


Old Fashion Wfil[1QDrn 
in the ™Tradition 

Our 6800 computer system repre  you who have purchased extra con
se nts the best val ue availab le today, nectorsfor you r S-1 00 machines know 
with no sacrifice in performance . what kind of money t his can ru n 

into. The 6800 is supplied with .illI wo uld Ii ke to expla in why th is is 
mothe1· board connectors. No extras, true. The most basic reason is that 
or opt ions : ike memory , 01· co n· the 6800 is a simpler, more elegant 
nectors for the mother board aremach ine . The 6800 arch itecture is 
needed in our 6800 system. memory oriented ra ther than bus 

oriented as are the older 8008, 8080 The 6800 is not beaut iful , but "Oh 

and Z-80 ty pe processors. Th is is an Boy" is it f unct iona l. That plain 

important difference . It results in a black box is strnng and it has an 

computer that is far easier to pro gram annodized f inish. This is the hardest, 

on the more bas ic mach ine language to ughest fin ish you can put on alu

and asse mb ly language levels. It also minum. Most others use paint, or· 

results in a far simple r bus structure. other less expensive finishes. The 

Th e 6800 uses the SS-50 bus wh ich 6800 does not have a pretty front 

has only ha lf the co nnections needed panel with I ights and multicolor swit

in the old S-100 (IMSAl / M ITS) bu s ches. This is because the lights and 

system . If you don't t hink this makes switches are not only expensive, and 

a difference, take a look at the mother unnecessary, bu t also a great big pa in 

boards used in both system s- com to use. We don't crank up the 6800; 

pare them. The SS-50 system has we use an electric starter-a mon ito r 

wide, low impedance 0 .1 l ines wit h ROM cal led Mi kbug. He auto matica l

good heavy, easily rep laced Mo lex ly does all the load ing for you with· 

connectors. The S-100 bus, on the out any time wasting switch flopp ing . 

other hand, has a very fine hair-like So in the 6800 system you don't buy 

I ines t hat must be small enough to something expensive (the console) 

pass between pins on a 100 contact that you wil I probably want to stop 

edge connector. I ' I I give yo u one using as soon as you can get your 

guess which is t he most reliab le and hands on a PROM board and a good 

noise free. As fo r cost-we I I any of moni tor . 

NAME 

That's ano ther thi ng. Mi kbug0 is a 

standard Motorola part. It is used in 

many systems and suppmted by the 
Motornl a software li brary in addi t ion 

to ou r own extensive collection of 

programs. It is not an orphan l ike 
many monitor systems t hat are uni

que to the manufacturer using them 
and which ca n on ly run software pro

vided by that manufactu ~er . Check 
the pr.ogram articles in Byte, Interface 
and K ilobaud. You will f ind that al

most all 6800 programs are written 
for systems using a MikbugiSI monitor. 

Guess how usefu I these are if you 
have some of f-bra nd monitor in your 
computer . 

Th e 6800 will never w 111 any beauty 

prizes. It is Ii ke the Model " T " and 

the DC-3 not pretty, but beautifu l 

in funct ion. It is simple, easy to use 

and ma intain and does its job in 

the most rel iab le and economical way 
poss ible. What more could you want? 

Milibug ®is a registered trademar/1 
of N!otoro /a Inc . 
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Computer System 

with serial interface and 4,096 words 
of memory . ...... . ...... $395.00 

r---------------------------------------------------------------· 
0 Enclosed is $395 fo r my SwTPC Computer Kit 0 Send Data 

0 or BAC_____________ #--------

0 or MC_____________ Ex Date_______ 

ADDRESS 

C ITY STAT E ZIP 

Southwest Technical Products Corp., Box 32040 , San Antonio, Texas 78284 



turned on. 
• The S-100 bus that's widely 

supported by a host of pe
ripherals manufacturers. 

• All-metal chassis and 
dust case. 

JWeet the most powerful 

µC syste:mavailable 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 com
puter jobs - ideal for industrial, business, instru
mentation and similar applications. 

It's the new Cromemco Z-2 Computer System. 
In the Z-2 you get all of the following for only $595: 

• 	 The industry's fastest µP board (4 MHz or 250
nanosecond cycle time). 

• 	 The power and convenience of the well-known 
Z-80 µP. 

• 	 A power supply you won't believe ( +8V @ 30A, 
+18V and -18V@ 15A. Thal's not only ample 
power for a full set of cards but ample additional 
power for other peripherals such as floppy disk 
drives). 

• 	 A full-length shielded motherboard with 21 card 
slots to let you plug in almost any conceivable 
combination of memory, 1/ 0 or your own cus
tom circuits. 

• 	 Power-on-jump circuitry to begin automatic pro
gram execution when power is 

• 	 Standard rack-mount style construction that's 
usable with- a variety of cabinets and is upward 
compatible with larger systems. Bench cabinet 
optional. 

• 	 Card retainer to secure cards in sockets under all 
conditions. 

• 	 ·110- or 220-volt operation. 

DEDICATED APPLICATIONS 
The new Z-2 is specifica lly 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 virtually tamper-proof. No accidental program 
changes or surprise memory erasures. 

(For your custom work, Cromemco will supply 
blank panels.) 

4 MHz SPEED 
Cromemco's microcomputers are the fastest and 

most powerful avai lable. The 4 MHz speed of the 
Z-2 means you get about twice the speed of nearly 
any other microcomputer. 

(continued on next page) 



Full-width motherboard 
has slots for 21 cards. 
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Z-2 Is supplied for rack mounting. 
Attractive bench cabinet shown is 
also available. 

Heavy-duty retainer bar insures that 
cards won't jostle out of sockets. 

That 4 MHz speed cuts running time in half - cuts 
your waiting time in half. Lets you do more sophisti
cated work that might not otherwise be practical with a 
microcomputer. 

Z-80 GIVES MORE COMPUTER POWER 
The Z-2 uses the powerful Z-80 microprocessor with 

its 158-instruction set, 19 internal registers, 1 O address
ing modes, and 16 bit arithmetic operations. 

The Z-80 is widely regarded as the standard micro
processor of the future. So you' re in the technical fore 
with the Z-2. But you can also plug in other micro
processor boards if you wish. 

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

ware can be used with the Z-2. In addition, Cromemco 
also offers software support including a monitor, assem
bler, and a BASIC interpreter. 

STANDARD S-100 BUS 
The Z-2 uses the S-100 bus that has become standard 

in the microcomputer field. Dozens of manufacturers 
support it with compatible peripherals. 

Of course, 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 bus. 

LOW NOISE 
Cromemco engineers have been careful to design 

the Z-2 for reliable operation at its fast 4 MHz speed. 
Noise on the motherboard, for example, has been care
fully minimized by a unique ground-plane design (we 
call it our 'Blitz Bus™'). With this bus you won' t get 
erratic operation due to ground current noise. 

RACK OR CABINET MOUNTING 
The basic Z-2 is supplied in a black-anodized metal 

case for mounting in a standard 19-inch relay rack. A 
high-quality stylized bench cabinet in an attractive blue 
color is also available. 

KIT OR ASSEMBLED 
You. can get the Z-2 either kit or assembled. The kit 

includes the Z-2 for rack mounting, the Cromemco 
4 MHz microprocessor card, full-length 21-card-slot 
motherboard, power supply, one card socket and card
guide set, and front panel. 

The assembled Z-2 includes the above as well as all 
21 sockets and card guides and a cooling fan. 

LOW, LOW PRICE 
All who've seen the Z-2 have been surprised and 

impressed with its low price. 
You' ll be impressed, too, with its technical excellence 

and quality. 
So see it right away at your computer store - or order 

now directly from the factory. 
The sooner you put this advanced computer to work 

for you, the sooner you'll be solving problems and 
saving time/money. 

Z-2 Computer System kit (Model Z-2K) ..... $595. 
Z-2 Computer System assembled 

(Model Z-2W) ........... . ...... . ..... $995. 

Cromemeo 
incorpora ed 
Specialists in computers and peripherals 
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 
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n This 


Many people who play with com
puLers have seen a version of 1ha L well 
known ga me, "l unar lander." Much 
has bee n wriuen abou t diffc renL ver
si ns or the game in books and other 
publ ications. In his art icl e, KIM Goes 
to the Moon, Jim Butterfield adds one 
more chapter as he descr ibes not only 
a vers ion of the game, bu t also Lhe 
logic behind his part icul ar develop
me nt of a lunar lander program to rit 
the limited resources o f a single boa rd 
computer. 

Are you th inking of add ing a hard
copy device to your microprocessor 
but can 't afford the pri ce that is 
rcqui red7 Well , there arc a lot of old 
Baudo t type teleprinters out there 
which have plenty of use left in them. 
Michael McN alt describe some of 
these devices that are avail abl e on th e 
surplus market today in his article, A 
Gui de to Baudo t Machines: Part 1, 
Descript ion of Ava ilable Devices_ 

Watch ou·t for complicated inter
personal situ ations. Your computer, if 
it is fo und out, coul d lead to events 
remin iscent of a jai alai fron ton at 
mid game, as you'l l find out by read
ing Steve Ciarcia's humorous account 
of Having a Private Affair Wi th Your 
Computer. 

Tom Pittman 's Tiny BAS IC lan
guage pro vides both th e novice and 
exper ienced programmer with a 
vehicle fo r conveying thought from 
the flowch art stage to working pro
grams quickly and efficien tly. Ti ny 
BAS IC is a language that can be 
quickly mastered by the novice, yet 
has enough variations to sa lisfy the 
ex peri enced progra mmer_ In the article 
A Review of Tom Pittman's Tiny 
BASI C, Richard Rosner de tail s what 
abil it ics the language provides. He also 
gives a fine example of the type of 
programming which can be accom
plished in one short even ing using such 
a high level language. 

Wai ting for a slow audio tape inter
face is one of the annoying aspects of 
sta nd alone computer system without 
much in the way of mass storage 
peripherals. In thi s is uc, ri nd out how 
you can run a Sou thwest Technical 
Products Corpora ti on AC-30 tape 
interface at fo ur times its usual rate in 
the art icle on A Software Controlled 
1200 bps Audio Tape In terface. Th is 
same inte1·facc can incide nta ll y be ru n 
at 300 bps t read Kansas City 
(BYTE) standard tapes for wh ich the 
AC-30 was intended. 

For some time there hds been a 
myst ique as ociatecl with the phrase 
" arti ficial intelli gence. " The mystery 
o ften lie in defin ing wha t i I is. If we 
take the defi nitil)n offered by Turing 
as "able to mimic the behavio ur and 
decision making f" human," then we 
are using arLificial inLelligence every 
time we play a simple computer game 
such as nim . In his article Art ific ial 
In telligence, What Is It? , Richard L 
Rosenbaum di p I omc o r the 
my tique th at urround artific ial in
telligence, by means f some in tro
ductory bdckground info rma tion. 

No sy Lem i. tr uly complete with
out ome yste1m soft W<ll'C to hcl p yo u 
create pcr.onalizecl softwa re applica
ti ons. But if memory is limi ted, ho w 
can yo u acco mp lish mi ni mal func tions 
such as assembly o r program ? One 
way for 6800 user with 4 K by te or 
more i described in lt1ck Em merichs' 
,1rliclc on Designi ng the "Tiny Assem
bler ." In th i firs t p.i rt , he de cri be 
Lh e neccs ary pi elude to ~u ch a des ign: 
Defining the Problem. (In our next 
issue, the arti cle contin ue with de
tai led information, objec t code and 
some comments n u t miza Li on Lo 
individual circum lance .) 

Lea rn about Establish ing the CHU 
Dynasty in yo ur loc I co rn pLILer club 
by reading Steven B Gray's so mewh at 
t o ngu e- in -c h ee k rLicle ... 

About the Cover ... 

April Fool! This cover depicts a 
working (believe it or not) computer 
called "Spider," which was first seen 
in a black and wh ite shot in our 
August 1976 issue. The computer was 
built by Roger Amidon, and this color 
print was taken by Marj Kirk . For 
those who missed the August issue, the 
method of construction for this 12 bit 
mini was to wire point to point be
tween small circuit cards. Th e Niagara 
Fal ls effect of spi ll ing off the table 
was due to a wayward cat. 

Who is Plexitu s? He's the main 
character in E E Barne ' hysterical 
account of a jin xed Roman named 
Plex itus who is credited wi th the 
invent ion of flight, crea tion or th e 
word id io t, and last (but hardl y least) 
Lhe invention of the compu ter. Ea rly 
Indications of Technology in Roman 
Mili tary Arts or Pl ex itus is a most 
intere ting fictional his tory. 

Science fiction has long been Lh e 
main ray o peopl e who are inte rested 
in the ro nt icr o the future, the 
po sibil ities of tomorro w' technology 
t day. But liv ing in til e world of today 
has made much of yesterday' ciencc 
fi ction ordinary occurrence . And omc 
of today' technology hasn' t even been 
toucll ed upon by sc ience fic tion 
writers! Henry Melton's essay, Why 
Aren't There Any Altairs on Arcturus 
11 ?, concern the curious absence of 
personal co mputer in th e works or 
science fict ion, cl sJi1a ll discrepancy in 
the vision of our prophets ... 

In this i ue, we conclude the three 
part se ries about Omega Navigat ion 
with Mini-0 wi th Rich ard J Salter's ar
ticle on the software used to drive the 
ha rdware described in Ralph Burhans' 
art icles. In Richard 's article you' ll fi nd 
out how to use a 6502 prnccssor to 
measure Omega phase di ffere nccs, and 
a an ex tra bonus, how lo ca libra te a 
local clock in your lab with the Ce
ium atomic clocks used by th e Omega 

system. 
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Undoubtedly ANON was talking 
about some of today ' PC computers. 
Exci ting a they may be , mo t of them 
give you a few surprises you really don ' t 
need . 

fur example you have the board all 
wired. and suddenly it occur to you , 
" Where's the TV interface?" 

Surpri e! (The TV interface is extra 
and costs $200 plus.) 

·· And the keyboard interface 
where's that?" 

Surpri e! (Add another $185 ex tra.) 
'' How about an audio cassette inter

face o you can store and enter low cost 
programs and large amounts of data?" 

Surprise ! (Add $175 more .) 
· ·And what about software?'· 
Surprise! (Each program will cost 

you $20 plus .) 
See what we mean? 
The new Sol PC Terminal Com

p'ltter. Ws a complete kit, hardware, 
software and no surprises for $475. 

h' s the first small computer con
ceived as part of a total system. 

Not only do you ge t everything you 
need , but our sy tems approach i more 
economical, too . The $475 kit (fully as

sembled and tested, $745) includes all of 
the fo llowing a standard fea tures: 

Video display interface. 
Keyboard interface . 
Audio cassette interface . 
8080 microprocesso r. 
5 12 eight bit bytes of PROM on 
a plug-in per ·onali ty module. 
2048 eight-bit words of RAM . 
A 1024 character video di play 
genera tor. 
Serial and parallel interface for 
connection 10 external devices and 
an edge connector for memory 
expansion . 
Optiona l ex tras include a power 

suppl y, video monito r, ASCII keyboard. 
walnut case. fl opp disk system. hi gh 
speed paper tape reader. PROM pro
grammer, and co lo r graphi cs interface . 
We al o have a library of low co t soft
ware that' the best and most ex tensive 
in the industry. 

In short. you get a complete , 
powerful. sma ll computer and mart 
termina l that' · fully expandable to a larg r 
Sol system, as your requirements grow. 

Surprises are great at Christmas
time . But when you re opening the box 

of your new computer kit , you want 
everything you need to be there . 

And with Sol. it is. 
To order or to get more informa

tion write Processor Technology, 6200 
Hollis St., Box B , Emeryville, CA 94608 . 
(415) 652-8080. 

The 
Sol PC Terminal 
Computer 
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How I Was Born 300 Years 

by Carl He lmers 

Articles Policy 

BYTE is continually seek
ing quality manuscripts writ· 
ten by individuals who are 
applying personal systems, or 
who have knowledge which 
will prove useful to our 
readers. Manuscripts should 
have double spaced type-
written texts with w ide mar
gins. Numbering sequences 
should be maintained sepa
rately for figures, tables, 
photos and listings. Figures 
and tables should be provided 
on separate sheets of paper. 
Photos of technical subjects 
should be taken with uniform 
lighting, sharp focus and 
should be supplied in the form 
of clear glossy black and whi tc 
or color prints (if you do not 
have access to quality photog
raphy, items to be photo
graphed can be shipped to us 
in many cases). Computer 
listings should be supplied 
using the darkest ribbons pos
sible on new (not recycled) 
b lank white computer forms 
or bond paper. Where possible , 
we would like authors to sup
p ly a short statement about 
their backgrou nd and ex per i
ence. 

Artie les which arc acccp Led 
are typ ically acknowledged 
with a binder check 4 to 8 
weeks after receipt. H onorar
iums for articles are based 
upon the technical quality and 
suitability for BYTE' s reader
ship and are typica ll y $ 25 Lo 
$50 per typeset magazine 
page. We recommend tha L 
authors record their name and 
address information redun
dantly on materials submitted, 
and that a return e nvelope 
with postage be supplied in 
the event the article is not 
accepted.• 

Ahead of My Time 
It slar led late las t summer, the first or 

the ru rnors and innue ndos. Someone walked 
up to rne and said word s to the effect of 
"you know, Car l, Ai-thLll" C Clarke writes 
wel l about you . ... " How wou ld you feel ir 
someone walked up to you and made such a 
profound statement? To an old science 
fictio n addict turned sc ience fiction ish re· 
al ity purveyor, it is a rather astonishing 
statement. Ai-thur C Cl ar ke is sitt ing up 
there in my private pantheon or the gods or 
great litet"ature along with Robert Heinle in, 
Pou l Anderson , Isaac As imov, and Larry 
Niven (as well as editor John Camp bel l, now 
deceased, who cu ltiv<lted the talents of many 
science fiction writers over the years). I've 
never spoken to the man, communicated 
with him, let alone imagined that I would . 
He's the person who suggested th e idea of 
the synchronous satel lite before today's 
technology ever existed, and is author of 
numerous widel y read science fict ion stor ies. 
So when someone suggested to me that one 
of those remote names on book jackets had 
somehow taken not ice o r yours truly, my 
immediate react ion was to l"i le it as amusi ng 
and forget it, as if someone had walked up 
to me and sa id "I unde rstand Herman 
Me lvil le had a whale of a good time with you 
when you guys went to school togethe1·." 

However, th is vicious rumor kept doggi ng 
me. More than one person mentioned it in 
passing. Eventua lly I found out, ano ther 
example of the truism that if there is a 
persistently rn mored or mentioned fact, 
there is often a source to that story, whether 

it be a persiste nt gossi p co lu mn ist or a more 
pleasing manifestation of real ity. It seems 
that accordi ng to Arthur C Clarke, I rea lly 
lived in the 23rd century of our current 
ca lender: That noted historian of the futur·e 
wrote a historical novel about my adventures 
as the mildly trag ic hero of his latest book 
on life in the 23rd centu 1·y, Imperial Earth. 
The book is ava ilable at any local book store 
in paperback fo rm, on the science fiction 
shelves. It's Clarke's co ntrib ution to the 
Amer ican Bice nte nnial. Like most historica l 
nove ls (according to my menta l stereotype), 
it is a mi ldly bor ing book which takes a lot 
of pages and features a slowly developing 
plot, givi ng ample oppor tunity to tour the 
wo nders of the age in question. I find on 
read ing the book that one of the three major 
characters in the story is named (at various 
places - the editors were inconsistent) Karl 
He lmer or Kar l Helmers. 

What a shock . Wh il e I would have liked 
to imagine myself the prin cipal by namesake 
of an Ayn Rand novel, I guess I 'I I just have 
to put up with Arthur C Cla1·ke as a distant 
second best. (I really have no choice in the 
matter, and l'm certainly not about to be so 
superfic ial as to change my name to John 
Galt.) However, it is an interesting co inci
dence si nce there are numerous paral lels 
with the character in the story (as we l I as 
vast differences) . Here I am, fancying myself 
an imaginative technologist in an age of 
technology, r·eve lling in the fun I'm having, 
and all of a sudden I find that the hero of 
one of my own hero's nove ls is an imagina
t ive technologist in another era, with a very 
close approximation to my own name . As ide 
from the unfol'tu nate end of the hero's life 
in the story, the net effect of r·eading the 
nove l was an ego boost I cou ld not in all 
modesty ignore. 

