICl, not Amdahl!) I guess our 
next move is to find out if Tom Pittman 
has an 051 version of Tiny BASIC yet. 

I suppose the next move would be 
for us to get some sort of Europe an con
vention going. It would be nice if I could 
appeal through your pages for any 
hobbyist clubs in Europe who would be 
interested in attending such a thing, or 
indeed if anyone is prepared to offer a 
site which is fairly central. There have 
been two attempts to get Europ e-w ide 
hobby clubs formed, but in both cases 
the impulse has come from the hobby 
industry rather than the hobbyists, who 
tend to view (other people's) commercial 
bias with suspicion. If we forget the 
launch es which are scheduled for this 
yea r ESA can probably be persuaded to 
host it if we hear from enough people, 
but obviously we are equally curious if 
anyone has a 72 character graphics cum 
VDU interface for 625 line TV receivers, 
or a meta-assembler capable of compiling 
code for more than one micro, and so 
forth. Incidentally, why use OMEGA 
when there are satellite systems, like 
lORAN-c? f Ralph Burhans is busy at 
work on a LORAN-c interface . .. CHj 

Good luck to BYTE, may it grow 
ever he av ier, and perhaps sprout a Euro-

147 

$699 builds 
"Equinox 100™ 

Circle 53 on inquiry card. 



The MERLIN Super Dense add-on kit 
provides maximum resolution at a 
minimum cost. In fact , MERLIN with 
Super Dense has more capabilities than 
any other S-100 bus video interface at 
any price! 

Once you've seen 'Super Dense' 
graphic resolution you'll know there Is 
nothing to compare It to . . short of 
spend ing over $600 .. . and even then 
you'll not have all of the capabilit ies of 
MERLIN with 'Super Dense'. 

Super Dense provides true blt
mapping . Each and every point on the 
screen is controlled directly by a bit In 
memory . (Requires BK of system 
memory.) 

ROM character-graphics looked good 
for a while; then came MERLIN's 160 by 
100 bit mapping graphics; and now . . 

320 by 200 bit-mapping graphics I I I 
If you're looking for a graph ic display, 
MERLIN with Super Dense Is the best 
there is. And if you hadn't considered 
graph ics or thought it was out of your 
price range, consider what you could 
do with 320 H by 200V graph Ics and for 
only $39 extra. 

The Super Dense add-on kit to the 
popular MERLIN video Interface Is now 
available with off-the-shelf delivery. 

M320-K, Super Dense Kit .. ... $39 
M320-A, Super Dense Assm ... $54 

See MERLIN ad on previous page. 

For information fast , write direct, or 
see 'Super Dense' at your nearest 
computer store. 

MC and BAC accepted. 

..... MlnlTerm Associates, inC. 
II~BO' 266 ' Bl!d t otd ' MaS$ . o1730(617t648.1200 

Ci rc le 38 on inqu iry card . 

pean editio n with the add resses of 
outfits here. 

Ian M cNicol 
Wald strasse 18 

6101 Li chtenberg GE RMANY 

IMPRESSED, BU T 

I was impressed with " The Buil t- In 
L ogic T ester," K urt Ch ri stner's arti cle in 
the j anuary issue, page 82. He had an 
idea for a supe r log ic pro be, co nsider ing 
the cost. 

But what about those amateurs 
among us who have need of a CM OS 
probe rather than T TL? I would li ke t o 
chall enge K urt t o come up w ith an 
eq uall y f in e pro ject fo r us nontechni ca ll y 
in clined who co uld rea ll y use a good 
qu ality , low cost CM OS p robe. 

By th e way, I 'm brand new with th e 
j anu ary issue an d I Ii ke what I see . It 's 
a great m agaz in e. 

T om Kryst 
2 12 Prin cet on 

Alpena MI'49707 

COMPUTER POSSIBILITIES IN 
SECONDARY SCHOOLS 

Attac hed is someth ing that appea red 
recent ly in Science News (see page 168, 
March 12 1977 issue) whi ch is a se mi
po pul ar week ly publi ca ti on. Wh at I 
fou nd part icu lar ly interes t ing was th e 
sect io n co nce rn ing th is year's winn ers 
of the nat ional Science Talent Search. 
Of the te n winners, no ti ce th at four 
of them used com puters in so me ca pac
i ty. T hin k ing back on m y sc ience fa ir 
entr ies of 20 .years ago, such a t hing 
bo rders on the inconce ivab le. Until 
ve ry rece n tly comp uters and co mpu ter 
t ime we re So expe nsive th at the eco
nomi cs of the si tuatio n prec lu ded any 
but th e wo rk which had a ve ry high pro
babilit y of resea rch or f in ancial return. 
T hcrefore suc h in vest igat ions as these 
by high schoo l stude nts were imposs ib le 
to just ify on th e bas is 01' what th ey 
m ight produce . 

Per haps one of the th ings th at those 
of us in volved w i th the m icrocomp u te r 
and perso nal comp ut ing revo lution tend 
to forget is t hat to mos t of the academic 
and sc ientific worl d at large , co mputers 
are sim pl y too ls to an end in whatever 
di sc ipli ne is be ing pursued . j us t thi nk 
of what t he poss ible be nefits are sho uld 
vi r t uall y li mi tl ess , although pe rh aps slow , 
co mpu t in g t ime beco me ava il ab le to any 
in teres ted in d ividua l, such as th ese high 
sc hoo l st udents. A loca l sc hoo l co uld 
pu t together qui te a respe~tab l e syste m 
of mod erate capabi l i ty fo r , say, 10 K 
bucks, and the n al low approp ri ate stu
dents to pursue the ir in te rests ge nerall y 
unh amp ered by the restrain ts of fin ancia l 
return. T he leap ahead in sc ience edu ca
t ion (a nd possibl y sc ience related areas 
of li be ral arts) is t rul y m in d bogg l ing! 

Rob ert R Wier 
POB 9209 

Co llege Stati on TX 77840 
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I HATE BASIC, A POISON 
KEY LETTER 

I w ish to express my apprec iation for 
yo ur publi ca ti on. For me, it has helped 
ope n th e door to a new and fasci nating 
wo rld. 

I w ish to pose a ge neral qu es tio n. Wh y 
is i t th at , w ith all too few exce pt ions, 
the t hrust of what migh t be ca ll ed 
" mi crocompu ter appli cat ions fo r the 
nonprofessio nal" seems to be lost in 
an endless loop ca lled "gam es writ ten 
in BA SI C"? And as a coro ll ary, one 
might we ll ask the qu es tion , "Of what 
redeem ing socia l va lue is th e latest 
list ing of Sta r T rek?". 

T he Pong-Trek-Toe m entality seems 
to be ubiquitous; li f t any m agazin e cove r 
and un de rn ea th, in the t abl e o f co ntents, 
will be fo und an arti cle deal ing w i th 
games wri t ten in BASI C. 

Thi s is m ost assured ly not an attack 
upon BYTE magaz ine. It mos t assured ly 
is an at tack upon t he paucity of imagina
t ion man ifested by m icrocom puter 
owners. 

For every ten se ri o us arti cles appear
ing in BY TE whi ch are devo ted to the 
embarrassment of riches in hardware 
being pl aced within reach, t here is per
haps one ser ious and informative ar t icle 
devo ted t o software co ncepts. T he term 
"co ncep ts" should be em phas ized; an 
asse mbl y language li sting for a speci f ic 
mi crop rocesso r is no t t he express ion of a 
concept. 

T he lack of interest in soft ware con
cepts co upled wi th the overwee ning 
interest in am usi ng t riv ia does not speak 
we ll fo r the present state of the amateur 
group, from which emanates a great tal k 
about " being in the vanguard of a revo lu
tio n." Most of thi s ta l k is va inglor ious 
nonse nse. 

A t the present t im e, t he o nl y groups 
do ing things worth y of th e ad jecti ve 
" revo lu t io nary " are th e mi croprocesso r 
manu fac t urers and the microcomp ute r 
sys tem designers. For the pu rchaser of 
such riches to si t around pl ay ing Sta r 
T rek in BAS IC bo rde rs on the pe rverse; 
to ascr ibe to such apathetic behavior 
the wo rd "revo lu t ionary" is a car icature . 

I t see ms that the amateur group has 
bee n handed BA SI C on a si lver platter 
and is co ntent to view i t as the program
ming language. T hi s is uni magin ati ve at 
best. 

T he reaso n fo r bein g of mi crocom
puter BASI C is simp ly to prov ide a 
wo rk ab le language so that peop le wil l 
bu y microcomp ute rs. Insofar as I k now, 
no one has eve r claimed t hat BAS IC 
uses the reso urces of a syste m orga ni zed 
in 8 bit words to its max imu m benefit; 
BAS IC has appeared on the m icrocom
pu ter sce ne simp ly by defau l t. It works 
and i t is easy to learn and use. I t se lls 
mi crocom pu te rs. 

If Star Trek is the desi red goal of ou r 
co llec t ive amateur am bi tio n, th cn BAS IC 
is suffic ien t; we nee d look no furth er. 

However, i f we w ish to exp lo it the 
li m i ted resou rces of th e microcomp u ter 
in spec i f ic ways, lookin g towa rd speci f ic 



nontrivial goa ls, the n new programmin g 
languages sho uld be wri tten . Th ere 
surely exis ts a divers ity of ideas as to 
what constitu tes good mic rocomputer 
programming languages. Attemptsshou ld 
be made to impl eme nt these ideas. We 
ca nnot sit back and wait for commerc ial 
organ izat ions to do all the develo pment. 

Most of all , we need software co n· 
cepts. Memory management co ncepts. 
Data man ipulat ion conce pts. Algori th ms 
for mathematica l functions. 

What is a heap? How does it work? 
What does its prese nce impl y about the 
phil osophy of a language wh ich uses it? 

If, for eve ry page devoted to Star 
Trek li st ings and other co mpatibl e 
endeavors, BYTE publi shed a page 
devoted to software co ncepts, then we 
wou ld all soo n be the richer. 

However, BYTE magazine ca nnot 
prosper by se rving up beefsteak if the 
readership is clamo ring for ca nn ed pork 
and beans. 

From tim e to time, in var ious maga· 
zin es such as BYTE, th ere appear wi ld· 
eyed letters to the ed itor accusing th e 
programming profession of clannish ness, 
a lack of willingness to share ideas, 
sec retiveness and a general depravity. 
Such Ict ters al ways imply that we, 
the amate urs, are pure of heart and clean 
of hand . Is this true, or is it ra th er that 
we are so numbed by sitt ing arou nd 
playin g with BAS IC (implemented by 
profess ional programmers) that we really 
iust don't have much of any deep worth 
to share with each other, and seek to 
hide t he fact by free ly sha ring what little 
we do have. Perh aps purity of heart and 
clean liness of hand grow as the in verse of 
the amount of real knowledge wh ich is 
ava il ab le for sharing. 

Wh y the great emph as is upon BASIC ? 
One wou ld th ink th at most mi crocom
puters are hard wired for it . Have we no 
alternative id eas to exp lore? Is the 
fixation upon BAS IC a resu lt of its 
inh erent super ior ity as a program ming 
language for microcomputers, o r is 
it due to a la ck of knowledge concerning 
possible alternat ives? Th e set of "pos
si ble alternatives" is not the universe of 
FORTR AN. We do not need FOR
TRA N. We do not need mini aturi zed 
versions of languages originall y des igned 
for imp lementat ion upon much more 
soph isticated hardware. We need lan
guages based upon th e material at hand: 
8 bit wo rd length microprocessors with 
relatively primitive instruction sets. 

Whil e the Micro-Soft venture into 
APL represe nts a nob le undertaking, it 
nevertheless em bod ies the faulty reason
ing that, " If a langu age implemented on 
big computers is a good th in g, then its 
impl eme ntation on a mi crocomp uter 
must be equa ll y good." In a 64 K sys
tem, what percentage of memory is 
required to support APL? What is left 
over for the user? 

The microcomp uter need s software 
wh ich is co nce ived of in terms of th e 
microprocessor. We, the amateurs, need 
to get up off our hind legs and do some 
thinking about language concepts. 

In the fu ture, is th e persona l micro
compute r to be regarded as a too l for 
lear nin g, or is it to be a toy in front of 
which the owner sits, glassy eyed, 
playing the latest game writtcn (by 
so meone else) in BASIC? 

Jack Cluff 
34-57 73rel S t 

Jackso n Heights NY 11372 

What Are Riche s For, If Not to 
Enioy and Prosper By ? 

Regarding th e BYTE magazine con
tent, I seem to hear comments from all 
direc tions concerning too much of this, 
too much of that, no t enough of this. 
Some say too much hardware, some say 
too much soft\Vare - so the conclusion 
can only be that the balance is a good 
approx imation of what is needed. 

No one ever seriously should thinl? 
of FORTRAN or BAS IC as th e "be-all 
and end-all of high level languages." 
We do have demonstrated interest and 
familiarity on the part of users with 
th ese languages due to th eir widespread 
past usage. But, if you \Van t to IVrite an 
interpreter or compiler, starting lVith 
an ex isting language is a shortcut (quite 
independent of marketing considera
tions) that bypasses th e need to generate 
an unambiguous grammar and precise 
semantics of a new languoge from 
scratch . 

Of course, the ultimate is to use an 
already established language fo r which 
you have an interpre ter or compiler. 
The fact that I can use my BA SIC for 
an occasional recreation or gome by no 
means prohibits my use of thai lan
guage (or such "unnatural" things as 
systems programming. I Imolv of at 
least otie 8080 assembler written in 
BASI C, running on an Altair 8800 
floppy dis!? system at CI local college. 

Another point worth closing on: 
Mosl professionals are really amateurs 
who haole cleverly arranged things 50 that 
they get paid for what they lill e to cia. 
The spirit of involvement with the 
activity, doing it "right" by some 
standard, is IVhat counls ... CH 

1001 TALES OF 
ARABIAN BYTES? 

Thank yo u for a ve ry intercst in g 
magaz in e. I am a recc nt subsc ri ber hav in g 
iust rece ived my first two iss ues, January 
and Feb ru ary 1977, forwarded to me 
from Texas . I am unwillin g to wait 
for boat ma il. Wh en subsc ripti ons are 
ava il abl e by air ma il to Saud i Arabia I 
will enter a subscr ipt ion immcdiate ly 
regard less of the mai l rates. 

I have a small system running and am 
interested in all art icles about Altair bus 
or iented prod ucts and 8080 software. 

John R Fogle Jr 
Box 403, c/o Aramco 

Abqa iq SAUD I ARAB IA 

See the .subscription card for foreign 
air mail rates . • 
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Microcomputers 
Microprocessors 

Made Easy! 

MICROCOMPUTERS/ 
MICROPROCESSORS: 
HARDWARE, SOFTWARE, 
AND APPLICATIONS 

John L. Hilburn and Paul M. Julich -
both of Louisiana State University 

Ideal reference for anyone involved 
with the design , use, or maintenance 
of systems using microcomputers, 
including those who have not had a 
formal course in digital logic. 

Contents: Introduction. Digital Logic. 
Number Systems and Codes. Micro
computer Architecture. Software. In
terfacing and Peripheral Devices . 
Microprocessors and Microcomput
er Systems. Design Methodology and 
Appli cat ions. Appendices. Index. 

1976 368 pp. Cloth $16.50 

MICROPROCESSOR 
SYSTEMS DESIGN 
Edwin E. Klingman - Cybernetic 
Micro Systems, Palo Alto , California 

This landmark book in microproces
sor systems design covers the spec
trum from gate-level hardware all 
the way to language translation and 
interpretation. 

Contents: Microprocessor Systems 
Design - An Overview. Information 
Devices . Information Storage De
vices . Coding and MSI Building 
Blocks. A Central Processor Unit 
Instruction Set. An LSI Central Pro
cessor Unit. The Memory Subsys
tem. The I/ O Subsystem. Languages 
and Language Translation. Address
ing Structures. I/O Structures and 
Techniques. Interrupt Structures. Di
rect Memory Access Structures and 
Techniques. Microprocessor Archi
tectural Themes. Appendices. Bib
liography. Index. 

1977 480 pp. Cloth $17.50 

For further information, or to order 
a copy of either of these vital texts, 
please write to : Ben M. Colt, Pren
tice-Hail, Inc., Englewood Cliffs, New 
Jersey 07632. 

Pri ces subject to change withou t notice. 

Pr~ntic~·H811 



APL 
Character Sets 

The letter from Roderick Montgomery 
concerning the avail ab ility of a specia l char
acter set for APL sta rted some though ts on 
the subject. 

Lack ing the ava il abi li ty of a PROM type 
character generato r, there are other ways to 
do the job. The methods that come to mind 
are building up a generator out of standard 
bipolar ROMs, or using ordin ary program
mab le memory parts whi ch wo uld be loaded 
by the co mpu te t· at APL initiali zat ion time. 
The lattet· idea is especiall y appea ling to me, 
sin ce it wou ld all ow special characters to be 
carri ed into the machine as part of the 
program. Alth ough this wou ld require some 
programming, it wou ld not use up main 
memory space because it would be read 
directly in to the character generator. 

Charles J Billwiller 
2313B Sierra Madre Ct 

Rancho Cordova CA 95670 

The use of reprogrammable character 
generators for television displays is starting 
to occur in products. One of the first 
products seen in advertising with this feature 
is the ECD Corporation 5 computer product, 
which has just such a user memolY definable 
character generator. This technique has also 
been used by several video games manufac
turers to achieve high resolution regions for 
graphics on a TV raster. -

Is This a Valid Hot Board 
Placement Procedure? 

A reader has suggested the fo ll owing 
proced ure to allow one to plug in and 
remove a circuit board while system power is 
maintained. We'd app rec iate comments from 
some of the hardware oriented readers in the 
audience about the safety of this algorithm: 

Removal of board : 
O. Halt processor to avo id software 

carnage. 
1. Connect jumpers from main supp lies 

to board terminals to retain power 
during rem oval. 

2. Remove board with ca re about align
ment. 

3. Remove jumpers to power down the 
board. 

Insertion of a board: 
O. Power up the board with jumpet·s f rom 

main supplies. 
1. I nsert board carefu lI y to ensure proper 

alignment of edge con nector. 
2. Remove jumpers. 
3. Restart processor. 

The use of a para ll e l supp ly connection to 
the board during removal and insertion 
operations guarantees that the integrated 
circuits will be powered up befo re any low 
impedance driving voltages reach the inputs 
of onboard gates. A ga te ca n be blown if 
voltages are applied to its inputs prior to the 
supply voltages. The common ground of the 
supply also elimi nates static voltage dif
ferences between the two boards. -

SWTP 6800 OWNERS-WE HAVE A CASSETTE 1/0 FOR YOU! 

The CIS-3Ot allows you to record and playback data using an 

ordinary cassette recorder at 30, 60 or 120 Bytes/Sec.! No Hassle! 
Your terminal connects to the CIS-3Ot which plugs into either the 
Control (MP-C) or Serial (MP-S) Interface of your SWTP 6800 
Computer. The CIS-3Ot uses the self clocking 'Kansas City'/Biphase 
Standard. The CIS-3Ot is the FASTEST, MOST RELIABLE CAS
SETTE I/O you can buy for your SWTP 6800 Computer. 

PerCom has a Cassette I/O for your computer! 
Call or Write for complete specifications 

[~Efm(JMl 
PerCom Data CO. 

P.O. Box 40598 • Garland, Texas 75042 • (214) 276·1968 

PerCom - 'peripherals for personal computing' 
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lOO LOCAL AUTO 

@600 ~ • ~ ~ ....,.. 
1200 l1NE ON 

IJERClOM 

Kit - $69.95* 
Assembled - $89.95* 

(manual included) 
* plus 5% f/shipping 

• IANkAMERtWD 

TEXAS RESIDENTS ADD 5% SALES TAX 



Sce lbi 's "6800" Software Gourmet Guid e & 
Coo k Boo k, by Robert Findley, Seelbi Com
puter Consulting Inc, Milford CT, 79 76, 
5f;? by 8f;?, 226 pages. Softbound, $9. 95 
postpaid. 

I suppose everyone who writes asse mbl y 
language programs whieh eventu ally wor'k 
becomes co nvin ced he or she is the Wor ld's 
Gr'eatest Programmer. At least I do. Lu ckily , 
there are boo ks like Seelbi's "6800" So ft
ware Gourmet Guide & Cook Book to 
re mind us how big th e world rea ll y is. 
Author' Robert Findley and assoc iates at 
Seelbi have co ll ected here a number of 
program min g tr icks which will in te rest 
almost any 6800 use r. 

Foll owing a descriptio'n of the 6800 
in structi on se t and some ge neral techniqu es, 
the author discusses conve rsion, fl oat in g 
poin t and dec imal ari thmeti c, input all d 
outp ut operati on';, sea r'ch and so rt routin es . 
Want an edit progr'a m7 Many of the pi eces 
are there: memor'y clearin g, transfe r of a 
section of me mor'y, ideas fo r sea r'eh routin es . 
Need to process in te rrup ts? Th e 10 chapte r 
has a di scuss ion of interrupt process ing 
whi ch will be usefu l to anyone usin g the 
Motorola MI KBUG operat ing syste m read 
onl y memory. A chapte r' on co nve rsion 
routines co nta ins soft ware fo r ASCII to 

Circl e 55 on inquiry card . 

MULLEN COMPUTER BOARDS 
BOX 6214, HAYWARD, CA 94545 UVE ) 

:Jlili\l<. I ... /CPiO '· ... 
- ISOI.aR • E coNTao.. e 
;I IQUDsn7 ." 
• 8 fast reed relays respond to an 8 bit word: Feed II 
- the relay associated with its bit a "1 " and it closes, give it i 
.. a "0 " and it opens. Also, 8 opto-isolators accept an 8 bit 

Z word from the outside world and send it to your com · 

III puter fo r handshaking or further control purposes. I 
• Especia lly suited for model railroad, burglar alarm, 
• audio sw itching, ham radio, music synthesizer, and auto· 
~ mated displa y applica ti ons, thi s board goes w herever 0 
." you need a genera l purpose 1 / 0 switching gizmo. 

: EXTENDEI i 
~ 80AID ~ 
,. WI LOGIC 
;; PI08E$3S ~ 
~ K 
~ W hether for trou bleshooting or analysis at some point CIt 
tit you' II need an extender board. Ours offers a built - in log ic C 
~ probe, special edge connector that allows clip lead probing, S 
- jumper links in all supply lines, a non-skid probe ... plus n good instructions and a rea listi c price. 

Q I 
~ Boards are kit form only. Cal res add tax. ~ 

-"TilLE • AVAILAlLE IY M'-' 

~ Boards DO Something 
CL2400 

Real Tim e Clock 

S9B- Kit S135- Assembled 

" your system needs to know what time it is , our CL2400 is 
the board lor you. Th e present tim e in hours, minutes, and 
seco nd s is always available for input , and is continuously 
updated by the highly accurate 60 Hz power line frequ ency . 
Need peri odic interrupts? The CL2400 can do thaI, too , at any 
of 6 rates. Referen ce manu al with BASIC and assembly 
langu age software examples included. 

PC3200 
Power Control System 

PC3232 S299-Kit 
PC3216 S1B9-Kit 
PC3202 $39.50-Kit 

S360- Assm. 
S240- Assm. 

$52- Assm. 