Personal Computing in 2276 

Sc ience fiction occasiona lly catches up 
with reality. (See Henry Me lton's artic le 
"Why Are n't There Any Al tairs on Arcturus 
IV?" in this issue.) Arthur C Clarke's Imperial 
Earth presents a concept of the personal 
computer which is in effect an evo lu tionary 
outgrowth of what we see now, but takes 
the pocket calculator (programmable) as his 
point or departure . The name of the beast is 
the "Minisec," a sort of adva nced pocket 
ca lculator, which is introduced in chapter 18 
when the principal character of the story 
(Duncan Make nzie) reaches Earth on his 
pi lgrimage to the 2276 celebrat ion of the 
Qu incente nnial. The specifications of the 
Minisec7 Read the fol lowing excerpt from 

Co nt inued on page 133 
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Experience 
the excitement ofowning the finest 
persona/coniputer-

IMSAI 8080 

Waiting for you - all the incredible 
performance and power of the 
IMSAI 8080. And at a price you 
would normally pay for a home 
music system: $699 in kit; $931 
assembled. 

WORLD OF USES 
The IMSAJ 8080 is a superbly 
engineered, quality computer. It is 
versatile expandable and power· 
ful, putting literally hundreds of 

applications and uses at your 
fingertips. Imagine sitting at your 
desk and enjoying interaction with 
your IMSAI 8080! Press the on 
switch and you re ready for game 
playing research, education, busi· 
ness applications, or for laboratory 
instrument control. It has all the 
power you need,' and more, to 
make your application ideas come 
alive. 

GROWS WITH YOU 
The IMSAI 8080 is designed for 
many years of pleasure. With its 
open -chassis engineering you can 
expand your system by adding 
peripherals and interfaces. The 22
slots and 28 amp power supply 
mean that you can plug-in today's, 
plus tomorrows modules. 

Right now you can add a module 
for displaying color graphics and 
characters on lV; a ready-to-use 
keyboard: small and large printers 
and a single interface that lets 
you attach multiple devices includ· 
ing a cassette tape recorder. Ex· 
pect the latest, exciting equipment 
from IMSAI. We are committed 
to leadership in this expanding 
technology. 

EASY TO PROGRAM 
With our BASIC language you 
can operate the IMSAI 8080 
quickly and easily. Technically 
knowledgeable? Use our assembly 
language to develop sophisticated 
and unique software. 

If you're thinking personal computer, 
treat yourself to the very best 
IMSAI 8080 

Send for free four· color brochure 
or $1 for catalog. Call or write for 
name of nearest dealer. 

IMSAI 
IMSAI Manufacturing Corporation 
14860 Wicks Blvd 
San Leandro, CA 94577 
(4 15) 483-2093 
TWX 910·366 7287 

Prices: USA Domes1ic 



KIM Goes to the M oon 


START 

INITIALIZE ALTI
TUDE, RATE OF 
DESCENT, FUEL 
AND THRUST 

UPDAT E 
RATE OF 
DESCENT 

UPDATE 
ALTI TUDE 

YES 

UPD ATE 
FUEL 

Figure 7: A general block 
diagram of a simple lunar 
lander program. It can be 
seen that a lunar lander 
program basically breaks 
down into a number of 
updating routines. These 
updating routines are con
tinuously repeated 
the lunar lander 
reached the surface. 

until 
has 

ALTITUDE , 0 
MOTOR OFF 

ILLUMINATE 
DISPLAY, DETECT 
AND DECODE 
INPUT 

YES FUEL, 0 
THRUST • 0 
MOTOR OFF 

Jim Butterfield 
14 Brooklyn Av 
Toronto Ontario M4M 2X5 CANADA 

There are quite a few lunar landing pro
grams available nowadays: some for pocket 
calculators, others using graphic displays. 
The one I wrote for my KIM-1, based on the 
MOS Technology 6502 microprocessor, illus
trates many of the techniques needed to 
develop th e program. 

The KIM-1 comes with a six digit LED 
disp lay, which can be accessed by the user. I 
used the first four digits to represent the 
craft's alt itude, and optionally, the fue l 
remaining. The last two digits, which are 
sli ghtly separated from the rest of the 
display, are used for rate of descent. Both 
values change contin ually as the craft moves. 

The KIM -1 keyboard is used as the pilot's 
control panel. Thrust is set by pressing 
controls 1 co 9. A value of 1 is minimum 
thrust, and the craft's rate of descent will 
increase due to gravity. Nine is maximum 
thru st, which slows the rate of descent 
sharply. In addition to power control, the 
pilot can elect to view either current al ti 
tude, by pressing A, or remaini ng fue l, by 
pressing F. 

The Equations of Motion 

The craft, of course, moves in accordance 
with the forces acting upon it: thrust and 
gravity. A physics textbook shows some 
rather for midable equations. However, they 
can be boi led down to the following simple 
procedure: 
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Listing I: ! In example lunar lander program written for the K IM-7 
microprocessor that uses the flowchart of figure 7 as a base. The input and 
output of this program is handled by routines that are inherent to the K IM-1 Every 0.01 second, 
y tem. The data display is seen on the keypad and LED di ploy of the KIM-I add 0.01 of the acceleration to the 

assembly. This display continuously shows the rate of descent, and onvelocity; 
command will display either the amount of fuel left, or the altitude of theadd 0.01 of the velocity to the al ti 
craft. Keys I lhrough 9 are used to input thrust commands, while l?ey Atude; 

subtract 0.01 of the thru L from the chooses the altitude display mode and the F key chooses the fuel display 

fue l. mode. All the numbers in this listing are in hexadecimal unless otherwise 
stated. 

The acceleration is set equal to thrust minus 
gravity, and gravity is set at the constant Address Op Operand Label Mnemonic Commentary 

value 5. 
0000 A2 DC GO LOX #QCThe ti me period of 0.01 s is arbitrary. 
0002 B5 B8 LP1 LOA INIT,X

Since KIM can operate in decimal mode, 95 E2 	 STA ALT,X !in itialize values;0004 
dividing by 100 becomes an elementary 0006 CA DEX 

0007 10 F9 BPL LP1operation. Everything would work just as 
0009 A2 05 CALC LOX "'{)5 X :=05; 

wel l if it were done in any other small time 	 OOOB AO 01 RE CAL LOY #01 Y :=01; 

increment. 0000 F8 	 SEO set decimal mode; 
DODE 18 	 CLCFigure 1 shows an elementary block OOOF B5 E2 DIGIT LOA ALT,X 

diagram of the progra m. After setti ng the 0011 75 E4 ADC ALT+2,X rd:~~:h d.,."
0013 95 E2 	 STA ALT,Xin it ial flight values, we settle into three main 
0015 CA 	 DEX

jobs: updating the fligh t, lighting the dis 0016 88 	 DEY } set up next digit; 
play, and detecting input from the pilot. 	 0017 10 F6 BP L DIGIT 

0019 B5 E5 LOA ALT+3,X 
0018 10 02 BPLINCR 

Setting Initial Values 0010 A9 99 LOA #99 
001F 75 E2 INCR AOC ALT,X

An interesting flight can be obtained by 0021 95 E2 STA ALT,X 

starting the lunar module t a height of 0023 CA DEX counter:=counter - 1 ; 
0024 10 E5 BPL REGAL if counter positive go to4,500 feet with 800 pounds or fuel. That 's RECAL; 

more than sufficient fuel for a safe landing, 0026 A5 E2 LOA ALT else check if altitude is 
positive;but not enough to allow for prolonged 

0028 10 OB BPL UP if altitude posi t ive go to UP;
hovering. 002A A9 00 LOA ;,.'{)0 else altitude:=OO; 

It's not difficult to set all the ini tial 002C A2 02 LOX #02 X :=02 
002E 95 E2 DD STAALT,Xvalues by programming them individually. 
0030 95 EB 	 STA TH2,X I else turn off engine;However, a faster method is to set them all 	 0032 CA DEX 

together in memory and use a loop to 
initialize all of them. This is what I did as 
shown in list ing 1 on hexadecimal lines 0000 
to 0007. 

0033 
0035 
0036 
0038 
003A 
003C 

10 
38 
A5 
E5 
85 
A2 

F9 

ED 
EA 
ED 
01 

UP 
BPL DD 
SEC 
LOA FUEL+2 
SBC THRUST 
STA FUEL+2 
LOX #01 

set carry ;I update fue l ; 

003E B5 EB LP2 LOA FUEL,X 
Updating the Flight 0040 

0042 
E9 
95 

00 
EB 

SBC #00 
STA FUEL,X check if fuel left; 

Every 0.01 s we must update our rate of 
descent, altitude and fuel. As previousl y 
indicated , we have to add 0.01 of various 

0044 
0045 
0047 
0049 

CA 
10 
BO 
A9 

F7 
OC 
00 

DEX 
BPL LP2 
BCS TANK 
LOA .;±00 

i f fuel left go to TANK; 

values into the totals. We can accomplish 
this quite easily by using a gimmick. Instead 

004B 
0040 
004F 

A2 
95 
CA 

03 
EA LP3 

LOX #-03 
STA THRUST,X 
DEX 

else turn off engine; 

of holding the altitude, for example, in feet, 
let's use two more digits and store it as 
multiples of 0.01 feet. Now we can add the 

0050 
0052 
0055 
0057 

10 
20 
A5 
DO 

FB 
AA 00 
EE 
DA 

TANK 

BPL LP3 
JSR THRSET 
LOA MODE 
BNESHOFL 

go to THRSET; 
A :=display mode; 
if mode not 00 go to 

rate of ascent directly into the six digit 
number; and the division by 100 happens 0059 

005B 
A5 
A6 

E2 
E3 

LOA ALT 
LOX ALT+1 

SHOFL; 

} AX :=location of altitude; 

automatically. For display purposes, of 
course, we drop the last two dig its, so that 
we're back to height in feet. Using the same 

0050 
005F 
0061 
0063 

FO 
DO 
FO 
A5 

08 
06 
A6 
EB 

LINK 
SHOFL 

BEG ST 
BNE ST 
BEG CALC 
LOA FUEL 

} go to ST; 

A := FUEL; 
technique on the other parameters, we find 
that the updating job becomes relat ively 

0065 
0067 
0069 

A6 
85 
86 

EC 
FB 
FA 

ST 
LOX FUEL+1 
STA POINTH 
STX POINTL 

X :=F UEL+1; 

} display values ; 

easy. 006B A5 E5 LOA VEL A: =velocity sign; 

During the updating task, we must also 
detect two special conditions: touchdow n 
and out of fuel. This seems fairly simple 

0060 
006F 
0071 
0073 
0075 

30 
A5 
FO 
DO 
38 

06 
E6 
07 
05 

DOWN 

BMI DOWN 
LDA VEL+1 
BEG FLY 
BNEFLY 
SEC 

i f sign negative go to DOWN ; 
A :=/velocity/ ; 

} go to FLY; 

0076 A9 00 LDA #00 } velocity :=/velocity I; 
Text, listing continued on page 132 0078 E5 E6 SBCVEL+1 
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A Nybble _on the Apple 


Notes by Carl Helmers 

Next month, we'll have an article by Steve 
Wozniac, designer of the Apple-I I computer, 
describing this beautiful new conception of 
the smal l computer. As a taste of the 
Apple- I I, here is one frame of the "Color 
Eater ," an interesting program which illus
trates the facilities of the Apple-I I. 

The Apple-II, wh ich is to be introduced in 
April at the first West Coast Computer Faire 
in San Francisco, may be the first product to 
fully qualify as the "app li ance computer." 
An "appliance computer" is by definition a 
completed system which is purchased off the 
retail shelf, taken home, plugged in and 
used. I first saw the App le-II on November 
20 1976 when Stephen Wozn iak and 
Stephen Jobs stopped by a motel room in 
Palo Alto where I was staying at the time. 
They brought along the prototype Apple-I I 
to give a demonstration . 

To serve as an interesting chal lenge to its 

capabilities, I suggested that we sit down and 
implement a "Color Eater" algorithm with 
Apple-11 's integer BASIC interpreter with 
color graphics extensions. I had first seen the 
Color Eater program demonstrated in an 
advanced graphics research laboratory late in 
1975 (the idea of the program is not original 
with me, and I will provide the source upon 
request) . The Color Eater always lives in the 
matr ix in the color TV display at some 
point. 

The Color Eater is a very simple animal. It 
looks at its nearest neighbors in the color 
matrix , searching in a clockwise direction for 
its current "digestible" color. If it finds this 
color, it moves its location to the matrix 
position of that color, digests it into a new 
color, and reiterates its search. Occasionally, 
the Color Eater becomes a very frustrated 
li ttle animal. It eats itself into a corner and 
no longer is able to find any digestible 
colors. · When this catastrophe happens, it 
throws a fit and turns itse lf into another 
variety of Color Eater which can eat itself 
out of the frustration point. The result is a 
constantly changing random color pattern 
on the screen, illustrated in one state in this 
photo made with the Apple-I I computer's 
output to a standard color television. 

That evening last November, Steve Jobs, 
Steve Wozniak and I sat down and 
proceeded to use the App le-I I BASIC (which 
is a 5 K interpreter with 16 bit integer 
arithmetic) to program the Color Eater 
game. After perhaps 30 to 45 minutes, we 
had a working BASI C language version 
which used the Apple- 11 's graphics facilities. 
Since it was done interpretively, the program 
ran a bit slow in this version, but it certainly 
il lustrated the concept. Later, Steve Wozniak 
recoded the program using the 6502 
processor's assembly language facility as 
implemented in the Apple-II, and reports 
that the Color Eater now runs Ii ke I ightning, 
which is its normal mode of operation these 
days as a demonstration program for the 
Apple-II. 

If you attend the first West Coast 
Computer Faire, stop by the Apple Com
puter booth and take a look at this 
interesting processor ; if you don't see it in 
person, then you'll have to wait unti l next 
month's BYTE for a more complete 
description of the design concepts of the 
machine as explained by Steve Wozniak.• 
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Photo 7: A Teletype Model 7 5 RO printer. This "receive only" model is shown with cover removed (above) and with the cover 
in place. 

A Guide 
Michael S McNatt 
4658 E 57 St 
Tulsa OK 74135 

Are you wondering why you should 
consider yet another peripheral for your 
system when you may already have a nice, 
quiet video display and even a panel of Das 
Blinkenlights? Consider the following excel
lent quote by Robert H Cushman , one of the 
editors of EDN magazine, who has written 
several articles on designing with 
micro processors: 

Never Underestimate 
the Value of 
Hard Copy 

Working at the Teletype is a 
superior way to learn ... software 
and, later, to put the microprocessor 
to use ... 



Bit Numbers 
54321 

Lower 
(Lettersl 

Case 

Upper (Figures) Case 

Communications Bell System (TWXI 
(Standard I Stock Market 

Weather 
Code 

0 00000 Blan k Blank Bla nk -
1 00001 E 3 3 3 
2 0 0 0 1 0 Line Feed Line Feed Li ne Feed Line Feed 
3 0 0 0 1 1 A - - I 

4 00100 Space Space Space Space 
5 0 0 1 0 1 s ' (Apos) ' (Aposl Bell 
6 0 0 1 1 0 I 8 8 8 
7 0 0 1 1 1 u 7 7 1 

8 0 100 0 Car Ret Ca r Ret Car Ret Car Ret 
9 0 100 1 D $WRU $ I 

10 0 101 0 R 4 4 4 
11 0 1 0 1 1 J Bell Bell ' 
12 0 1100 N ' 7 /8 () 

13 0 1 1 0 1 F I 1/4 -
14 0 1 1 1 0 c 1/8 41 
15 0 1 1 1 1 K ( 1/2 ~ 

16 10000 T 5 5 5 
17 100 0 1 z + " + 
18 100 1 0 L l 3/4 
19 1 0 0 1 1 w 2 2 2 

20 1 0 1 0 0 
21 1 0 1 0 1 
22 1 0 1 1 0 
23 1 0 1 1 1 

H 
y 
p 
a 

"6 
0 
1 

# 
6 
0, 

I 
6 
0 
1 

24 1 100 0 0 9 9 9 
25 1 1 0 0 1 B 7 5/8 15 

26 1 1 0 1 0 G & & \ 
27 1 1 0 1 1 Figures Figures Figures Figures 

28 1 1 1 0 0 M 
29 1 1 1 0 1 x I I I 
30 1 1 1 1 0 v = 3/8 <D 

31 1 1 1 1 1 Letters Letters Letters Letters 

Table 1: A listing of the 
various Boudot l?ey code 
assignments. The weather 
code column, token from 
the Reference Data for Ra
dio Engineers, fifth . edi
tion, pages 35 to 38, table 
22, includes wind direc
tion and cloud cover 
symbols. In the communi
cations column, the letters 
"WRU" stand for "Who 
are you?" 

to Baudot Machines: 
Part 1, Description of Available Devices 

The hardcopy record provided by 
the Teletype printer proved unex
pectedly useful. Sample programs and 
their execution results . .. could be 
reviewed many days later, often 
clearing up today's cause of confu
sion ... 

Hardcopy records are especially 
helpful during this learning process 
because when one attacks some new 
feature of programming a particular 
machine, he or she invariably begins 
by probing and experimenting, making 
many false tries. At that instant, all 
inconclusive attempts seem like a 
complete waste of time. But later, as 
you advance, copies of your first 
attempts enable you to go bock and 

explain earlier mysteries. Psychologi
cally this is most comforting, because 
it wipes away the frustotions that 
invariably build up when neither you 
nor the computer appear to under
stand each other. 

EON tears off the 6 foot or so strip 
of Teletype paper that results from the 
typical bout with the computer, folds 
it accordionstyle, and files it. To make 
our reference complete we start each 
session by entering the day's dote and 
the sessions objective, and end it with 
a summary of what was, or wasn't, 
accomplished. 

The compact hardcopy printout 
that you get is a much more useful 
debugging tool than the transient 

Photos 1-5 courtesy Donald 
Clum, Photo 6 courtesy Rob
ert W Cook. 
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displays of console lamps, or the 
temporary frames of similar video 
readouts. You can study this hard
copy at leisure, make notes on it, and 
then file it away for future reference. 

All these practical virtues of per
forming program development through 
typewriter-like terminals have been 
known to computer types for two 
decades. These old timers are amazed 
to learn that it Is taking the newcom
ers to the computer world so long to 
catch up. 

.["How Development Systems Can 

Beware: Model 15s May be 
Hazardous to Your Health! 

If you are considering a Teletype Model 
15 or similar surplus page printer, be fore
warned: Not only Is the Model 75 obsolete 
(Teletype Corp no longer manufactures 
parts), but: 

• 	 It's a rude, ugly mechanical mon
strosity next to LED readouts, shiny 
microprocessor cabinetry, and solid
state keyboards. 

• 	 It's a veritable assault of clanking, 
grinding, and roaring among the silent 
flash of panel lights, video displays, 
and the barely audible hum of power 
supply transformers. 

• 	 Foul smelling oil and burning grease 
pour out of its bowels to drown the 
clean, woodsy smell of new program
ming books and operating manuals. 

• 	 It crawls along at a yawning, hair 
pulling, nail biting 60 to 100 words 
per minute, while a blazing processor 
hurries along wasting thousands of 
cycles between character outputs. 

But a Model 7 5 hardcopy page printer will 
cost between $35 and $700 depending on 
your resourcefulness, and luck. 

Table 2: Physical characteristics of the four common teleprinter speeds for 
Baudot machines. In many cases, the same machine can be run at several 
different speeds simply by changing gears. 

Words Per Data Characters Bit Stop Operations 
Mi nute Rat e Per Second Pulse Width Pulse Width Per Minute 

60 45 bps 6 22 ms 31 ms 368 
66 50 bPS 6 .6 20 ms 30 ms 400 
75 57 bps 7 .5 18 ms 25 ms 460 

100 75 bps 10 13.5 ms 19 ms 600 

Speed Up the µP Design Process," 
EDN,April 20 1976, pages 63-72.] 

What Kinds of Baudot Machines are 
Available? 

Perhaps the best way to answe r the 
question of what's around is to catalogue 
each machine briefly, starting with the Tele
type Corp models and fol lowing with units 
by other manufacturers such as Kl ein 
schmidt, Creed, etc. In these descriptions, 
I've included photograp hs of many, but 
hardly all, of the typical machines. Most of 
these units will be found with nameplates 
and number plates identifying the model and 
manufacturer (if you purchase a whole 
machine). 

Model 11 

The first machine introduced with the 
name Teletype, in 1921. Used a type wheel 
and printed on paper tape at 40 words per 
minute. 

Teletype Model 12 

Introduced in 1922, about 12,000 of 
these units were sold. Practically al l Model 
12s had been removed from service by the 
1940's, which makes it a real antique. The 
unit consisted of a Baudo t page printer and a 
keyboard, and sounded like a cement mixer . 
The electrical noise or hash generated by 
these machines would require extensive 
shielding and cables for use with a micropro 
cessor. Give it to a museum if you find 
one... 

Teletype Model 14 

Th is series of Baudot paper tape readers 
and punches were man ufactured beginning 
in 1925, with abou t 57,000 Mode l 14s of all 
typ~s being sold. The Model 14 series con
sists of: 

• 	 Model 14TD, or "transmitter distrib
utor" reads the paper tape and trans
mits serial data on a current loop. 
Speeds of 60, 66, 75 or 100 words per 
minute can be selected by installing 
the appropriate set of gears . Easily 
modified for parall el output. Price 
range from $ 20 to $150. 

• 	 Model 14 RO "Reperforator" or re 
ceiver, punches paper tape from serial 
data received from a current loop . In 
1940 a typing reperforator was intro
duced which also prints on the tape, 
but the printing is several characters 
behind the punches. Speeds are 60, 66, 
and 75 words per minute . Price range 
from $10 to $50. 
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Photo 2: The author's 
Model 28 KSR Teletype 
machine. Note the much 
more compact mechanism 
(above) of this model 
compared to a similar view 
of the previous genera
tion's Model 75 in photo 
7. The Model 28 KSR with 
cover in place is shown 
below. 

• 	 Model 14 KSR : A Model 14 RO with 
a keyboard . Enables punching of paper 
tape off line. I've seen prices range 
from $15 to $75. 

Teletype Model 15 

This machine comes in two versions : a 
Model 15 KSR with page printer and key· 
board and a Model 15 RO with page printer 
only (see photo l ). About 237,000 Model 
15s were produced from 1930 to 1957, with 
Bell Systems receiving about 100,000 of 
these, the US government about 60,000, 
and Western Union, the wire services, news· 
papers, railroads, airlines and RCA Corp 
making up the balance. The page printer is 
usually set up for 60 words per minute, but 
occasionally 66 and 75 words per minute 
machines are encountered. The typical used 
price ranges from $30 to $200. 

Teletype Model 19 

A set of Baudot machines which includes 
a Model 15 page printer and keyboard, a 
paper tape perforator, a Model 14 TD reader, 
and a heavy duty loop supply. On some 
Model 19s, the punch is mechanically linked 
to the keyboard. Thus, tape must be 
punched locally and cannot be punched via 
computer control. Th e punch magnet re
quires a 100 VDC source capable of sup
plying one amp. The tape reader is usually 
connected in series with the keyboard so 
that serial Baudot signals can be generated 
from either unit. The surplus price ranges 
from $125 to $250. 

Teletype Model 20 

This model was used by the wire services 
and was similar to the Model 15 except it 
used a six level code for an expanded 
character set. Th is is a rare machine and I 
'have not seen it advertised . 

Teletype Model 26 

Another rare, light duty machine used by 
the wire services. 
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Photo 3: The "standard" Teletype so often seen in computer centers and personal computing contexts is the Model 33 ASR 
shown here with a modem option installed. This light duty machine is the war horse of the minicomputer world. 
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Teletype Model 28 

A genera l number for a se ri es of Baudol 
machines, which includes ROs, KSR s, AS Rs, 
TDs and reperforalors. These are heavy du ly 
machines I ike the Model 15, but genera lly 
operate aL 'IOO words per minute. This is the 
most prevalent Teletype model used by the 
MARS peo ple. Since production began in 
1952, almost 300,000 Model 28s have been 
sold . This machine is still being produced so 
new re placement parts are plentiful. Ph oto 
2 shows a Model 28 KS R. 

There is an actual advantage of owni ng a 
used Model 28 as opposed to the popular 
Model 33 ASCI I machines. This is becau e 
the Model 28 is a heavy duty machine made 
for 24 hours per day operation, year after 
year. However, the Model 33 is a light duty 
machine, which means it was designed for 
limited use: 3 to 4 hours per day, average. It 
will work for reasonably long periods o r 
time but will require maintenance and 
adjustment more often than the Model 28 or 
any of the other heavy duty machines such 
as the Models 14, 15 and 19. 

New prices from the Teletype Corp at last 
repor t were : Model 28 RO, $1750 to $2000; 
28 KSR, $2000 to $2250; 28 ASR, $3300 
to $3900; prices vary with options; delivery 

is from 6 to 12 months. None are in stock 
and each machine is built to order. Used 
prices range from $200 to $1 500. 

Teletype Model 29 

Another rare machine, essentiall y a spe
cial Model 28 bui lt for I BM . 

Teletype Model 31 

A rare teleprinter and keyboard combina
tion , designed to print on 0.25 inch (0.64 
cm) paper tape. This was a smal l piece of 
military aircraft equipment (nomen clature 
TT-30/AGA-l) which was designed shortly 
afte r Wor ld War 11. It measured 9 by 14 by 
12 inches (23 cm by 36 cm by 3·1 cm) and 
weighed 23 pounds (10.4 kg). Although 
assigned the Teletype number 31, there is 
little indication th at there was ever any 
civilian production. 

Teletype Model 32 

Look just like the ASCI I Model 33 
except it has a three row Baudot key board. 
This is a li ght duty , I 00 word s per minute 
Baudot machine sti ll in commercia l use. 
Avai lable as RO, KSR and ASR. U ed pri ce 

Continued on page 154 
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Photo 4: A view of a 
Kleinschmidt Model 7 50 
KSR. This variant of the 
basic Teletype design 
(note its similarity to the 
Model 75) contains a cur
rent loop power supply. 
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Having a "Private Affair" 


with Your Computer 


Steve Ciarcia 

POB 582 
Glastonbury CT 06033 

Then I made a mistake! I 
told someone that I had a 
computer ! 

What you are about to read is a true 
story. The names haven't been cha nged Lo 
protect the innocent because, frank ly, there 
aren't any innocent parties. 

It was the beginning of a cool autumn in 
Connecticut. The leaves were falling with 
increasing rapidity and the chi ldren who had 
played noisily in front of my house all 
summer had been removed conveniently to 
schools wel l out of earshot. There was just a 
sli ght rustle in the leaves and now was the 
time to contemplate the future without the 
disturbances of the present. 

Many technical individuals are probably 
like me - the quiet and so litude stimulate 
the mind. Through your consciousness race 
though ts of all kinds of inventions which 
haven't even been thought of yet. But you 
resign your-self to living quietly with a few 
modest pleasures which complement this 
attitude. 

I consider a home computer system to be 
within my definition of modest. It is just a 
small 8080 system with 10 K and supported 
BAS IC. I didn't intend it for any particular 
purpose, just re laxation. I assembled it and 
placed it in my shop with my other modest 
pleasures and plinked away on the keyboard 
occasionally . It was more the chall enge of 
getting the computer up and running than 
writing exotic programs Lo keep an inven
tory of the kitchen cupboards, or calculate 
the surface area of the fam il y car. I put 
together a CRT and cassette mass storage 
system and was content just generating 
periphera ls. Then I made a mistake! I told 
someone that I had a computer! 

While at lunch one day and after a few 
martinis, I let it slip to a group of fe llow 

workers I knew a lot about microprocessors. 
Th is was no t unusual - the conversation 
often gravitated to such topics because we 
all worked for a large computer manu
facturer. Working with computers and own
ing one is a completely different situation 
though. It's just ho-hum when cranking out 
the answer to a 40 by 40 matrix in ·10 ms 
during working hours, but this same person 
goes bananas when getting the correct 
answer to 2 times 2 in BASIC on a home 
computer. It's absolutely crazy - but then 
aga in, I'm an engineer, not a psychiatri t. 

One member of the group, Ralph, con
tinued to quiz me about what I had said. He 
knew from past experience that when it 
came to hardware, I wasn't an idle conver
sat ionalist. Since he asked and I was in an 
exceptionally happy and unguarded mood 
after a good lunch with pleasant company, I 
told him that I knew abou L microproce sors 
because I had one. Well, the cat was out of 
the bag. 

"Waiter! Bring my friend here another 
martini!" he shouted as hi s interest began to 
heighten. 

I'm sure everyone knows or has worked 
with a character like Ralph. He's a mi ld 
mannered suburban fami ly man whose goal 
is to own the world. It's nol an idle fantasy, 
but rather a calculated approach to life - all 
of it dollar signs. The day to day moods of 
people like this are in direct proportion to 
the Dow Jones daily average. When the 
Dow is down, don't mention anything con
troversial, lest it be interpreted as a personal 
affront challenging his integrity . On a good 
market day, Ra lph is the wise philosopher 
who has a kind expression of optimism for 
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everyone with whom he comes in contact. It 
is during the e latter periods that everyone 
must be wary . His generosity is over
whelming even though the drinks he orders 
end up on omeone else's check, and his 
money-making schemes get more and more 
prolific. 

It's only the liule bald spot on the top or 
his head which really seems to change. I 
guess it's a simple case of not getting older 
just getting better. If there is a way of 
turning a profit on that, Ralph will find it. 

Ralph held back the torrent of questions 
unt il the third martini was half consumed. 
And, preferring not to be too obvious, he 
just asked leading questions ca lculated to 
make me talk. I was brilliantly coy, even 
though a bit giddy and was quite ab le to 
fend off th e barrage of questions unti l he 
said, " I'm sure that even though you may 
have a microprocessor - and I'm sure you 
on ly mean the microprocessor chip - that it 
wou ld be virtually impossib le for even an 
experienced engineer like yourself to put 
toge ther some sort of computer that could 
conceivably be worth anything." 

"What do you mean, couldn't build it!" l 
said, de ending myself without realizing 
what I was about to say . " I have already 
built it, brother! I have a running 10 K 
system with a CRT, keyboard, and cassette 
storage system. I'm running BASIC now and 
have a few games Ii ke blackjack and ... and 

" 
Oh, Oh! I did it, and I knew it .. . 

Ralph's ear twitched just like someone 
pulled the handle on a one-armed bandit and 
his eyes began to spin . When they stopped, it 
was like looking into two dollar signs and 
Ral ph had hit the jackpot. "And ... if you 
don't believe me, come over tonight and see 
it! II 

Why I ever said that I'l l never know. l 
could have kicked myself and had even 
considered ordering a half dozen martinis 
hoping to be rushed to the hospita l with 
acute alcoho l poisoning just to find a good 
excuse not to keep our engagement. I was a 
blabbermouth and should face the music, so 
I shook off the suicidal tendencies and went 
back to the office. All afternoon while I was 
consumed with a dull headache, I couldn't 
help but no tice that Ralph's little bald spot 
was a brighter pink than normal - a rare 
occurrence, usually only after a big killing 
in the market. 

By that eve ning, I had regained my 
composure and decided to make the best of 
it. Maybe if I just load a silly game written in 
BASIC and entertain Ralph for a wh ile, I 
could convince him that this computer is a 
toy. You know, a toy like Odyssey or Pong. 

Ju st as I had fini shed loading the game, 
Ralph came downstairs into my shop carry
ing a briefcase stuffed beyond normal 
capacity, an armload of papers, pamphlets 
and other notebooks. I didn't bother to ask 
what all the junk was for, I just greeted him 
and welcomed him to the inn er sanctum. 
Ralph was very fam iliar with compu ter 
rooms and indu tria l fac ilities, but he cou ld 
not cease to be amazed at the quantity of 
equipment that I had amassed in my 
basement. 

"Well, with all thi s junk, you must really 
have a computer," he pronounced as a 
subdued compliment. "Do you have it work
ing? Can I see the instruction set for the 
BASIC? How many line of BASIC can be 
put in 10 K?" 

"Hold it, Ralph! One thing al a time. 
Here' a copy or the instruc tion set. Why 
don't you si t down here al the keyboard and 
play black jack while I go upstairs and make 
us some coffee." Going and getting a cock
tail wou ld probably have been a more hostly 
gesture, but after the luncheon, the thought 
of another martini was painful, so I resigned 
myself to coffee. 

I'm basica ll y a perfectionist and as with 
the computer, so goes the coffee - or is it 
the other way? Well, I mixed scoops of 
Jamaican Blue Mountain with Mocha and a 
touch of Deep Java and ground the coffee. 
All the wh ile, I could hear the keyboard 
keys bei ng pounded madly and a little verbal 
noise, omewhat like a kid talki ng to himself 
wh ile doing a difficu lt math homework 
problem. It took about a half hour to 
prepare this exquisitely brewed concoction 
as we ll as bake a special tea biscuit (from an 
o ld family recipe, of course) which I always 
like to erve guests. 

I couldn't help but notice 
that Ra lph's little bald 

spot was a brighter pink 
than normal - a rare 

occurrence, usually only 
after a big killing in the 

market. 
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Out go games, relaxation, 
pleasure - in come the 
stock market, aggression , 
ulcers. 

I have never been to a 
horse track, dog track, 
betting parlor, pool parlor, 
Las Vegas, church bingo 
game, or even bought a 
raffle ticket. 

When I reached Lhc area or my work 
bench with the tray or biscuit and coffee, I 
glanced at the CRT. My blackjack program 
was no longer on the screen, but rather a 
simp le litt le program whi ch took daily stock 
quotes and computed weekly and monthly 
average . 

" I was only gone a half hour," I 
exclaimed. 

"Oh ? Yeah, I lea rned BAS IC when I was 
in Australia bui lding an oil re fin ery one 
time. IL wa the same time that I go t into the 
foreign stock markets. There's not much else 
to do clown there, you know." He had a 
broad mi le on his face which wa an 
obvious result of having maste1·ecl the com
puter so easily, and he took the coffee and 
biscuits. He pounded the keyboard, 
chomped biscu its cl own in one gu lp, slurped 
noisi ly, and shuffled papers mad ly while his 
head continua lly bobb d up, ncl down look
ing at the CRT. 

" I think I can really do something with 
this system. I wan t a little time to tud y the 
instruction ome morn, Lh en I'd li ke to 
come over and discuss so me businesss appl i
cations with you." Thi s seemed to be a 
reasonab le request and I agreed, but before 
he cou ld leave, we had to make, copy of hi 
program on casselle tape. 

"Gee, I on ly have Lhi one casse tte which 
has the blackjack on it, bu LI suppose we can 
use it. I can alway load it by hand. It onl y 
took a ha lf an hour." I sighed and inserted 
my cassette and hit th e record button . Out 
go games, rel axa ti on, pleasure - in come 
the stock mai-ket, aggress ion, ulce1·s. Oh well , 
it 's only a cassellc tape and a lousy com
puter game. 

"Wow, Ral ph, it' s almost ·12:30. It's been 
a long night. Glad you could come over. 
Study up and maybe we' ll ge t to do it again 
soon." I nearly choked on the last comment. 
Actual ly, I'm r·ea ll y no t that bitter and 
warped . I reall y like Ralph, and he means 
well . But to be on the safe side, I'll buy a 
hal f-dozen cassettes tomo1-row. 

The saga continue . . . 
Two nights later, Ralph came over again 

with the sa me en thu siasm and more notes 
and papers. Ralph had a funny look in his 
eyes and his bald spo t was unusuall y pink, 
but I didn't pursue it. It was probably 
coming in from the cool night air to the 
warm house. The greetings and sa luta tions 
were hardly over when Ra! ph had sat down 
in front of the computer and announced 
that he was ready to go. I asked if he wanted 
me to load hi s tock program which we had 
put on the cassette f1·om the previous ses
sion, but he pro tested that was child's play 
and he was rea lly ready to program now. In 

fact, he had written a lot of it al1·eady and 
opened one of hi notebooks to how me 
five so lid pages of BAS IC programming. 

"And that's just to en ter the player 
statistics· and post positions," he excla imed, 
delighted that he had accompli shed o much 
in so little time and indica ting a subt ly ,1 

possible th <ll thi was just the beginning. 
"Statist ics? Post pos ition? For what?" I 

a ked. 
" For jai-alai, of course!" he exclai med 

and I immediately knew that the odd look 
and pink bald spot had nothing to do with 
the cool night air. "We enter the players' 
tat istics, their po t posi tions, and all Lhei1· 

previous performance record , Lhe computer 
does a litt le mathematical hocu -pocu Jnd 
plays the ga me and predict the winners." 
He could hardly hold sti ll a he was desc ri b
ing this mind-boggling scheme to me. "A nd 
when we add the betting ec tion to th e 
program, it will te ll exact ly how much to bet 
on the trifcctas, perfectas, and quincllas. 
And ... " 

"Hold it! You mean y u arc go ing Lo 
write a ga me program like my bl ack jack 
program 7" I asked. A game program wa · 
only natural as far as I was concerned. I was 
a true nongambler and never be l on anyth ing 
bu t a sure thing. Even then, it wasn't really a 
bet because the things I would place a wage r 
on enta iled no ri sk and I'd be an idiot nol 
taking a chance. Such thing were betting 
that my salary this week was the same a la t 
week, or with the gas station attendant that 
the car needed a quart of oi l (I checked it 
before going to the gas station) , or that it 
would snow in Connecticut thi s winter. I 
have never been to a horse track, clog track, 
be tting parlor, pool parlor, Las Vegas, 
churc h bingo ga me, or even bought a r, ffle 
ticket. Sometimes I thi nk I lead a protected 
life. 

" Hell no! I mean a program Lo play and 
bet real money at the jai-alai fron Lon here in 
Hartford!" he exclaimed almost jumping off 
his sea t. There was a poin t at which I 
wondered whether I should fear fo r my Ii fc 
and considered calling my clog, but affec
tionate Scottish Terriers do n't eem to 
demand the sa me respect a Doberma n 
Pincers. 

" This is on ly a 'IO K system. We don' t 
have enough memory to do a program like 
that," I rebutted, hoping to clip this crazy 
proposal in the bud. 

"Oh, don't worry about that. We' ll add 
some more memory. I figure it will take 
about 24 K and of course, we'll eventu ally 
need some sort of hard copy device .. . " 

"OK..OK.. go program something while I 
think about it," I said in a resigned sigh. I 
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I had visions of pu tting 
down my life savings at 

th betting window just as 
th e computer takes a 

power hit and goes do wn 
complete with rny money 

and my sanity. 

took note of the fact that Ralph used the 
term "we" when he mentioned system 
expansion, but I seriously doubted it. The 
thought of usi ng my computer for betting 
was crazy. Obviously, if it were a good idea, 
someone would have already done it. That's 
the American Way. It sure seemed like a 
risky idea. I had visions of putting down my 
life savings at the betting window just as the 
computer takes a power hit and goes dow n 
complete with my money and my sanity. 
Ralph is a good programmer, but he can't 
possibly do the entire job himself. Besides, 
my system is much too small to accomplish 
what he's attempting. Maybe I should let 
him pl ink away at the keyboard until he 
real izes that he ca n't do it and then I can 
have my system back and relax whi le I play 
Kingdom or something. 

"Fantastic," yelled Ralph . " I've got the 
player entry and post posilion sections 
already working! I can't believe how easy it 
is to program this computer." 

The little ma n was amazing. All day he 
sits in his office, shuffling papers and 
occasiona ll y discussing business with cus
tomers, but I had never experienced this 
completely "off-the-wall" emotional ism. 

"This is terrific! I can see that we'll have 
this program really going as soon as I get rid 
of a few bugs," he conti nued. 

Bugs? Was that bugs he said? Salvation is 
what those bugs were. With a program bug, 
it might never work. I might yet get to use 
my system again. "Gee, Ralph. That's too 

bad about the bugs. I guess you won't be 
able to do it after all." 

" I 'II take care of the program bugs, but 
you had better check some of the hardware. 
I've been dumping the program to cassette 
about every 30 minutes so that I could keep 
an accurate revision record or in case of a 
power failure and I noticed that your cas
sette interface drops a bit once in a while. 
When you've got a lot of money on the line, 
we can 't afford dro pping bits," he inter
jected with an authoritative resolve. " I've 
used up all but 300 bytes of the 10 K and 
we'll need some more space if you want to 
do this right. Didn't you say that you 
wanted to expand the system to put larger 
game programs in it?" 