If you r system needs onloll control 01 lights, motors, 
appliances, etc ., our PC3200 System components are lor 
you . Control boa rd s allow one I / O port to control 32 (PC3232) 
or 16 (PC3216) external Power Control Units, such as the 
PC3202 which controls 120 VAC loads to 400 Watts . Optically 
iso lated, low voltage , current- limited control lin es are 
standard in this growing produ ct line . 

c n n,,'t elL -. 
" Rea l World Electronics " 
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P.O. Box 516 
La Canada , CA 91011 

(213) 790-7957 

Circle. 56 on inq uiry card . 



Circle 57 on inquiry card, 

That's right, if everybody who read this ad for 
our BASIC SOFTWARE VOLUME 1 album 
would order one, we'd be sold out! Includes 
lots 'n' lots of your favorite Basic programs 
such as LUNAR LANDER and BLASTOFF!, 
plus new ones like MAILING LIST, FOURIER 
FIT and AMPLE ANNIE, Plays through your 
Tarbell, Kansas City or Altair cassette inter
face (we coded all three ways). Or make 
cassette copies. Only 6 bucks. Don't be a 
dummy, order today! Satisfaction guaran
teed or money back. 

$6 to: SOFTWARE 'RECORDS 
PO BOX 8401-B 
UNIVERSAL CITY, CA 91508 

MI,..I COMPUTER SUPPLIERS INC. 
SPECIAL OFFER Expires 30 Days 

MFG. LIST OUR PRICE 

*DEC LSI-ll KDll F 

*IMSAII-8080 Kit 

*POLY 88 System 2 Kit 

"Sorry. limit One Item Per Customer 
Add $8,00 Shipping and Handling Charge 

755 
599 
555 

MCS serving the mini/ micro industry since 1973 
25 Chatham Road· Summit, N.I. 07901 • (201) 271-6100 

• PLEASE SEND ME N. J. RESIDENTS ADD 5% TAX 
• • • • • • , 
• • • • • • • • • • • • • 

D KDll F D IMSAI KIT D POLY 88 KIT 
NAME _________________ _ 

STREET ________________ _ 

CITY STATE ____ ZIP __ 

I ENCLOSE D CHECK D M.O. AMOUNT __ _ 
D BANKAMERICARD # ____ EXP. DATE __ 
D MASTER CHARGE # EXP. DATE __ 
INTER BANK # ___ _ 

• SIGNATURE _______________ _ 

, : BE SURE TO INCLUDE $8.00 FOR SHIPPING & HANDLING 

••• Mini Computer Suppliers Inc. lell 
25 Chatham Road· Summit, N.J. 07901 .,., " 

Dept. B (201) 277-6100 0 

•••••••••••••••••••••••••••••••••••••••• 
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Baudot, as well as the more usual BCD to 
and from binary. 

For me, the best was chapter 5, "Floating 
Point Routines." Although (as the author 
notes) there are places where the code could 
be shortened, it is not that bad: a complete 
add, subtract, multiply and divide package 
(with conversions to ASCII, and from ASCII 
to floating point) in about 1.5 K bytes of 
relocatable code. The entire package is 
assembled (the only assembly in the book) 
with a hexadecimal listing in an appendix. 

One reason the code is so short is the 
extensive use made of the index register. The 
stack, on the other hand, is not used at all 
(exce pt for the automatic usage implied by 
each subroutine linkage). Since 6800 in
dexed addressing is rel atively slow, do not 
expect the floating point package to be fast. 
Yet, it's not bad: Floating point multiplica
tion, for example, takes a little more than 
800 cycles, not quite 2 ms on a SWTPC 
6800 system. 

One curious feature of the 4 byte floating 
pain t word fOl"mat used here is that the 
words are stored upside down, that is, if the 
least significant byte of the mantissa is 
stored at word N, then the rest is stored at 
N+l and N+2 (with the sign being the most 
significant bit of byte N+2). Th e two's 
complement power of two exponent is 
stored at N+ 3. Th is is the wrong ordel' for 
the 6800 for the following reason: One 
(tricky) way to increment a 2 byte word is 
to transfer it to the index I'eg istel' and 
increment that. The authol' knows this tl"ick 
(as shown on pages 3 to 5), but apparently 
does not know that the index register load 
instruction LDX transfers the 16 bit con
tents at memory location M so that the most 
significant half of the index register contains 
the contents of M, and the least significant 
half contains what's in M+1. Thus, the least 
significant byte needs to have a greater 
address. The division program on page 5 to 
19, for instance, might be shol"tened and 
speeded up by using this trick; to do so, 
however, would require storing the mantissa 
bytes in the opposite order, and rewl'iting 
the program. 

The book will be of most use to program
mers who employ an assemblel' pl"Ogram, 
since most of the ideas are presented in 
symbolic source langu age form. (The major 
exception is the floating point package.) The 
book is well , written and, considering the 
diversity of topics, well ol'gani zed. As a 
source of ideas, it is inex pensive at $10.-

Jack Bryant 
Mathematics Dept 

Texas A & M University 
College Station TX 77843 



Note .... Scelbi also publishes an "8080" 
Software Gourmet Guide & Cook Book 

d , dobbs journal of $1.50 
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Dr Dobb's Journal of Computer 
Cal isthen ics and Orthodontia. Published by 
People's Computer Company, Box 370, 
Menlo Park CA 94025. Sinqle issue, $1.50,
one year (J 0 issues), $ 7 O. 

Published by the p~ople who brought you 
the Computer Faire, this toothsome periodi
cal serves up an amalgam of fil!ing software 
listings and highly spiced commentary to its 
monthly readership. Dr Dobb's journal 
(Dr Dobb is disguised as editor Jim Warren) 
serves as a cle.aringhouse for new software 
information and the publication of such 
royalty-free programs as BASIC interpreters 
for use by readers. Because it is a nonprofit 
journal, DD j accepts no advertising but does 
print new product information as a service 
to readers. Editor Warren has attempted to 
bridge the gap between computer profession
als and amateurs, and does not eschew the 
occasional biting remark in doing so. In 
Robert Bench ley's immortal phrase, the 
tooth, the whole tooth and nothing but the 
tooth about Dr Dobb 's journal of Computer 
Calisthenics and Orthodontia is that it can 
help make your computer an indentured ser
vant. That abo ut caps off this review ... eM 

Fundamentals and Applications of Digital 
Logic Circuits by 501 Libes, Hayden Book 
Co, Rochelle Park Nj, 7975, 784 pages. 
Paperback, $6.95. 

If anyone were to ask me to pick a 
particular book from my computer book 
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IBM SELECTRIC 
TYPEWRITER 

INPUT OUTPUT 
CONVERSION KIT 

Easy to install on any 
IBM Selectric I and II, 
providing quality hard 
copy output for all 
microprocessor devices. 

PRICE .... $395 

EDITYPER SYSTEMS CORPORATION 
A SUBSIDIARY OF TYCOM CORPORATION 

26 Just Road, Fairfield, New Jersey 07006 (201)2274141 

M6800 ADVANCED 
SYSTEMS SOFTWARE RT/68@ 

RT /681P is mask-programmed on a 6830 ROM that 
replaces the Mikbug* ROM in your SWTPC 6800, 
Motorola Evaluation Module, etc. It is a powerful real 
time, multiprogramming operating system with many 
versatile system functions. RT / 68<0 can support up to 16 
concurrent programs at 8 priority levels. 

MICROWARE has improved the Mikbug* functions, 
added four more (Dump, Exec, Sys, Bkpt) and made tape 
load and punch program-usable. RT /68<0 is designed so 
programs that use Mikbug* I/O don't require changes. 

• POWERFUL REAL TIME EXECUTIVE 

• 100% SOFTWARE AND HARDWARE COMPATIBLE 

• IMPROVED CONSOLE MONITOR 

• EXPANDED PROGRAM DEBUGGING FEATURES 

• SUPPORTS AUDIO CASSETTE 1/0 
• COMPREHENSIVE MANUAL INCLUDES SOURCE 

LISTING 

• IMMEDIATE DELIVERY 

ORDER RT68MR ....... ... ... .. $55.00 ppd. 

THE MICROWARE CORPORATION 
p.o. BOX 954 Des Moines, Iowa 50304 
Write or use reader service card for free brochure . 
Phone Orders (515) 279-9856 
BankAmericard and Mastercharge give all info on card. 
Mikbug* is a trademark of Motorola, Inc. 
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Circl e 61 on inquiry ca rd . 

Your Mail Order Computer Shop ... 

IMSAI8080 kit with 22 slots (limited quantity) ...... $645.00 
TDl Z·80 ZPU (the one with full software available now) 242.00 
Edge Connectors and guides for IMSAI each . .. . . . . . . 4.25 
Edge Connectors and guides for IMSAI10 for .. . . . .. 40.00 
Vector Graphic 8k RAM kit with 500 ns chips .... .. 225.00 
Seals 8k RAM kit with 250 ns chips ......... .. . ,' . ,. 260.00 
North Star complete M icro-Disk System kit , . . , 599.00 

II 
WE TAKE 

MASTER CHARGE OR BANKAMERICARD 
For phone and mail orders" , 

(Add 4 % of TOTAL ORDER for servi ce charg e) -BAHKAMERICARD ... 
TERMS: Shipping charges - $10, per CPU or large un its, $1,50 per kit, 

$2, minimum per order. 
Provided stock is available, we will ship immediate!y for payment by 
cashiers check or money order. 
All ow 3 weeks for personal checks to clear, New York State res idents 
add appropr iate sales tax, 

PRICES SUBJECTTO CHANGE WITHOUT NOTICE, 

Forthe best prices avai lable on: 
IMSAI • TDL • NORTH STAR • POLYMORPHIC 

TARBELL • SEALS ELECTRONICS 

CALL: (315)637·6208 
WRITE: P.O. Box 71 • Fayetteville, N.Y. 13066 
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library and say, 'This boo k gave me my 
money 's worth," I would have to say that 
the boo k would be Fundamentals and Appli
cations of Digital Logic Circuits by Sol 
Libes. Anyone wh o is ju st starting to leam 
about digital electroni cs or computers 
should make it a poin t to stud y this boo k. 
Mr Li bes has taken a multi tude of re lated 
subjects and blended th em into a tex t th at is 
easy to und erstand and just as easy to 
fo ll ow. In addition to the tex t, the book 
provides revi ew ques ti ons at the end of each 
chapter and problems related to th e tex t fo r 
the reader to solve. 

Rather than jumping right into di gital 
logic, the author starts out with the prin
ciples of se miconductors to show, in detail , 
how they function. Then, after th is short 
course on se miconductors in the fi rst chap
ter, th e second chaptel' famili ari zes the 
reader with binary numbers and coding 
systems. This particul ai' chapter also shows 
ho w to conve rt numbers fro m one sys tem to 
another and touches on the Gray code. 
Th ese first two chapte rs establi sh the 
foundation fOl" a grea t dea l of th e in fo rma
tion the reader will rece ive from the re
mai nder of th e boo k. 

During th e next fo ur chapters the reader 
learns the basic fund amenta ls of logic gates, 
flip flops, counters and reg isters, and arith
metic logic circuits. Throughout th e boo k 
each fundamental is illu strated and di scussed 
in grea t detail. Th ro ugh these same well 
do ne illu strations the reader next lea rns 
about va ri ous pulse sources and cloc k sys
tems used in compu te l·s. Furthel', the auth or 
goes on to ex pl ain such dev ices as read onl y 
memories, as well as inpu t and output 
equipment for compu ters. 

Co ntinuing with thi s stage-by-stage pro
gressi on, the auth or then enlightens readers 
about the circuitry and theory of digital to 



analog conversion. This tenth chaptel' also 
deals with multiplexing and digitally con
trolled ana log devices. Fin ally, in the last 
two chapters of his book, Mr Libes shows 
the reader more of the appl ications aspect of 
digital logic circuits. These two chaptel's 
ex pl ain the different types of circuitry used 
in digital voltmeters, multimeters, calcu
lators and computers (th e latte r being a 
Digital Equipment PDP-8/E). 

Throughout the book the reade r is taken 
in step-by-step fashion from the basics of 
transistor workings to circuit ap plications in 
working digital machines. As a result, thi s 
book is one from which the beginner will be 
able to learn the fundamentals and build o n 
them afte rwards.-

Michael P Reardon 

17 Earl Ln 

Rothsville PA 17573 

~YTE's ~its 
ACM Pacific 77 Conference 

Small comp uters, from program· 
mabie handhelds through mini and micro 
networks, are the s ubject of technical 
papers sought for this year's ACM PAC
I FIC 77 confere nce of the Association 
for Computing's Pacific Region c hapters . 
The San Francisco Bay Area meeting will 
be held at San jose's LeBaron Hotel jul y 
28 to 291977. 

"Exp loring the Small Computer" is 
th e theme of the co nference which is ex
pected to range in coverage from per
sona l comput in g through small business 
appl icat ions a nd from compute r parts 
and peripherals through bullet proof 
software . Papers w ill be presented on 
new developments in software and hard
ware in these areas and on minilanguage 
processors, miniperformance predictions, 
microoperating systems, multimicropro
cessor sys tems, packaging of software for 
sale, portab le m icrosoftware an d soft
ware engin ee ring "in the small." Papers 
on trends in software and current appli
catio n, on the future of m inis, and on 
related small computer topics are also to 
be presented. 

Peter Szego, Ampex Corporation, 
is Gen era l Chairman of this yea r's re
gion al confe re nce, w hich is jointly co
sponso red by the Association's Pac ific 
Region, Penin sul a and Golden Gate 
Chapters. In fo rmal sy mposi a, workshops 
and in vited papers are expected to be 
sc hedul ed for the meeting in addition to 
the technical paper sessions. Special 
co nference feature will be a n evening 
"hobby comp uter" session, to be 
arra nged by jim Warren, editor of th e 
home computer users magazine, Dr 
Dobb's Journal of Computer Calisthenics 
& Orthodontia . • 
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21 START-AT-HOME 
COMPUTER BUSINESSES 

in the shoestring; start-at-home 
computer business hand book 

CO NSULTING .PROGRAMMING .SOFTWARE PACKAGES .COM 
FREELANCE WR I T I NG • SEM I NARS. TAPE/D I SC CLEAN I NG 
FIELD SERV I CE. SYSTEMS HOUSES. LEAS I NG.SUPPL I ES 
PUBLISHING.TIME BROKERS. HARDWARE DISTRIBUTORS 
SALES AGENC I ES. HEADHUNT'I NG. TEMPORARY SERV ICES 
USED COMPUTERS. FINDER'S FEES. SCRAP COMPONENTS 
CO MPUTER PRODUCTS AND SERVICES FOR THE HOME 

Ttl1i .5 HDI'Sntll'tQ , 

I l ltln ,A1 , \i0 14 i- · 

'\C(l/1lP"J!N ! 

~~~~~:~k I 

Plus - - hundreds of id e as on 
moonlighting, going full-time, 
imag e building, revenue building, 
bidding, contracts, marketing, 
professional ism, and much more. 
No career planning tool lik e it 
eve r pub 1 ish e d. 0 r d ern ow and i f 
you1re not completely satisfi ed, 
send it back wi th i n 30 days for 
a full and immediate refund. 

.8~ X II ringbound .113 pp .• $12.00 

-----------------------
D A T AS EAR C H 730 WAUKEGAN ROAD· SUITE 108 

I ncorporated DEERFIELD, ILLINOIS 60015 

Rush copies of "The Shoestring Star At-Home 
Comp;;-t;r Business Handbook to me right ' away -
NAME /C OMPANY __________________________________ __ 

ADDRESS ____________________________________ ___ 

CITY /S TATEIZ I P 
[]CHECK ENCLOS~E~D~[]~B7A7.N~K7A~M~E~R71~C7A~R~D~[]~M7A~ST~E~R~CH~A7R~G~E~ 

#--------------------------------

PRAMMER 
bV XYBEK 

An extraordinary 2k memory board 
for your Altair-bussed computer 

* On-board 1702A P ROM programmer 

* 256 bytes of RAM plus space for 1792 bytes of rea d · 
only memory (seven 1702A EPROMs) 

* Supp lied with one 1702A, pre·programmed with 
sta nd ~alone program ming software no sense 
switches are used 

* Supp lied w it h programming power supply 

* PRAMMER's own on · board c lock makes it compatible 
w ith almost any Altair-bussed system. 

* A II read and write sequences are generated via an 
board micro -programmed state machine, thus 
e liminating a ll one -shots . . 

* Complete 1 702A programm ing in 18 seconds 

* In c ludes comp lete listings for PRAMS YS, an eleven · 
function development system. 

COMPLETE KIT: ...... . 
Assembled and tested: . , ... . 

Imm ed iate (off-the ·shelf) delivery 
California r es id ents please add sales tax. 

.$209 

. $289 

COD, Master Charge, BankAmericard a nd Visa accepted. 

XYBEK • P.O. Box 4925 • Stanford , CA 94305 
Telephone: (408) 296-8188 
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Dr Welles' Economy Floppy Disk Drivers: 

Machine Readable Object Code 
Last month, we published Kenneth 

Well es' article on the driver software for his 
Economy Floppy Disk. This issue, we con
tinue that article with the machine readable 
bar code representation of the object code 
for the programs. These programs were pre
sented as complete sy mbolic assemblies of 
the programs on pages 92-96 as "listing 1" 
of Dr Welles' article in June 1977 BYTE. 
The materials presented here are: 

Figure 7: Bar code representation of the ob
ject code. This block of machine readable 
bar codes contains information in the fol
lo wing format in each line of bars, which we 
call a "frame:" 

• Sync character, binary 70070770 
• Frame checksum, 8 bit summation 

of all remaining bytes in the frame, 
ignoring carry out of the high order 
bit. 

• Relative frame indentification, 8 bit 
ascending integer enumerating 
frames in the block of bars printed 
here. 

• Length of frame, 8 bit number, "n ", 
giving the number of data bytes to 
follow. 

• Data of frame, a total of "n" bytes 
as follows: 
• High order byte of 2 byte data 

'address field. 
• Low order byte of 2 byte data 

address field. 

The bit level format of the data is as follows: 
Each bit is defined by a bar and its following 
space. If the bar width is equal to the follow
ing space width, the data is a 0 bit; if the bar 
width is three times the following space 
width, the data is a 7 bit. 

And a Bar Code Bug . . . 

Than ks to the efforts of Ken Budn ick, we 
found one fa irly serious error in the gener
ation of the texts printed in the March and 
May BYTEs. Ken has implemented detailed 
scanning programs for several micropro
cessors and one antiq uated second ge ner
ation machine and has tested them with a 
bar code reader design by Fred Merkowitz. 

The bug, which Walter Banks has since 
corrected in the photo typese tter driver pro
grams he used to create the tex ts, is as 
fol lows: th e checksum fi eld of the bar code 
frames printed in those two issues omitted 
the frame identiFicatio n by te and the data 
length byte fro m the ca lcu lation, Thus, to 
verify the checksum ac tu all y genera ted 
in the object text of the Tiny Assembl er 
and the Bar Code Contest str ing, onl y the 
data f ie ld shou ld be used to ca lcul ate thi s 
sum. Th e present bar code text generated fo r 
Dr Welles' fl oppy di sk driver routines ca lcu
lates the chec ksum properly, and future 
examples will reflec t thi s f ix as well.-

Table 7: Confirmation copy. This table, 
which was created by the same computer 
driven typesetter which prepared the bar 
code copy, contains a complete listing of the 
object code in tabular form . This table is not 
a direct mapping onto the bar code frames; 

' it was set with fixed length lines, preceded 
by an address value for the first byte on the 
line. 

noon E.l F5 C~ D5 7 1- 2.1 ,. ) F 5 2 1 II< 00 C O 4 5 Ull ,. , CI) 
0010 IF 00 1:1 1)1 C I ,- , 1: .1 ('9 (1) CIA 45 51 5:! H 11 2 ,. " 
0010 DE 20 el'> no nO ,- , ,. ) HI' OF OF OF c n 3) Ill) )- , CD 
00.10 .1 .1 00 CC) F5 ,-(, OF cr. 30 ,· F 31\ f)A J F on Ct, 11 7 41-
0040 en 00 00 F I C9 71: 11 7 CS F 5 Efl 7F 4F CD flO 00 ,. , 
0050 F8 2.' CJ 4;' no 
FOOn FJ 06 O:! C5 en 15 " (1 CO /iF 1:0 C l eM 0 ." 1-"2 01 H I 
EOID CD 00 on 01 CQ -,,\ 65 E2 CD l B 1: 1 2 1 4U 1-1 A '- 06 
[OlD 10 77 n 05 C1 1 1 ' -0 .H R l 1;\ 6(, F2 11 H I <~ 1 1 
FOJO SA E2 CD FJ " 0 1:11 n n '-.1 CO Ox EI CD 09 " 2 II 
FO.JO .H' 01 1 1 411 I":! AF 11.' I- I \ 1\ -til FJ F6 (J ,\ 41 C I> IA 
': 050 172 7Q n J '-.1 ,-(, FD n J n DJ F-t 71: DJ H) n i B 7A 
fOhO OJ C2 5R I-n .lA -H. E2 Fr. F 7 f)J FJ .12 -t6 1: 2 C9 CO 
F070 .\) EO CO 21 7" EJ II 5 B 1-.2 06 no I A RI- CO 1.1 2.1 
FOSO 05 C2 7 11 1: 0 cq FJ CD AJ 1·0 cx cn 1\.1 1: 1 cn 11 2 /. 1 
E090 CD AJ EO CR C Il R2 U C D AJ 1: 1 CD AJ EO CS CD no 
EOAO 00 02 (9 JF cn .12 4 5 1:2 CD n4 EO CR 21 ·15 1: 2 ' 5 
EO RO FR Col AX 1: 0 ' 1\ -tA n CD 21l F l CD OX E I CD (1) 1: 2 
EOCO Il i A 01 21 75 FJ JE X I DJ F2 CD l A [2 DB FJ Dil 
I::ODO F-I DR FO 77 2.1 III 7A 11.1 C2 CF EO 21 75 I' ) CD FJ 
EOEO EO _lA Jr\ F2 .12 7F 1' .1 2A Ke 1: -1 CJ ED EO 7(' 92 C O 
EOFO 7D 9) C9 01 160 1 II no 00 71: 1:5 C5 ,\B -1 7 OF OF 
FIOO OF OF -IF AR Ft. Fn ·\A t.F 79 0 7 Eb IF AO 6 1-" 1M 07 
E IIO E6 0 1 A ·\ An 57 7Q E6 OF AX 5F 79 AX 07 E6 1:0 An 
EI20 SF C I 1:1 2.1 on 7R III ('2 F9 FO ('9 FF OX /' 2 K5 1: 1 
E I JO 2 1 J/\ E2 I1 ECS n [5 olE OK BE FA -l(' EI -IE 0(' on 
EI40 09 2J ] 1\ 47 1:2 77 OJ F(I EI F I 77 4F OF OF OF -'2 
EI50 ·H E2 DJ FJ nR FI E6 04 C2 K5 F,1 09 23 71: J2 47 
[ 160 [2 FE 40 FK DB FI E6 ()4 C2 R4 E I CD 1\3 /- 1 CD A] 
1: 170 E I CD 1\3 /: 1 CD 1\3 I! I CD 112 1:1 DB FI E6 (II ("2 77 
[IRO E I J1 47 1:2 C9 CD 00 no OJ C9 .'IE FF ]2 .1/\ 1:2 JC 
FI90 F5 CD 9C EI 1-"1 ]C FE ox C2 90 EI C9 CD 1B 1: 1 CD 
E I AO 64 EI C9 2 1 47 E2 ]4 JA 4(, E2 Fb 04 :12 4 h 1:2 C3 
E IBO BE EI 2\ 47 F.2 35 ]/\ 46 1::2 [6 FR ]2 4(1 E2 1-"6 10 
E I CO DJ FJ F6 FF D3 FJ CD CA 1: 1 ("9 0 1 FF OJ .'\17 o n Ill) 
[:IDO C2 CE 1:1 11 8 C2 CE 1' 1 C9 JA -18 1:2 FE 40 FO 21 46 
E I EO E2 7E F6 FE 77 31\ 4 8 E2 DF 2C 17 2 171 1: 1 71: 1-" 6 III 
F. IFO 77 ] ,\ -1 7 E2 .17 31\ 4R F2 11 K Cft 172 03 E2 CD B 2 1-" 1 
E200 CJ FI FI CD i\J F I C] 1-"1 1: 1 DB 171 E6 2n D) r; CO 
E2 10 CD CA EI CD CA E I CD C,\ E I CI) DB FI E(, 10 C2 IA 
E220 E2 31\ 49 F2 E(. I F 47 011 FI Ell OS C2 n F 2 0 ; FI< 
E230 DB FI E(. 08 C\ ]0 1::2 Col 27 E2 00 
EH) 00 00 00 00 00 00 00 00 
E25 8 8 1 46494(" 4E 4 1 -ID 4 5 5R 54 00 00 00 on 0(1 on 
E26 B 00 
1:270 00 
1:.175 8 1 4649 4e 4E 4 1 4045 5K 5-t 0000 DO 00 00 Of) 
EJR5 00 
EJRA 00 
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IlYlE's Ilits 
National Student Programming Contest 

The First Annual National ACM/UPR 
Student Programming Championship 
Contest took place February 2 1977 in 
connection with the Computer Science 
Conference in Atlanta GA. The contest 
was sponsored jointly by the Committee 
on Student Chapters and Memberships 
and Upsilon Pi 'Epsilon (National Com· 
puter Science Honor Society). Teams 
participated from: Catawba Col lege, 
Chattanooga State Techn ical Commu· 
nity College, Clemson University, 
Georgia Inst itute of Technology, Georgia 
State Universit.y, Louisian a Technical 
University, Manhattan College, Michigan 
State University, North Carolina State 
University, Purdue Univers ity, Taylor 
University, Texas A & M University, 
University of Georgia at Athens, Univer· 
sity of Missouri at Rolla, Uni vers ity of 
New Mexico at Albuquerque, and the 
Uni versity of Wisconsin at Platteville. 
The contest was condu cted over a seven 

OP-80A quality en
gineered paper tape reader 
will read punched tape as fast as 
you can pull it through (0-5,000 c 
Each unit includes a custom optical 
sensor array, high speed data buffers, 
and all required handshake logic to 
interface with any microprocessor 
parallel 110 port. Check our s pecs. AT 
OAE WE MAKE QUALITY AFFORD
ABLE! 

Available at quality computer stores 
eve rywhere. (Or, add $2.50 for domes
tic shipping and handling - CA res . 
add 6%.) 
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hour period from 5 PM to midnight on 
February 2. The facilities were provided 
by the Comp uter Center at Georgia In st i
tute of Technology and the department 
of Inform ation and Computer Science. 
Machine time was provided by Control 
Data Corporation on the Georgia Tech 
Cyber 74 computer. Th e teams were 
given four problems to solve using ANSI 
FORTRAN. These problems co nsisted of 
a Conversion from Roman to Arabic 
Numerals, A Character Manipulation for 
Rearranging of Names and Titles, the 
Determination of Amicable Numbers, 
and the Automat ic Scoring of the Game 
of Bowling. The winners were deter
mined by penalty points and the elasped 
time taken for each problem. Although 
many teams were close on severa l solu
tions, only four teams completed three 
of the problems. 

The National Champion Team is Mich
igan State University, who also won their 
regional competition. Second place went 

$7 45~it 
$9500 

A&T 

OAE 
Oliver Audio 
Engineering, Inc. 
7330 Laurel Canyon Blvd . 
North Hollywood , CA. 91605 
(213) 765-8080 
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to Purdue University, third place to the 
University of Missouri at Rolla, and the 
fourth place to Georgia Tech. Trophies 
and certificates were presented to the 
participants at an Awards Banquet held 
February 3 at a luncheon in the Marriot 
Hotel. The participatin g teams also re
ceived free registration to the Computer 
Science Conference and attended two 
nights o·f an informal social sponsored by 
the Committee on Student Chapters and 
Me m be rsh IIJS . 

Plans have been made to make this an 
annual event in connection with the 
Computer Science Conference. In 1978 
it will take place on February 22 at the 
Plaza Hotel in Detroit M I. Regional con' 
tests will be scheduled for the fall of 
1977 to qualify teams to compete in the 
National Contest. Teams and spo nsors 
for these qualifying regional contests are 
being solicited from all regions within 
ACM. If yo u are interested in partici
pating or holdin g such a contest, please 
contact Dr Richard Newman, Academic 
Computing Services, Southern Illinois 
University, Carbondale I L 62901, (618) 
536-2323 .• 

Attention Educators with a Message 

Th e National Association of Compu
ter Applications to Learning (NAUCAL) 
will hold its 1977 annual convention in 
Dearborn M I on Novem ber 2 th ru 5 1977. 
Th e convention will focus on ed ucation
al computin g, simulations in education, 
instructional materials and teaching 
strategies. Sessions that describe and 
illustrate comp uter applications in learn· 
ing will be given special consideration. 

Individuals who would like to present 
or who wou ld like to suggest others who 
could present may write to John SCamp 
and Lary Smith, Conference Cochairmen, 
Wayne County Intermedi ate School 
District, 33500 Van Born Rd, Wayne 
MI48185 .• 

Repairing Torn Paper Tapes 

Translucent paper tapes are an inex
pensive, efficient way of permanently 
storing information for a computer. 
However, after pulling the tape through 
a hand held paper tape reader a dozen or 
so times the tape tends to get pretty rag· 
ge d. Sooner or later the tape will tear 
and have to be repaired before it can be 
used again. I have found that transparent 
Mylar movie film splicing tape is perfect 
for the repair job. The spl icin g tape is 
clear, strong and will not crack or ye llo w 
with age. It is also quite thin and wi ll not 
interfere with the passage of the paper 
tape through t he reader. The tape sticks 
very well to paper but if necessary can 
be removed without causing any damage. 
Mylar movie film splicing tape is avail · 
able at any camera store. 

Richard E Hetherington 
6370 Pendleton Av 

Chicopee MA 01020· 



~Board~alk ************************************************~ 

Shelburne Hotel 
P.O. Box 1138 

~ 
-tc 
-tc 
-tc 
-tc 
-tc 
-tc 
-tc 
-tc 
-tc 
-tc 
-tc 
-tc 
~ 

Atlantic City, NJ 08401 ~ 
* -tc 
: (609) 344-8131 i 
* -tc *' -tc 
*' -tc 
*' -tc 
*' -tc 
: Saturday night Banquet of Filet Mignon $17.50 ~ 
* Over 150 Exhibits and 60 hours of seminars -tc * -tc *' Conferences being planned on; Clubs; Newsletters; Energy Conservation; Medical Applications; -tc 
: and more. Seminars being planned on; all aspects of Computing; Music; Basic Programming; ~ 
~ Games; Education; Various Microprocessor Evaluations; Synthesis; S-100 Bus; and more. ~ 
'* -tc 

~ Another 1st, Personal Computing College ™ To be held at the Shelburne Hotel . i 
* -tc * -tc *' WEDNESDAY-THURSDAY-FRIDAY, AUGUST 24-25-26 FRIDAY, AUGUST 26 ~ * 3 Day Micromputer Interfacing Workshop by TYCH ON Inc. 6 Hour seminar by Dr. Adam Osborne ~ 

: "Microprocessors - Where they came from and where they are ~ * A hands on experience for the participants where they will spend going. An analysis of all products on the market today." ~ * almost 50% of their time working on well documented Interfac- Dr. Adam Osborne will present a 6 hour seminar covering topics ~ 
: ing and Software experiments. Students deal with the microcom- such as : Bringing order out of chaos; All microprocessors are not ~ * puter at the bus level, interfacing the computer using solderless equal -each serves one market better than the other; I dentifying ~ * breadboarding techniques and assembly language programs. those markets best suited to each microprocessor; Real sales ~ * Presented by Jonathan A. Titus and Dr. Christopher A. Titus, volume anticipated for 1977; Comparisons including: 8085 vs. ~ * Authors of the famous "BUGBOOKS." Z80, 8048 vs. F8, Etc. ~ 
~ For reservation information and complete brochure contact: For reservation information and complete brochure contact: ~ 
*' TYCHON Inc. c/o Shortess-Rawson,Dept PC77, P.O. Box 2203, Osborne & Associates, Inc., Dept. PC77, P.O. Box 2036, -tc *' South Hackensack, N.J. 07606. Berkeley, Ca. 94702, 415-548-2805. -tc 
*' ~ 
*' ~ 
*' ~ 
*' ------------------------------------------------------------------------------- ~ 
: PC '77 Weekend admission at the door will be $10.00. Register before August 10th and SAVE 20% and AVOID WAITING IN LINE! ~ 
*' Admission includes exhibits and se minars for both days, August 27-28th . ~ 

* -tc * Please rush advance registration tickets for August 27-28th @ $8.00 each. ~ 

* ~ *' Please rush Banquet tickets for Saturday, August 28th @ $17.50 each. ~ 
*' ~ 
*' Send reduced Hotel rate information ~ * ~ *' Make all checks payable to "PERSONAL COMPUTING 77" and mail to: ~ * PC '77, Route 1, Box 242, Mays Landing, N. J. 08330. ~ 

* ~ * ~ 
: Name Amount enclosed ~ 
*' ~ * Address ~ 
* ~ * City State Zip ~ 
*' ~ *' ~ 
**************************************************************** 
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Microcomputer 

Handbook 

by 
Charles J Sippi 

We often hear people say, " I 'd like to find out more a
bout microcomputers. I'm not a technical type, but I feel I 
can handle a fairly rigorous approach as long as it's we ll 
written. What's availab le?" Charles J Sippi's Microcomputer 
Handbook is one answer to this question. Th e book covers 
the present state of computer technology very well, concen· 
trating on both hardware and software . Lucid and complete 
glossaries are combined with a variety of illustrations. T opics 
covered include: Microcomputers : where they are, what they 
are doing, and what is next; kits; distributed intelligence; and 
why the new systems are easier to use. The book was written 
by a computer industry lecturter and consu ltant and is highly 
recommended for the intelligent layman as well as for profes
sionals and experimenters. Th e glossaries alone are worth the 
price of the book--don't miss this one! Thi s hardcover refer
ence is on ly $19.95, plus 50 cents postage. 

Send now to: 

BITS Inc 

70 Main Street 

Peterborough NH 03458 

Master Charge and 

Bank Americard Welcome 

Please allow six weeks for delivery. 

BUILD THE CRATE! 

THE S-100 CAROFRAME THAT 
YOU CAN BUIl-O FOR LESS THAN $150 

COMPLETE PLANS, INFO ON TOOLS, PARTS, SOURCES, ETC. 

ORDER ~HE CRATE BOOK . . ...... . ......... .... $19.95 
ENCOUNTER! 

FOR GAME LOVERS, REALTIME GAMEBOARD WARFARE ON A VDM. 
NO TAKING TURNS, JUST ACTION, STRATEGY, AND LOGISTICS. 

8080 CODE ON P-TAPE + SOURCE, RULES ...... $16.95 

USE SYS a/SOFT PKG 1? 
AUTO-LINE ENTRY, STRING EDIT, AUTO TABS, OCTAL NBRS, 
MULT. SECTION ASSEMBLIES, MORE ADDED BY OUR PROGRAM. 

SOURCE . .. .. . ....... .. . ....... ..... ........... $14.95 
ADD $5 FOR P-TAPE, $10 FOR TARBELL TAPE 

OBJECTIVE DESIGN, INC. 
P.o. BOX 20325, TALLAHASSEE, FL. 32304 
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Conducted by 

Peter Travisano 

Arizona Computer Society 

Th e Arizona Computer Society meets 
regu larly on the second Tuesday of each 
month at De Vry Institute, 4702 N 24th St, 
Phoenix AZ 85063. 

A New Club in Boston 

With all the computer activity in the 
Boston area th is shou Id be welcome news. 
A new group called the Boston Computer 
Club is forming for people with both 
hobbyist and industrial interests. As of now 
the club provides access to a timesharing 
PDP-8 and an Altair 8800a. For fu rther 
information contact Jonathan Rotanberg, 17 
Chestnut St, Boston MA 02108. 

DUMPS in Delaware 

A group of hobbyists at the University of 
Delaware recently formed the Delaware 
Users of Microcomputer Systems or DUMPS. 
The club is informal and the membership 
has a wide range of interests . Meetings are 
held on the third Monday of the month at 
7:30 at New Central School, Academy St, 
Newark DE 19711. 

Long Island NY -Licus 

The Long Isl an d computer group is a 
growing concern made up primarily of high 
school and college students. Meet ings are 
usually held on second Tuesd ays at 
Commach High School South. To find out 
more write LlCUS, POB 322, East North
port NY 11731. 

State College PA 

The Nittany Amateur Radio Club of 
State College PA sponsored a one day micro· 
computer seminar, an introduction to inter
facing, programming and applications with 
an emphasis on real world situations. The 



N k ed PERSONAL ew I COMPUTING EXPO 
COMES TO NEW YORK FOR BIG BUSINESS 

tb It's a brand new show in the world's biggest economic center on e specifically for manufacturers and buyers who are into personal 
computing . For the first time, this booming field will have a New 
York Coliseum showcase in the major population center in the 

111 k' 
east. It is planned as the largest public show of its type in the world 

OC: 
that will attract enthusiastic buyers from a multi-state area. 

WHY NEW YORK? 
• New York is the economic nerve center of the world . It also is 

But watch out 
he means 
business 

A 
J II \ 

\ , 

the world's communications focal point, the one place that will put 
personal computing in a significant spotlight. New York is sur
rounded in depth by people who work in the computer field , by 
computer learning centers, universities, personal computing 
clubs, and thousands of others whose lives are affected by 
computers. 

From this vast potential , Personal Computing Expo will draw 
the hard-core hobbyist, the interested student, and , because of a 
highly-publicized program of introductory seminars, those who 
are attracted and fascinated by computing but have not had expo-
sure to the ways and means of becoming personally involved . 

SHOW MANAGEMENT 
Personal Computing Expo is being produced by H.A. Bruno & 

Associates, Inc., a firm in the exposition and promotion fields 
since 1923. Highly skilled in the production and promotion of 
consumer and trade shows , the company currently promotes the 
American Energy Expo, the National Boat Show, Auto Expo/ 
New York . Promotion assistance also is currently rendered to the 
National Computer Conference and the TrienniallFIPS Congress 
in Toronto. 

The show producer has promoted successful shows in the New 
York Coliseum every year since the building opened in 1957 . 
Staff personnel are thoroughly familiar with the building , its 
services, management and labor. 

EXCITING SEMINARS FROM "BYTE" 
MAGAZINE 

Personal Computing Expo is endorsed by "Byte" magazine , 
whose staff is developing an exciting series of seminars and 
lectures for the exposition. 

Visitors to the show will be able to attend these meetings free of 
charge . They will hear from lecturers such as Louis E. Frenzel 
and Carl L. Holder. More importantly, visitors will be able to 
attend meetings aimed at their proficiency levels , from beginner 