He was correct. I did eventually want to 
expand the system with more memory, but I 
would have been happy just playing black
jack by myse lf right then. I couldn't even do 
that. The six cassettes I had just bought were 
conveniently written with various versions of 
jai-alai. Ralph was correct - my $39 El 
Cheapo cassette recorder probably did drop 
a bit or two, but when you're playing 
blackjack, who cares? Sti ll, I couldn't have 
someone criticize my hardware. I was a good 
hardware designer and didn't want anyone 
to think otherwise; especially someone I 
worked with . 

Ralph gathered up his paper work and as 
he left, he tossed me a jai-alai program to 
study so I cou ld understand the betting 
terms and be able to use the program 
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I I didn't want any more 
cassette storage criticism, 
but telling Ralph about my 
depleting bank account 
would have fallen on deaf 
ears. 

Working with Walt is a 
little nerve-wracking 
because in computer terms, 
he is a LIFO, or "last in, 
first out" interrupt 
processor. 

eventually. I didn't say anything except 
goodnight and come again sometime. Some
time would be soon he assured me and I fe lt 
a sudden pain in the center of my forehead. 
I never used to get headaches. Maybe I 
needed a vacation .. .. 

The next four evenings I diligently 
worked at improving the system and increas
ing the memory. The leaves were piling up 
around the front door and I knew I should 
be raking them or putting antifreeze in the 
cars, or something. I hadn't picked the ripe 
tomatoes from the garden before last night's 
freeze, but now I don't have to worry about 
them anymore. I saw my wife this evening in 
the hall on my way down to the workshop. 
She looked pleasant and gave me a half
hearted smile. It was her subtle way of 
sayi ng, "I remember you. Wasn't I married 
to you some time ago?" I just didn't have the 
time to explain because Ralph was on his 
way over and I wanted to show him all the 
improvements, so I patted the dog and 
descended the stairs into the workshop. 

I looked arou nd at all the eq uipment and 
some of the unfinished projects on my desk. 
For a coup le of months, I had been develop
ing an analog interface to be attached to the 
computer to allow joystick inputs to liven 
up future game programs I was contem
plating. It was all done, just awaiting check
out and debugging, but I needed the com
puter to check it dynamically, and with all 
the stuff with Ralph lately, I hadn't been 
able to even get close to it. I sti ll had an 
older 8008 system with 4 K of memory 
which I could use, but it was located right 
next to the 8080 system and with Ralph 
sitting there, I couldn't even get close to it. I 
resolved that I would sit at my desk and 
recheck the wiring aga in. 

"OK, are we ready to go?" asked Ralph' 
as he came in to view wh il e descending the 
stairs. "I hope you don't mind - I invited 
Walt along to help me debug the software. 
He's a genius whe n it comes to 
programming." 

Ralph was quite correct; Walt was indeed 
a software genius. Walt is one of those truly 
helpful people who continual ly goes out of 
his way to accommodate everyone. Working 
wi th Walt is a little nerve-wracking because 
in computer terms, he is a LIFO, or "last in, 
first out" interrupt processor. The poor guy 
will be diligen tly working on someth ing 
important, and if someone asks for his help, 
he drops everything, so lves the other per
son's problem, then returns to his own task. 
Some interesting situations have evolved 
when he's interrupted by five different 
people each asking for his help. I suppose 
that's the price of genius. I just chuckled to 

myself while thinking what kind of line 
Ralph must have laid on him to get him to 
work on this crazy scheme. 

"So, did you get a chance to fix the bit 
problem?" Ralph asked . 

"Yes," I answered . "It was nothing that a 
better tape recorder wouldn't cure," 
replied, still wondering whether replacing 
my low bid recorder was really necessary. 
The replacement was a $149 Sony tape 
recorder - the best one I could find. I didn't 
want any more cassette storage criticism, but 
telling Ralph about my depleting bank 
account would have fal len on deaf ears. I 
also added another 8 K of memory and 
beefed up the power supply. That was only 
about $300. 

"Great! We'll really be able to make 
progress now," he chanted. "We'll give you a 
cut of the winnings to help cover the 
hardware costs," he continued. "Hey Walt, 
sit here at the desk under the light and see if 
you can find the bug." 

Ralph loaded the last program version 
and spread his papers out all over my bench. 
Papers hung over the top of my oscilloscope, 
propped against my parts cabinets and 
thoroughly covered my work area. Walt 
asked if it was OK to move the analog 
interface board which was on the desk, so 
that he could spread out some papers and 
not have to worry about accidentally leaning 
on something. "Sure Walt, let me move 
everythi ng for you," I said as I cleared off 
the desk. "Can I get anyone a drink or 
someth ing?" 

"I'd like a beer if you have one," said 
Walt. 

"I 'I I have a gin and tonic and if you have 
any of those biscuits left, that would be 
tremendous," said Ralph. 

I slowly walked upstairs and stopped on 
the landing to pat my dog. Scottish Terriers 
are like people. They can communicate with 
their eyes and he was giving me that "You 
don't play with me anymore" look, and 
dropped a tennis ball by my hand hoping I 
wou Id have a favorable reaction to his 
request. I used to work at my bench and 
occasional ly kick a ball around the eel lar for 
him. Now we both knew that we couldn't do 
that any more and we sat watching the two 
men intently discussing the program and 
inspecting the CRT display. I went upstairs 
to prepare refreshments and invited the dog 
to fo llow, hoping to placate him with a freo;h 
baked biscuit. 

My wife walked into the kitchen and 
being the understanding soul that she is, 
asked me if I could possibly light a fire in 
the fireplace and use the den for whatever it 
was that I did downstairs. 
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"That's it! That's how I can do it!" I 
yelled. If I was Polish, I would have danced a 
polka, but instead I grabbed the tennis ball 
and threw it down the hall and the dog made 
a mad dash after it. 

" I can't use the den, bu t they can! All I 
have to do is put a remote terminal in the 
den." It was an extravagant idea, but I was 
desperate. I would move my fr iends to 
another section of the house, out of my 
shop and out of my dog's playground. 

I hadn't worked out the details yet, but 
that's what I was going to do. I had 
contemplated moving the computer, but like 
any hobbyist's, it was spread out all over three 
shelves with patch cords and was impossible 
to move. The details of the design flashed 
through my head and I hurriedly looked for 
a pad to record my thoughts. Twisted pair 
shie lded wire, asynchronous interface, 
coaxial cable for the monitor, perf board, 
line drivers - Hold It! - one thing at a t ime. 
The design of the remote termina l was fairly 
simple, but would take a little time to build. 
I'd do that later. Right now, it was impor
tant to see if I had enough wire to go from 
the computer to the den and I made a mad 
dash down into the shop and started 
rummaging through my storage bins until I 
found a 200 foot roll of coax and a big 
tangled mess of what appeared to be twisted 
pair shielded wire. Ralph and Walt didn't 
seem to be bothered by all the commotion 
behind them until I pulled down half the 
bookcase while yanking on the tangled mass 
of wire. 

I grabbed some tools and dragged the 
wir·e outside through the garage. Ralph and 
Walt had kicked the books out of the way 
and returned to programming by the time I 
was out on the front lawn. It was cold 
outside, but that was the only place with 
enough room to spread out the mess. I'm 
sure the neighbors thought it a bit strange to 
see a grown man out on the front lawn at 
nine o'clock in the evening with a flashlight 
doing what appeared to be playing in the 
leaves. My dog came out to investigate and 
with all his jumping around and barking, it 
really must have looked pretty bad, but I 
was determined. 

It took quite a while, but finally 
untangled the mess and had two twisted pair 
and one coax line stretching down the street 
past the neighbors' home. I decided to put in 
an extra twisted pair line in case I had other 
friends and had to go to time-sharing. I 
placed a ladder up against the side of the 
\\ouo;e under the den window, and with the 
wires between my teeth and an electric dril l 
in one hand, attempted to scale the ladder. I 
swore that the next house I bought would be 

a ranch instead of a colonial or at least I'd 
put the den on the first floor, but for right 
now, I jL1st didn't look down and concen
trated on the "do or· die" situation at hand . 

I started the electr ic drill, placed it 
agai nst the hou se and pushed! I drill ed 
through the stor m window, the inside 
window and half the window si ll. It wasn't 
necessary to te ll my wife that someone was 
outside the window, because I heard her 

scream. Appa r·ently, she was watching tele
vision in the den and the window I had just 
drilled through was behind the TV. It hit me 
al I of a sudden what her reaction would be 
it was something I had suggested she do if 
she were ever home alone or needed protec
tion. Sh e had probably rushed off for the 
bedroom closet to get the shotglln we kept 
there. We ll, if you think firemen come down 
ladders fas t, you should have seen me. 

It took a while to cairn her down, but she 
sa id that afte r· having been married to me so 
long, she shou ld have expected it. As a 
gesture of peace, I agreed to put off wiring 
the hou se un ti l daylight hours and decided 
instead to design the asy nchronous interface. 
Ralph and Wal t had finished for the eve ning 
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I smiled from ear to ear 

and thought of the coup I 

was about to perpetrate. 


During the next two days, 

I worked at a feverish pace, 

stringing wire and soldering 

components. 


and were apparen tly unaware of the preced
ing "fiasco" when Ralph said, " I hope your 
evening was as produc tive as ours. Walt 
figured out the bugs but it will take a few 
more sessions to incorporate the rev isions. 
That's quite a system you've got there. You 
must rea ll y enjoy it. " 

I didn't get mad, I just looked tired. Even 
the dog decided he couldn't take any more 
and went to lie down in front of the fire . 
"Well Ralph, it will be ni ce to see the 
program work so you can spend al l your 
time at the jai-alai fronton ." 

"l 'm looking forward to that too. But we 
still have a lot of work. Day after tomo rrow 
evening is a good night for me. My wife may 
not be home, so I might bring the kids. Do 
you li ke kids?" he asked . 

"Kids are fin e. It's their paren.. . ," I 
started as he interrupted. 

"Great. Walt and I will see you then," 
was his fi nal pronouncement as he stepped 
out of the door; but on the way lo the car, 
he turned long enough to yell , "Hey, some
one left th is big mess on your fro nt lawn, 
but if you pile enough leaves over it, nobody 
wil l know." 

"Thanks, Ralph." I just closed the door, 
closed my eyes, and leaned agai nst the wal I. 
I judged that I didn't have much time before 
they were coming aga in, so I had better get 
to work on the communication lin k to the 
den. 

During the next two days, I worked at a 
feveris h pace, stringing wire and solderi ng 
components. I stuffed the three wires 
through the hole in the den window, ran the 
wires down th e side of the house to the first 
floor level, and then dri ll ed a hole through 
the outside wa ll into the ga rage. I had to go 
through the back and out the front of a 
garde n tool cabinet in the garage, but my 
wife wouldn't notice tha t she couldn't open 
the door any more un ti l spring - I'd just use 
my skill saw and make a new opening for 
her. 

Str ingin g the wire through the garage was 
easy. I just hung it across the cei ling and 
looped it through the garage door springs for 
support. It was only when I started chopping 
a hole through the concrete wall in to the 
basement that I got upset. Some idiot put a 
layer of sheet meta l in the center of the 
co ncrete and the drill bits wouldn't even 
penetrate it; but this turned out to be no 
match fo r a cold ch ise l and a five pound 
hammer. The hole did turn out to be a bit 
large r than I intended, but I always wanted 
to ins ta ll one of those little doors where a 
dog lets himse lf in and out. 

I quick ly attached the twisted pair to the 
li ne receiver in the shop. The unit down

stairs consisted of the receiver section of 
a UART (universal asynchronous receiver/ 
transm itter) whi le the box in the den con
tained the transmitter and li ne driver. A 
keyboard is plugged in upstairs, and when a 
key is pressed, the ASCII keyboard data is 
serialized and sent to the receivers down
stairs where it is reconverted to parallel for 
the computer. I chalked up Lhe $40 it cost 
to build this in terface to experience for the 
sake of fami ly harmony. The $175 for 
another keyboard and another TV monitor 
was a bit harder to take. 

Ralph, Walt an d whoever else was coming 
over would be there soon. I decided on a 
lark to try to type in the blackjack program 
before they came and busily attached the 
keyboard . When I was through, I took the 
tape containing their oldest revision of jai 
ala i and recorded my blackjack back on it 
. .. just in case. Wh en I was done, I loaded 
their latest program version and ran up to 
the den to check that all was work ing 
correctly. The screen was brightly lit with 
the BASI C operating system ind icating that 
the video lin k worked properly. Data entry 
on the keyboard also proved successful and I 
fe lt like a new man. I sm il ed from ear to ear 
and thought of the coup I was about to 
perpetrate. I made myself a Tangueray 
martini, sat by the firep lace and awaited the 
arrival of my honored guests. 

It wasn't long before Ralph and his two 
kids were al the door with Walt closely 
behind. I hadn't eve n closed the door before 
the dog and the children were off chasing 
each other through the house. "Are all kids 
like this?" I asked. 

"Only happy ones," answered Ralph. "So 
do you want to come dow nstairs and see 
how this works?" he inquired. 

My opportunity was there, but with all 
the noise I couldn't think and just said, 
"Tonight we are going to put you in the den. 
I put a monitor and a keyboard up there and 
you guys work upstairs while I work in the 
shop !" The words were finally out. I had 
stated my declaration of independence and I 
had demanded my workshop bac k. 

"Sure. That sou nds OK with us," stated 
Ralph as he and Walt spread out their papers 
all over the den. " It sure is nice up here. 
How do you keep a den looking so nice? 
Anyone with kid s ca n't have furniture like 
this," continued Ralph as he threw his 
briefcase on the velour covered Loui s XV I 
chair next to the firep lace. 

I looked at him and stated, " I don't have 
any children, remember?" just then, a tennis 
ball whizzed by with two kids and a dog in 
hot pu rsuit. Usually the dog wasn't even 
allowed on the oriental rug, but who was I 
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The Small Computer 

Twenty-five years ago a computer as powerful as the 

new Processor Technology Sol-20 priced out at a cool million . 
Now for only $995 in kit form or $1495 fully 

assembled and tested you can have your own small computer 
with perhaps even more power. It comes in a package about the 
size of a typewriter. And there's nothing like it on the market 
today. Not from IBM, Burroughs, DEC, HP or anybody else! 

It fills a new role 
If you're an engineer, scientist or businessman, the 

Sol-20 can help you solve many or all of your design problems , 
help you quantify research, and handle the books too. For not 
much more than the price of a good calculator, you can have high 
level computer power. 

Use it in the office, lab, plant or home 
Sol-20 is a smart terminal for distributed processing. 

Sol-20 i a stand alone computer for data collection, handling 
and analysis . Sol-20 is a text editor. In fact , Sol-20 is the key 
element of a full fledged computer system including hardware, 
software and peripheral gear. It's a computer system with a 
keyboard, extra memory, 1/0 interfaces, factory backup, service 
notes, users group. 

It 's a computer you can take home after hours to play 
or create sophisticated games, do your personal books and taxes, 
and a whole host of other tasks . 

Those of you who are familiar with small computers 
will recognize what an advance the Sol-20 is. 

Sol-20 offers all these features as standard: 
8080microprocessor-1024 character video display 

circuitry - control PROM memory- 1024 words of static low
power RAM- 1024 words of preprogrammed PROM-built-in 
cassette interface capable of controlling two recorders at 1200 
bits per second- both parallel and serial standardized interface 
connectors- a complete power supply including ultra quiet 
fan - a beautiful ca e with solid walnut sides - software whkh 
includes a preprogrammed PROM personality module and a data 
cassette with BASIC-5 language plus two sophisticated computer 
video games - the ability to work with all S-100 bus products. 

Full expansion capability 
Tailor the Sol-20 system to your applications with our 

complete line of peripheral products. These include the video 
monitor, audio cassette and digital tape systems, dual floppy 
disc system, expansion memories , and interfaces . 

Write for our new 22 page catalog. 
Get all the details. 

Processor Technology, Box B, 6200 Holl is St., 
Emeryville, CA 94608. (415) 652-8080. 



THE BASIC SOFT 

'" 

b~ R. Vf. a !LOWN 

The " HOW-TO-DO IT" Books for the " DO-IT" Person 

* * Avai lable NOW ! ! ! at most computer stores * * 

ARIZO NA 
By le Shop at Phoenix-West 

The Computer Mart 
625 W. Ka1e ll a #10 

Byte Shop or San Rafae l 
509-B Fra nc isco Blvd . 

ILLINOIS 
T hs Darn Domnio 

NEW JERSEY 
Hoboken Compu1er Works 

RHODE ISLAND 
Computer Power Inc. 

12654 N. 28th Drive 
Phoenix, A Z 80529 
16021 94 2. 7300 
Jeff McKe:ever 

By t1t Shop of Phoenix 
813 N . Sconsdale Rd . 
Tempe, AZ 85281 
1602) 894-1129 
A lon Hald 

Oe'iiert Daita Computer Store 

Orange, CA 92667 
l'/1 41 633·1222 
Allan Tarsky 

Byte Shop of Sa n ta Ba rbara 
4 West Mission 
San1a Barbara, CA 93 101 
18051 966·2557 
Scou Daley 

8Y •• Shop of 1he San 
Fernan do Valley 

San Rafosl , CA 9490 1 
14161457·93 11 
Don Anderson 

Byte Shop of Santti Clara 
3400 El Cami no 
San la Clara, CA 9 5051 
14081 249-4221 
T oeld A ndets.o n 

By1e Shop of San Jos.e 
155 Bl oS$om Hi ii Rd. 

1316 Chicago Ave. 
Evan,.on, IL 60201 
13121 328-6800 
Pau l W;unkc 

IND IANA 
Tho Home Compu ter Store 
1044 7 Chris D.-iva
lndiom1pol i'5, IN 46229 
13171 894-3319 
Jim Baughn 

No. 20 Hodson Pl occ 
Hoboken, NJ 07030 
(201l 4 20· 1644 

NEW YORK 
The Compu1et Mart of 
New York 
314 Fihh Ave , 
New York . NV 1000'1 
12121 279 · 1048 
Stan Vll'il 

M-24 Ai rport Mall 
1800 Post Rd. 
Warwick , R I 0 2886 
140 1 I 738-44 77 

SOUTH CAROL INA 
By 10 Shop ol Columb ia 
2018 Green St. 
Columbia, SC 29205 
1803) 771-7824 
N ick Johnson 

P.O. Bo• 1334 
Tucson. AZ 85702 
Ga rv Miiler & Bud Ward 

CALI FORN IA 
Bvie Shop ol L awnd ale 
16508 Hawthorne Blvd. 
Lawndale, CA 90260 
12131371-24 21 
Dick Moule 

The Computer Store
820 Broadway 
Soni a Monica, CA 90401 
12131 451-0713 
Dick Heiser 

A·V I 0 Elect ronics 
1655 E. 281h SI. 
Long Beach, CA 90806 
(2131 426 -5526 
Reynold s .J onnson 

By1e Shop of Pasa dena 
496 S. Lake Ave . 
Pasadena, CA 911 01 
12131 684·331 1 
Govinde Si ngh 

Byte Shop /Th ousand Oaks 
2707 Thousand Oaks Bl vd. 
Thou•ond Oak•. CA 9 1360 
{8051 497 .9595 
Joe Kappl 

Peop le's Compute r Shop 
13452 Ventu ra 81'Vd . 
Sherman Oaks, CA 9 1423 
121 31 789·7514 
W. K . L ing 

Bv rn Shop of Sa n Diego 
8250 Vickers · H 
San Oiago, CA 92 11 1 
17141565-8008 
John Perrv 

Bv1e Shop of Westminster 
14300 Beach Blvd . 
Weurn fnster, CA 92683 
17141894-91 31 
M3rlY Rumer 

18424 Ventura Blvd. San Jo«, CA 95 123 The Darn DomainTarza na, CA 93156 14081 226-8383 406 S. College Ave. 
12131 343-3919 Larrv Gri jalva Blooming1on, IN 47401 Tom Merdy 

By1e Shop ol Campbel l I8121 334·360 7
Byte Shop ot Frosno 
4 131 E. McK inley Ave. 2626 Union A11e. Boyd A . Borrlll 

Fresno, CA 93 703 San Jose. CA 95 124 K ENTUCKY
l40BI 377-4685 

Mike Sannes Rav Lyn 
The Oat.a Domai n 
506~ Euc lid Ave. 

Bv1e Shop ol Mt. View 
Bv te Shop al Sncramen10 Lexington. KY 40502

106 3 W. El Camino 
604 1 G recnbac k Ln . 16061 233 -3346

Ml . View, CA 94040 
141 51 969·5464 Ci1ru• Heights, CA 95610 Me lvyn Cobb 

Boyd Wil son 19161 726-2557 
Willord Wes tphal MARYLAND 

By te Shopi, Inc. Compu cor Wo,kr;hop 
1261 Bi rchwood Or. COLORADO 5709 Frederick Ave. 
Sunnyvole, CA 94086 Byte Shop/Arapa hoe Co. Rockvi l le. MO 20852 
14001 734 ·9000 3464 S. Acoma 1301 I 468·0455 
Brya n Korr Englewood, CO 80110 John Oorband 

By rn Shop ol Palo Aho 13031 761·6232 

2233 El Cami no Raal Bernie Sch reibman MINNESOTA 

Palo A l 10, CA 94306 Bv1e Shop of Boulder 
Byte Shop ol Eogan 

14151 327-8080 2040 301h S1. 
1434 V onkeo Dood le Rd . 

Bob Moody Bou lder, CO 8030 1 
E01Jan, MN 55121 

13031 449·6233 
(6121452· 1841 

By te Shop of San Mateo 
Herman A;11.elrod 

Joh n Compbol l 
1200 W. Hill•dale Blvd . 
San Mo1eo , CA 94403 MISSOURI 
14151 34 1·4200 FLORIOA Compu1cr Svstems Centor 
Ch<H Harris Byte Shop ol Cocoa Sch . of St. Louis, Inc.

1325 N. At lantic Ave. 13451 Ol ive Blvd .By to Shop ot Haywofd Cocoa Beach, FL 32931 
1122 "B" S1. 13051 784- 1881 

Chostcd ield, MO 63017 

Hayword, CA 94541 John Dal con 
13 141 576-5020 

141 51 537 -BYTE H. Josoph Tumor, Jr. 

Mi ke Lipschutz Compu ter Hut Compu1er Workshop 

Byte Shop of O ioblo Val ley 
5905 N.W. 151st SI . 6903 Blair Road 
Miami Lakes. FL 330M Konsas Ci ty . MO 64 152 2989 Norlh Main S1. 13051 821-2667 18161 74 1·5055Walnut Creek, CA 94596 Donald R. Wii iiams Tauy Smith(41 SI 9336252 

Dan So ldalh Byte Shop of Miam i 
N EW HAMPSHIR E7625 SW 401h St.Bv te Shop of Berkeley 

Miami, FL 33 155 Compuier Marl ol NH
1514 Universi l y A"Ve. 
Berkeley, CA 94703 13051 264 ·BYTE 170 Main S1. 

Met Levinson NO$hUa, NH 03060 
14151 84 5-6366 16031 883·2386 
Pete Hollenbeck MicroComputar Systems toe. Ronald J. Co l'dova 

144 So . Dale MDbry Hwy. 
Tampa. FL 33609 Mir::tocomputer5, Inc:. 
(8131879·4301 539 Amh&rst St. 
Forl'es1 K. Hurst Noshua, NH 03060 

1603) 889 -1646 
Dc x. 1er M . Cox 

Sync hro-Sou nd Enie rprises 
193-25 Jamaica Ave. TENNESSEE 

Hol l is. NV 11423 Micro CompU1er Sysrnms 

12121 468· 7067 Aouce 36. Mcfee Rd . 
Knoxvil le, TN 37922Ray Mu:nafa 
16151 9669849 

Computer Mart of Long Island 
2072 Front St. UTAH 
East Meadow, NY 11 554 Byte Shop/Sall l~ke Ci1v 
15161 794 -05 10 261 S. Srnte St. 
Morris Ba lamu1 Soll Lake City, UT 84111 
Byte Shop of Levi1town Bob Bellinder 

272 1 HompSlead Tpke. 
Levi t town. NY 11 756 VIRGINIA 

15161731-8116 Sh ire- En urrprises 

John Adi)m'S 615 M i tchell S1. 
Richmond, VA 23222 

OK LAHOMA 18041 321 ·4560 

High Tec hnologv Sonny Onora t i 

1020 W. Wi lshiro Blvd. 
Oklahoma Ci ty, OK 73 11 6 WISCONSIN 

14051 8422021 The Mllwoukee Computer 

Charles Weddington Store 
6916 W. No11h A"e . 

OREGON 
Mi lwoukee, WI 53213 

Byte Shop al Beaverton 
14141 259·9140 
Ocnni-.;s Hafemann

3482 SW Coder Hii i• Blvd. 
Beaverton, DA 97005 
15031 644 .2686 CANADA 
Rick Terrel l Trinuonfcs 

186 Ouceo St. Wes1 
By1e Shop of Portland Toronto, Onrnrio
2033 SW 4th St. Canoda, M5V 1Z1
Penlan d, OR 97201 14161 5980262
(5031 223-3496 Karen K lein 
Pal Terrell 

By1e Shop of Vancouver 
PENNSYLVANIA 2151 Burrard St . 

Byte Shop o! Brvn Mawr Vancouver 9, B.C. 
1045 W. L.ancas tC!r A11e. 16041 736·7221 
Bryn Mowr, PA 19010 Marvi n McKay 
12151 525·7712 T he Pacific Comiput~t St!i!r.~
Dlck Smi1 h 4509 · 4511 Rupert St . 
Person.a l Compu1cr Corp . Vancouver , B.C. V5R 2J4 
Ftazer Ma11. Rt. JO 1604) 438-DATA 
Frazer , PA 19355 Brian Hyndman 
12151647-8460 
Wal tor Whi1e JAPAN 

By te Shop o f Tokyo 
2·9·9 So1okanda 
Chiyodaku, Tok.yo 
Kiyo1ake Ikeda 



WARE LIBRARY 

This LI BRARY is a complete do it yourself kit. Knowledge of programming not required. EASY to read and USE 

Written in compatible BASIC 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. VOLUME I 
There are other software boo ks on the market but they are Bookkeeping
dedicated to computer games. The intention of this work is to allow Games
the average individual the capability to easi ly perform useful and 

Pictures . ..... . ...... . . .. $24.95productive tasks with a computer. All of the programs contained 
w i1h in this Library have been thoroughly tested and executed on 
several systems. Included with each program is a description of the 

VOLUME IIprogram, a l ist of potential users, instructions for execution and 
possible limitations that may arise when runn ing it on various Math & Engineeri ng 
systems. Listed in the limitation sect ion is the amount of memory Plott ing & Stat 
that is required to store and execute the program. Basic Statement Def ..... . . $24.95 

VOLUME Ill 
Advanced Business 
Billing 
Inventory 

Each program's source code is listed in full detail. These source code Payro ll . • ..... . ..... .... $39.95 
listi ngs are not reduced in size but are shown full size for increased 
readability. Almost every program is se l f instructing and prompts 
the user with all required running data . Immediately following the VOLUME IV 
source code listing for most of the programs is a sample executed General Purpose ... .. . ..... $9.95 
run of the program. 

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 avai lable for 8080 & 6800 under $10 elsewhere. 

This Library is destined to become one of the refere nce bibles for 
the smal l computer field, due to i ts 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 rem ittance for prompt delivery, while suppl ies last. VOLUME V 
Volume discounts are available to qualified dealers . Experimen ter . ...... . . . .. . $9.95 

FUTU RE A DDIT ION TO THE "BASIC SOFTWARE L IBRARY" 

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

STOP BY OUR BOOTH (E615) AT THE SAN FRANCISCO COMPUTER FAIRE and say " H I! " 

Add $1.50 per volume for postage and handling . 

SCIENTIFIC RESEARCH 

1712-B FARMINGTON COURT 


CROFTON MD 21114 

Phone Orders call ( 800) 638-9194 


Information and Maryland Residents Call (301 )-721-1148 




Ralph was so enthusiastic 
he hardly even noticed the 
dog was chewing on one of 
his program sheets and the 
kids were making paper 
airp lanes out of others. 

Author Ciarcia will not be 
able to answer any 
inquiries about the pro
grams described in this 
article. So don't write! 

going to scold first? I jusl picked up the 
bottle or Tanqueray from the bar and left 
lhe room Lo go Lo Lhe shop. 

As I descended lhe stairs in to the base
ment, I lisLened to the three-ri ng circus and 
wondered if ch il dren came with vo lume 
contro ls or on/off switches. The sadistic 
humor ceased when I sa t down at my bench 
and contemp lated my nex t ac tion. I looked 
at the 8008 system which didn't have BAS IC 
and cou ldn 't play games and shivered a little 
from the chill of the cold cellar. It took on ly 
a few minutes to reali ze that there was no 
way I cou ld work downstairs while the gang 
was upstairs. 

I went upstairs and upon entering the 
den, Ralph said, " I thought you were goi ng 
to en joy yourselr?" 

" I thought so too, Ra lph. How are you 
doing?" I as ked trying not Lo show any 
frustrat ion. 

" I'd say we're almost ready. We entered 
Lhe player statistics of ten games pl ayed la t 
week and th e program picked th e winner in 
40 percent of the cases. I still want to make 
some other program revisions, but we can do 
that some other night," he said. 

"When we get th is program goi ng full 
blast, we'll have to have better access, 
though . The program listing the even ing' 
players doesn't come out until one hour 

berore game time, so we' ll have to work fas t. 
Do you think we cou ld put it into a motel 
room near the fron ton?" he asked very 
seriously. 

"No t without a great deal of difficulty, " I 
said as ca lmly as I cou ld, considering the 
question. 

"Well, you know I wouldn't want to put 
you out. So I guess what we'l l have to do is 
ge t the player programs of Frid ay and 
Saturday evenings, run over here, pump in 
the data and determine who to bet on. Since 
the program takes a while to crunch all the 
numbers and come up with an answer, we'll 
have to get some other people from th e 
office to help set up a shuttle between here 
and the fronton to relay the bets and bring 
back news of any player changes not covered 
in the initia l schedule. It actually won't be 
too long before we're at that point." Ralph 
was so enthusiastic he hardly even noticed 
the dog was chewing on one of his program 
sheets and the kids were making paper 
ai rpl anes out of others. 

"Wow, did you sec that?" I yelled and 
pointed to the CRT screen. 

"What? What happend?" piped Ralph as 
he squi rmed around to check the CRT. 

"The CRT momentarily blanked out. 

must have a com pu ter problem or the power 

suppl y is ready to give out. Hold on, let me 
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chec k, " I ye ll ed b.1c k and cl a heel O Lll r the 
rno rn, clown the stairs and in to the ba -.c
rnc nt. I >Iood in rnn l of the comput er· and 
111 0 111 cnlar·il y w, Leh cl th e twin k ling ligh1 s. 
Wi1 h a gr in 1hat nl y a Che~h i rc ca t co uld 
appr·ec iatc, I lettned over Lo the comput r 
,111d h i1 Lhc rese t bull on whi h wou ld cau>e 
the mon iLor upsL<1ir Lo blank ior about a 
>ernnd . I did th is twi ce more Im 1oncl 
measure and then pulled the fu se, causin g the 
enlir·e CLl rn pu lcr Lo come L a cl ctd slop . I 
ro ll ed the lu>e Jround in !he palm or my 
hc1 nd ,1 few 1imc and gated at il as r would a 
gold nugget. When th e momenta ry clJ l i n 
had pa~>cd , I p cketecl the fu> and wenl 
il.ick 10 the den. 

I cou ldn't have looi..ed more cl epr·essed 
when I arri eel upsLair. I ju s1 frowned in the 
dir ct ion f Rctf ph c1nd ., icl in ,1 mber 
lone, "I Ld ied I " 

"Wh al do you mean, 'it died?'" wa~ the 
fra ntic repl y . 

" Just th at, R,dph. IT D IED! he power 
>upply wh ich I jer ry -r igged Lo acid e u·a 
111 e111 01.,> fo r you b lew up and I don' t i.. now 
what else i t Lo "- \ iLh il. I 'm afraid 1 e' r·c 
out f busin CS> r r a long Lime," I ,iddcd 
ilftcr J dee p long , udib le sigl . " on icl cr ing 
that th is is like .i h i ld tom , do y u think I 
coul d b ;ilone, Rill ph' " Thi add i 1i nal 
rema r·i.. wa probJ bl y a little much, but I WdS 

r·eal ly ro lling now. 
"Sure. Let me i..11 w how th ing ,u-e an d 

whe1hcr you need ;iny help. I hate I leave 
you 1-ccl ing li ke th io, but i t probably is a 
ti me you wa nt t be alone." Ralph g,nhcr-cd 
up hi cnt urJge and I waved a they x it ecl, 
~ till look ing quite o mber. 

I clo\ecl the front cl or, cl.1ppcd my ht1n cl s 
1ogc1he1 .incl took ff for the bl L' mcnl. I 
hJd 1he fu>e out f my poc ct by 1he Lime I 
r dchccl 1hc fu\e bo ' dncl irrcned iL 
immccli ,i tcly . T he co mput er fl,i heel back I 
li fe <1 I p l.iced the black jack tape I ht1d made 
into the casse tte recorder and hit th e pl <1y 
hLr11 on. A fLcr the program was lo,1 clccl , I 
iook ofl up tairs with the clog clo!lc 1 my 
hee l ~ . I 1h rew al l my com puter maga7 in e'> 
whi ch I , Lill wanted to read clo wn on Lhc 
lloor ,1round the i..ey boa rcl .ind sa t clow n 
nc 1 Lo it 111 self, s1ill elJL' cl at my tr iumph. 
The dog, who hdd f uncl a co m forta bl e spo t 
in Lhc m idd le or dll the paper», Wd LChecl ,1 , I 
entered " RU " on 1he i..cyb ard . 

The pr gram d id its thing and d isp la cl a 
mes <1gc on th ere n. Tu rning Lo lh c d g, I 
aid, " Dog, 1ou how a ven and a jJck .ind 

the dea ler shows a si . Do ou want 10 sta nd 
pat or do \OU want ano th er- ca1 cl 7" 

" Woof ' " • 

Put exceptional
versatility and contra 

intoyours- oo bus 
system with the 
'blue boards'...and 
save 
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X81 Extender Soard MT1 15 slot Mother Board 

Board On l1 $9.00 Board Only S45.00 

With Connector S13.SO 
 With Connectors S105.00 

Meq 4K Static RAM {low power) VB1A Video Board 
Kit $129.95 Kit 5189.95 
Assembled S17S.95 Assembled S264.95 

MBSA 0K Static RAM flow power) 
Kit 5265.00 
Assembled S325.00 

M83 2K/4K EPROM {1702A) l/02 ln lerface Soard 
Kii ioss PROM's SSS.OD Kit SSS.DO 
2K- S105.00/4K- S145.00 Assembled S79.9S 
Assembled board availabler---------., 

MB7 16K Stolle RAM (low power)I I Kit S525.00 
Assembled S599.95I I 

I 16K I 

:_ - (Avnilobl c Apr il. 1977)  We're the blue boards!------- J 
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 compu te r hobbyist store or write for deta il s. 

Ctjt:BrcrrTI A division al Solid State Music 

21 02A Walsll Avenue, Santa Clara, CA 95050 
Telephone (408) 246-2707 

http:2K-S105.00/4K-S145.00


A SO LENOID 

TYPEWRITER HACK 


In past issues of you r excellent maga · 
zine I have noted items from your 
readers expressing inte rest in convcri in • 
typewriters for use as printout devices. 
The accompanying pi ctures show the 
results of my efforts along these lines. 

The keyboard is a slight ly mod ified 
Teletype unit rescued from a salvage 
store while the typewriter is a Smith· 
Corona, Coronet , Super/ 12 electr ic 
portable. The only modification to the 
typewriter was removal of the carriage· 
shift-lock-key. The input/output is mod 
ified RS 232C and operates at about 811 
bits per second in ASCII format. The 
typewriter keyboard ac tu ators are sole· 
noids, also rescued from the sa lvage 
store , one per key with log ic decod ing 
circuitry and aG l/AY-5-101 3 UART. 

Lower case was selected as form at for 

lette rs to obviate a ca rriage sh ift for each 
letter printout. I haven' t fo und the 
format to be objection able; tl1e error 
rate has been accep table for m)' hobby 
use wi th main maintenance items bei ng 
ribbon cartridge re place ment and con· 
tact clea ning on the ke yboard. As you 
can s e from the pi cture, the main effon 
during cons truc tion was funct ion not 
appearance. 

An avid reader of BYTE maga7. ine. 

Harold L Baldwin 

Thi m1id reader is bashful, but with 
luck we 'II find him silliny down at 11 

typewriter to write 1111 11rticle 011 his 
typewriter hack. 

PROCESSOR ID NEEDED 

recentl y bought sever.ii PC board 
wilh th e intent of removing and reusing 
the chips . One of these boards is la beled 
ASSY 591700 Gen Purpose Proc· 
cssor-FBA ;111d it appears lo be a com· 
pletc 16 bit processor . Before dis· 
mantling this board , I'd like to find out 
if ii can be used a. th e basis o f a 16 bit 
mini. 

The on ly clue 10 the manufacture r 
seems to be the initials or name LEC and 
the le11ers M/ L· J etched on the fro nt of 
the board. I'm no t familiar with this 
company, so any informat ion at all on 
the board of the manufacturer wou ld be 
mu ch appreciated. 

Larry Ingram 
20 Locust St 

Cambridge MA 02138 

WIDE DISPLAYS IN CHUNKS? 

I have just fin ished reading Dr Robert 
Suding's piece on telev ision rea dout de· 
vices in th e August 76 issue , page 66 , 
and was in te rcs1ed in his discussion of 
th e bandwid th requirements of monitors 
ve rsus charac ters pe r screen. 

As part o f a project {still in progress) 
to develop a cheap te rminal fo r use on 
our campus , I have considered a metl1od 
of displayi ng more ch araners per line 
th at are reasonable on a single monitor 
by usi ng multiple monitors with a line 
sp li l between 2 or more monitors. In 
this scheme, two side by side 6 MH z 
monitors cou ld be used to present a 64 
by 16 form at, 3 in a row could display 
96 by 16 characters, and a 2 by 2 cluster 
could go 1.0 64 by 32. 

The addition al elec tronics and switch · 
ing logic needed to support such an 
increase seems 10 me a\most certain to 
be far less expensive than going to higher 
bandwidth mon itors whose cos t increases 
very rapidl y as large displ ays arc required . 
(132 by 24 forma t is not unre aso nable 
to ask for since many printing termin als 
have such line widths, and on ce used 
rnakc <1 32 charac te r line ex tremely 
restric Live.) 

I arn not aware of any efforts along 
these lines; is anyone else? 

Robert E Monroe 
Associate Direccor 

Computing and Data Processing Center 
Wayne Stace University 

Detroit MI 48202 

64 by 16 line displays have been 
demonstrated in one product wh ic h hos 
proven itself in the morl<etploce alre11dy, 
demons traling Ill least that resolut io11 
capabili ty wit/J a s111ndard 1elel'isio11 
/Jandwidlh . As for as 1·m conce rned, 
however, 11 far be ller thing 10 do is to 
have a multi-window tex t editor wi th 
separate wide displays for di((erent 
kinds of information in the tex t file . 

For instance, as 11 docum e11 tat io11 
machine, consider two side by side dis
plays (64 chamcters wide or m ore) with 
one containing index ing, outline, or 

Cont inued on page 1 15 

THE CASSETTE 1/0 THAT WORKS! 
• Complete CASSETTE ~ TERMINAL 1/0 
• 	 ALTAJR/!MSAI plug-in compatible 

SWTP 6800 and others avai l ab l e 
• KANSAS CITY/BIPHASE Standard 
• Self Clock ing- immune to tape spd 
• 	 30-240 bytes/sec Cassette 1/0 

(fastest RELIABLE Cassette!) 
300-9600 	Baud Data Terminal 1/0 

(RS-232 compatible!) 
• 	 Works with ANY c assette recorder 

(even at 120 and 240 bytes/sec) 
• Load/Dump Software included 
• Provision for remote control 
• Ru n 2 Cassettes Simultaneous l y 
• 25 Page In struction Ma nua l 

$89. 95 KIT $119 .95 ASSEMBLED 

I ns t ructio n Ma nua l on ly S4 .00 
(refunded with order) 

CASSETTE OR FLOPPY DISK? - PERCOM GIVES YOU ACHOICE I 

THE NEW Ll'L FLOPPY! 