through intermediate and advanced personal computing. 

FOR DETAILED INFORMATION CONTACT: 
RALPH IANUZZI , Show Manager 
H.A. BRUNO & ASSOCIATES , INC. 
78 E. 56th Street 
New York, N.Y. 10022 

, I ~ !-r"-;---'I" (212) 753-4920 

n I~. ' 
j ~"""l.. ,.:,.-~ Endorsed by BYTE Magazine 

OCTOBER 28,29,30,1977 

peE PERSONAL COMPUTING EXPO • NEW YORK COLISEUM 
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Why Wait? 

The Tarbell Cassette Interface 
• Plugs directly into your IMSAI. or ALTAIR* 
• Fastest transfer rate: 187 (standard) to 540 

bytes/second . 
• Extremely Reliable - Phase encoded (self-

clocking) 

• 4 Extra Status Lines, 4 Extra Control Lines 

• 37-page manual included 

• Device Code Selectable by DIP-switch 

• Capable of Generating Kansas City tapes 
also 

• No modification required on audio cassette 
recorder 

• Complete kit $120, Assembled $175, Manual 
$4 

TARBELL ELECTRONICS 
20620 S. Leapwood Ave., Suite P, Carson, Ca. 90746 

(213) 538-4251 
California residents please add 6% sales tax 

• ALTAIR is a trademarkltradename of MITS, INC. 

'6MPUT~ro~ ~ 0 OD 0 ~ 
n n D H 

Mall Order Computer Store 

IMSAI8080 kit with 22 slots (limited quantity) ..... $ 599.00 
IMSAI 4k RAM. . • . . . . . . . . . . . . . . . . . . . . . . . . . 129.00 
IMSAI16k RAM. . • . . . . . . . . . . . . . . . . . . . . • . . . . 419.00 
IMSAI 32k RAM. . • . . . . . . . . . . . . . . . . . . . . . . . . . 699.00 
IMSAI64k RAM .. .... . • . • ......... . ........ 2,459.00 

When Ordered With Kit 

TERMS: Shipping charges - $10. per CPU or large units. $1.50 per kit, $2 
minimLm per order. 

Provided stock is avai lable, we ship immediately for payment by cashiers check or 
money order. 
Allow 3 weeks for personal checks to clear . 
Nevada residents , please add appropriate tax . 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

PLEASE, NO PHONE ORDERS ACCEPTED 

Phone: (702) 734-1104 
Write : Metatec Corporation 

3453 Industrial Road 
Las Vegas, NV 89109 
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guest instructor was David G Larsen, 
WB4HY J, from the Department of 
Chemistry, Virginia Polytechnic Institute 
and State University. Larsen is a member of 
a team that has toured the nation presenting 
similar seminars and has been published 
widely on the subject. 

One significant by-product of the seminar 
was the formation of the Center County 
Computer Club. Membership can be 
obtained from Carl Vesper, 131 Sowes St, 
Apt E-l 0, State College PA 16801. 

SR-52 Users Club 

The S R-52 Users Club is a nonprofit loose
ly organized group of SR-52 and SR-56 users 
who wish to expand their knowledge 
through information exchange. Activity 
centers around a monthly newsletter, 52 
NOTES, published by Richard C Vanderburg, 
9459 Taylorsville Rd, Dayton OH 45424. A 
membership fee of $6 includes a 6 issue 
subscription. Back issues are available for 
$1 apiece. 

Permian Basin Computer Group - Midland 
and Odessa Colleges TX 

The Permian Basi n Computer Group has 
factions on both the Midland and Odessa 
College campuses. The Midland group meets 
on the second Monday of the month at 7 :30 
in the Student Union Building. The Odessa 
group meets on the second Saturday at 1 :30 
in the Electronic Technology Building, 
Room 203. For additional information write 
John Raenaldt, POB 3912, Odessa TX or 
phone (915) 332-9151 Mondays through 
Frid ays between 9:00 and 5:00 or (915) 
697-4607 after 6 PM . 

Goodyear Computer Club 

The Goodyear Computer Club in Akron 
OH is off to an auspicious start: just a few 
months o ld and able to boast a member· 
ship of more than 150. Generally the 
members are associated with the Goodyear 
Aerospace Corporation or the Goodyear Tire 
and Rubber Company. Contact the Good· 
year Computer Club c/o J F Derry, D-l09 
Pit 1, The Goodyear Tire and Rubber Co, 
Akron OH 44316. 

Aloha Computer Club 

Don Henson, president of the Aloha 
Computer Club of Mill ani Town HI , has 
made an interesting offer. He's willing to 
give month ly seminars limited to six begin· 
ners. Sounds like the best possibl e way to 
share computer information and get more of 



SERIAL SYSTEMS MODEL 301 

(The Black Box) 

Max performance at Minimum price
Serial data to FSK of FSK to Serial 
Communicate between uProcessor 
and cassette tape, or radio transceiver 
arfd RTTY, also easily adapted to 
phone-50 to 600 BAUD-Crystal 
controlled-Programmable for all 
standard freq 's (Kansas City, Altair, 
Amature RTTY) 

Assy and Tested $49 .95 
New 90 Key keyboard Encoder Chip 
Hook Rowand Column to your 
keyboard and select ASCII, BAU
DOT, ANSI TTY, or ASR-33 out
puts . 

TMS9900 16 bit uP Chip 

Serial Systems (Div. of ASC) 
P.O. Box 20330 
Minneapolis, MN 55420 

$24.50 
$99.50 

SAve MoNeY & 
'-'''tne, 0 S e.1\J. ts.g2. 
-tor' 12. iSSu.~S d[ al\ 

I ~ IJ£ PE"NO E. NT 
I'H .. v.> .rle. tff. r 0 ~ "olAJ 

H£~TH kiTsT
t1, 

c a~ ne...tp yo~ 
tL St,. C-0t'rtfl..A.. +e'l'S 

Na.me-·. • 
A:t!J ... (.~S : 
ch -ar/e s F/6To 
~67 W;ffow sf. (8' 
NtwHave1t CT 0651( 

H eathkit is a registe red trademark 
of Heath Company. 

• • • • • 
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COlnputer 
depot inc~·M . 

• • • • • • • • Parts galore in the Midwest for • 

• • 
• PROCESSOR TECHNOLOGY.IMSAI •• 
• POLYMORPH IC SYSTEMS. DIGITAL • 
• GROUP . WAVE MATE. CROMEMCO •• 

VECTOR GRAPHICS. TDL. SEALS. • 
TARBELL. MICRO DESIGNS. 
NORTH STAR. PERIPHERAL • 
VISION; INTEL. NATIONAL SEMI - • 
CONDUCTOR. FAIRCHILD SEMI - • 

• • • • • CONDUCTOR. MOSTEK. E & L • 
INSTRUMENTS . SAMS. TAB . 
HAYDEN. WILEY . MC-GRAW HILL • • • • • Catalog Free • 

• Computer Depot Inc. • I., 
• 3515 W. 70th Street • 
• Minnea polis MN 55435 C40. 
•. ...... ....... ... ........ .. .. ...... • 
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NOW HEAR THIS!! 
ALPHA DIGITAL SYSTEMS 

SELLS IMSA I KITS AND TOTAL IN
T EGRATED SYSTE MS ASS EM B LED. 
CHECKE D·OUT. AND WARRANTE D AT KIT 
PR ICES. 

ALP HA I 

SPECIAL DOS SYSTEM DEAL (i ncludes) 
.. IMSAI 8080 Compu te r 
• 22 Siol Mother Bd . with Conn. 
• 16 K RAM 
.. 90 K Disk (with Controller) 
It Selectric typewriter (with Controller) 
.. DOS-BASIC Soft wa re 

Assembled Sys tem Tota l $3995 . 
(Less Selec tr ic) $2495 

Selec t a ny kit or sys tem of kits from the IMSAI 
pr ice lis t , order fro m us and receive the 
assembled unit for the same price. If you don't 
have a price li st. drop us a li ne a nd we will send 
you one. Terms: Cash with Order · Prices in
clude fre ight. ( N.C. Residents Add 4'1'; Sales Tax I 

How can ALPH A DIGITAL SYST EMS do a ll 
th is" Its sim ple . ALP HA DIGITAL WANTS TO 
BE YOU R COMPUT E R COMPAN Y. 

ADS ALPHA DIGITAL SYSTEMS 
RT. 4 BOX 171A 
BOONE. N.C. 28607 
(704) 264·7946 

Circle 70 on inquiry card. 

(301)779·7998 
7338 BahmlOre Ave .• Stlllt.' 200 COli fllc Palk. Maryland 20740 

IMSAt made kits & assembled units 17% OFF LIST 
TEC·9900-SS-UF , 16 bit Tl 9900 microP, 32 bit 1/0 hardwa re mult 
& div, bu ffe red bus, 20 rna or RS232, 8 int erru pts & sockets 

S279.00 

TEC-9900-J2KB 32K~jY~te~s~m~em~o~ry~~~~~~ 5649.00 TEC-9900·PP powe r sup plv 5129.00 
CROMEMCO kits & 1·1,1·2 10% OFF LIST 
SANYO TV monitors 10% OFF LIST 
TOl lPU & 116K 12% OFF LIST 
SEALS 8K bat. backup Mem. 10% OFF LIST 
PERSCI Dual fl oppV & inte ll igen t controll er 
1#270 & ~07 0 ) 5% OFF LIST 
SHUGART MINI ·Fl OPPY S375.00 
21102 500 ", ___ SI .90 2102 500 os ___ 51-85 
21102 450 os ___ S1-50 2102400 0s ___ S1 .95 
21102 400 os ___ SI .99 1·80 PIO S9.50 
1·80 microP ___ S45.00 1702A EPRO M ___ SB-OO 
l-BO eT C S9.50 8080A 30 MH ___ S20.00 
8080A 2.5 MH __ SI7.00 8080 SCI SIO.OO 
8080 PPI SIO.OO 8224 Clock Geo. _ _ S4.75 
8212 I/O port ___ S2.50 8216/26 Driver ___ S2.50 
8228 Clock Driver __ S5.50 8251 PCI S9.50 
8255 PPI S9.50 2102 650 os ___ SU5 

2708 EPR OM _ _ _ S29.00 
ADM-JA +C RT & ad dressable cu rsor $925. 00 list __ $799.00 
Nat. Multiplex Digital Ta pe recorders & kits __ l0% OFF LIST 
MSI fl oppV & ki ts 10% OFF LIST 
Pennywhi5t1e mod em 5% OFF LIST 
TI "si lent 700 " model 74 3, pri nter S1395 Iisl __ 5% OFF LIST 

Send S2.00 for newsletter and lis!. 4%, with mi nim um 
$4 .00 fo r ship pin g and handl ing. See fl yer for policies 
and de li very times on group OEM bu ys and other 
products. 
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IN 
SOUTH FLORIDA 

IT'S 

COMPUTE R HUT 

FEATURING POLY 88 

5905 NW 151 St. 
Miami Lakes, FL 33017 

(305) 558-8080 
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PHOENIX 
Bits & Bytes 

COMPUTER SHOP 
• lear Siegler. ADM-3 Kit $849 . 

• Vector-1 8080 16 K $968. 

$159. • 9" Sanyo Monitor 

North Star - EPA - Tarbell 

Act 1 Terminals - Cybercom 

IASIS Computer-in -a-book 
Vector Graphics - Per Com 

6819-C N. 21st Ave. 
Phoenix, Az. 85015 

(602) 242-2507 

___ IT'S A GREAT BIG COMPUTER WORLD -l+-
_ But You Only Need -l+-

___ THE COMPUTER CORNER-:!: 

--- .SOL - A New Dawn Is Herel -++-

--- - IMSAI 8080 -l+-

--- -POLY - 88 -l+-

--- -TDL Z·80 -l+-

--- • Memories & I /O Boards -++-___ -l+-

---t+- • Computer Book Service -+f-
---tIt- • Magnetic Tapes & Disks --* 
~ • Full Line of Magazines -+4-
++- • Bra in Games & Puzzles --1+ 
.......... ·Workshops & Club Information -+f-

--- Visit THE COMPUTER CORNER for -l+-

--- -l+----t+- all your computer needs. Stop in and -+4-
........- browse - y ou'll li ke our personal serv ice. -++ 
~ THE COMPUTER CORNER 

-II+- While2~~i~~!W:~~ ~::"'!;e Level =:= 
........- While Plains, New Yor k 10601 -++-

) ---t+- Tel : (914) WHY - DATA -++-* Ample Par king -rrt-. .JIIi<' 10-6 Daily & Saturday ~ 

~i If , t ~ **Tr*'* , , * * \ ,~ 
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COMPUTER MART 
OF 

DEALERS FOR 

TDL ICOM IMSAI 

DIGITAL GROUP 
SOFTWARE INCLUDES: 

8K BASIC EXT. BASIC 
TEXT EDITOR DISK BASIC 

WORD PROCESSOR 
MACRO-ASSEMBLER 

170 MAIN STREET NASHUA 
(603) 883-2386 
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the many, many interested peo ple invo lved 
in personal computing. Aloha meets on th e 
first Wednesday of the month at 7:30 at 
the Waikik i-Kapahulu Library, 400 
Kapahulu Av. Seminars are held at various 
times throughout th e month. New members 
are more than we lcome. To learn more write 
94-360 Hoku ala St, Apt 187, Mill ani Town 
HI 96789 or ca ll (808) 623-1781. 

Central Florida Computer Club 

A new hobbyist group has been fo rm ed 
in Orl and o. Jim Walton is th e contact person 
fo r the Central Flori da Compu ter Club. He 
can be reached c/o Data En try Engi neering, 
1810 N Orange Av, Orl and o FL 32804, 
(305) 896-43 22 . 

PEN 

-DRAW PICTU RES 
-COMPOSE MUSIC 
-INPUT TO GAMES 

Attach es to any 8080 system with 
TTL input port and memory mapped 
video driver (PTC, Cromemco, Poly
morphic, etc.) . Allows computer to 
interrogate the pen at any time and 
determine its location. 

$29 .95 assembled & tested 
with software 

+ $1.50 postage & handling 

Educ. Data System of Va., Inc. 
P.O. Box 2115 
Newport News, Va. 23602 
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LOGIC 
DESIGN 

INC 

QUALITY Support for those who 
wish to dig deeply into digital design. 

Breadboarding System, textbook on 
logic design, and complete schemat
ics for an elegant CPU that will run 
the POP8 instruction set . ... $1095 

132 IC's . . . .. ... . .. . ...... . $ 87 

TTY Interface ... . ..... ..... $ 20 

Memory . . ............. .. .. $ 26/ k 

BOX 3991 , UNIV. STATION 
LARAM I E, WY 82071 

(307) 742-7977 
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W hat you can do with a 4K RAM thai 
can be posHloned anywhere in memor y 
by program commands . 

We have some Ideas you may nol have 
thought of Write and ask abou t our new 
4K PL (program locatable) RAM card l or 
the 5100 bus 

The 4K PLAAM comes l ully assembled, 
tested and burned In lor only 

$179. 
IN CANADA 

$199. 
Sorry . Blame Pierre 
Onl Residents 
Add 7% PST . 

~Ji¥jloi~t 
industries "d. 
P.o . BOil 421 Simcoe , On lario 
Canada . N3Y 4L5 

ie. Circle 79 on inqUi ry card. 

Eraec 
'!n' l 

M'! l ~M. '! !\ , ~ 

'recision 111achined tape guide 
lnterface directly to a ' HI or ll l'l~'! 
'!ri·state buffer output 
l'l ll handshake logic· '!'!1. compatable 
'ull thru tape · fJeads r-J TO !i~l)~ cps 
lnterface thru a 14 pin Ie plug , PROV ' O. O , 

,.,~.~ ASSEMBLED" f[ S TfD ~38.00 ' 

H~1'1.' PlUG' I" HA HO S IIAK( ADAPTER ~ 5 .50 ' 

MICROCOMP P.O. sox 1221 

FO ND DU LAC , WI 54 9 35 

WE SPECIALIZE IN MICROCOMPUTER SYSTEMS FOR 
HOBBY· BUSSINESS · EOUCATION 

WE ARE EXCLUSIVE OSI OEAl E RS ••• 

••• WE 00 A BETTER JOB . 
- K ITS ' FULL SYS T EM S· P[RI P HER.r. l S- FL OPPY D I SKS- ACCESSO R I ES-

- DI GIT ... t CLO CK KI TS- " 10[0 TIR MIHAt5' oOOK$ ' MAGAZ IN ES· 
S IND FOR fR EE CATA LOG TO OAY II! 
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Electronotes - Newsletter of the Musical 
Engineering Group 

Those peo pl e in terested in both elec tronic 
music and instrument construction will find 
E/ectronotes most valuable. An in-depth pre
sen tation foc using on the ENS-76 is pl anned 
fo r th e nex t several issues. E/ectronotes is 
published by B A Hutchins, 203 Snyder Hill 
Rd , Ith aca NY 1485 0. Routine orders 
should be sent c/o Electronotes, 213 Dryden 
Rd, Ithaca NY 1485 0. 

Pittsburgh Area Computer Club 

The place to share computer lore in 
Western Pennsylva ni a is the Pittsburgh Area 
Computer Club . Contact PACC at 400 
Smithf ield St, Pi ttsburgh PA 15222. 

~
South Florida 

g~ SUNNY C OMPUTE R 

STORES. I NC 

South Fl orida's First Computer Store 

WE CARR Y: 
-IMSA I, COMPU CO LOR , PRO <:; ESSO, 

TE C H .. S OUTHWEST , CSC. 
CROM EMCO. SEA LS, V ECTOGRAPHI C. 
MULLENS. MORROWS, VECTOR 

- BOOKS, MAGAZI NES. NEWSP APE RS 
SOCK ETS. CONNECTORS. IC'S, 
PRINTE RS 

- OEBUGGIN G EQUIPMENT 
- SOFTWA RE 
-TOTA L MAINTE NA NC E & REPA IR 
-WRITE OR PHONE US FOR PRI CES 

UNIVERSITY SHOPPING CENTER 
123BA SOUTH DIXIE HIGHWAY 

CORAL GABLES, FLA. 33146 

, ' 

(305) 661-6042 

Circle 80 on inquiry card. 

CANADIANS! 
Eliminate the Customs Hassles. 
Save Money and get Canadian 
Warranties on IMSAI and S-100 
compatible products, 

IMSAI8080 KIT $ 838.00 
ASS. $1163,00 

(Can. Duty & Fed. Tax Included) , 
AUTHORIZED DEALER 

Send $1.00 for complete IMSAI 
Catalog . 
We will develop complete applica
tion systems. 
Contact us for further information. 

Rotundra ~ 
Cybernetics __ 
Box 1448, Calgary, Alta. T2P 2H9 

Phone (403) 283-8076 

Circle 96 on inquiry card. 



A New Orleans Computerfest 

Th e Jeffe rson Amateur Radio Club and 
the Crescen t City Computer Club would 
like to ann ounce th e New Orl ea ns Hamfest/ 
Computerfest whi ch will be held at the Hilton 
Inn in Kenner LA (direct ly across f rom the 
New Orleans I nternatio nal Airpo rt) Septem
ber 24 and 25. This is th e ARRL Delta 
Divis io n Convention for 1977 and is the 
largest "ham" outing in th e deep south . 

This yea r's event will feature a banquet 
Saturday night with entertainm ent, two 
days of comm erci al exhibits, flea markets 
and forums. There will also be a hospitality 
room, lad ies' events, FCC examinations and 
more. 

This year's grand pri ze is a complete 
Drake "C-Line" ham station, and many door 
pr izes will be awarded each day. 

I nform ation on tickets, room reserva
tions, etc, will be furnished upon req uest 
by contacting the New Orl eans Hamfest/ 
Computerfest, POB 10111, Jeffe rso n LA 
70181 . 

Important Notice to Clubs 

Haze ltine Corporation, Greenlaw n NY 
11740, has recentl y circulated a letter from 
Frank J Cirillo of their Industri al Products 

Division, announcing a special pac kage 
pri ce of $1400 fo r refurbished H-2000 
model terminals with Haze ltine tape cas
sette dl-ive. Th e lette r is directed to com
puter clubs, so if youl- local club did not 
rece ive a copy, wr ite or call Mr Cirillo at 
(516) 261-7000 and inquire about thi s 
exce ll ent dea l. This terminal is o ne of th e 
wOI- ld's largest se lling video displ ay terminals 
and has had application in universities, 
hop itals, business, f inance and government. 
A t a $1400 price you get a used commerc ial 
grade piece of eq uipment which will prove 
quite applicab le to many home computer 
situat ions. -

Would your club benefit from a write-up 
in BYTE's Clubs and Newsletters section? 
It's easy enough to arrange. Just drop a line 
to BYTE, 70 Main St, Peterborough NH 
03458, c/o Clubs and Newsletters, with the 
information you'd like published. Naturally 
we can't cover every club every month but 
we do make a special effort to mention new 
clubs and those that correspond regularly. 

Those people looking for a more com
plete listing of computer clubs should refer 
to january 1977 BYTE.-

The Speakeasym The 

• Interface all your I/Os with 
one low-cost board! 

Talk a bout easy interfac
ing for your Altair, IMSAI 
or Equinox 100! Plug in 
The Speakeasy'''' interface 
board and you've got 3 
cassette I / O channels with 
individual motion control 
. . . a bi-directional parallel 
port for keyboard, paper 
tape reader or printer ... 
a serial port for teletype/ 

RS232 ... and RAM/ROM 
software to d rive it a ll. 
$1 20 k it b y Morrow's 
Micro·Stuff ($4 handling; 
Cal. Res. add tax. Wr ite 
for specs. 

Th~nker 
Thys

'M 505 Arlin gton 
Berke ley, CA 
94707 

See it at your local computer shop, or 
place BAC/ MC orders toll·free to 800·648·5311 

End noise and 
cross-talk with 
our exclusive 
Noiseguard™ 
system 

Build your S-100 system 
on the WiinderBuss'l '

M 20-
slot bus-board with Noise
guard"''' and you'll get 
"textbook clean "'s ignals. 

The Noiseguard'£" sys
tem's interl aced ground 
system shields all bus lines 
from cross-talk ... and low
power active termination 
absorbs noise and signal 
reflections . 

The print e d circuit 
board is double-sided and 
(of course ) has a solder 
mask. And there 's 3 un-

committed positions for 
peripheral power. 

The incomparable Wiin
derBussT

", by Morrow's 
Micro-Stuff, is now avail
able for $76 alone. With 10 
e dge conne ctors, $120. 
With 20 edge connec tors 
$154. Add $4 handling . 

Thinker 
Thys'M 505 Arlington 

Berkeley, Ca. 
94707 

See it at your local computer shop 
Place credit card orders toll-free to 800-648·5311 

165 Circle 81 on inquirv ca rd . 



BASIC Timing Delay 

to the subroutine. LOOP7 is the basic time 
delay loop. This loop takes 20 clock cy cles 
and is executed 50000 times giving a basic 
timing unit o f 7 second, assuming a 7 MHz 
processor clock is used. If your system is 
using a di f ferent clock speed, appropriate 
adjustment of either the number of repeti
tions of the loop or the amount of time 
consumed in one pass through the loop 
will have to be made. The outer loop, 
LOOP2, allows the varying time delays by 
repeating the 7 second loop the number 
o f times specified in register B. A II of the 
numbers in this listing are in hexadecimal 
unless otherwise specified. 

Gregory A Worth 
115 Campbell, Apt 6 
Rochester MI 48063 

When writing game programs it is often 
con venient to have a time delay to add some 
exciting real li fe feeling to the game. This 
subroutine, submitted by Gregory A Worth 
and written for a Motoro la 6800, will 
cause delays between 7 and 255 seconds. 
Register B is loaded with the number of 
seconds you wish to delay be fore jumping 

Address 

0000 
0003 
0006 
0009 
OOOC 
OOOD 
OOOF 
0010 
0012 
0015 
0016 
001 8 

~ q,t:Hca-n BOARDS 

MB-1 MK8 Computer System Ram 4Kx8. Not for 8-100 
Buss. PC Bd. ................ . . . ...... $22 

MB-4 Altair 8800 4Kx8 or 8Kx8 with Piggy Back. PC Bd . $30 

MB-3 4K 1702A EPRAM kit wlo PROM ......... . . .. $65 

MB-6 PC Bd. 8Kx8 .... . ... . . . ..... $35 

10-210 for 8800 8 Bit Parallel ' I/O. 2/3 Kludge Area. 
PC Bd .... $25 Kit. .. $55 

64 x 16 VIDEO BOARD Altair plug compatible display 32 x 
16 or 64 x 16 switch selectable. Composite and parallel 
video ports. upper and lowercase with soHware. PC Bd ... 
$35 Kit ... $189.95 

SP-1 Synthealmr Board Computer controlled wave forms 
9 octaves 1 vrms V2% distortion includes high level music 
language . Kit ........... . ....... . .. $250 

Altair Compatfble mother board . Room lor 15 connectors 
11 " x l1 W' (w/o connectors) . . .... .. $45 
With 15 connectors . . ................ . ... $105 

Altair Ex1ender Board (w/o connectors) ......... $9.00 
With wlw connector . . ................... . $13.50 

100 Pin spec WW or Soldertai l bolh fit Imsai or 88M Molher 
Board $5.00 each 101$44. 

WALNEC0 8Kx8 Ram 2102 type fu lly buffered . PC Bd. $30 

WALNECO Mother Bd. terminated 12 sial VO' thick .. $40 

~D~@@ 
419 Portoflno Drive 

San Carlos, California 94070 
PleaM Mnd 'or xletor, Ie and ktt lIet 

Circle 82 on inqu iry card . 

Hex Code Labels Op Operand 

FF 0016 DELAY ST X SAVE 
CE C3 50 LOOP2 LDX C350 
76 0003 LOOP1 ROR LOOP2 
79 0003 ROL LOOP2 
09 DE X 
26 F7 BN E LOOP1 
5A DE CB 
26 F1 BN E LOOP2 
FE 0016 LD X SAVE 
39 RTS 

SAVE RMB 2 
END-

r - -- --- - - - - - -- - - - --------- -- - - -1 
I I 
I * 2102AL-4 FULL SPEED MEMORY (500na) * : 
I * Nearty Y, leaa power consumpt ion 01 aven a * I : * 21L02A PRIME FROM NEC I 

I * $2.00 EACH 32 FOR $1.60 EACH : 
I 64 - $1.70 126 FOR $1 .60 EACH I 
L ____________ _ ___ ___________ ___ _ ___ J 

1702A EROM $ 8.00 
programming send hex list 5.00 

AY5-1013 UART 6.95 
2513 Prime spec. upper or lower case 11 .00 
8080A Prime CPU 25.00 
8212 Prime latch buffer 4.00 
8224 Prime clock gen 5.00 
8228 Prime sys conlroller 8.90 
82806 2.00 828126 3.50 74C200 5.50 
82807 2.00 828129 3.50 8573 4.50 
82812 2.00 828130 3.95 8574 5.50 
82817 2.00 828131 3.95 8575 4.50 
82823 2.50 748206 2.10 8576 4.50 
828123 3.00 MM5262 1.00 8577 3.50 