"now you can afford a floppy!" 
Compact 3 ~ "x6"x 9 " 
Uses the comoact dis k drive 

and low cost 5~" diskett e s 
Stores 95 . 2K bytes/diskette 
Load 12K bytes i n 2 sec onds 
ALTA!R/IMSAI and SWTP 680 0 

Interfaces (specify w/o) 

Works with ex i sting software I • ...., . 

BA S IC ETC and other software 

available (extra cost) 

Price includes one disk drive 

enclosure, cables, interface 

2 d i skettes, dri ver software 


$695 KIT $810 ASS EMBLED 

Instruction Manual on ly Sl O 
(refunded with order) 

Delivery is 60 days ARO Dealer inquiries invite d 

Ca l l or write for complete specifications 
IAHAMERIC.U I • LlEfUJIJM PERCOM DATA COMPANY • 4021 Windsor • Garl•nd, Texas 75042 • (2141 276·1968 
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And now minis too! 

All from a catalog,at discount prices. 


Digital' s Direct Sales Catalog
the first catalog to offer com
puter products by mail with 
off-the-shelf delivery- was 
such a success, we've come out 
with an expanded second edi
tion that includes the PDP-BA, 
the newest member of the 
world's most popular mini
computer family. 

We've also added the LA180 
line printer and expanded the 
sections on microcomputers, 

logic modules, terminals, cab
inets, connectors, accesso1ies, 
and supplies from the first 
edition. 

Of course, you still get our 
5% catalog discount, plus 
another 4% for cash with your 
order. You also get a 10-day 
free trial pe1iod, plus our stand
ard 90-warranty. (Since we're 
selling by mail, you do have to 
install the equipment yourself.) 

If you were among the thou

sands who ordered our miginal 
catalog, you'll get the new one 
automatically by mail. 

If you weren't, why not sign 
up now? 

For your free copy, call 800
225-9480 (Mass. 617-481-7400 
ext. 6608). Or write: 
Components Group, Digital 
Equipment Corp., MR2-2/M59, 
One Iron Way, Marlborough, 
MA 01752. (Catalog sales to 
U.S. only.) 



A Review of 

Tom Pittman's Tiny BASIC 

Richard Rosner 
Pocono Rd 

Brookfield CT 06804 

While at the Pei· ana l Computing 76 
Trade Show at Atlantic City I bought a copy 
of Tom Pittman's Tiny BASIC /11/e1preter 
for my home computer , a 6502 with the 
MOS Technology TIM program in read only 
memory. Tom Pillman ha several different 
versions of Tiny BASIC for di fferent sys
te rm. I purchased the KIM version even 
though my com puter uses a Teletype and 
the T IM in te, d of a keyboard . This all ows 
me to load the interp rn ter tart ing at 0200 
hexadecimal in tead o f at ·1000 hexadecimal, 
leaving more memory space for my user 
programs. 

Ti ny BASIC is a subset o l Danmouth 
BAS IC. It can handle only 16 bi t signed 
integer numbers be tween - 32768 and 
+32767 and 1·ecognizes th e fo ll owing 
commands: 

CLEAR REM GOS UB 
INPUT LET RETURN 
LIST IF ... THEN END 
PRINT GOTO RUN 

The onl y operat ions under LOocl by Tiny 
BASIC Me .iddition, subtraction, rnultiplic<1
tio 11 , and division (+, - , * ,and/). There arc 
two intrinsic funct ions. One genera tes a ran 
dom numbe1· .ind the othe1·, USR, .tll ows 
subrouti ne jumps to mJch inc l,rngu<ige pro· 
grams. More about USR later. 

Even wi th th ese limiL1t ions, Tin y BAS IC 
is very powerful. IL is easy to learn and use, 
and pmgrarn can be wrillen very quickly. 

To use Tiny BAS IC you first load the paper 
tape of th e interpre ter in to th e program
mable memory. Thi s takes about ten min
utes on a Teletype. Then write the addresses 
of the 10 routines into the proper locati ons 
and jump to the start of the interpreter. In 
less than an hour I had it up and running. I 
wrote and debugged a plot routine one 
Friday night and made several revisions by 
the time the weekend was over. 

The Tiny BAS IC plot program hown in 
listing 1 accep ts the X and Y origin and the 
X and Y increments as inputs. Then, using a 
function placed in a subroutine, th e program 
plots a 50 by 50 point graph. 

The fi rst input, on line 10, determines th e 
form of the outpu t. A 1 inpu t slops the 
program after the LIST comrn;ind at line 20 
causes line I 000 to 1999 to be printed. 
These lines arc the subroutine containing the 
Function to be plotted. 

A 2 input ca uses a request for two more 
inpu ts: the X or igin Jnd the X increment, T 
and V in line 200. The printed outputs ;ire 
the funct ion LO be plolled .in cJ a tab le of X 
and Y values. This table is helpful in 
choosing the Y origin and Y incrernen l lo be 
used for the graph . 

A va lue of 3 as the first input ca uses a 
request for fou r more inputs: the X origin , 
the X incremen t , the Y origin, c1 11 d the Y 
incremen t; T, V , U c1 nd W in line 300. The 
outputs arc the fu nct ion to be plo tted <1ncl 
the graph. 

Lines 205 through 290 gcnerJte ,mcl print 
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the tab le of X and Y values. Starting wilh 
the first X, which has the value of T, and for 
Len other X values spaced al five tim es the X 
increment, eleven Y values are ca lcu lated by 
calls to the subroutine at line '1000. In Tiny 
BASIC, PR INT statements are abbreviated 
"PR. " The PRINT sLaLements al lines 210 
and 215 print Lhe heading and Lh e PRINT 
statemen t al line 230 prints the X and Y 
values. The IF state ment at Ii nc 250 con
tinues the loop until the eleventh X and Y 
va lues arc ca lcul ated and printed. 

Lines 310 through 590 generate the 
graph. The PRINT statements al lines 310 to 
340 print the heading. Line 320 prints three 
val ues of Y. U is th e val ue of Y at Lhe origin, 
U + 25 * Wis the va lue of Y at the midpoin t 
of the Y ax is, and U + 50 * W is th e greates t 
value of Y pl o tted. The subroutine ca ll al 
line 360 br·ing in a value for Y which is 
sca led and rounded up at line 365. Lines 370 
through 500 prin t the X val ue, the X axis, 
and a "<"or"+" to indi ca te the va lue of Y. 
If the scaled value of Y is less 1.han zern, the 
IF statement at line 370 causes a jump to 
the PRINT statemen t al line 490 where a 
care t is prirllcd on the X axis Lo indicate that 
the va lue of Y i be low the lower limit o f the 
Y ax is. If the sca led va lue of Y equals zero, 
the IF statement at line 375 causes a jump 
to line 500 where a plus sign is prin ted on 
~ 'f- axi . If the saalcd va lu e of Y is greater 
than zero, the PRINT al line 380 print~ the 
va lue of X and an exclamat ion mark for Lhc 

I" 
•••••••••••••• __ . , 

Listing 7: Tiny BASIC listing for a plot routine using a function. The 
equation to be plotted is in the subroutine located at lines 7000 through 
7 999. The routine has the ability to print three ty pes ofoutputs. If a value of 
7 is input only the function to be plotted is printed. If a value of 2 i input 
the program requests the X origin and increment to generate and print a table 
of X and Y values for the equation on line 70 l 0. The X increment is always 5 
times the input increment value. If a value of 3 is input the program requests 
the X, Y origins and increments. The output consists of the equation to be 
plotted and the graph. 

X ax is. The semi colon at th is PRINT Late
men l causes the next PRINT statc mcnL Lo 
write on the same line withoul any spac ing. 
If Lh c calcd value of Y is grea ter tha n 50 the 
PRINT at line 400 closes thi~ line and causes 
th e nex l PRINT statement to start pr inting 
at the begin ning of the next line. If Lh e 
sca led value of Y i bet ween ·1 and 50 the 
sta tement on lines 430 through 470 cause a 
plus sign Lo be prin ted Y spaces above the X 
axis. The statements al lines 510 and 520 
inc rement X and con tinue Lhc loop unLil Lhe 
las l (51 st) v<1 luc of X ,ind Y are computed 
and plotted. 

The exa mple of li stings 2 and 3 are for 
the cubic eq uation: 

Y =+ 
3 

- 3x2 + 2X - 1 

Listing 2a is the table o f values for X and 
Y starting a l X equal to 50 with an X 
increment of 2. The jump Lo nega tive val ues 
of Y (at X eq ual to 40) and the exceptional 
values of Y at X equals - 50 and - 40 are due 
Lo computations exceeding the range of Tiny 
BASIC. Listing 2b is the same tab le with the 
fi rst term rearranged . This kee ps th e val ue of 
Y within the range of precis ion for variables 
for a larger range of X. Listing 3 is the plo t 
of the eq uation with the starti ng value of X 
eq ual Lo - 25, the X increment eq ual to 1, 
and the start ing value of Y and the Y 
increment equal to - 100 and 4, respectively . 
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Listing 2a: The 2 command has been read telling the program to request a 
1 'u ~ ~: ,.... r M ~ ~:J J~f l • J'f r ·) ·4r: ,..1 u r1 ~:11 1s value for the X origin and increment. A table of X and Y values for the 
I tl , 't=~ • .A: • X / 4- ) • A • l'!. • ~ • )1. - 1 funclion of line I070 is also output. In this example the X origin is - 50 andI "'9"' o<( :: l ·J"'" 

the X increment is 5"2. For the X values of -50, -40, 40 and 50 the 
incorrect Y value is given. This is because the value that is computed is 

- > I -'iMJ 
-4.tl'J "I 

-1' - 9'> l 1 -·· 
-" 

-1

., 
~· -! ' 41 

-" 1\ 

I I' -J I ,,... 83• 
~ y.ri I .' _, , 

-f4: '' 1 '' " " 

outside the range of the Tiny BAS/C's capabilities. After loo!?ing at this table 
the origins of the program can be changed so that values capable of being 
used are generated. Another use of the table is to determine the values of the 
Yaxis. 

A small progra m cha nge in lines 1000 Lo 
1999 allows di scontinuous functions to be 
generated and plolled as in listi ng 4. These 
lines are Lhe ones that conLai n the function 
Lo be plotted. Instead of using a si mple 
expression, condiLions arc set up to deter
mine the star ling Y value of Lh e graph on 
line 1060, the upper and lower lirnils be
tween which the graph will osc ill ate on lines 
1020 and 1000, and the risetimc and fa ll
timc of the gra ph on Iines 1040 and 1051. 
By examining li nes 1000 to 1999 in li sting 4 
it can be seen that the graph is independent 
of X but is a function of iLs own previous 
value. 

If you wanl Lo use the enLire gra phing 
rouLinc as a subroutine you may wanl to 
re number each line. Be sure that there arc no 
statement number conflicts with your 
routines and that all GOTO GOSUB and 
LIST stalcments arc properly ~hanged . As an 
alternative you can use statement numbers 
from 2000 thro ugh 32767 and put a "GOTO 
(f irsL line number of your rouline)" at 
statement number 1. 

You will notice th at no unnecessary 
blanks are included with in each statement. 
This makes it sligh tly more difficult to read 
the program but docs conserve space. Each 
blank requ ires a byte of storage. At an 
ave rage of 2 blanks per line, thi s saves 90 
bytes. As shown in li st ing 1, the program 
requires about 650 bytes of programmable 
memory storage. 

Th e USR instruction all ows a Tiny 
BASIC program access to machine language 

Lisling 2b: This is a run of the program under the 2 command using the same 
origin and increment values as in listing 2a. The function to be graphed, 
however, is still a cubic. Rearranging Jhe order of operations helps avoid 
011erflow errors. With this equation the only value that falls outside the ability 
of Tiny BASIC appears when X = - 50. 

subroutines and to the rest of the memory 
space including 10 ports. The format for 
using USR is : 

D = USR ( P, L, A} 
where P is the address of the machine 
la nguage subroutine, L is a variable passed 
thro ugh th e X and Y processor registers, 
and A is a variable passed through the 
processor's accu mulator. Upon exiting fro m 
such a user subrou ti ne and returning to Tiny 
BASIC, the high order eigh t bits of D are 
taken from the Y register and the low order 
eight bits of D are taken from the accumu
lator . The D, P, L and A valu es are in 
deci mal. 

Two subroutines addressable by the USR 
function are included in Tiny BASIC. These 
are the PEEK and POKE rou t ines. The 
PEEK routine reads the byte at locat ion L, 
converts this byte to its decimal equivalen t 
and sets D to this value. The POKE routine 
loads the low order eight bits of A into the 
memory location specified by L The PEEK 
routine is located at P = 532 for the KIM 
version and the POKE routine is located at 
decimal address P = 536. The addresses for 
lhe TIM version are dec imal addresses P = 
4116 for PEEK and P = 4120 for POKE. For 
the 6800 these addresses are P = 276 for 
PEEK and P =280 for POKE. 

With these routines you can read and 
write into your computer's 10 ports. Set L 
to the port address, decimal, P to the PEEK 
address and execute 

D = USR ( P, L ). 

:~•JN '? , • i 1 , 7 

1 .1H ~EM rHE E..11o\ r1 •J\I ro +J~ "'t J r r~o 1~ 

1..i li YsX • ll:l'4 • X - 1 • :it • it• '. • A-I 
1 Y9Y ~E: f•J-tN 

':?f, ~S'> - ~· - ·~ ii& I 
- .1 t -lf "i ll 

--? ' -J~ 4 1 
- 1~ - 'i 11 

-·· 
A ., 
I~ -J I 
~ ·, 8:\9 
u 41 i Y 

I I ~ 19 ,. ~1 84 9 

36 



I ~~~ HE M THE E -~~~TI ~~ TO ~~ ?LO r rEo I ~ 


11ril..t l'=X • X • X/41·J • X • ~ · 2 • .K·I 


1 l 'IM ~Eru~" 


..."f :: -1 .. ~ 

' I 

)(c - - - - - - - - --- --------- - --·· • ----- --- -- - - -- -- - - - - - - - - 

- '.?S 
-? 11 
-~l 

· 22 
- ~ I < 

-2...• Listing 3: The p/ol of !he cubic equation whose table of values is shown in .- .. IR 
- 11 figure 2a. The graduations on the Y axis are from - / 00 to +700. A caret is 
·I ~ found on the X axis from the values of - 25 to -5. This mark indicates that 
· I 4 
·I J the poin l on the graph is less than the Y origin, in other words is /es lhan 
-· ~ < - I00 for this example. If the value of Y is equal to 0, a plus sign, +, will be·II 
·IA printed on the X axis. If the 11a/ue of Y is greater than 0, an exclamation 
·Y 
-8 point, .', will be printed on the X axis, and a plus sign will be printed at the 
-1 

value.--s· 
·J -· 
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·I 

J 
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causes a pulse of width 1728 µs ( 8 * 216 ) to 


10 be ge nerated at PB7. PB7 must be set up as 

II an input (not output) and the 6530 timer 

1l must be ded ica ted to this functio n.
,,, 
12 . 

To return Lo the T IM monitor the Tiny

" BASIC progr·a m should execute this se
" 1 B 
19 quence of statements: 
~~ 

2 1 D =USR ( 536, 0, 0)
22 
23 D = USR ( 536, ·1, 96) 

2 • D = USR(O )
2~ 

Th e first instruction loads 00, the 6502 BRK 
software interrupt instruction, into loca tion 
0000. Th e seco nd instruction in the above seThe port data is loaded into D. Set L to th e 
quence loads 96, 60 hexadec imal, the 6502decimal port address, P to the POKE ad
RTS return fro m subroutine instruction,dress, A to the va lue to be transferred and 
into location 000"! . The last instructionexecute 
causes Tiny BASI C to jump to the subD = USR ( P, L, A). 
routine at 0000 where the instruction exeThis causes the value of A to be written in to 
cuted by the 6502 cau es th e TIM monitorthe port. 
to take over. To return to Tiny BASIC, justBy using the PB7 pin on a 6530, very 
have the TIM moni tor· execute the instrucaccurate pulses from two microseconds to 
tion at 0001 by typ ing "G" at the console. · about a quarter of a second in width can be 
If the sequence of in slructions above was generated directly from Tiny BASIC. If Lis 
executed from a Tiny BAS IC program byse t to the base address of the 6530 tim er, 
preceding each instruction with a line numthen the addresses L+12, L+l3, L+1 4 and 
ber and commanding RUN , th e next instrucL+l5 determine a factor by which A is 
tion in the user' Tiny BASIC program willmultiplied to get the pulse width. These 
be executed when r·etu rning from the TIMfac tors are: 
monitor. 

Sav ing and re load ing programs from paAddress Pulse Width 
per ta pe or magnetic tape is easy with Tiny

L + 12 1 * A BASIC if yo u have a debugged version of the 

L + 13 8 * A 
 interpreter. The proced ure is to save the 
L + 14 64 * A program by typing LIST, turning on the 

L + 15 1024 * A 
 paper tape pun ch, and pressing the RE 

TURN key on the Teletype. To re load the
If the 6502 is using a one megahertz clock, program press LINE FEED, load the paper
executing the line tape into the tape reader and turn the reader 


D =USR ( 536, L + 13,216) on . The LINE FEED command suppres es 
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: RUN l • 3 • I • .~ , I Listing 4: Plot of a sawtooth function. The function is independent ofX but 
I 3~~ L~; 

l~I~ ~EM L I S 
1 ~2.;t M::4") 

! 03b REM M l S 
li'40 s C:4 

rHE 

THE 

LOWE~ LIMlf 

JP~E~ L IMlf 

is dependent on the pre11ious value of Y. This type ofgraph may be plotted 
by changing lines 7000 throllgh 7999 from those shown in lis t ing 7 to those 
shown at the top of this listing. These changes allow you to specify the Y 

1 9S~ REM S IS 
1 ~5 1 RE M THE 

THE ~ I SETIME 
rALL TI ME IS ll(M -L J value that the graph should start at, the lipper and lower limits between 

1063 
137J 
l.i1Jlil:3 
1.t9d 
11 •~ 
11 1 ~ 

K= l 2: 
"EM P< I S (Ht: S Tl\1H 
lf"X :zf Zx <i< -Ll/ S 
'f;S • Z• L 
Z•Z •I 
lf"Y~•M Z=~ 

l"lCi Y \.11\L JE 
which the graph will oscillate, and the rise and fall times of the graph. Using 
this ty pe of e11aluation technique a wide variety of discontinuous or 
oscillating functions can be generated. 

I '999 -(£ TU~'f 

y • >C 

outpu t from the interpreter to allow moreJli; --- ---- - ----- - -- ---- -- - ---- -- - - - - - - - -- --- -- - - -- - - -

~ than one line at a time to be read in without 
interfering line prompts which can cause the 
input through the tape reader to lose 
synchronization. If the LINE FEED com
mand does not suppress line prompts then 
yo u may have a bug in the interpreter. In theI ~ 

I I 
12 Kl M version check hexadecimal locations 
13 
I 4 

06C7 and 06CB for 13 hexadecimal, X off, 
I 5 and OA hexadecimal, LINE FEED, respec
16 

tive ly. These bytes may be reversed . If they 11 
I i 
I 9 are, switch them and try aga in. In the Tl M 
2a version check loca tio ns 14C7 and 14CB. In21 
2?. both cases the lower location should contain 
23 
2 4 13 hexadecimal and the higher locatio n 
2S 
2 6 should contain OA hexadec imal. Only tapes 
27 
28 shipped before September 1976 should have 
?.9 this problem. 3~ 
J I To obtain a co py of the Tiny BASIC3 2 
J 3 interp reter for your machine, send a descrip· 
J • 
JS tio n of your system along with a check for 
36 
31 $5 to Tom Pittman, itty bitty co mputers , 
3 8 
39 POB 23189, San Jose CA 95 153. In return 
4 0 you wil l receive the interpreter on a paper 

.. 
41 
42 tape and a user's manual. The 6502 micro·• J 

processor, TIM, KIM, and 6530 arc avai lab le 
• 5

•• from MOS Technology Inc, Morristown PA ,
4 7 

as is a line of KIM -n products wh ich can be48 
•9 
sa I assembled into a complete computer.• 

LET YOUR COMPUTER XPRES ITSELF! 


Your computer can control 
lights, burglar alarms, 
Hi-Fi's, PHASORS; 
practically anything if 
properly inte rfaced. 