MM5309 8.00 7489 2.00 8578 4.00 
MM5312 4.00 74200 4.95 1101 1.25 
MM5313 4.00 74S89 3.50 1103 1.25 
MM5320 5.95 74C89 3.50 2101 4.50 
MM5554 1.90 74L89 3.50 2112 4.50 
MM5556 2.50 8T80 2.50 2602 1.60 
MM5055 1.90 8T97 2.00 4002-1 7.50 
DM8836 .60 INTEL 4002-2 7.50 
DM8837 1.50 8216 4.95 8131 2.50 
91 L02APC 2. 10 8214 8.30 M04044 2.25 

32 ea. 1.95 8251 14.50 1488 1.50 
64 ea. 1.80 8255 14.50 1489 1.50 

211 1-1 3.75 

For large orders please send money order or cashier's 
check to avoid delays in wai ting for chec k to clear. 
Check or money order only. California residents add 6% 
tax. All orders poslpaid in U.8 . All devices tested p,ior to 
sale. Money back 30 day guarantee. Sorry we cannot 
accept returned ICs that have been soldered to. $10 
minimum order. Prices subject to change without notice . 
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Commentary 

save t he number of seconds to be delayed ; 
load X register with decimal 50000 ; 

} "" i, 1 ",ood <i m'o , loop 
considering 1 M Hz cl ock ; 

decrement number of seconds delayed ; 
if delay not oiler conti nue LOOP2; 
restore value of delay tim e; 
return to callin g program ; 
stora ge for number of seconds d elay ed ; 

The Proko Paper Tape Reader 
A fully TIL buffered optical tape reader for reading 8-level 
paper tape. It's compatible with nearly all paralle l input 
ports and has both positive and negative strobe outputs . 
The power (+5V @ 20ma) is deri ved from your I/O 
board ... just supply a light source (study lamp). grab Ihe 
tape and pull! 
PTR·II Kit $54.00 AaMmblad $68.00 

Now, add moa atoraga to your micro with the North 8tar 
floppy disk system. Comes wi th cables. 8-100 controller 
with bootstrap rom. and powertul extended basic. (Basic 
supports sequential and random access disk files.) 
North Star DI.k Kit .. .. . . ..... .... . .. ... .. . ... . $699 
IMSAI 8080 Kit with 22 alota .... .............. . $650 
1M SAl with disk .... .... . ..... .. ... .. .. . .. . . . $1325 

The S.D. Sales Co. 
Z-SO CPU Kit 
For 5-100 Bu • • 

$14900 

proko 
fronies 

439 marsh " treet 
"an lu'" OO'"po. california 93401 
805154415441 

Delive ry: Stock to 45 days from receipt of order. We pay all U.P.S. 

!~~J'~~~~~~~~rt~;:;s.c~~~~~i~~;i~~~~:r :Jgef~e?a~O tri~e~ 
subject to change without notice. 



COMPUTER 
WAREHOUSE 

SPECIAL DISCOUNTS! 
ON KITS & ASSEMBLED UNITS 
SAVE UP TO 20% OFF KIT PRI CE WHEN A PERI PHERAL I S 
PURCHASED AT THE SAME TI ME (S200 MAXI MUM DISCOUNT 

STORE ______________ ~ PERI PHEAAL( S) OVER $900 _ 20%10FF KIT PRI CE 
PERI PHERAL(S) OVER $250_ 10% OFF KIT PRI CE' 
PERIPHERAL(S) OVER $95 _ 5% OFF KIT PRICE 

DEPT B· P.O . BOX 69· KENMORE STA nON. BOS~T~0~N~,~M~A~.~O~2~2~15~.~6~1~7~-2~6~1 ~-2~7~O~O.:;:;:;::;=:;:==;:;:::::::;= 
LEAR SIEGLER ADM-3A 

SCAMP KIT 

WI TH CURS OR CONTROL a .1 2" CRT'RS232 

., \. :~~ ~ ~O~~ CHAR FROM NATI ONAL 
SEM I CON OU CTOR $99 
KEYBOARD KIT . .• $95 \ " ~ .. KIT .... . $875 

"'-. + $25 SHIPPING 

IMSAI 8080 MICRO KITS 

I MM ROM CON TROL KIT LOW POWER OYNAMI C MEMORY 
EXPANS I ON TO 1 MEG. BOARO S 
KIT .. ... . .. ......... $299 32K RAM BOARD .... KIT $ 749 
ASSEMB LED . ••.. . . . ... 399 ASS EMBLED 1099 

16K RAM BOAR D • . .• KIT -4 99 
BoBOA KI T 5 SLOT .••• . 699 ASS EMBLED 679 
BOBOA KIT 22 SLOT .... 75 1 -~------~ 
4K ME/lORY KI T ....... . 139 PROM 4-5 12 KIT .••• . . . • 165 
P l c- B PRIOR I TY I NT. .. 125 UCR I-l KIT. ...... .. ... 59 
SER I AL I /O KIT. .•.••• 125 CAB LE A KIT. ..... . ... . lB 

VIKING 100 P I N CONNECTORS. HEAVY DUTY ...... . •. $3.00 

SWTPC 6800 •••••••••••••••• $395 

. 512 BYTES OF ROM . SER I AL I NTE RFAC E 
• RS2)2 OR 20 rnA • 4K RAM 

MPA . ... .. . 145 MPB .. . .. $ 40 MPCb,MPSb,MP Lb. EACH 9.50 
MPC ....... 40 MPD .... . 354KBA .. .. .. .. ........ . 5 . 00 
MPE .. . .. 14.95 MPF . . .. 37.50 GT6 1 . .............. . . 99 
MPM .. ..... 65 MPMx.... 35 AC30 AUD I O I NTE RFCE 79.50 
MPP •.•.• 42.50 MPL. .. .. 35 CTP .. .. ... .. .... . . . . 15. 50 
MPS· ... . •.• 35 MPAb •.• 14.50 CTS .......... . ...... 39.95 
"PMb .. .. 14.5n CONN ECTOR SETS 
4K MEMORy .. ..•.. .. ... 5100 -MPU/MEMORY •• . •.• . .• 2.50 

- I NTERFACE •• •. •...•• 2.00 
CT 64 TERM I NAL KIT .. 325'PP40 PR I NTE R ........ 250 

SMOKE SIGNAL BROADCAST I NG 16K RAM............. $595 

40r6 Digit Alarm Clock Kit 
Features: 

A. Fairchild 0 .5" FND500 Seri es Display 
B. Display Board m ay be remote 
C. P.C. Boards, T ransformer, Speaker and ali th e 

parts needed (l ess case l. 
D. Detail ed Instructions 

12 Hr.·6·Digit $16.50, w ith 10 min . t im er $25.50 
wi t h timer and cryst al t ime base $29.50 

4 ·Digit $14.95 6-Digit·24 Hr. $14.95 (no alarm) 

0.8" 4 Digit Jumbo Display Alarm Clock Kit 
Featu res: 

A . Fai rchild O.S" FSCSOOO Display Array 
B. Fairchild Super·Chip - F -3817PC 
C. P.C. Board, Transformer, Speaker and all 

pa rt s incl uded (less case ) 
D. Detail ed Instructions $19.50 

BOWMAR SLIDE RULE CALCULATOR 
Features: 

A . S·D igit Di splay C. Comes w ith Batt. Charger 
B. Bui ld· in N I·Cad Batt. D . One full y ear warr. 

ONL Y $32.00 (Limited Quantity) 

POWER SUPPLY KITS 
5V 10A with OVP (Less Case, X 'former , $ 7 .95 

Rect.&Cap)-with X' former, Rect .&Cap $16 .50 
2·20V 1.3A continuously adjustable with current 

limiting . Includes Tran sformer , P.C. Board , 
2 N3055 , Heat sink , and everyth ing but the 
case, $10.95 

BOURNS MINIATURE TRIMMERS 
3292X 2K 55. ea. or 10 for $5.00 
330PP 2K 75. ea. or 10 for $6 .75 

4" MUFFIN FAN-Slightly Used-$5.00 
All in per fect Condition . Satisfaction Guaran teed 

MINIATURE SLIDE SWITCH 

~ 
DPDT .20 each 

10 for $1 .75 
100 for $15.00 

ALL an ASR33 is 
$795 + 35 Ib SHIPPING. 
VIDEO DISPLAY TERMINAl. 12 
LI NES X BO CHAR. 5x 7 DOT 
Mft.TR I X, 525 LI NE RAS

and MORE $875 Q 
+ 165 Ib SHI PP ING Q. 

OLI VETII TE3 I B - RS232 INTERFACE, 10 CPS, ct> 
BUI LT - IN PAPER TAPE, ELE CTRI C TY PEWRITER 00 

TER. BUILT & TESTED ; 
PLIJG & GO ! 

• KEYBOARD W/ ADDITIONAL 10 KEY NUMERI C PAD, W 
• YOUR CHOI CE SPROCKER OR FRICTI ON FEEO. 0 

GREEN PHOSPHOR 

VIDEO MONITOR 
$150 + $25 SHI PP I NG 

16 MHz BANOWI OTH , STANDARD RASTER 
SCAN, 24 LINES X 80 CHARACTERS, ONE 

1:t'1I5iIWitl lcOMIMI<;:ROFLOPPIES 

PLUG COMPAT I BLE FOR S 1 00 BUS . .. FDZ4 11 . • . . $1095 
SI NGLE DrdVE. . .... . ............ FOZ402 . ... . . . . 649 
I COM FLOPP IE S; 
FF36- 1 FRUGA L . • . . . . . . . . . • . . • . . . . . . . . • • •• .. 11 95 
FF36-2 DUAL FRUGAL.... ....... .. .. .. .. . .. .. l B95 
360- 5B BU I L T ; I NTE RFACE BOBO .. .... .. ...... 300 
S171 POWER SUPP Ly .. .. .............. .. ... 250 
FD360- 2- 5 OUAL SYSTEM •.....•..... . ••. . •••• 3000 
FD3711 OESK TOP SI NG LE FLOPPY SySTEM ••..•. 2350 
FD3712 DE SK TOP DUAL ........ .. ............ 2650 

KIM-l 6502 ........ $245 INTERCEPT JR : =D~~ I ~~ 
KI M-2 4K .. .... ... .. . 179 FROM IIHERS I L, I NC. 
KI M- 3 BK .... . .... ... 2B9 12K RAM .. .. ...... .. . 145 
MAN UALS PACKAG E..... 15 ROM/PROM BOAR D •• . .•• 74.65 

TARBE LL AUDI O CASSETTE (YOU AD O MEMORY CHIPS) 

KI T 120 SER I AL I /O .......... B1. 50 
..... .. ........ .. AUD I O VI SUAL BOARD.. 125 

1030 
$895 + 70 Ib SHI PPI NG 

IBM 2741 COMPMI BLE - "S ELECTRI C BASED" PORTABLE 
CONVERSATI ONAL DATA TERMI NAL, PRINTS UP TO 15 CPS. 

SEND $1 FOR OUR 
MICROCOMPUTING CATALOG 
TH E ON LY ONE OF ITS KI NO ! ! FULL DUAl LS ON OUR 
COMP LETE LINE OF KITS AND UNITS, REVI EWS OF OVER 
150 BOOKS, LI STS OF NEW AND SURP LUS PARTS AND 
"ALL ABOUT HOBBY MI CROCOMPUTE RS"- - AN I NTRODUC
TI ON TO PERSONAL COfIPUTI NG . 

TO ORDER EQUIPMENT 

l. ENCLOSE CHECK FOR FULL PR I CE PLUS SHI PPINr, Cf'.11GES 
(KITS - ADD $5 IF UNDER $100;' $10 IF OVER ) 
VISA (BANKAMERICARD) & MASTER CHARGE ACCEPTED -
SEN D CARD #, EXPI RATION DATE , INTERBANK # 

2. CLEARLY IDENTIFY SHI PP I NG ADDRESS 
3.0ESCRI BE ITEM BY MODEL NUflBER 

INTER-COM BOARD TRANSFORMERS THIS MONTH'S SPECIALS! 

Fully assembled . All inputs 110 V AC SN7400 $ .12 
40 V C.T . 10A $14.50 LM741 CH - T o ·5 .30 

Wo rks on 9 - 15V D .C. 30V C.T . 20A $13 .50 MH0026C 
2 speakers make it w o rk. 20V C.T. 10A $S.OO (5 MHZ Clock Driver! 2 .95 

With Schem at ic 24V 1.3A $3 .50 AY-5·3600(Keyboard Encoder by 
ONLY $3.00 2 .4 -6 .3·9 -12 V 1A 4 in 1 $3.50 G. i.)with Spec. Sheet 10.50 

2SV C.T . 0 .6A $2 .00 LM340T·12 .SO 

ZENER DIODES LM340T·5 .SO 
WIRE-WRAP TOOLS from OK AN214-4.5W Power I.C. with 

5V 'hW .12 Hobby Wrap - 30 $5.45 Spec. 2 .95 
14V 'hW .12 Hobby Wra p - Model BW·630 Bat -
15V y.W .10 t ery Op. (less batt.! $32 .95 PANEL METERS 

IN2979 15V 10W 2 .50 2 '1. " X 2 '1." 

IN3029 24V 1W 1.25 OPEN FRAME POWER SUPP. 50flA $3 .50 150flA $3.00 

IN3002 75V 10W 2.50 12V @ 1.SA with OVP 115V AC 100flA $3.00 300flA $3.00 
input $ 7 .50 1%" X 1%" - 50flA $4 .00 

COMPUTER GRADE 
5V @3A w ith OVP 115V A C L.E.D. input $17.50 

CAPACITORS 0 .25" Red 25. 10 for $2.00 

18,500fl F SOV $4.50 MODULAR POWER SUPPLY 0.25" Green 30. 10 f or $2 .50 

91 ,000fl F 20V $4 .00 5V @ 32A 115V AC Input w ith 
0.125" Red 20. 10 for $ 1 .75 
0 .5" FND503 C.C. $1 .00 

100 ,OOOfl F 5V $2.50 OVP (New) $69.50 0.5" FND507 C.A . $ 1 .00 
1,000fl +2OO 50V $ 1 .00 24V @ 12A 115V AC input 

O.S" FSC8000 C.C. $ 7 .50 (used) $37.95 

TANTALUM 
2SV 3A (u sed) $ 19.95 I.C. SOCKETS 

CAPACITORS RECTIFIERS RCA House Mark . 
14 Pin La Pro $ .30 

IN4001 .06 1000V 3 A .40 
14 Pin Standard·Gold .35 

1fl35V .15 14 Pin Wire Wrap·Gold .45 IN4002.07 600V 5A 1J.l10V .15 .75 16 Pin La pro .35 IN4003 .08 MOTOROLA 3 .3fl35V .20 
IN4004 .09 IN1202A .65 

16 Pin Wire Wrap-Gold .50 
10J.l50V .35 IN4005.10 IN 161 2 

22 Pin La pro .45 
22J.l35V .25 

.75 24 Pin La pro Open Frame .45 
IN4006 .12 MDA962·2 l.S0 24 Pin Standard-Gold 1.00 
IN4007 .14 Bridge100V12A 40 Pin La pro Open Frame .55 MINIATURE TOGGLE 

SWITCH TERMS: Money Bock GUDfantee 

SPDT $ 1 .00 • CALIF. RES I DE NT S A OD 6'110 SALES T AX 

~e.=1 Please add $ 1 .00 for pos t age inside Calif., $2 .00 for 
. DPDT $1.25 OUI of Siale, Overseas add 10% of order. ~ 

DPDT Center o f f $ 1 .25 Minimum Order $5.00 CO. D. $20.00 (S ' .OOhondling) 

PUSH BUTTON SWITCH 11~~~~~~~;;i~t~~~;:A~'~~~~ Red, Whi te, green and 
yellow 30 . ea. 4 /$ 1 .00 
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SPECIAL OFFER 
100 STEPS 

PROGRAMMABLE 
SCIENTIST 

#4525 

REG. $89.95 

$ 

· RPN logic with "built-in" hierarchy for increased 
accuracy and speed in calculating sequences involv
ing arithmetic, trigonometric, logarithmic, power or 
exponential functions .. A rollable 4-level stack lets 
you review or use intennediate solutions. . Eight
digit plus 2-digit exponent LED display with full
floating decimal system. . Scientific notation for 
increased mathematical capacity. . Sine, cosine, 
tangent and inverse trigonometric functions. . 
Common and natural logarithms and antilogarithms. 
· Instant automatic calculation of powers and roots. 
· Single-key square root calculations . . Single-key Pi 
entry .. Separate storage memory. Square, square 
root and reciprocal calculations. Change sign and 
register exchange keys. . MOS/LSI solid-state cir
cuitry .. Includes 3 AA rechargable NiCad batteries. 

MANUFACTURED IN USA BY 
BY NATIONAL SEMICONDUCTOR 

ONE YEAR UNLIMITED WARRANTY 
10 DAYS MONEY BACK GUARANTEE 

-.Model #4525 @38.95 __ 
-.Model #4520 @28.88 __ 

---.AC Charger@4.95 __ 
_ _ Case(s) @2.95 __ 

__ Calc. Stand@2.50 __ 
Cal. Res. add 6% tax __ 

Total __ 

ALSO AVAIlABLE 
MODEL #4520 With the same features as above but 
without programming capability @ $28.88. Acces
sories same price as above. Circ le 157 on inquiry card. 

SAME DAY SERVICE IF PAID BY CASHIER'S 
CHECK, MONEY ORDER OR CHARGE CARD. 

ASC II KEYBOARD 
NEW LOOK IMPROVED DESIGN 

$58.00 
This 63 key ASC 1\ Encoded Keyboard kit was 
designed and manufactured by Electronics Ware
house Inc. Features: Single 5 volt D.C. supply, 
utilizing only TTL Logic elements (no MOS devices 
to blow). TTL drive capability (each of the eight bits 
of ASC II output will drive the equivalent of ten 
standard TTL inputs without external buffer drivers), 
de-bouncing , upper and lower case fully ASC 11,8 
bit parallel. In addition to the alpha-numeric and 
symbol keys available on a regular keyboard, the 
following keys are utilized : Escape, back-space , 
tab, line-feed, delete, control . shift-lock. shift (2 
keys). return . All 128 ASC II characters are generat
ed. 
Kit includes: 63 key keyboard. P.C. board . all 
required components and assembly manual with 
ASC II code list. 
Optional : Parity bit - add 50<1: • Enclosure - $25.00 
• Serial output - add $2.00· 18 Pin edge connector 
- $2.00 • Sockets - $4.00 
Note: If you already have this teletype keyboard 
you can have the kit without it for $39.00. Dealer 
in uiries invited . 

FROM CONCORD 

THE FIRST FULL FEATURE 

LSIDMMKIT 
INTRODUCTORY PRICE: 

Reg Suggested Retail $149.00 

. AUTO RANGING 
MEASUREMENT RANGES: 

. AUTO POlARITY Voltage (AC& DC) 1 MV· 1000V 
Cu rrent (AC & DC) 10 jJA·1A 

AUTO ZERO RESISTA NCE 10 · 10 MQ 
Basic D.C. Accuracy. be tter than 

3 Large Digits (1/2") 0 1% :!: 1 Digi t 
Power' 4 AA batteries (Recharg· 

Rechargable able ba tteries optional) 

NI-CAD BATTERIES: $6.00 • AC CHARGER: $4.95 • ENCLO
SURE: $12.95 • TEST LEADS: $1.95 • SHUNT KIT FOR 3 
CURRENTRANGE~$~75.S0CKETS$~50 

ORDERING INFORMATION 
SHIPPING AND HANDLING - $3.00 + 50~ Insurance 

California residents add 6% sales tax 

ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. Dept. B 
REDONDO BEACH, CA. 90278 

TEL. (213) 376-8005 
WRITE FOR FREE CATALOG 

You are invited to visit our store at the above address 

Ci rc le 85 on inqui ry card. 



COMPUTERS: Circle deSired kitS, 
Ihen ShOW thiS ad to Jour owner. 
f ikti;"j;;i;~t;·B;;;d··$25""" 
• • • .Plugs into your S-lOO bus to actively terminate lines • II .Minimize the crosstalk, noise, overshoot, and ringing you can find on improperly II 
• terminated busses • 

• • I I 
i 2 MOTHERBOARD(S) 10 Slots: $85 ! 
i . Prices include edge connectors . 18 Slots: $118 ! 
II • Includes active terminations for unambiguous data transfer == 
• .Uses glass epoxy, plate-through, double sided board • • • . ~ . I ~ ,8K EconoRAM II ," $163.84 I 
• • Low current drain, zero wait states (1 wait with 2-80) • • • • • Tri-state outputs mate with any type of bus • 

• • Configured as two separate 4K blocks (with fully independent protect and address • II decoding to increase flexibility) II 
I • Includes low power Schottky support Ies and full buffering II 

I 4 4K EconoROM'" $265 i 
• • NE\oJ AND IMPROVED---better listings; SP and PSW now implemented for more flexi- • 
• bility. Find out why Jay Bell, editor of Print-Out, said: • 

•
• "Without a doubt, this board is the best buy I have made for my Altair 8800 == 
• out of the $5000+ I've spent." . (Print-Out, September 1976 issue) • 
• Now you can have editor, assembler, and monitor routines that make the 8080 a • I much nicer chip to work with. I 

i 5 CPU Power Supply $45 I 
II • 5 Volts @ 4 Amps with crowbar overvoltage protection . II 
• • +12 Volts @ ~ Amp and -12 Volts @ ~ Amp (~V-'. • 
• . • Adjustable bias supply. 5 to 10 Volts at 10 mA~'.a. '---.... :~ •• ~.~; ••••• ; •• ~~.;.~ ••• ~ •••••• ~j~.~~.~ •• ~~ ..... .., 

ffiIDffi@OO 
BILL GODBOUT ELECTRONICS 

BOX 2355. OAKLAND AIRPORT. CA 94614 

TEINS: Please allow up to 5% for shipping; excess refunded. Californians 
add sales tax . Street address must be included for COD orders. Place 
BankArnericard'" and Mastercharge® orders ($15 minimum) by calling our 24 
hour order desk at (415) 562-0636. 
FREE FLYER: Just give us the word and we'll send out a copy of our flyer, 
which describes our complete line of products in greater detail. 

Circle 86 on inquiry card. 



7400N TT l,.".,."", TImebancf L. .. HllRUlIIO 

.16 SN7459A .25 . . (/flUff l t·· -Watches -

. 16 SN74SON .22 SN74 154N 1.00 I 

.21 SN7470N A5 SN74 155N .99 Men 's & Ladies 

.16 SN?472N .39 SN741S6N .99 

: ~! ~:;:;~: :i~ ~~;: ~~~ I ::~ J • Solid State 
:: ~Z;:;iZ ' .~ ~Z;: :~~ : • Displays hour, min ute , 
.25 SN7479N' 5.00 SN741 64N 1.10 1201 8lat~ Srlceltl $19 .95 second, month & day 

t 
TC441 Whll~ w/Slrap $29.95 
TC440 Yellow w/slrap $34.95 

lCO 

WIRE WRAP CENTER 
,HOBBY·WRAP TOOL·BW·630 

• Battery Operaled (Size C) 
• Weighs ONLY 11 Ounces 

• Wra ps 30 AWG Wire onto 
Siandard DIP Sockels (.025 inch) 

. Complete w ith buill -in hit and s leeve 

SNJ400N 
SN7401N 
SN7402N 
SN7403N 
SN7404N 
SN7405N 
SN7406N 
SN7407N 
SN7408N 
SN7409N 
SN7410N 
SN74 11N 
SN7412N 
SN741 3N 

• SN7414N 
SN1416N 
SN7417N 
SN7420N 
SN7421N 
SN7422N 
SN7423N 
SN7425f1 
SN7426N 
SN7427N 
Sfl1429N 
SN7430N 
SN7432N 
SN7437N 
Sfl7436N 
SN7439N 
SN7440N 
St1744IN 
SN7442N 
SN7443 f1 
SN7444N 
SN7445N 
SN7446N 
SN7447N 
SN7448N 
SN74SON 
SN7451N 
SN7453N 
SN7454N 

: ~~ ~~~!:~~ :~ ~~;::::~ : :~~ lED • Snap-out battery 
;1 ~~;::;~:~ ~Z;::;6Z ~.~ i' replacement LAO IESLED .... , W,:,:::::I:::R:::E::.;W,::::R::::A::::P,....,.K''I"'T,---:W-:-:':'K:"'.-=2:"'.:"'W-:_- .. -•. -.---.• -.'"-,- 'II 

ii ~Z;::~ 3;X ~~;::;~~ ~.';': ' • Free set of replacement : WRAP. STRIP • UNWRAP ~fi.~~~\ 
.35 SN7489N 2.49 SN74174N 1.25 I ~ batteries • Too l fOf 30 AWG Wire \ ' 
.35 SN7490N .45 SN74175N .99 \ ~ 
'. 3'3' ~:;::~~ ::~ Ss', ',', ', ',', '. ..9090 --=- • Choose LED or LCD • Ro ll of 50 Ft While or Blue 30 AWG Wire \ I 

t I I · 50pcs eachl ', 2 , 3 &4 lenglhs- \ • 
.49 SN7493N .49 SN741 80N .99 S Y es I p re -stnpped wire \ @ '. 
:~! ~~~!~~ :~~ ~:i:::;~ 2:;~ . ::~: ~~;!~':~itt~~~~I:~:~:: • One year factory Tl il While w/l lrlp $34.95 $11.95 \'. ' -.--
.29 SN7496N .89 SN74184N 1.95 I ty T310 Yellow wfslrap $39.95 

.37 SN7497N 4.00 SN74185N 2.20 1~;;;;;;;;;;;;;;;;;;LE~O;;;;;;;;;;;;;;;;;;;:.._~w;;;ar~ra;n;~~~~~~~;;;~~;;;;;;;;;;;;;;;;;;;;;~r_-'---;;;;,__;:;;;;;;;;;~~~;-;~;;-::;;;-~I 

.42 SN74 100N 1.00 SH74186,r( 15.00 WIRE WRAP TOOL WSU 30 
'. '3" ss',','. ',o,','., .. 3

3
', ss'.','. ', ',','. '3 .. 00'5 I CU ,8NNELIfIT 

... RfIRtHRO VlO(O£Nr£RTRIIIAKNTS'flIFM ('II. - • 

.27 SN74122N .39 SN74190N 1.19 I'V'1 Lr:.J • Freeze Action. S peed Option ~- WRAP. STRIP. UNWRAP -S5 .95 

.27 SN74123' .50 ' SN7419 IN ' .25 ~ • Aulomatic l ime and scorekeeping WIRE WRAP WIRE - 30 AWG 

.15 SN74126N .SO SN74193N .89 I' /"'I~' " $159 95 . Dual co ntrols w ith8-wayaction 25ft . min . S1.25 50ft . S1.95 100ft . S2. 95 1000 fl .,S15 .00 

.25 SN74125N .60 SN74192N .89 ~~~qll • Batte ry -free AC operation 

: ~: ~~~! i~!: ' :~ ~~;:::~: I : ~; • • Buill -in Pro Hockey a nd Ten nis games SPECIFY COLOR - While - Yellow - Red· Green - Bl ue - Black 

.75 SN74141 N 1.15 SN741 96N 1.25 • Easy hOok-up on any BfW or Color TV 

.75 5N74142N 4.00 5N74197N .75 • Factory warranty 

.15 SN74143N 4.50 SN74 198N 1.75 

:; ;~;::::~:~ ~~;:~~~ ~i~ Channel F - additional cartridges - $19.95 ea . 
.79 SN74147' ' .35 SN74279' .90 # 8112 · Desert fox/Shooling Gallery #811 3· Blackiack (1 or 2 players) 
.26 SN741 48N 2.00 5N74251N 1.79 # 81 1 4 - Spitfire (lor 2 players) #811 5 - S pace Wa r 

:ii ~~~:~~~ I :~ ~~i:i:~~ ~:~ # 8111 - Tic-Tac-Toe/Shooting Galiery/ Doodle/Ouadra -Doodle 

.20 SN74 153N .89 SN74367N .75 

MANY OTHERS AVAILABLE ON REQUEST 
20% Discount for 100 Combined 7400 '5 

C04000 .25 
C0400 i .25 CMOS 74C04 N .75 

N CION .65 
C04002 25 CD4035 1.85 74C20N 65 
C04006 2.50 CD4040 2.45 74C30~~ .65 
C04007 .25 CD4G42 1.90 74C42t1 2 15 
C04009 .59 C04044 1.50 14C73I~ 1. 50 
C0401 0 .59 C04046 2.51 i4C74 1.15 
C04011 .25 C04047 2.75 74C90tj 3 00 
C04012 25 C04049 .79 74C95" 2.00 
CO~O I 3 47 C040SO 19 74CI07 N 1.25 
CD40 16 .56 CD~051 2 . 9~ 74CI51 '1 90 
C04017 1.35 CO~053 2.95 N CI54 4.00 
C04019 .55 C04060 3.25 74CI 57 2 15 
C04020 1.49 C04066 1.75 14CI60 3.25 
C04022 1.25 C04069 45 74CI61 325 
C0402.3 25 CO,1071 .45 74CI63 3 00 
C04024 1 SO C04081 45 74CI64 3.25 
C04025 25 C04511 2.SO 74CI 73 2.60 
CD4027 .69 C04518 2.SO 74CI93 2 75 
CD4028 165 MC14566 3.00 74C I95 2.7S 
C04029 2.90 74COON .39 MC4044 4.50 

· CD4030 .65 14C02N .55 MC1401 6 .56 

· ' LM 3UOH .80 
LM30 lH .35 LINEAR 

LMI 351N 1.65 
l MI41 4N 1.75 

LM30 lCN .35 76MG 1.75 l MI 458C 65 
LM302H .75 LM310N 1.1.5 l MI496N .95 
LM304H 1.00 L11373N 3.25 LMI 556V 1.85 
lM305H 95 LM377N 4.00 LM 21 li N 1.95 
LM307CN .35 LM38()N 1.39 LM290 1N 2.95 
LM308H 1.00 LM380CN 1.05 LM3065N .69 
lM30BCN 1.00 LM381 N 1.79 LM3900N .55 
l M309H 1.10 lM382N 1.79 LM3905N .60 
LM309J( .99 NESOIJ( 8.00 LM3909 1.25 
lM310CN 1.15 NE510A 6.00 l M5556N 1.85 
LM311H .90 HE53IH 3.00 MC55S8V 1.00 
LM31 IN .90 NE536T 6.00 LM7525N .90 
LM318CN 1. 50 NE540l 6.00 LM7535N 1.25 
lM319N 1.30 HE5SON .79 8036B 4.95 
lM320J( ·5 \.35 NE555V .39 LM75450 .49 
lM320J(·5.2 1.35 NE5SOB 5.00 75451CN .39 

XC209 
XC209 
XC,", 
XC209 

12S· · clla . _ • 
Reel 10lSI XC III 
G f~en ,lIS1 XCI II 

~:,~ :~~\ DISCRETE LEOS ~::: 
.200" ella .185·' dl. . .200·· clla . 

XC22 R~ 10'51 XC526 Re<I 5151 kC556 Red 10 S1 = _ ~ _ _ W _ _ ~ = _ W _ _ ~ _ _ W 

XC22 Orange 4/51 XC526 Orange 4151 XC556 Orange 4151 
SSl ·22 RT 4lSI XC526 Clear 4151 XC556 Cltar 7/51 

.190· dla. 
RC<! 10151 

~ ISI 

4151 
4/S1 

SPECIAL ' - XC556 Red 100/$8.00 1000/$60.00 - SPECIAL ' 
Ot/07 .. DISPLAY LEOS .. Ul336 

TYPE POLARITY 
MAN I Common '\nod~ 
MAtI 2 5 ~ 7 001 Ma1ru 
MAN 3 Comllloll calho(le 
MAI/ .l CommonCalhol1e 
MAN 7 Cornrr:on M\o~e 
MMI lG COlllmon Anode·gleen 
M,\N 7Y COIllI1 \ol1 l\no(le ·yellow 
MAN 52 Common ,' node ·gleen 
MAN 6·1 Common Anode ' ll!ll 
MAN 74 Comillon camodc 
MAN 82 Common ,'node ·yellow 
MAN 84 Common C.lth ul1e ·ycllow 
MAN 3620 CO!1llflonAo(X1c 'orange 

Hf 
270 "'l9~ 
300495 
1253/100 
187195 
300 1 25 
300 1 95 
300 1 95 
300 99 
~oo 99 
JOO ' 50 
300 99 
JOO .99 
300 1 75 

~~~:g~i ATARI GAME BOARDS 
80ARDA - B'n" 1l 16" 

Ovef 60 each reusable ICs S6,95 ea. 
MISC. Tr arlSlSlors. Resrstors. ONLY SOOEA 
0IOdes.Caps.Crvslals.S ..... llch. erc AVAllfIBLE 

DELUXE BOARD 8 _ 11\-':" x 18" S9.95 ea. 
Over 100 each r eusabl~ IC's ONLY 500 EA. 

MISC. TrO!nlstors. Reslslo,S. AVAILABLE 
DIodes. caps. ervSlalS. SWitches, LEOS. ele 

TY PE 
MAfl3640 
MAN 4110 
DLlOl 
OL704 
OL 107 
MAtI·1740 
OL74 1 
OL/4? 
OLl50 
Dl 336 
FNO/O 
nmS03 
fNOS07 

POLA RITY 
CornmllllCatholle,olange 
Cornll1QnAnClr:le·Reli 
Common AMde'fe!1 ~ 
CClmmCln Calllode 
COlnrnOll,\nDlle 
Common Anode·Red 
CommOIlAnolle 
COlllrnun Aoode 
CouHllunCatnode 
CornmonCaUlode 
Common C,llhode 
Common C.11~ode 
CornrnonAnode 

Hf 
300 1 75 
400 195 
300 99 
300 99 
300 99 
400 99 
600 1.50 
SOO 225 
600 2,19 
110 .50 
250 7~ 

500 1 00 
500 1.00 

HP 5082·7300 Multi -Digit Series 
• l/e" Ht. • Common Cathode. Dip Package 

• 3 to 5 volts @ 5 mils pe r segment 
• 7 5t!gment Monolith ic . Red Dis play 

•

... .,..~ - 2 Digil 
3 DIgit 

_ _ 40lg11 
5 Digit 

$ .'9 
.89 
.99 

1.19 

lC SOlDERTAIl- lOW PROfILE (TIN) SOCKETS 

Plastic Push Button Switch 
• 50 (wid.) X 60 (high) \\ ·27 Thread 
• 8 AMP @ 14 Voll • 1 AMP @ 10 Voll t 
·18 AWG Solid Wire - 5" Long 

1 9 10 Up 
J-188-1 Push On Push Off 59 49 
J-188-2 Normally Open 59 49 
J-188 -3 Normally Closed 59 49 

DIP SWITCHES 
SPST Slide Aclio:'! 

1206-4 ( 8 pin dip) 4 switch unit 51.7588. 
1206-7 (14 pin dip) 7 switch unit 51.95 ea . 
1206-8 (16 pin dip) 8 switch unit $2.25 ea . 

TV GAME CHIP SET -$18.50 
Includes AY·3·8500·1 chip and 2.010 mhz cryslal 
if purchased s eparalely would cost 521 .90 . 

ZENERS - DIDOES - RECTIFIERS 
TYff VOLTS W PRICE TYPE VOLTS W 
IN146 3.3 400mm 4/1 .00 IN4oo5 600 PIV I AMP 
IN75 1A 5.1 400m 411.00 IN4oo6 800 PIV I AMP 
IN752 5.6 400m 4/1.00 IN4oo7 1000 PIV I AM P 
IN753 6.2 400m 4/1.00 IN3600 so 200m 
IN754 6.8 4DOm 4/1.00 IN4 148 75 10m 
IN959 8.2 4DOm 8f1.oo IN4154 35 10m 
IN9658 15 400m 4/1.00 IN4305 75 25m 
IN5232 5.6 500m 28 IN4734 5.6 Iw 
IN5234 6.2 500m 28 IN4735 6.2 
lN5235 6.8 soOrn 28 IN4736 6.8 Iw 
lN5236 7.5 500m 28 tN4738 8.2 lw 
IN456 25 40m 6f l .00 IN4742 12 I ..... 
IN458 ISO 7m 611 .00 IN4744 15 lw 
IN4S5A 180 10m 6/1.00 INII83 50 PlY 35 AMP 
IN400i 50 PIV I AMP 12/1 00 lNI184 100 PlY 35 AMP 
IN4oo2 l00 PIV I AMP 1211.00 INI IBS lSOPtV 35AMP 
IN4oo3 200 PIV I AMP 12/1.00 INII 86 200 PIV 35 AMP 
IN4oo4 400 PIV I AMP 1211 .00 INI 188 400 PlY 35 AMP 

SCR AND FW BRIDGE RECTIFIERS 

PRICE 
1011 .00 
1011 .00 
10/1.00 
6/1 .00 . 

15/1.00 
1211 .00 
20/1.00 

28 
28 
28 
28 ' 
28 
28 

1.60 
1.10 
'50 , ... 
3.00 

C360 15A @ 4ooV SCR SI 95 
C38M 35A@200V SCR 1.95 
2N2328 1.6A@200V SCR .SO 
MOA 980·1 12A @ 50V fW BRJDGE REC. 1.95 

lM320J( ·12 1.35 NE56 IB 5.00 75452CN .39 1·24 
lM320J( ' 15 1.35 NE5628 5.00 75453CN .39 8 pl0 517 

75454CN .39 

25·49 50· 100 1·24 
16 15 ~ 2"PIIIS 38 

25·49 
37 
44 
59 
62 

5fij l OO ... ,;.;M;;.OA..:' .:.:80..:.3 __ '.;.2A.;@;.20;,;.0;.V-~~~FW~B-R1,;.DG.;;E-RE.;;C--'..;.'~5 ~ 
43 TRANSISTORS PN~2H ~ r1 1 00 • LMJ20T·5 1.75 

l M320T·5.2 1.75 
lM320T'8 1.75 
LM320T·12 1.75 

NE565H 1.25 
NE565N 1.75 
NES66CN 1.25 
NE567H 1.95 

75491 CN .79 
75492CN .89 
75494CN .89 

RCA LINEAR 

14 pili 20 
16 pili 22 
16 pill 29 
22 pII\ 37 

19 18 28 p,n 45 
21 20 36 p1!1 60 
28 27 40 pin 63 
36 J5 SOlDERTAll STANDARD ITlN) ~~ r;i?~ ~l ~ . ~~~4 ti:E g;l~ j~\ ~ 

~~~~~;A ~~i .~ , 2N3704 S1S1 00 l 2N440J 41$100 lM320T ·15 1.75 
LM320T·18 1.75 
lM320T·24 1.75 
LM323K·5 9.95 
LM324N 1.80 

NE567V I. SO 
lM703CN .45 
LM709H .29 
LM709N .29 
LM710N .79 

CA.:l01 3 2.15 
CA3023 2.56 
CA3035 2.48 
CA.J039 1.35 

\<t PIII S27 
16 pill 30 
18 pin 35 
24 pin 49 

lM339N 1.70 LM71 1N .39 CAJ046 1.30 
lM340K·5 1.95 LM723H .55 CAJ059 3.25 8 p'l1 530 
lMl40K·6 1.95 l M723H .55 CAJ060 3.25 t,l l1l11 35 
LM340K·8 1.95 l M733N 1.00 CAJ080 .85 16 pin 38 
l Ml40K·12 1.95 LM739N 1.00 CAJ08 1 2.00 18 pili 52 
lM340K·15 1.95 LM74 1CH .35 CA3082 2.00 
lMl40K·18 1.95 
LMl40t<·24 1.95 
LMl40T·5 1.75 
lMl40T·6 1.75 
LM340T·8 1.75 

LM74 1CN .35 
LM74 1-1 4N .39 
LM747H .79 
l M747N .79 
LM748H .39 

CA30SJ I.SO 
CA3086 .85 
CAJ089 3.75 
CAJ091 10.20 
CA3 102 2.95 

10 Illn S45 
14 pIn 39 
16 Pili <1 3 
18prn 75 

25 
27 
32 
45 

27 
32 
35 
47 

" '" 42 
68 

"'5' __ 26 ~II1 S 99 
36 11rn 1 39 

30 "', 40 pll1 1 59 
42 

SOlDERTAll STANDARD (GOLD) 
" __ 24 I1 rn 

29 28pl(1 
32 , , 36 1'111 
43 40 pili 

WIRE WRAP SOCKETS (GOLD I lEVEL # 3 

~~ - ~! ~:~ 
oi l 36 pIn 
62 40 pili 

S 70 
' 10 
175 
175 

51 05 
'40 
' 59 
175 

90 
1.26 
'45 

63 
'00 
140 
15' 

95 
125 
145 
155 

." 11 5 
130 

57 
90 

' 26 
145 

85 
' 10 
'3D 
1. 40 

lM340T ·12 1.15 
LM340T·15 1.75 
l M340T·18 1.75 

LM748N .39 
l MI 303N .90 
l MI304H 1.19 

CAJ I23 2.15 
CAJ I30 1.39 
CAJ I40 1.25 

50 PCS. RESISTOR ASSORTMENTS $1.25 PER ASST. 
lM340T·24 1.75 l MI 305N 1.40 CA3600 1.75 
LM3SON 1.00 LM I307N .85 RC4 194 5.95 
l M351CN .65 lMI 310N 2.95 RC4 195 3.25 

~:~~~ ~ 74LSOO TTL :':l~~~9 ll'~ 
74LS03 29 7.\lS74 ~9 7-1lS 153 t 89 
74LS04 35 74lS 75 69 74LSt57 1 55 
74lS05 35 74LS76 49 7·1lS 162 225 
74lS08 ?9 74LS83 1 75 7·11S t63 225 
74LS tO 29 7Jl S85 2 49 H LSI64 t 9~ 
74LS 13 69 74LSB6 49 74L5175 1.95 
74lSt.l 175 74LS90 1 25 74LS18 1 369 
74LS20 29 74LS92 t 2~ 7·1lS190 285 
74 LS26 39 7R S93 1 25 74lS t91 '185 

ASST. 1 

ASST. 2 
....I 
CC ASST.3 

C3 
W ASST. 4 
CI.. 
Vol ASST. 5 

ASST , 6 

10 OHM 12 OHM 15 OHM 18 OHM 22 OHM 
5 8B . 27 OHM 3J OHM 39 OHM 47 OHM 56 OHM 114 WATT 5% 50PCS. 

68 OHM 82 OHM 100 OHM 120 OHM 150 OHM 
5 ea . 180 OHM 2?O OHM 270 OHM 3300liM 390 OHM 

470 OHM 560 OHM 680 OHM 820 OHM lK 
Sea . t 2K l SI< 1 61< 22K 271< 

33K 
5 e ~ . 821< 

22K 
5 ea . 561< 

15'" 
5ea .390I< 

3 9< 
'OK 
27K 

'" 1801< 
HOK 

nK 
12K 

33< 
82K 

nOK 
560K 

,,, 
15K 

:19K 
lOOK 

270K 
680K 

681< 

"K 
47< 

1201< 

330K 
620K 

114 WATT 50,:, 50 pes. 
en 

114WATT5~ .. 50PCS . ~ 
m 

1/4 WATT 5% 50 pcs. 5:2 
". 

114 WATT :;°4 sopes . "" 

114 WATT 5"/. 50 pes . 
74lS27 39 74LS9J 195 74LS I92 '185 ' 1M 12M 15M t 8M 2. 2M 
74LS28 39 74LS96 189 7-llSt93 285

1 

74LS30 19 74LS107 59 74LSI!!4 189 ASST. 7 5 ea . 2 i M 331.1 39M ,\ 1M 56t.1 114 WATT 5~. 50 pes . 

;:ti;~ ~ !~~ir I ~i ~~~ii~ ~ !! ,~S"5-:. ~~S~!~~~~.;;~m~R~Ord~~;;.;~.;;~.;;Uu~d~:~~FR.;;u:;.;d~;;.;i!~~~~:;.;A;;.;S;.;S.;;0;:~~:.;;'e-::~h.;;t:.;;e!.;;·.~72~~3;.;, ~;.;O~:~.~;.,;;,;.;.!'.,S"1~;.!,;.p.,.;~;.;r"'~"'n".;~;,~;;..1a,.,· I~Og"" 
~:~~~ ~ ~:t~ :i: I i~ ~~t~~~~ 3;~ California Resldlnt, - Add 6% SIIII Tlx Diller Olseounl Avall.ble - Requell Pricing 

1-~~~~-iCL~O~C~K~CH~I~PS~--~~~~1 J 
MM5309 601gll. BCD OutpUls, Restl PIN. $9.95 , ~ es 
MM5311 60",. seD Ou'P"'. 12 or" H,,, ' .95 ~o ... ~'(()~~e, a.~, MM5312 4 Oigll. BCD Outputs , I PPS Output 4.95 l ~ .'Iff) 
MM5314 60igil.12 or 24 Hour. SO Dr SO Hz 4.95 
MM5316 4 Digit. Alarm. 1 PPS Outpul 6.95 

~~~~8 i~:il~!:e:~: ~o:r~~'~~~ J~~:~ ' . 59.95) ;:~~ ,.0 ~ 
. DATA HANDBOOKS e,'f! 1021.A HOWARD AVE .• SAN CARLOS. CA . 94070 7400 Pin ·ou t & D cscr ip t ion o f 540017400 res S2 .95 

CMOS Pin ·ou t & Descr ip t ion of 4000 Surios ICS $2 .95 PHONE ORDERS WELCOME - (415) 592-8097 
. Linoar Pi AL.'C :HFRuEEI~A~8BgOik~S6.95 $2.95 All Advertised Prices Good Thru July 