XPRES is a complete interface system. ONE EIGHT BIT PORT 
OR ONE SERIAL PORT CONTROLS 128 SEPARATE DEVICES. 
Connect to IMSAI, Altair, or SWTPC; any processor with an 
e ight bit or serial port. Use ISB-01 for serial connection to 
processor. 

IMB-01 sys tem mother board, holds five interface boards, 
comp lete w ith connectors . KIT $28.00 

IFB-01 interfa ce board, controls two 115 VAC 300 watt cir
cui ts. Optically iso lated. KIT $38.00 

IFB-02 interface board, controls four 3 amp 115 AC/ DC 
ci rcuits with on-board relays. KIT $58.00 

IFB-03 prototype board, build your own interface. Board 
includes XPRES bus decoders. KIT $15.00 

IFB-04 interface board, controls 4 small signal AC/ DC cir
cui ts with reed relays. KIT $36.00 

IFB-05 drives 4 IRB-01 remotes (below) with low voltage 
lines. KIT $29.00 

IRB-01 remote 115 VAC 300 watt in terface. Build into your 
own equip. 2" x 2V2". KIT $17.00 

ISB-01 drive XPRES system with a single TIY line, 20 ma., 
RS232, or TIL. Plugs into IMB-01. KIT $48.00 

P.O. Box 6263 
Wash. residents add S.4% tax. Bellevue, Wa. 98007CBC EnQineerinq (206) 885-7038 • 
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Peripheral Vision 
i111pacts 
your computer. 

WITHA 
FULL-SIZ!i_ 
LOW-CO~• 
IMPACT 
PRINTER. 

Until now, the hobbyist and small businessman have had one major problem in assembling 
a reasonably price microprocessor system with the capabi lities found in the more costly 
computers . It was impossible to find a high-quality, high-output printer for hard copy needs at 
an affordable price . 

Peripheral Vision has come up with a solution. 
We are offering a full-size impact printer designed for microprocessors-and it comes 

with a mini price. Kit prices start as low as $495 for the printer and interface card. And that won't 
impact your pocketbook. 

Peripheral Vision's printer is loaded with capabilities. Take a look: 
• It's fast - 120 characters per second 
• 96 characters per line, 12 characters per inch horizontal , 6 lines per inch 
• Makes up to 4 copies simultaneously 
• Character set and pitch variable under software contro l 
• 5 x 7 character matrix 
• Ribbon has built-in re- inkers for a life of 10,000,000 characters 
• Paper can be either a standard 8V2-inch roll , fanfold or cut page 
• Interfaces to 8-bit parallel ports 

Just remember, Peripheral Vis ion is committed to helping you get along with your computer. 
The new printer we are offering is another example. It is high quality, low in cost and will 
definitely impact your system . 

Write or call now to find out how to impact your computer. 

PO. Box 6267 Denver, Colorado 80206 (303) 777-4292 



A Software Controlled 

1200 bps Audio Tape lnterface 

Carl Helmers 
Editor 

Often a piece of equipment is designed 
which wi ll perform perfectly we ll in the 
mode of its intended operation, but which 
can also perform in ways not necessarily 
intended by the designer. An example of 
such a situation is the AC-30 audio tape 
cassette interface subsystem descr-ibed by 
Gary Kay in his ar ticle in December 1976 
BYTE, page 98, and manufactured by 
Southwest Technical Products Corporation. 
In a box accompanying that article, I noted 
the possibility of running Gary's design 
considerably fa ster than the nominal 
300 bps rate of the ''BYTE" or "Kansas 
City" standard for audio cassette recor-ding. 
Since making the comment, I have inte
grated the AC-30 in to my homebrew Motor
ola 6800 system and have worked out the 
details of this high speed use of the AC-30. 

The Kansas City standard uses an AC 
coupled redundant phase encoded method 
of recording which takes advantage of the 

audio recorder's existing electronics. Re
taining the original audio electronics allows 
continued normal use of the audio medium 
when you're not using the computer. This 
type of modulation is often generated from 
a 4800 Hz clock source and a UART (uni
versal asynchronous rece iver-transm itter) or 
ACIA (asynchronous communications in ter
face adapter) integrated circuit interfaced to 
the computer's bus to do the shifting out of 
data . Gary assumed an ACIA or UART 
would be used when he designed the AC-30. 
The same clock which is divided by 16 in the 
UART shifts the data out to the modulator, 
and is used by the modul ato r to generate an 
output waveform; on receipt of data from 
tape, the receiver section of the UART or 
ACIA uses a clock at about 4800 Hz which 
is derived from the tape data. The logic in 
the AC-30 which is used to generate and 
decode the waveform is only dependent 
upon the 1200 Hz and 2400 Hz frequencies 

Figure l : Timing of various interface signals. This diagram shows audio and TTL logic level signals for 300 bps and 7200 bps 
data referenced to the same 4800 Hz clock shown al E. On output, the timing of the clock governs generation of the waveforms, 
and on input the waveforms of A or C are used to regenerate clock data which averages 4800 Hz but with some jilter. The 
waveforms of A and B, respectively, show filtered audio and equivalent redundant Manchester I encoded digital data for a 
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which are derived from the 4800 Hz output 
clock by frequency division in toggle flip 
flops. 

The fact that it is only the 1200 and 
2400 Hz frequencies on the tape wh ich 
count when modulating or demodulating the 
data is what makes this trick of 1200 bps 
recording with the AC-30 poss ible. Figure 1 
shows the typical waveforms of the redun
dant phase encoded format at the beginning 
of a 300 bps character transmission from the 
UART or ACI A, and for an entire character 
transmitted by a suitable algorithm in the 
asynchronous data format at 1200 bps . For 
300 bps transmissions, a logical 0 bit in the 
tape record consists of four complete cycles 
of 1200 Hz and a logical 1 bit consists of 
eight complete cycles of 2400 Hz. The 
switching between the two frequencies is 
synchronous with the zero crossings so that 
when the digital square wave signals gener
ated by the logic are filtered in the AC-30, 
and by the act of recording on magnetic 
tape, the results corning back into the 
demodulator are smooth sine wave ap
proximatio ns (see figure 1 A for the 300 bps 
version). In the 1200 bps version, we 
eliminate most of the redundancy from the 
redundant Manchester code by using on ly 
one complete cycle of 1200 Hz for a logical 
0 bit, and two complete cycles of 2400 Hz 
for a logical 1 bit. If we were to use a true 
Manchester I phase encoding method (see Ira 
Ramp ii and Jack Bremier's artic le in March 
1977 BYTE, page 38), a 2400 bps rate 
would be possibl e by eliminating one more 
level of redundancy. But the design of the 
AC-30 prevents generation of the true phase 

encoded signal and the goal was to use the 
AC-30 without any hardware modifications 
in its circuit. 

With this analysis of the situation, and a 
mental picture of what is seen in figure 1, I 
set out to make an interface which would 
drive the AC-30 at 1200 bps. Since I am a 
software perso n at heart, and since I wanted 
to allow the possibility of eventually di s
pensing with the asynchronous communica
tions for mat by means of a new program 
design, I decided to leave out the UART or 
ACIA chips and make a simp le hardware 
interface for a programmed data format 
driven by interrupts. 

The Hardware: A Dedicated Port 
and Real Time Clock 

In order to do a software simulation of a 
data transmission format, some form of 
timing must be generated, both as the 
4800 Hz clock sour·ce for output through 
the AC-30 and to synchronized, ta with that 
clock or the tape derived clock on input. 
Within the context of my own system, and 
bearing in mind more general uses of the 
technique as wel I, I chose Lo use a separate 
timing source driving the processor's non
maskablc interrupt (NMI) line as the means 
of synchronizing the software to the time 
base. On output, the NMI line would have to 
be driven by a 4800 Hz clock source; on 
input the NMI line would have to be driven 
by the derived clock provided by the AC-30. 

The output clock source is a simple 555 
osci llator, IC9 in Figure 2. This was set up 
with a variable resistor and a timi ng capac
itor such th at 4800 Hz was well within the 

300 bps signal. The time ordered sequence of data starts with a "star/" bit followed by several data bits. The waveforms of C and 
D show a complete character transmission at 7 200 bps both as filtered audio (C) and redundant Manchester I encoded digital 
data (D). Above Band Dare shown verbal descriptions of the data being transferred. Noted below signals Band Dare the values 
of the variables ST30 and BITC during output operations {see listing 7 and procedure 6). 

j15 1.q 13 12 It 10 9 B 7 6 5 4 3 2 I 0 : 15 14 13 12 II 10 9 8 7 6 5 4 3 2 1 0 : 15 14 13 12 II 10 9 8 7 6 5 

1e :1 :s 

STOP STOP 

~ 3 2 1 0 ! 3 2 I 0 :3 2 I 0 : 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0 3 2 I 0 3 2 I 0 3 2 1 0 3 2 I 0 

0 0 0 0 0 0 0:2 :1 :o :o 
I I I I 
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Figure 2: The hardware needed to add this general purpose high speed A C-30 interface. The logic includes address decoding for 
the addresses in listing 7 and table 7, latched output from location 760 for control and data transmission purposes, drivers and 
receivers for RS-232 lines, an oscillator time base for output interrupts, as well as interrupt control logic and an open collector 
driver for the nonmaskable interrupt line. For those who use a commercial 6800 system, the bus pins should be allocated to the 
equivalent backplane pins of your system, and address decoding should be altered to fit your system. The names used in 
commercial products are usually similar to the Motorola documentation from which this system was designed. 
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l 

tuning range. The .01 µF disk ceramic ca
pacit0r C2 which I used as part of the 
frequency determination network for the 
oscillator may not have been the best choice 
for insensitivity to temperature and long 
term frequency stability, but previous ex
perience with 555 oscillators of this type 
proved stable over the course of nearly a 
year of use in a slower tape interface which 
had been my primary mass storage method 
until now. 

After the oscillator is wired, it can be 
tuned to 4800 Hz by several methods. One 
method is to borrow a friend's frequency 
meter, or use an oscilloscope with pre
sumably accurate calibration of its time 
base. I used a simple interrupt driven pro
gram in the processor to count the number 
of processor cycles between clock interrupts 
since I don't trust my oscilloscope's calibra
.tion and don't have a fre quency counter, but 
do have a crystal control led processor clock. 

Listing 7: An assembly of the AC-30 inter
face routines. The origin of this assembly 
was chosen arbitrarily as hexadecimal 2000 
to simplify relocation. In actuol use, the 
routines were assembled to end up al the 
top of the previous code limits for 
the author's IMP 6800 monitor and text 
editor programs. (IMP, which resides in write 
protected memory at locations 7000 to 
7FFF, stands for "Interactive Manipulator 
Program. ") The addresses of FLAG, MEM 
and ERRS used here are set by the structure 
of IMP - as arguments in different versions 
of this set of routines, any old address would 
do. The 10 address locations reflect the 
hardware of figure 7, and MIL/ is a one 
millisecond delay loop program resident in a 
random piece of ROM which fills up part of 
the bootstrap ROM of the system. In the 
system in which this algorithm was used, the 
NM/ (and other interrupts) vector to jump 
instructions In programmable memo1y In the 
first 72 bytes ofaddress space. 

Number Type +5 v GND -12V +12V 

I Cl 74154 24 12 
IC2 7402 14 7 
IC3 7430 14 7 
IC4 7400 14 7 
IC5 7404 14 7 
IC6 7410 14 7 
IC7 7401 14 7 
IC8 7400 14 7 
IC9 555 8,4 1 
IC10 DM8833 16 8 
IC11 DM8833 16 8 
IC12 051489 14 7 
IC13 DS1488 - 7 1 14 
IC14 74100 24 7 
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Listing 7, continued: Masking the Unmaskable 

2063 ·10 00 21:: ,. T~T i'Ll-H.• I ::i 11" UUtPUT? Driving the NMI line for inter rupts has 
206~ 26 
2068 ·1 Ii.: 

00 
00 00 ]o 

~ Nl 
JNP 

Ul UU 
u l I u I~ ....u r nn.fll I NPUT UPl:.1"'< 

one potentia l problem with a 6800 pro
206tl cessor: The hard ware of the microprocessor 
2068 

206H 86 E~ 

UUT?U1" l.JP°t.L\I 

>UJ UU LLJAA · ~~ ~ TUkN itse lf has no way to turn off the source of 
~06"/ 

2061.J 
03 
B"I 0 I 60 > STl\A AC31J IJL\I the interrupts. Wh en I am not using the tape 

2070 
207?. 

86 
97 

FF 
01 60 > 

L UAA 
STAf.i 

· ~~ r 
At.:~O 

TH~ 
MOTUH; interface, I don't want to have any inter

2015 
?.0"/8 

CE 
OF 

CJ 
57 

~O > LUX 
s rx 

· ~~99 • ~9V¥ ~~~~~·9~~~ ·~ ~Y~·~ 

LJ~Lt. 

<I~: ~U 1 UO U> rupts. Wh en I am li stening to input data, I 
20 'JA 
2010 
2o·Jr 

CE 
o• 
OF 

n · r·,. 
SJ 
SS 

> L.lJX 
s rx 
STX 

• $1-' t-Jol' 
LJ AT L 
NXlJA 

don't want interrupts from the output cl ock . 
Wh en I am recording the data , I don't wan t 

208 1 
20HJ 

9 6 
91 

5~ 

so 
L..l.JA~\ 

S'rAA 
HATt-.. 
s ·r 30 any spur ious interrupts from the in pu t clock 

208~ 91 
20R7 CE 
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00 00 > 

STAA 
L OX 
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• U I UI S~T UP l ~T~HHUPfS logic of the AC-30. Th us some switch ing and 
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STX 
CLH 
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20R~ 

20~0 
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"/f 01 61 > 
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In figure 2, ICl, IC2 and IC3 arc use d 
2093 40 >U 1 04 Ts·r.q together to decode several addresses by
2094 27 

3920 96 
rn BEO 

RTS 
Ul U4 

combining selection of the address with 
2097 
209"1 
2091 
208H 

OE 
20 

,., 
9 '/ 

OU'rPUT UPEN I NT EN:RUPT 
>UIU l L OX U~LA 

VMA (valid memory address) and th e pro
cessor's cJ)2 sign al. Three of these addresses, 

?.099 
209A 

09 
2·1 00 

u~x 

UEQ uONl: hexadecimal 0161 , 0162 and 1 063, are not 
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imp lemented as actual memory loca tions at Listing 7, continued: 
all. In stead, the address selection outputs of 

2 135 3 fl kTI 	 2 169 71) 00 5 1 >Ul AD TS T t> ITVICl for these addresses are used to control 	 ~ 1 36 ,. 1-ALSt:: STi'IHT 2004 2 1 6Y 

2136 Ct:: 2 1 OA >Ul l B LuX f' U l I t 2 16C 2-, I'll BEQ Ul RU
three fl ip flops wh ich determine the so urce 2 1 ~ 1 14 	 2 16E 96 53 L!JAA lJ ATL 
2 1 J'i m 0'• s rx NM 1V 2 17 0 ·1F' 00 51 > CLR B l TV 

2 1JB J!l RT! 2 1n DE 15 LDX MeM 


circuit. Th e most important flip flop is 2 1 JC BI T RI-.:AD S TATt:S 2 17 5 A.I 00 STAA o. x 

of the NMI in terrupt generated by th is 

2 1 JC ·1A OU so >Ut J J u•c ST30 2 1 7"/ 39 RTS

fo1·mcd by IC6a and IC6b. This is the 2 1 3 1 21 JC 2 1 "/8 7U 00 ;1 >Ul VY TS T B I TV 


2 1 J> 2 ·1 00 B•Q Ul JI • 200A 2 1 ·1R 

interrupt mask flip flop, whi ch is set (allow ?.Jli l JB 27 ~Q
H'rl 2 1 '16 rb B Ul VY 

21 4 2 ~6 ;, >U I I U LUAA H.ATI:. 2 17U 96 53 L OAA OATLing interrupts) by a reference to hexadec imal 2 140 0 1 2 1 71' -,; OU 5 1 > C LR B I TV 
2 1 1111 9 ·1 ;o STAA s ·r ~tu 21 H2 UE 1; LUX M t::~"'!ad dresses 0·161 or 0162. This fl ip flop is ., ,. 00 ;221116 > Ut.C lHT-.: 2 1H4 Al OU CMPA o,x 
211,9 26 00 Bi\IC: UI l i:. 2 1R6 26 00 BNE UIVEcleared by either a system r·eset or a refe r
~ 141:1 CE 00 00 > L !JX 2 1R6 39 RTS I UI l '' 
2 1 tiEence to location 0163. The ~ystem reset Ut 04 STX NM I V ?. I A9 DE 33 >UIVE L UX •HRS 
2150 96 01 6U >U I l I:. LUAA At: :JO ? I a·1 01


aspect is quite impor·tant, since it would not ?. l tu'\ 05 ?. I HB 08 I NX 

2 153 '< 6 RUf<A 2 1 HC D> 33 ST X •><RS
be too useful to have the system power up 9 6 LIJAA 2 1BE RTS
2 1 ;4 53 OATL 39 
2 156 ' • 6 uonn 2 1 sr· ?F 0 1 63 >Ul I C CLH ACu t-with these interrupts enabled and no inter 1 53 srAA 	 2 1 8t'?.15· 9'I 	 uATL 20112 .,,.2159 3A llTI 	 2 192 86 LlJAA I Si:lo' r-upt hand ler in memory, and when develop 215A > • ONE STUP " IT 2 194 ll7 0 1 60 > STAA ACJU 
2 1 5~ "/A 00 ~o >U l (4 DEC ST30 2197 ~6 F F' LDAH I SF1' ing software for the interface it helps to be 
214C 21 SA 2 199 ll7 01 60 > ST AA ACJO 


able to rees tablish normal interrupt free 27 am 219C »A LOAA 1 250
2150 00 U I I> 86 
2 1 s..· JB RTI 2 19E 3 '1 PSH B

operation by pushing reset. CE OA LOX I U I 11 llD 3H Ml LI2160 2 1 >Ul l l- 219t 0 1 > JSR 

2 1 ~C. U l 2 1A2 33 PULB
The flip flo p formed by IC8a and IC8b is ~ 0'' STX Bil 38 >
1 63 L>F NM. IV 2 1A3 0 1 JSR Mt L I 
2 165 73 00 5 1 > CUM BITV 2 1A6 39 HTS set by reference to address 0162 and is used 	 "f2 168 3ll RTI 	 2 1A J:.NO 

to se lect the AC-30's tape derived clock as 
SYMHU l~S :the source of in terr-up ts. The fli p flop 

ACJO 0 1 60 f\(;1,jf.J 016 1 ACt.fo" 0 16:J ~ !TC 00~2 lHl V L)U:i l formed by IC8c and IC8d is set by reference 
C.:LUS 200C CYJO 20 12 c v zi. 2029 CVZR 2030 UA'rL 0053 
UATR 0054 lJJ:: LA 0057 mus 1)033 tLALi 002C: Lu1\'l:. 209fto address 0161, and is used to select the 
HALf- OOSA Ml::M 00 1 ~ MI LI 0 1.18 NC:Xl:J C!O l r 1'111"l l v 00011 

48 00 Hz osc illator as the source of inter NXUA oos~ UPl:: l 2000 vPi:;:2 200i- RAH: 00»1 HEAD 2003 
STJO 0050 U! CL 20AC Ul 1 1 ~ l OA Ul 12 2 11 8 Ul 13 2 1 ::SC 

rupts fo r output use. Both of these interrupt UI Ill 2 1 SA UI I A 2 1 I A U I 18 2 136 Ull C 2 18f UI l!J 2 142 
u1n: 2 1 so VI I F 2 160 U I JO 20EA U I I Q 2 1 28 UIU l 20".J •I select ion flip flops are cleared by a reference 20C7 2093 UI UU 20 ~U 1U2 20C3 Ul uJ U l 04 UI UC 208'~ 


UIUP 2 0 5A U I RlJ 2 169 U I Vl:: 2 189 U JVY 2 1 "16 Ul\ih ~on
to location o-163. In bui lding this circuit for U20P 20~11 UUVP 205E VR>Y 2009 WRIT 200f:, 

some other processor, you'l l probably have a 
differ-enl se t of 10 addresses. Modi ficatio n of 
the address selec tion logic (and the software Table l : Summmy of the addresses and commands used in programming the 
of listing 1) will probably be required. A C-30 interface of figure 7. 