ELECTRONICS 

~~~~~A :~\.~ ~~~~ ~i 'E , ~~E~ ;~l '~ 
2N2906" . !lI .oo 2N3711 ~IOO 2N~8 ~1$100 
2NZ907A SrS l00 . 2N3124 5. 65 .2N5089 .1S1.00 

I ~~:~ ~: : :Z~~~ 5~i '~ ~~~i~ t~ i '~ 

i ~~! Jl ~ I~~ m~ ~l~~R ~ll 
2N41 23 10151.00 

CAPACITOR 50 VOLT CERAMIC 
DISC CAPACITORS 

CORNER 
t ·9 10-49SO·100 j ·9 10,49 50,100 

10pl 
22pl 
47pl 

100 pI 
220 pI 
470 pI 

.05 .04 .03 .001,.. F .05 .04 .035 

.05 .04 .03 .0047J.1f .05 .\)4 .035 

.05 .04 .03 .01fL F .05 .1)4 .035 

.05 .04 .03 .022J..1F .06 .05 .04 

.05 .04 .OJ .G47J..1F .06 .05 .G4 

.05 .04 .035 .I#-, F .12 .09 .075 

.oolml 

.0022 

.0047ml 
Ol ml 

.1/35V 

.15/3SV 
.221J5V 
.33 /35V 
.47135V 
.68135V 

1.0135V 

1[10 VOLT MYLAR FILM CAPACITORS 
. !2 .10 07 .022ml .13 .1 1 
.12 .10 .07 .047ml .21 .17 
.12 .10 .07 .Im! .27 .23 
.12 .10 .07 .22m! .33 .27 

+20% DIPPED TANTALllMS (SOLIDI CAPACITORS 
.28 .23 17 1.S135V .30 .26 
.28 .23 .17 2.2/25V .31 .27 
28 .23 . 17 3.3125V .31 27 
.28 .23 .17 4.7125V .32 .28 
.28 .23 . 17 6.8/25V .36 .31 
.28 .23 .11 10!25V .40 .35 
.2B .23 .17 15125V .63 .50 

MINIATURE ALUMINUM ELECTROLmC CAPACITORS 
AlI.I Leld RldlalLlld 

.47/5OV .15 .13 .10 A7I25V .15 .13 
1.0/5OV .16 .14 .11 .4715rN .16 .14 
3.3/SOV .15 .13 .10 1.0/16V .15 .13 
4.7/25V .16 .14 .12 1.0/25V 16 .14 

10/25V .15 .13 .10 1.015OV .16 .14 
10/SOV .16 .14 .12 4.7I16V .15 .13 
22n5V .17 .15 .12 4.7125V .15 .13 
wsw .24 .20 .18 4.71SOV .16 .14 
47125V .19 .17 .15 lol16V .14 .12 
4715fN .25 .21 .19 10125V .15 .13 

lOO125V .24 .20 .18 la/sOY .16 .14 
lOOI5OV .35 .30 .28 471SfN .24 .21 
220/25V .32 .28 .25 1001l6V .19 .15 
220/SOV .45 .41 .38 l OO/25V .24 .20 
470/25V .33 .29 .27 10015011 .35 .30 

lOOO/16V .55 .SO .45 22011 6V .23 .17 
2200/I?V .70 .62 .55 470125V .31 .28 

.08 

.13 
.17 
.22 

.21 

.22 

.22 

.'3 

.25 

.29 

.'0 

.10 

. 11 

.10 

. 11 

. 11 

.10 

.10 

. 11 

.09 

.10 .,' 

.19 
.14 
. IS 
.28 
.16 
.26 



XR·220SKB Kit S29.95 Special XR·220SI<A Kit S19.95 
WAVEFORM 

GENERATORS 
XA-205 58.40 
XA·22Q6Cf> 449 
XA·22D7CP 3,85 

EXAR TJMERS 
XA·555CP 
XR·320P 
XR·556CP 

MISCELLANEOUS XA·2556CP 
XA·2211CP 56 .70 XR·224OCP 3.25 

STEREO DECODERS XA·4136 .99 PHASE LOCKED LOOPS 
XR · 13tOCP SJ.20 XR ·1468 3.85 XR·210 5.20 
XR ·1310EP 3 20 XA·1488 5.80 XR ·215 6.60 
XR·t800P 3.20 XR·14f9 4.80 XR ·567CP 1.95 

OPROCESSOR COMPONENTS 
CPU 
8 Bit Input/Output 
Priority Interrupt Control 
Bi-DireC1ional Bus Driver 

8224 Clock Generator/Driver 
COP1802 - with user manual 

CPU'S 
Super 8008 
Super eGOB 

$19.95 8228 System Controller· Bus Driver ,$10.95 
4.95 MCS800l 8 Bil MPU 35.00 

15.95 MC6820l Periph . Intertace Adapter 
6.95 MC6810APl 126,6 Static RAM 

10.95 MC6630l7 1024,6 Bit ROM 
39.95 Z60 CPU 

2~ 95 
19.95 

S3 .95 
700 
~ 00 
2.49 
500 
3 95 
' 00 
395 

!lOr 
Z101 
2102 
2107/5~BO 
2111 

7.!89 
8101 
8111 
8599 
91102 

256 x l 
2S6x4 
rDZ4xl 
.!096 ~ I 
256 x ~ 
16 x ~ 
256xJ 
256 ~ ~ 

10 x ~ 
102·1 x 1 
2S5xl 

RAM 'S 
Stat iC 
Sial iC 
Static 
DynamiC 
Stat ic 
Static 
SialiC 
Slat lc 
Slahc 
SI ~II C 

Stal lC 

SR 'S 
102<: Dynaml( 
Hex j 2 BIT 
Hex ~ O BIT 
512 Dyn,mlc 
102 ~ DynamiC 
Dual 256 BIT 
Dual51 2 BI1 
Ouad BO BIl 
102JStatic 
Fllo 

74LS670 16 ) ~ Rtg 

SpeCial 5.95 
695 
395 

PROMS 
f arn os 

t-,"_.2_56_' ___ 2_.99 __ '_' _.22_" ___ ' ._20 __ ,"_.'_"_c_, __ '_·'_° -1 "'.'.1013 30K Bau~ART ' S 
55.95 

t702A 
5203 
82523 
8lS12J 
74$287 CONNECTORS 

PRINTED CIRCUIT EDGE-CARD 
.156 Spacing·Tin·Oouble Read·Out 

Bifurcated Contacts - Fils .054 to .070 P.C. Cards 
15130 PINS (Solder Eyelet) SI.95 
18136 PINS (Solder Eyelet) S2.49 
22144 PINS (So lder Eye let) S2.95 : 
501100 (.100 Spacing) PINS (Solde r Eyelet) S6.95 

25 13(2140) 
2513(3021) 
2516 

ROM'S 
Chal . Gen ·upper case 
Char. Gen. ·lowcr case 
Char, Gen . 

AY·3·8500·1 516.95 

$9.95 
9.95 

10.95 

, 
, 

6330·1 
6331 · 1 

MC3061P 3,50 C04508 6.75 82S115 25.00 3341 
MC4016P (74416) 7.50 CQ.t5t5 6.50 5841 9.95 9368 
MCI45BJ 3.50 C04520 2.70 MKS0240 17 .50 MC140SL7 
MC14562 14 .50 MCM6571 17 .50 l1C90 19 .95 LOI10/lOlll 
C04059 9.95 MCM6574 17.50 OS0026CH 3,75 AY·5·9100 

CD limeband , .. 
' A Tr aoemal~o' Fa,'Cl'lkj C3me'0l anLI InSl<lJf1'<!n l Co rpCl'alOO<\ 

Digital Alarm Clocks 
• 24·houralarm 

' . I ·,0D%SOlidState 

(.S"· hi~h) ~
1 ' D'''8",'OO 

I • Large Rlld .l.edOISplJV 

~ . flM /PMln!llcalor 
I • Seconds display at touch 

C-5DO·lvoryCase 01 button C·8211 
C-50DB· Ebony Case • Power failure indicator Woodllralnl:au 

$16.95 . oneye.ulactorywanarrty $19.95 

DIGITAL AUTO INSTRUMENT 
SEVEN DtFFERENT INSTRUMENTS! 

MEETS OR EXCEEOS ORIGINAL AUTOMOTIVE SPECS. 

Please specify wh ich on. of the seven models you wanl 
when ordering - these do no! all come in one untt. 

Each model mU5/ be boughl separalely. 

4 g~'i..o,?HMETER· 

5 ~::o ~~ESSUAE 

6 ~~3;:;!": 

DB25P 
DB25S 

25 PIN-D SUBMINATURE C04070 95 MCM6575 17 .50 Tll308 10.50 95H90 

~~:~~ 1""---.;.;........;;;lppjAiliRijAt-1TrtRI(O"NiilrCS~---'='-W~EEK~S DE;;UV;;-;ERY~=::'::::~=~~~~ -• ~. 
3112 DIGIT DVM Featured on February's Front Cover of Popular Electronics 

Logic 

This 0·2 VDC .05 per cenl digital Yoltmeter feaTures the Motorola 3'h digit 
DVM chip sel. 11 hilS a ,4" LED display and operates from a single +5V 
powel supply . The unit is provided complete with an in jection molded black· 
plastic case complete with Bezel. An optional powel supply is available 
whichlits into the same case as the O·2V DVM allowing 117VAC operation . 

A. 0-2V DVM with Case 
B. 5V Power 

Elching Kils 

$49.95 
14.95 

Analyzer Kit 

• Analyzes any type of digital system 
• Checks data rates in excess of 8 million 

words per second 
• Trouble shoo I TIL. CMOS. OTl. RTl. 

Schottky and MOS lamilies 
• Displays 1610gic stales up to 8 digits wide 
• See ones and zeros displayed on your 

CRT, octal or hexadecimal format 
• Tests ci rcuits under actual operating 

MODEL 
100A 

$189.00/Kit 

32 X A -1 P .c. Etch Materials Kil 
enough lor 5 circulI boards 

S29.95 ea ..... ...;;..;;,;;;,...;;..;;;;,;..;.;..:=;..;.;..;.:..;..;;..=;...;;;.;..;.;;,;;;,----------1 
27 X A· l 
Plugboards 
3662 

8800V 

EPO Xi' 
GLASS 

EPOXV GLASS -

Etched CirCUli Kil S 9.95 ea. 
Complete kil-onlyadd water 
6.5X4.5 X 1116 EpoK)' glass 
P·Patlero·44P.C. Tabs·spaced.156" 

P·Panern 
l W 

[j.1P.l.: 052XX~P .1 50 650 
169P4~ 02~XXP .150 1700 
6.!P4.1 062 450 6SO 
8 ·:p·l~ 062 4SO 8 SO 
169P4~ 062 .150 17 00 
169P8~ 062 'SO 1700 
169PJ4062C l ' SO 17 00 

HEAT SINKS 

172 15·1 
3.69 3 32 
207 ," 
2_56 231 
5.04 .153 
923 '" 'BO '" 

II 
205·CB BerylliulTI Copper Heal Sink Wlltl BI ~ck rlilish for TO'5 S .25 

291·.J6H Aluminum Heal Smklor TQ ·220 TranSistors & Regulatms $ .25 

$1.60 

PROTO BOARD 6 
515.95 

(6· · long X 4·· wide) 

Continuing Education Series JLJ 
BUGBOOK I & II·Bas ic concepts 01 TIL l ogic- over90 

e'periments 517.00Iset 

BUGBOOK lIa • Inlroduces UART - recommended 
lor RTTY enthusiasl S5.001book 

BUGBOOK III· E'plores 6060 chip - introduces 
Mark 60 Microcomputer S15.001bDOk 

555 TIMER APPLICATIONS SOURCEBOOK WtTH 
EXPERIMENTS - over 100 design techniques $S.95Ibook 

CMOS·M·DESIGNERS PRtMER ANO HANOBOOK 

Other CS Proto Boards 
PB100 ·4.5'" x 6·· $ 19.95 
PB10l . 5.6·· , 4.5·· 29.95 
PB102 .7"" ,4.5·· 39.9S 

• Brilillt 6 Oigit LED Display 
• Times 10 59 minules 59.59 seronds 
• Crystal Controlled Time Base 
• Three Stopwatches inQne 

Times Single EYenl -Splil & Taylor 
.Size 4.S .. x2.15 ... . 90 .. (4I7ounces) 
• Uses 3 Penlite Cells 

• 1 ·0 
PB103 ·9·· ,6·· 59.95 I r~~:::::,-::"!'=;';';;;~----::::==:::::=======---i 

• A6CDEf 
• Return Key 
• OptIOnal Key (Period) 
• - Key 

$10.95 each 

. . ... ,. . 
,. "y $19.95 

S7.95 · 

JOYSTICK 
These joysticks feature four· 
potentiometers, that vary re o 
sistance proportional to the 
angle of the stick. Sturdy metal 
cons truction with plastics 
components only at the mova
blejoint. Petiect for electronic 
games and instrumentation. 

Special *5k Pots $4.95 
*100K Pots $7.95 

PB104 . 9.5·· , 6·· 79.95 
PB203 ·9.75, 6V, ,2V, 75.00 

CTlypfI 
OT ·59S 
aT ·59B 
aT·47S 
QT ·47B 
OT·35S 
OT·35B 
QT·1SS 
OT·12S 
OT·SS 
OT·7S 

James 
ELECTRONICS 

1021·A HOWARO AVE., SAN CARLOS , CA. 94070 
PHONE OROERS WELCOME - (415) 592·8097 

. All Adnnlllld Prices Good Thru July 

Circle 87 on inquiry card . 

Nholes price 
590 12.50 
busslrip 2.50 
470 10,00 
bU5stlip 2.25 
350 8.50 
bussllip 2.00 
180 4.75 
120 3.75 
BO 3.25 
70 3.00 

JE803 PROBE 
I Probe IS ~ un1\ W~IC~ IS lor t~e mOSI p~r1 

Irouble S~OOllno toglc families 
CMOS 11 deflves the power 11 
dnecUyoll 01 the CIIWII undel 

scanl 10 mAma~ It use; a MAN3 
any 01 the lollowlng Slales by 

-r--~ 
1 ,..,----- J 

~.t-~!- ' 

delteci~)I~ h\~~~:e~~yOp(~~eLsSt~)~: M~hle $9.95 Per Kit 
used al MOS levels or CIfC.!lt damage 

printed circuil board 

81 
PL 5V 1A Supply 

This is a sla~dard nL power supply USing tile well known 

. 

LM309K legulator IC 10 pr~~idea sohd tAMP 01 curren.1 ~t 5 
valls. Wetr/to make tIllngs easy tOI you by proyidlng 
everything you need inonepack3Qe. inc luding lhe hardware 

· ,c .' . . ,,, 00'" $9.95 Per Kit 



comnuter disnlaX terminal 
This display terminal has an integral controller, S/W cathode. ray tube and keyboard. The system has a serial I/O interface 
for communication and an I/O interface for a printer 

DISPLAY (P/N 4802-1095-501) FEATURES: 

.17" B/W CRT 

.41 lines of data 

.52 characters per line 
• Characters are generated by a diode matrix "graphic" 

technique 
.21 special push-buttons wired for a program call up 

• Brightness Control 
• Self-contained power supply 

KEYBOARD (P/N 4802-1115-501) FEATURES: 

• Reed switch technology 
.54 data keys 
.28 special keys detachable with cable 

LOGIC UNIT (P/N 4802-1157-502) FEATURES: 

• 1024 by 6 bit core memory 

• Printer I /O interface 
• Communication I/O interface 

POWER : 115V, 50/60 Hz, 500 Watts 

WEIGHT: 210 Ibs. (including logic unit, keyboard, 

display and cables.) 

FOB LYNN MASS (you pay shipping) 
Check with order please. 

SPECTRA FLAT TWIST 
50 conductor, 28 gauge, 7 strands/ 
conductor made by Spectra. Two con
ductors are paired & twisted and the flat 
ribbon made up of 25 pairs to give total 
of 50 conductor. May be peeled off in 
pairs if desired. Made twisted to cut down 
on "cross talk." Ideal for sandwichin!j PC 
boards allowing flexibility and working 
on both sides of the boards. Cost orig
inally $13.00/ft 
SP-324-A $1.00/ft . 10 ft/$9.00 

SP-234-A $1.00 ft 50 condo 10 ft/$9.00 
SP-234-B .90 ft 32 condo 10 ft/$8.00 

In tall TO-5 can 
DPDT, 24 volts. Brand new. 
cost $16_00 each 

SP-134 $3_00 each 2/$5.00 

Circle 18 on inquiry card. 

TINY 
SWITCH 
TELEDYNE 

$180.00 
External logic & power pack not shown. "AS IS" 
4 way cursor control, graphics display_ 

The story: These are unused terminals made for airport 
ticketing & seat assignment. After several years of 
storage they require tinkering to make operable. We have 
some hints printed such as cleaning PC fingers_ One of 
our customers has this tied into his KIM-1, another has 
his running with his IMSAI. We have data on this_ 
Should be useable on most common computers. A hell 
of a deal and all for a paltry $180.00_ Don't be left out 
as many were on our past VIATRON deal. Sold "as is" 
all sales final. 

WITH COMPLETE DOCUMENTATION 

WIRE WRAP WIRE 
TEFZEL blue #30 Reg. price 
$13.28/100 ft. Our price 100 ft $2.00; 
500 ft $7 .50. 

MULTI COLORED SPECTRA WIRE 

Footage 10' 50' 100' 
8 Condo #24 $2.50 9.00 15.00 

12 22 3.00 11.00 18.00 
14 22 3.50 13.00 21.00 
29 22 7.50 28.00 45.00 

Great savings as these are about 1/4 
book prices. All fresh & new. 

Precision 16 pin DIP network as shown. 
Each resistor 1 K. For pull-up/pull-down 
interface networks. Value over $1.00 
each; New, CTS or Beckman 

SP-320 pack of 6 $1.00 

Please add shipping cost on above. Minimum order $10 

FREE CATALOG SP-9 NOW READY 
P.O. Box 62, E. Lynn, Massachusetts 01904 



I • __ ",... ,.. ,,_r™ 
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MICROCOMPUTING FOR HOME AND THE SMALL BUSINESSMAN 

The professional publication bringing microcomputing technology to the hobbyist, small businessman, educator, 
engineer and student. Every issue edited to bring technology and people together in the simplest manner. 

INTERFACE AGE is packed with • HARDWARE ARTICLES - Product profiles, comparisons, 
applications, modifications and construction pro
jects. 

• SOFTWARE ARTICLES - Microcomputer development 
software, short software routines, application 
software, off-line software storage formats, software 
communication standards and access to the 
microcomputer software depository for all INTER
FACE AGE readers. 

• TUTORIALS - Fundamentals of micro processors, basics for 
microcomputing, professional to technical transition 
information, understanding software, elementary 
math for computing . 

• NEW PRODUCTS - Manufacturer profiles and latest 
product releases. 

• USER COMMUNICATION - UPDATE - devoted to 
club and organization announcements 
and activities. - LETTERS TO THE 
EDITOR - Reader forum for expression 
of opinions and feedback on articles and 
features . 

• MICRO-MARKET IFIFO FLEA MARKET - Low cost/no 
cost advertising for the new 
marketeer/garage sale enthusiast. 

If you need to know how to get started in microcomputing or need the valuable software once 
your system is completed then INTERFACE AGE is a must for you. 

Don't Delay - Subscribe Today! ,
INTERFACE AGE MAGAZINE 

I 
I 
I 

P.O. Box 1234 
Cerritos, CA. 90701 

o CHECK 

12 Monthly Issues: 
$10 U.S., $12 Can.lMex., 

$18 International 

o MONEY ORDER 
Name __________________________________________________ __ 

Address ________________________________________________ _ 

City __________________________________ _ State: ___ Zip, __ _ 

Country ________________________________________________ _ I 
L_ MAKE CHECK PAYABLE TO: INTERFACE AGE MAGAZINE 

Circle 89 on inquiry card. 

l 
I 
I 
I 
I 

J 



This power supply kit features a high frequency torroid transformer with switching 
transistors in order to save space and weight. 115V 60 cycle primary. The outputs 
with local regulators are 5V to 10A, in one amp increments, - 5V at 1A, ± 12V at 1A 
regulators supplied 6 340T-5 supplied. 

$7900 

UNIVERSAL 4K 
MEMORY BOARD KIT$7450 

Fa EVALUATION BOARD KIT 
WITH EXPANSION CAPABILITIES 

This memory board may be used with the 
F8 and with minor modifications may be used 
with KIM-1).lp. 

32-2102-1 static RAM 's, 16 address lines, 
8 data lines in, 8 data lines out, all buffered. On
board decoding for any 4 of 64 pages, standard 
44 pin , .156" buss. 

270B HK EPROM . S24.95 
2522 STATIC SH irT REG S 1 95 
25 13 CHARACTER GEN S 9 .95 
25 18 HEX 32 BIT SA . S 3.50 
2102 1 1024 ST RAM S 1.39 
57RO 11 K DYNAMIC RAM . S 6.95 
MM5202A UV PROM . . S 6.95 
MM5203 UV PROM . . S 6 .95 
1702A UV PROM . . S 5.95 
5204 ·4K PROM . , $1095 
AY ·510 13UART .. . ....:. ~ . ..:~._. :.. S 6.95 
MiNiATLJI~-EMui. TI TURN TRIM POTS 
lOa, 500, 2K.SK, 10K,25K, 50K, I OOK,20DK 
1 Meg. S.75 l!<Ich .. 3/52.00 
MULTI TUriN TRIM POTS SII11II;'U to Bourns 
3010 style 3116".-5/8")(1 1/4" ; 50, lOa, 
lK,IOK ,SO KohIllS $ 1.501.'<1 .. . 3/54.00 
L IGHT ACT1VATED -SCFl' s 
T018.200V1A . $1.75 

TRANSISTOR SPECIALS 
2N358S NPN 51 TO -66 . . S .95 
2N3772 NPN $1 TO·3 S 1 60 
2N45GA PNP GE $ .75 
2N4!J08 PNP 51 TO 3 5 1.01) 
2N6056 NPN 51 TO 3 D;IIIIIl!lton 5 1.70 
2N5086 PNP 51 TO·92 ... 4/ 5 1.00 
2N4898 PNP TO -66 . . . 5 .60 
2N404 PNP GE TO·5 5/5 1.00 
2N39 19 NPN 5. TO·3 RF . . .. 5 1.50 
MrSA 13 NPN 5. TO·92 . .. 3/5 1.00 
2N3767 NPN 51 TO·66 . 5 .70 
2N2222 NPN 51 TO·18 . . . 5/S 1.00 
2N3055 NPN S. TO·3 . .. S .80 
2N3904 NPN S. TO 92 . . 5 /5 1.00 
2N3906 PNP 51 TO·92 . . . 5 /$ 1.00 
2N5296 NPN 51 TO·220 . . $ .50 
2N6 10~ PNP 51 TO·220. . 5 .55 
7N3638 PNP S. TO·5 . 5/S 1.00 
2N6S1 7 NPN T O·92 51 . ... 3/5 1.00 

CIMOS (DIODE CLAMPED) 
74Cl0 - .22 40 16 .00 4029 - 1 10 
lo1 C 193 1.50 4017 1.05 4030 22 
4001 .22 4018 1.00 4033 1 50 
4002 .22 4019 25 4035 1 10 
4006 , 20 4020 105 4042 ·/8 
4007 22 4022 90 4046 2.25 
4009 - .02 4023 22 4049 "0 
4010 .02 4024 . 7'J 4050 40 
4011 .22 4025 22 4055 1 50 
4012 .22 4026 125 'IOG6 8 0 
401 3 AO 4027 40 -107 1 .27 
401 5 95 4028 !!E '1076 1.05 

2N 3820P FET .. 
2N 5457 N FET 
2N2646 . . . . 
ER 900 TRI GGER DIODE5 
2N 6028 PI-lOG . UJT 6 5 
8 PIN DIP SOCKETS .24 
14 PIN DIP SOCKETS .25 
16 PIN D IP SOCKETS .28 
18 PIN D IP SOCKETS .30 
24 PIN D IP SOCKETS .40 
28 PIN D IP SOCKETS . .50 
40 PIN DIP SOCKETS ,60 

V ER IPAX PC BO A RD 
ThiS bcwrd .s i. 1/16" s mqle Sided paper I.!pUXV 
boitrd , 4 T 'x6 ' :" DRilLED and ET CHED 
wh .ch will hOld up 10 21 slIl1]le 14 Pill IC's 
or 8, 16. 01 L51 D IP IC's With lrusses for 
power supp ly con nector. . .. 54.00 
MV 5691 Y E LLO\AJ·G REEN 

B l POI.AH L ED , . . S 1 2~ 
FP 100 PI-IOI OTHANS . . ... . 5 .50 
REO, YE LLOW. GREEN Of AMBEr~ 

LARGE LEO's 6/S1.00 
1 L-5 IMCT-21 . . ..... 5 .75 
MOLEX PINS . 1 OOIS 1.00 

1000/S800 
10 WATT ZENER5 3 .9, 4 .7, 5.6, 8.2, 

12,15. 18 .22, 100,150 or 200V . ea. S .60 
1 WATT ZENERS4. 7,5.6,10. 12, 15 

18 or 22V ea. S .25 
MC6860 MODEM CHIP S9.95 

1.15 
.09 .25 .50 ~ - ~1 ~40 6.50 

.30 .70 _ 1.80 - a.50 
.15 .35 .90 2.30 10.50 
.20 ' ,45 -1.10 2.75 12.50 

SILICON SOLAR CELLS 
2%" diameter 

.4 V at 500 rna . $4.00 1.2V at 200 m.ls $2.00 
REGULATORS 

$ .95 340K·5, 12, I S 
$ .50 or 24\1. 0 ••• 51.25 
S .GO 340T·5, 6, 8, 12 
$ 1.40 15,18 or 24V$ 1.1 0 

78 MG .•. S 1.35 
79 MG .. . SI.35 

A fantastic bargain for only 
with the following features: 
• 20 ma or RS 232 interface 
• 64K addressing range 
• Program control timers 
• 1 K of on-board static 

memory 
• Built in clock generator 

MIOOI ALA RM CLOCK CH IP. 

NATIONAL MOS DEVICES 
~.1M I402 \./5 
MM 1403 I/ 'J 
MM 1404 I -' !) 
MMS013 250 
MM50lG 2.GO MM5555 
MM50 17 2 70 MM5556 
MMS055 - 2.25 MM52 '10 
MM5056 225 MM5260 

TIL IC SERIES 
7400- . 14 7445 - .15 74150 - .90 
7401 . 1·1 7446 - .65 74 151 .60 
7402 . 14 7447 - .65 ]4 153 .60 
7403 . 1. 7448 - .65 74154 .95 
7404 . 18 7450 - .15 74 155 .70 
7405- . 18 7472 - .29 74157 .58 
7406 - .25 7473 - .29 74 161 .85 
7407 .25 7474 - . 29 74 163 .80 
7408 - . • 8 7475- .45 74 164 .95 
7409 - . 17 7476- .30 74165 .95 
7410 - ... 7480 - .35 74173 - 1.20 
7411 .20 1483- .62 74174 .95 
74 12 . 20 7485 - .87 14175 .82 
74 13 .39 7486 - .30 74176 . 75 
74 14 .63 7489 1.85 74177 - .75 
74 16 .25 7490- .02 74180 65 
7417 .25 7491- .58 74 181 - 1.90 
7420 - ... 7492- .03 74 190 - 1.00 
7425 .25 7493- .45 74 191 ·- 1.00 
7426 .22 7~94 - .70 74 192 .83 
7<127 .25 7495- .65 74193 .83 
7430 -M •• 7496- .65 74194 .85 
7432 .25 74107 - .28 74 195 .52 
71137 - .2 ' 74121 - .33 7t1 2:) I 1.25 
7438 . 21 74123- .65 7'12/'.) .87 
7440 . 1. 74 125 - .00 75324 1.75 
7441 - .70 74126 AO 75-19 1 .65 
7442 AD 141 32 .67 75492 G5 

M I NI A T URE DIP S\'-J n CHFS 
CTS 20G 4 Fo Ul SPST sw" (;he~ 

OIl o n,: .nllll{l!p p ack;,qe S I 75 
CTS 20G 8 E,q/n SPST 51,.ou ches III ~ ." 1->"' D IP p ack aye 5195 

Circl e 90 on inquiry card . 

• 64 Byte register 
• Built-in priority interrupts 
• Documentation 
• Uses Fairbug PSU 

74LS 74LS LINEAR 
SERIES SERI ES CI RCUITS 

74LSOO .23 74LS155 1.40 LM J08 - .95 
74L502 .23 74LS157 -- .9B LM 311 .95 
14LS04 .2B 74LS160 1.50 LM 318 .35 
74LS08 .23 74LSl61 1.45 t M 319 - .95 
74LS10 .23 74LS162 UiO LM 324 ,as 
74tSI I .23 14tS1G3 1.50 LM 339 ' 0 
74LS20 .23 74LS I68 2. 15 LM 370 1.15 
'/4LS;? 1 .23 74LSI69 2. 15 LM 377 2.50 
14LS22 .23 74LSI13 2.45 LM 380 .95 
74L S27 .27 14LSI 74 1.20 LM 381 1.25 
14LS30 .23 74LS 175 - I 22 LM 382 1.25 
74LS32 .33 14LS190 1 '15 LM 537 2.50 
74 LS37 .37 74LSI91 1.75 LM 553 2.50 
74LS38 .37 74LS192 , 75 LM 555 ... 
74LS74 .• 9 74LSI93 1.75 LM 556 .8!> 
74lS90 95 74LS195 1.25 
i4LS42 .B8 701LSI9G - 1.35 5GO - .].00 
74LS73 A3 74LS197 1.35 S65 1.10 
14L574 . 5 74LS257 1.35 5(;6 - 1.50 
14LS76 .• 3 J4LS258 1.38 567 1.!j0 

71lLS90 .89 14LS266 .53 703 - .90 
74LS!)2 .85 74LS365 .68 /09 - .25 

74LS93 .85 74LS366 .68 710 .35 

741.S 109 .50 74LS367 68 111 .35 

74L5112 A3 74LS368 .6B 74 ' em v 31 
74LS390 2.20 747 65 

74L51 13 .43 Lr-..113 10 - 2.50 74LS114 .43 LINE AR 1456 .95 74LSI32 1.10 1458 - .GO 74l S138 1. 25 CIRCUI TS CA 3046 75 74lS 139 1.30 CA 3047 .95 74LSI 45 1.15 LM 101 . 15 3900 A9 74LS151 98 LM 30 11148 .31 1038 3.90 74LSI 53 .93 LM307 .30 
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High qual ity sockets for lC' s and PC interconnections. Check 
our price and quality and you wi II see why TFI - TE K is fast 
becoming the leoder in Ie sockets. 

l ow Profi le DIP Solder Toil (Tin) 

1-9 10-24 
SKT-0802 8 pin . 15 .15 

140214pin .18 .17 
1602 16pi n .20 .19 
1802 18pin .27 . 26 
2002 20pin .29 .28 
2202 22pin .35 .34 
240224pin .36 .35 
2802 28pin .42 . 41 
400240pin .60 .57 

t 
3 Level Wi re Wrap Gold 

1-9 10-24 
SKT-14OO .38 .37 

1600 .42 .41 
1800 .73 . 65 
2400 1.00 . 9 1 
4000 l. 69 1.51 

25-100 
.14 
.16 
.1 8 
.25 
.27 

25-1 00 
• 36 
.40 
.59 
.83 

1.37 

.33 

.34 

.40 

.53 

PREST RIPPED WIRE WRAP WIRE 
Highest qua lity 30 gao Kyna r insula ted s il ve r plated wire for 
wrapping. Stri pped I" on both ends . Indicated leng ths are 
lengths of insulated porti on. Packed 100 per sturdy plast ic 
via l or 1000 per poly bog . Compare our pr ices! ! ! . Ava ilab le 
in Block, Red, Ye llow a nd Green. Stgt e ca lor des ired 

length 
I" 
2" 
4" 
6" 

Pri ce per tube of 100 
SI.48 (WV130VC-1l 
$1 .60 (WW30VC- 2) 
51.85 (WW30VC-4) 
52.20 (WW30VC-6) 

Pri ce per bag of 1000 
$11. 84 (IWW30BK-1) 
512.80 ('WW30B K- 21 
514.80 (IWW30BK-4l 
517.60 (IWW30BK- 6) 

RO LLS OF WIRE SAME AS ABOVE (30 go . KYNAR) 
100 ft • •• S2.95 500f •. •• • $8 . 95 1000f' .•• $14.95 

No Of Pins 
6" 

14P . .. .. . 1:51 
16P .. . ... 1.64 
24P . .. . .. 2.49 

14P' .. ... 2.76 
16P • •••• • 3.01 
24P •• • •• • 4.55 

A 
SINGLE END 

Leng th 
12" 18" 24" 

1. 62 1.72 1.83 
1. 76 1.87 1.99 
2. 69 2 . 88 3.08 
DOUBLE END 
2 . 87 2 . 97 
3.13 3.24 
4.75 4.94 

3.08 
3.36 
5 .14 

36" 48" 
2-:05 2. 26 
2 . 21 2.44 
3.48 3.87 , 

3.30 3.51 
3 . 58 3 . 81 
5.54 5.93 

Everyth ing's coming up 
bargains at Tri-Tekl 

MCH6571A is an 8192-Bit Horizontal-Scan (Row select) 
character generator with shifted cha r acters. It 
contains 128 characters in a 7X9 matrix, and ha s 
capability of shif ting certain characters that 
a lly ex tend be low the baseline. such as j . y . g. p and 
q. A 7-bit address code is used to select one of 
the characte rs. 
Features: 

. Static ope ration 

.TTL compatsbility 

.CHOS c ompatability (5V) 

.Shifted character compatability 

. Includes Greek alphabet 

.Maximum access time ""500nS 
(See artic l e in l-larch ' 77 issue of 73 Magazine for 
applications including lV-Computer interface ) 
HCM6571A •• •.•....•• .... • . .. . .••••••...••• . •• $9.95 
Specs .• ..... .•••.•..•.•..•••.••.••..•...• . •. $1.00 

I 
MM5320 TV SYN C G ENERATOR I. e. 
Genera te all the sync pulses necessary for camera or video 
termina ls. Use with MCM657IA in the TV-Computer inter
face . MM5320N • . ••••..••.••• ... • . ••• •••• . • . • SI8 . 80 

•••••••.•• •• •••• ••• •.••• •• ..•. . . . ..••••• 60~ 

C30- 1 400V, 25A S.ud SCR . ..•• . .•. ... . . ..• •. . S2.25 
SC45E 500V, lOA S.ud Tdoc . .•. . • •.•.••.•••••. SI .59 

. ·In,,,,ln''_ St ud 400V, lOA TRIAC assemb ly with built-in 

..... liIiIII •• iII ••••• ~1 dioc. TRI- 133 .•..•..•• ••.• . ••••.••. • .... .•••• 51 . 85 

7811GKC SA VARIABLE REGUUTOR 
NCM - at last, a high c urrent adjustab l e r egulator. 
Same simple circuitry as the popular 78GKC . Needs 
only two externa l r esi.s t ors to prog ram t o any volt 
age between +5 a nd 30V @ SA outpu t. 
78HGKC . ...........••. . ...•..•.....•........ $ l3.95 
Spec . ... .. . . .. . .. .•..•. •• . .••. . .•• • . •.••.•. . .30 

TlP-30 4OV, I omp PNP Plastic ... • . ••.•..• . • • • • • 50~ 
TlP-33 4OV, 10Amp NPN Plos.ic •••..• • •.• •• ••• . 51.00 

LMI815 ADAPTI VE SEN SE AMP CH IP. 
Used wi th motor contro l to adopt to va riable input and noi 
le ve ls. App li cations include zero crossing swi tch, motor II ...................... contro l , tachometers, motor test ing. 

NEW BOOK 
NEW 1977 VERSION OF NATIONAL'S CMOS 

G rea tl y expanded now con ta ins 530 pages of da ta on the 74C 
series as we ll as the populo r 4000 series. Also has data a nd 
app li cations on the more complex CMOS products for which 
N otional hos become famous • 

77 Ed ition 

LMI815N • • . ••. . •.•• • •.••••••• . • .•••.••...• • • .• S5. 72 
Specs •.•• •. • . ••. .. ••••• . •..•• . ..•• .•..• . ... • . • 30~ 

lM7812KC/ lM340-12. Brand new, industria l excess in
ventory brings you a real bargo in in this +12V, 1A regu la
tor. Mode by Silicon Genera l for one of those big 'puter 
companies. 
LM7812KC/ 340- 12 •• •• •... •••• . • . • .... •..•• •. SI.491 1 

iii •• iiiiil.iliiiiiiiii;;;;;!e;=5lr 2N 3902. High vo l'oge NPN. VCEX=700V, VCE0=400V, 
IC=3 .5A, PD=IOOW. 
2N 3902 ••• SUPE R SURPLU S 8ARGA INIII .•. .••.••. 53.00 

750mA diodes . •• .... ••••• .• • 15/$1.00 

A scientific calculato r chip programmed to work with BCD 
coded data and hard wired I/O instead of keyboard and 
disp lay as usually found • . This allows a n eosy connect to 
data sources such as instruments and mi cro computer data 
busses. Prov ides you with fu ll range of scientific comput
ation without the d rudge ry of having to program the detail
ed a lgori thm. 
MM57 109N •.. with 22 pages of specs •• • •••.. •••• $21. 92 

Specs on ly • • .••• •• •• •.•••• .• • $ 2.00 

MCI4411 BIT RATE R. 
Single chip for generating se lectable frequencies for 
ment in doto communicati ons such as TTY, printers, CRT 
or microprocessors. Generates 14 different standard bit 
rates which are multiplied under ~xterno l control to l X, 
ax, 16X or 64X in iti al va lue. Operates from single +5 
vo lt suppl~. MCI44I1 • ••• ••. • • • • ••• ••• • ••. ••• $11 

.~~~~~~~~~~~~."iii""."""'~ pages of data •••.•• •• .. •• •• •••.• •••••• • . •• • • ••• 
SIGNETICS 8000 SERIES TTL LOG I C for the above •• •••••••••.••• • •••• • • . .. . • $4 
These qua lity units a r e f aster and have g r ea t er fan-II-••••••••••••••••••• _ 
ou t capability than standa rd TTL. Fran a giant fac -
tory change - over you get r ea l barga in prices. A ll : ~:,u~~~;oR~~e~:I~;~~;,~~~~~mv . 
a r e house numbe red, but we provide B refe r ence and • Upto25Conversions' s 
pin-out shee t . • Zin > IOOOMohm 
N8880A . . . Quad-2 i nput NAND gate ... . .•. .. . . 8/$1.00 • Auto·PolarityandAuto·Zero 

N8822A ... Dua 1 J-K masterls lave F IF . •••• . •• 4/$ 1 .00 : ~:~~a~~'~~~:f~~~':~;~~~~:~-Orives One Low Powet. 
N8885A ... Quad 2-input NOR gate . ...•...••.• 8/$1.00 SchonkyLoad 
N8890A . .. Hex lnve rte r . .... •. . ..... . . .. ... . 6/$ 1.00 • Uses On·Chip Syuem Clock. or External Clock 
N82 02A . .. 10 bit "0" typc register ........•• $1 . 25 • Low Power Consumption : 8.0 mW typical@±5.0V 

............. ~-. •• I!II ••• I11 ... MC1 ~3Wi;;~U;~yEA~~~:pe .;!~~ .~~;0:i; V 

lowing i t ems a r e available in large quantities Sing le chip combines linear and CMOS digital to bring you 
r or manufacturer inquiry is i nvited. the s implest yet DVM approach . Requiring only 4 external 

lN753A:: =~~V :W~~~h';'" Z~~:;~:::::: : ::::: : ::: l~j~~ passive parts , this subsystem gives you: Auto polarity, auto 
CI06F2 .. 50V. 4A SCR w/ socke t ... . . . . .•....• • 3/$1 zero, single vo ltage reference , BmW operation, overrange, 
IN967B •. 18V, 57. , :w Zener .....•. ... ....•. . . 5/$1 underrange signa ls, 25 conversions per second and .05% * 
42501 -1 Quad Hi speed NPN transistor in 14 pin DIP I ''Co unt accuracy I 100 uV reso lution. 24 Pin DIP. 

Similar t o Mot orola 03 ...•... 5/$1 wi th 

tRI-t€k, Inc. 
We pay ¥Jrface shipping on a ll orders over $10 US, S15 foreign in US funds. 
Please odd extra fo r first closs or air moil . Excess wi ll be refunded . O rders 
under S10, add $1 handling . Pleose odd 50~ insurance. Iv\aster charge and 
Bonk America cords we lcome, ($20 minimum) . Telephone orders may be placed 
lOAM to 5,30PM doily, Mon .hru Fri. Call 602-931-4528 . Check reader 
service co rd or send stomp for our latest flyers pocked with new and surplus 
el ectroni c components • 

6522 nOQt;h 43QO avenue, 
qLenOaLe, aQIZona 8~301 

phone 602 - 931 -6949 

• 

• Circle 91 on inquiry card. 



To get further information on the products advertised in BYTE, fill out the reader 
service card with your name and address. Then circle the appropriate numbers for the 
advertisers you select from this list. Add a 9 cent stamp to the card, then drop it in the 
mail. 

Inquiry No. Page No. 

70 Alpha Digital Systems 163 
14 Anderson Jacobson 50 

7 A ppl e 22, 23, 24 
11 Backe r - Lorin~ 32 
51 Bi ts Inc 129,1 35,142-145, 160 
71 Bit s and Bytes 163 
41 BPI 13 1 
72 Charl es Fl ot o 163 
73 Cheap Inc 163 
56 Comptek 151 

4 Compucolor 6 , 7 
24 Computal ke r 87 
74 Computer Corner 163 
75 Computer Depot 163 
61 Computer En terprises 154 
76 Computer Hut 163 
77 Computer Mar t of NH 163 
47 Computer Room 137 
31 Computer Land 107 
68 Compu ter Store 162 
83 Computer Warehouse 167 
22 Cont inenta l Specialt ies 83 

2 Cromemco 1, 2 
39 DAJEN El ectronics 128 
63 Data Search 155 
34 DataSync 11 3 
21 Digital Group 77 
33 Di gital Research 111 
92 ECD CIII 
78 Educat ional Data 164 
59 Ed i typer 153 
85 El ectronic Ware house 168 
79 EMA Indust ri es 164 
27 Exte nsis 99 

Il()MIl 
IlY T l 'c ()ll[(Jj,,£ M(J"jlw(j(J" 

Inquiry No. Page No. 

86 Godbout 169 
HAL Communica tions 134 

18 Heath Company 60 , 61, 62, 63 
28 Heur istics 101 
80 Hybird Tech 164 

8 iCOM 26 , 27 
3 IMSAI5 

89 I nter face A ge 1 73 
50 International Data System s 141 
8 7 James 170, 171 
40 Kent Moore 130 
94 Logic DeSign Inc 164 
8 8 Meshna 172 
97 Microcom 129 
95 Microco mp 164 
58 M ini Computer Suppl iers 152 
3 5 Micromation 115, 117 
60 M icroware 153 
44 MSI1 33 
82 Mi kos 166 
38 M iniTerm 125, 148 
9 3 MITS CIV 
8 1 M orrow 165 

6 Motorola 9 1 
62 m pi 154 
5 5 Mull en 151 
29 National Mul t ipl ex 103 
16 N orth Sta r Com puters 57 
66 Objec ti ve Des ign 160 
12 OSI40 
20 OK T ool 76, 139 
6 5 Oli ver A udio Engin ee ring 158 
4 3 Omni 132 
49 PAIA 140 
53 Parasit ic Engineerin g 4 7, 147 

Th e April BOMB, Exploded . .. 

There are ri sks assoc iated with eve ry 
act ion one can take , and occas ionall y the 
resul ts ful fill the worst ex pectat ions. Th e 
April 1977 issue of BYTE bombed on co n
tent with respect to the inclu sion of several 
(i e: fo ur art icles) on a fiction theme, and 
one in tent ionall y outdated (as Ap l'il Foo l) 
microprocessor update on the 8008 (which 
became obso lete fo r new des ign with the 

On BOMB Card, 
Article No. ARTICLE PAGE 

12 
36 
42 
44 

52 

64 

72 
78 
82 
92 
96 

1 
2 

3 
4 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 

Brown: How to Computerize Your Model Railroad 
Hall: This Circuit Multiplies 
Borrmann : Condensed Reference Chart for the 6800 
Hart-Badger: A Train Control Display Using the LSI-11 

Barbier : The TV Oscilloscope 
Boddie : Speech Recognition for a Personal Computer System 

Maurer : How to Pick up a Dropped Bit 
Grappel. Give Your Micro a Megabyte 
Simmons: An Introduction to Numbers 
Zolman : A Machine Code Relocator for th e 8080 
Baker: BASICally BASIC 
Pittet : How Far--Which Way ? 
McGahee : Add Cursor Control to Y our TVT II 
Grater : Giving KIM Som e Fancy Jewels 

176 

118 
122 
126 

* Correspond directly with company. 

Inquiry No. Page No. 

PC 77 51 ,159 
PerCom Data 11, 150 

23 Per ipheral Vision 8 5 
Personal Comput ing Expo 16 1 
Polymorphic Systems 33 

54 Prent ice Hall 149 
48 Prime Radi x 138 

5 Processor T echnol ogy 8, 9, 10 
17 Quay 59 
3 7 RHS Marketi ng 120, 12 1 
96 Rotundra Cy berneti cs 164 
26 Howard W Sams 97 
19 Sce lb i 69 

Sc ienti fi c Resea rch 35 
15 Sea ls 55 
69 Ser ial Systems 163 
3 2 Smoke Signal Broadcasti ng 109 
57 Software Records 1 52 
13 So l id State Music 41 
90 So li d State Sales 174 

1 Southwest T ech CII 
80 Sunny Computer Stores 164 
25 Sy nchro-Sound Enterpr ises 88, 89 
67 Tarbell El ect ronics 162 
10 Techn ica l Des ign Labs 31, 117 
4 2 Techn ica l Syste ms Consul tants 132 
46 Telpa r 136 
84 T r ico 167 
91 Tri T ek 175 
52 Urban Inst ruments 146 

9 Vector Grap hic 28, 29, 95 
36 Worl dwide El ect ronics 11 6 
64 Xy bek 155 
30 Xi med ia 105 

in trod ucti on of the In te l 8080), Th e win ner, 
by a large margi n, was the art icle by Jack 
Emmeri chs on the Tiny Assembler 6800, 
whi ch came in the +2 a poin t relative to the 
mean fOl" 13 art icles, Seco nd pl ace we nt to a 
se mi fiction story by Steve Ciarc ia (cou nt
ering the tre nd just cited) entitled " Havi ng 
a Private Affa ir With YO UI' Comp utel', " 
Steve 's al"t icle came in at the +'1 a poi nt, just 
slightl y ahead of a grou p of art icles whic h 
clu stered above the mean at app rox imate ly 
the same di spl acement. The I'e maini ng fic
tion articles (and numerous comme nts on 
the BOMB cards) clustered around the - 1,5 
a po in t of the obsel'ved dist ri but ion, These 
statistics we re ca lcul ated with a progl'a m
mab ie ca lcul ator, The results sho ul d be 
taken with a gra in of sa lt, sin ce the standard 
deviat ion was 24% of the mea n, Why did I 
pu t so many of a simil ar type of al"t icle in 
the Ap l'i l issue? It was, after all, th!,! April 
Fool issue; and it prov ided a for m of con
tro ll ed ex periment by tweak ing the content 
a li tt le far in one direc ti on whil e observing 
the resu lts in the ta ll y of BOMB card s, The 
ex periment has bee n concluded for the time 
being ... C Helmers. 
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Key Into 
Maxi-Power @ lVficro-Pr.tce 

Micromind is an incredibly flexible, 
complete and expandable, hardware! 
software, general purpose computer 
system. You won't outgrow it. 

Hardware includes an 80 key, software
definable keyboard, l/O interface board, 
6500A-series microprocessor (powerful 
enough for advanced computing), a high
detail graphics and character display 
processor, power supply, rf modulator, 
and connections for up to 4 tape recorders 
plus TV or monitor. An interconnect bus 

permits 15 additional m icroprocessors, 
parallel processing and vastly increased 
computing power. 

System software-including ECD's own 
notsoBASIC high level language, on 
advanced error-correcting tape cassettes 
-provides a word processing editor, a 

,. -
/A" 
fiI" • ..,. 
~ .. .. 

II 

powerful assembler, a debugger, a file 
system, graphic routines, and peripheral 
handlers. We also include dynamic graphic 
games: Animated Spacewar and Life. 

ECD's standard Micromind f,J-M-65 
supplies 8K bytes of memory. Additional 

32K byte expansion boards and a mapping 
option give Micromind expandable access 
to 64 Megabytes. Utilizing software
controlled I/O channels, Micromind's 
advanced encoding techniques load data 
from ordinary tape recorders at 3200 
bits per second. 

Micromind comes to you ready-to-use, 
factory assembled and fully tested. Among 
microcomputers, it has the largest memory 
capacity and the fastest storage. You're 
looking at the work of the finest display 
processor on the market. You won't find a 
microcomputer with a more powerful CPU. 

You won't find a computer with a 
more flexible keyboard. You won 't 

find anything to 
touch it at 

$987.54. 

So, quit the kluge scene and key into 
Micromind. You'll be a main frame per
former, with all the comforts of home. 
We're not fooling .. . this ~ the cat's f,J-! 

ECD CORP. 
196 Broadway, Cambridge, Mass. 02139 
(617) 661-4400 Ee» r-----------------------l 

I Name I 
I I Address ____________________________________ _ I 

I 
I 
I 

: City/ State _ _ _ _______ Zip _ _ __ _ 

o Fantastic! Check enclosed : $987.54. Shipping paidby ECD I 
o BankAmericard 0 Master Charge Mass.Resident add5%SalesTax I 

I 
I 
I 
I # ---------- Expiration Date ------ I 

I 
I Signature I 
IL 0 Send me your brochure. b I 
-------- --------- __ ____ J 

Actual unretouched photographs. 
Ci rc le 92 o n inquiry card . 
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