Output Latch and Input Interface Hexadecimal Address 160, symbol "AC30" in listing 1: 

Th e rest of the circuit in fi gure 2 cons ists Input from the four RS-232 rece ivers of I C12 is available in the low order bits 
of the output latch and RS-232 level shifting of data referenced at loca tion 160. The low order bit, bi t 0 , is assigned to 

the AC-30 by wi r ing IC12 pi n 13 to the pin identified as " To Computer'sbuffer·s associated with address 0160. 
RS-232 Input" in the AC-30 w i ring diagram. High order bits are groundedWriting data to location 0160 sets the value 
to define unused logica l zero inpu ts. 

contained in the 8 bit 74100 latch, IC1 4. 
Output from the four RS-232 drivers of IC13 is available in tl1e low order bitsThe rour high order bits of this latch are 

of data written to location 160. The low order bit, bit 0 , is assigned to the 
used to drive th e AC-30 's motor control AC-30 by wiring ICl 3 pin 11 to the pin identified as "To Computer's 
li nes directly as TTL signal levels. (See table RS-232 Output" in the AC-30 wiring diagram . 

1 for a Iis ti ng of command codes corTe Th e high order bits are used to con trol the two mo tor con trol f lip flops of the 
spo nd ing to the wiring of fig ure 2.) The low AC-30. Forcing the RS-232 output to rema in at logical 1 (the negative 

order fo ur bits are wired to a 051 488 line RS-232 state), the fo llowing command codes are used (hexadecimal) : 

driver needed to convert TTL levels to EF = Turn on output motor } All codes assume negat ive going
RS-232 levels. The low order bit drives the OF = Turn off output motor pulses activate commands (see 

RS-232 output to the AC-30, with the 	 BF = Tu rn on read motor AC-30 documentation for 
7F = Turn off read motor settings of the options). remaining three lines available but un used at 

present. If at some later date it becomes When setting data in the low order bits, the high order data sent to locati on 

necessary to program a commun ications 160 shou ld be masked by a logical sum (OR) with hexadecimal FO. 

inter fa ce to some other RS-232 device, this 
Hexadecimal Address 161 , symbol " ACGO" in listing 1:

hardware now lies ready and waiting in my 
Any reference to this address turns on the 4800 Hz NMI interrupt source.system. The latch is wr itten by combining 

the processor's RW line (inverted) with the Hexadecimal Address 162, symbol "ACGO+l" in l isting 1: 
address se lect ion signal to generate a clock 

Any reference to th is address turns on the NMI in terrupt source derived frompulse. the tape data via the receiver sect ion of the AC-30 . 
For inputs from the ex ternal wor ld, th e 

bus interface ga tes si mply listen to data lines Hexadecimal Address 163, symbol "ACOF" in listing 1: 

when the address is selected. Th e low order Any reference to this address turns off all NMI sources in this interface, as 
four bits of an inpu t word are defined by the does a system reset . 
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Figure 3: The (inite state 
machine for input. The in
put decoding is performed 
by a "finite state ma
chine" i mpfemen ted in 
software. The state of the 
input decoder is set by the 
choice of NM! interrupt 
vector. This diagram shows 
the conditions under 
which transitions are 
made, but omits any refer
ence to the detailed pro
cessing. See procedures 7.0 
to 7.3 and listing 1 for 
complete details. This in
put state machine is 
initialized by the OPEN 
routine and it is termi
nated when interrupts are 
turned off by the CLOSE 
routine. 

IN ITIALIZATION 
(BITV , : 0) 

INPUT 1 0 

ST 30 1 0 

0 

BITC 1 0 

: 0 

ST30 • 0 

four RS-232 compatible input lines wh ich are 
converted to TTL levels by the DS 1489 
rece ive r ci rcuit, IC12. The low order bit is 
comm itted to the AC-30's RS-232 output 
line by wiring of the cable, leaving the other 
three low order bits ope n for later use with 
an RS-232 termina l <IS noted above. The high 
order in pu t bits arc presently wired to 
ground, but if it ever becomes necessary to 
add a single bit TIL leve l inpu t port to the 
computer, these bits can be committed to 
that use by wiring them to a suitable 
external connector. 

With the Hardware Defi ned, 
Software Follows Suit 

The in tent of th is whole exercise is to 
provide a set of rou tin es for writing and 
reading data from the AC-30 wi th in the 
context of my existi ng mon itor and text 
ed itor program, IMP 6800 ("the Interact ive 
Manipulator Program"). This monitor pro
vides a general 10 control structure which 
accesses detai l byte data transfer and control 
routines for any given 10 uni t. When an 10 
logical unit is se lected by an appropriate 
command, the control structure refe rences 
the deta il 10 ro ut ines by look ing up their 
addresses in a pointer table keyed by the 

logical unit identification. The contro l struc
ture of the monitor is no t the subject of this 
ar ticle, but its effect is fe lt in the require
ment of five generic 10 ro utin es which must 
be written to interface any given un it such as 
the AC-30: 

OPEN: init ialization of 10 operat ions is 
performed by calling an OPEN pro
cedure; the moni tor data item FLAG 
determines whether the unit will be 
opened for input or output processing. 

WRITE: when outpu t is required, WRITE 
is ca lled each ti me a byte of data is to 
be transferred from the address in 
pointer MEM to the peripheral. 

READ: for input to memory, REA D is 
cal led each time a byte of data is to be 
transferred from the periphera l to the 
address in po in ter MEM. 

VERIFY: to check the acc uracy of 
crucial fi les, a fo1·m of the read opCt"a
tion cal led VERIFY compares input 
data to the contents of memory at the 
address in pointer MEM; an error 
count, ERRS, is incremented if 
necessary. 

CLOSE: when 10 is complete, th e 
CLOSE routine is used to turn off the 
periphera l after making sure detai l 
transmission o perations are done . 

The choice of these five ge neric 10 operations 
ro r any given 10 uni t is a fair ly ty pical 
practice when imp lement ing the systems 
software of a com pu ter. It is particu larly 
helpful when implementing new interfaces: 
The control structure of my monitor is 
thoroughly debugged already, so when I 
wrote the new routines and they bombed 
the first time around (as often hap pens) I 
knew for sure where the problem was. 

Specifying the 10 Oper.ations 

The details of the 10 ope1·ations for th e 
AC-30 are shown in this ar ti cle in two forms. 
One form is li sting 1, a detai led se t of code 
implemented for the 6800 and assembled 
using jack Emmerichs' assembler program. 
The second form in which the 10 operations 
Me given is in a higher level "pseudo code" 
fo 1·m as eight self contained procedures. 
These procedures are written from the 
assemb ly as a form of detai led commentary 
on the algorithm, and can be used by owners 
of the other processors as a sta rt ing point 
for codin g new versions of the routines. 

In the notation of the programs in the 
proced ures, square brackets f I are used lo 
enclose extended commentary and opera
tions defined in words. Var iab le names and 
labels are the same as those used in listing 1. 
Wi th a few minor exceptions the procedures 
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Procedure 7: OPEN routines. The OPEN routines ore used to set up output or 
inpul operations, depending upon the state of FLAG, a variable which should 
be set to 0 for input, nonzero (example: hexadecimal FF as in listing 7) for 
output. Output OPEN operations consist of turning on the motor, then 
recording a leader (using the output interrupt of procedure 5), then 
inilializing the i11terrupt ha11dler for output operatio11s. An inpu/ OPEN 
consists of turning on the input moto1~ then waiti11g a half a second before 
i11i tializing the input interrupt which scans for the asy 11chro11ous data format 
used by this software. On leaving the OPEN routines, the software which uses 
this 10 discipline can proceed to the details of byte by byte data transfer 
using WRI TE, READ or VER IF Y. 

1.0 Entry U20P [ 1200 bps data rate in i tia l ization]; 

1.1 RATE := 4 [ i ntern•Pts per bit]; 

1.2 Go to 1.5; 

1.3 Entry U1 OP [300 bps data rate i ni tia l ization] ; 

1.4 RATE : = 16 [in terrupts per bit ]; 

1.5 HALF := RAT E / 2 [ set up hal f bi t period valu e); 

1.6 if FLAG = outpu t value t11en do [an output open procedure]; 

1.6.0 [turn on t he AC·30 ou tput rnotorl; 

1.6.1 DELA : = 50000 [set up output w r i te delay colrnt for 10 seconds); 

1.6.2 DAT := S'FFFF ' [ initia l ize data output buffer to nu ll data); 

1.6.3 NXDA := S'FFFF' (i ni tia l ize next data as nul l data]; 

1.6.4 ST30 := RATE ; 

1.6.5 BITC := RATE ; 

1.6.6 NM IV fnonmaskable interrupt vector ] = [address of output open interrupt service rou t ine , procedure 5 ) ; 

1.6.7 [ c I ear "open done" flag, the accu mu I a tor 1 ; 

1.6 .8 [turn on output 4800 Hz interrupt source) : 

1.6.9 Wai t unti l end of leader (after OE LA coum is exhausted); 

1.6.10 return; 

1.6.11 end; 

1.7 else do [an input open procedure I; 

1.7 .1 I turn on the AC-30 input rnotorl : 

1.7 .2 BITV [data ready f lag ) := 0 ; 

1.7 .3 wa it 0.5 seconds; 

1.7.4 NMIV [nonmaskable interrupt vector] = [address o f input start bit search, Ul 11 I; 

1.7.5 [ turn on input - 4800 Hz tape derivecl i nterrupt source}; 

1.7.6 return; 

1.7 .7 end; 


Proi;edure 2: The WR ITl:.. routine. This roul ine mus/ be preceded by an 
output OPEN operation which initializes the interrupt service of procedure 6. 
It can be called over and over again until the data lo be written is exhausted. 
Each WRITE cal/ transfers one byte from the location addressed by variable 
MEM to the output file. The software which uses WR ITE is responsible for 
incrementing and l?eeping Imel~ of MEM when a block of data is being 
written. 

2.0 Wai t until BITC [b i t count] is equal to zero; 

2.1 DAT [ 2 byte output field ) := NXDA ( next output, computed by p re vious call); 

2.2 BITC := 11 f l s t~rt. 8 data, 2 stop bits mi n imum): 

2.3 NXDA := S' FF OO' I (@MEMI [move data at MEM into new output string along w ith null trai l ing b i ts[; 

2.4 NXDA :=( ar i thmetic left sh ift of NXDA] ; 

2.5 return; 


Procedure 3: The READ routine. This routine must be preceded by an input 
OPEN operation to initialize the input interrupt service procedures. It is 
caf/ed over and over again until enough data has been transferred. Each 
READ call transfers one byte from the tape into the location addressed by 
variable MEM. Th e software which uses READ is responsible for incrementing 
and l?eeping track of the address in MEM, and for determining how long a 
block of data is being read. READ coordinates operation with the input 
interrupt service routines through the variable BITV which is used as a flag. 

3.0 Wait unti l B ITV =$'FF' [synch ronize with flag set by interrupt service); 

3.1 (@MEM) := DAT [move input byte from buff-er to address in pointer MEM): 

3.2 return; 
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Procedure 4: The VERIFY routine. This routine worl?s exactly like READ 
with one exception: Instead of dumping the input data into memo1y at 
location MEM, it compares the input data to the data in memory and 
increments the error counter ERRS if there is any difference. As with READ 
and WRITE, the software which calls VERIFY is responsible for incrementing 
MEM and keeping tracl? of the data being checked. 

4.0 Wait unti l BITV ; $'FF' [synchronize with f lag set by interrupt service]; 
4.1 i f l@MEMI not equal to DAT then ERRS := ERRS + 1 [count the differences]; 
4.2 return ; 

Procedure 5: The output OPEN intermpt service routine. This procedure is 
used to count down a delay value initialized in DELA when OPEN begins its 
processing. OPEN ultimately terminates when this interrupt routine finds a 
zero value in DE LA and signals the OPEN routine via the value in BITV. 

5.0 DELA [leader interrupt count, 16 bits ] := DELA - 1; 
5.1 if DELA= 0 then do; 
5.1.0 NMIV := [address ot output data transfer interrupt serv ice, CY30]; 
5.1.1 BITV := 1; 
5.1.2 [signal end o f output leader delay] ; 
5.2 return from interrupt; 

Procedure 6: Output data transfer interrupt service. This routine, which is 
initialized as the interrupt service routine at the end of the OPEN procedure, 
does the detail worl? of transferring data to the A C-30 from the computer. 
The variable ST30 is used to count down the interrupts within each output 
bit (see figure 7), and the variable Bl TC is used to count the number of bits in 
a character being transmitted. BITC is also used as the flag to signal to 
WRITE that a character is done, so its counting down is halted at zero by 
fin e 6.4. Whenever a bit is completed, the count of interrupts per bit is 
reinitialized in variable ST30. The variable BITC is reinitialized by WRITE 
when a new output word has been defined. Data is right shifted out the tow 
order bit of a 2 byte field catfed DAT in this procedure, identified as DA TL 
and DA TR in fisting 7. 

6.0 [ output data bit ] := BITV [latest bit value]; 
6.1 ST30 (output waveform state] := ST30 - 1; 
6.2 it ST30 is not zero then return from in te rrupt ; 
6.3.0 BITV [next bit value] :=[ low order b i t of 2 byte output fie ld DAT] ; 
6 .3 .1 DAT := [2 byte arithmetic right shift of DAT]; 
6.4 if BITC greater than zero then BITC := BITC · 1; 
6.5 ST30 := RATE !nu mber of interrupts per bit transmitted]; 
6 .6 return from interrupt; 

fo ll ow the log ic of the various sections or 
listing 1, but th e order of the prncedures 
differs. Listing 1 reflects the order in which 
the routines wer·e actua ll y written, while the 
procedures ar·e numbered in an aesthetical ly 
nicer arrangement. 

In inter facing to the monitor·, the only 
differ-ence between 300 bps and 1200 bps is 
in the definition of the number of interrupts 
per bit, a value which is derined in the OPEN 
procedure for each data rate. Thus there are 
two en try points in the OPEN procedure, 
correspond ing to logical unit 1 (300 bps) 
and logical unit 2 (1200 bps) of my monitor . 
The WRITE, READ, VERIFY and CLOSE 
routines arc shared between the two log ica l 
unit designations, al though the names used 
only reflect unit ·1 _ 

Using Interrupts 

All the 10 implemented in this approach 
uses the in terrupt from the AC-30 or the 
oscil lator of IC9 to time operations. Thus 
there are three interrupt service routines 
specified, as proccdu res 51 6 and 7. The 
outpu t open interrupt service routine of 
procedure 5 has the simple task of counting 
down DELA interrupts as set by the output 
OPEN procedure, after which it will set up 
the normal output interrupt service and 
signal the end of the leader. The norma l 
output interrupt service routine counts 
down the number of interrupts per bit, and 
when necessary shifts a new bit out of the 
output buffer, DAT, to be sent to the 
AC-30. It also counts bits and signals the 
WRITE procedure that it is ready for the 
next character. Figure 1 shows the progres
sion of values of ST30 and BITC during 
OU tput . 

The input interrupt structure is much 
more complicated. There are four states to 
the finite state machine which handles data 
input, as shown in figure 3. These states are 
implemented by the current value of the 
NMI interrupt pointer, which selects one of 
the four input routines of procedures 7. The 
conditions for change of state are noted on 
the transitions in figure 3, but details of each 
state should be extracted from the pro
cedures. The input interrupt algorithm first 
enters a start bit sea r·ch stale of procedure 
7.0; when the start bit is fo und , it is verified 
in the second state of procedure 7.1 by 
checking to make sure that it remains low 
fm half of a bit period {marked by counting 
down the value in variable HALF). When the 
start bit is verified, the data transfer state is 
entered and a total of eight bits are shifted 
into the input buffer DATL. After eight bits 
are sh ifted, the algorithm enters the stop bit 
state of procedure 7.3 for one bit period, 
where a flag is alte red to signal that data is 
ready. Within 1.5 bit times of the flag 
change, the READ or VER IFY routine must 
transfer the data from DATL to its destina
tion in memory or an alternate buffer area. 
This tim ing requirement of 1.25 ms for 
1200 bps data or 5 ms for 300 bps data is 
due to the fact that the first bit of the next 
character will be shifted into DATL 1.5 bit 
periods after the stop bit state is executed. 
The time to lerance can be increased to a fu ll 
character time (9.2 ms at 1200 bps) if pro
cedure 7.3 is modified to transfer the con
tents of DATL into a buffering byte, for 
example DATR. 

Some Comments on the CLOSE 
Routines ... 

The CLOSE routine given in this version 
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of the software is far from perfect. It migh t 

even be called a bit "i nelegant." Any good 

programmer will see so me rather obvious 

holes in the syste m: I rea ll y don't need fo ur 

seconds worth of interrecord gap after data 

is written at 300 bps. Similarly, for input 

operations, I should have all owed the motor 

to remain on for a period of time equal to 

the null per iod which would have been 

generated by the outp ut CLOSE operation 

for the same block. Given man ual manip ul a

tion of tape position using the mechanical 

position counter, this CLOSE algorithm is 

adequate_ But if you in te nd to do tape to 

cape editing with two cassette drives and 

motor contro l, you'll probably want to 

improve the CLOSE algorithm to all ow more 

rel iab le electronic positioning via motor 

control. 


Does It Work? 

Yes, but 1200 bps Is Still Too Slow! 


Si nce getting the software described here 
into the state see n in li sting 1 and patching it 
into my monitor program December 26 
1976, this software has been my main mass 
storage 10 method. In a month of intense 
use, I have yet to drop a bit (although while 
testing I had to ex periment to find the right 
cassette recorder volume level range on 
playback). My homebrew system has re
cently grown to 24 K of programmable 
memory with 12 K bytes of tex t edi tor 
string area, 4 K bytes for jack Emmerichs' 
assembler program (sec Apri l and May 1977 
BYTEs), 4 K bytes for assemb ler output 
stri ngs, and 4 K by tes for my monitor 
and text editor programs. I have fo und this 
new 1200 bps data rate to be an indis
pensable time-saver compared to my o lder 
hardware method which ran at about 
200 bps. Since the software described here 
works at 300 bps as we ll as at 1200 bps, I 
can now load and write cassettes using the 
physical fo rmat of the Kansas Ci ty sta ndard . 
This of course finally achieves the real 
purpose of buying the AC-30. 

With this interface I ca n load th e as
sembler program in 50 seconds, and com
pletely define the text editor string area in 
about 150 seconds. IL has rea ll y speeded up 
the software development opera tions which 
arc the real joy of a computer app lied to 
personal needs and goa ls. 

Of course , having accomplished th is is not 
enough: My next challenge, in design as of 
this wdting, is a 3M drive controller inter
faced to a $500 surplus drive pu rchased 
ho rn Boston's American Used Computer 
Corporation via their back door, The Com
puter Warehouse Store. When this project is 
done, my system will have so me real 10 

Procedure 7: Input data transfer service routines. These four procedures 
constitute the four states of the data input "state machine" which acts like 
the receiver of a typical UART or AC/A chip. The start bit search state (7.0) 
finds a start bit which may be verified by the start bit verification state of 
7.1. If the start bit was good, eight data bits are transferred by the input bit 
read state of procedure 7. 2. Finally, one stop bit time is marked by 
procedure 7.3 and the receipt of data is communicated to READ or VERIFY 
by changing the state of BITV. Th en the start bit search resumes. See figure 3 
for a state diagram of this process. 

7.0 [start bit search interrupt serv ice, Ul 11] : 
7.0 .0 If input data line is zero then do: 
7.0.0 .0 ST30 := HALF [set up delay for a half bit's worth of in terrupts); 
7.0.0.1 NMIV := [address of start bi t verification inte rrup t service] ; 
7 .0.0.2 end ; 
7 .0 .1 return from interrupt; 
7. 1 [start bit veri f icati on interrup t service, Ul 12] : 
7 .1 .0 If input data line is not zero then do [ false start logic]; 
7.1.0.0 NMIV := [address of input start bit search, U111 ]; 
7 .1.0 .1 return from in terrupt; 
7 .1.0 .2 end; 
7 .1. 1 ST30 := ST30 - 1 [coun t down HALF bit t imes ]; 
7 .1.2 if ST30 := RATE; 
7 .1.2 .0 ST30 := RATE ; 
7.1.2.1 BITC : = 8 [initiali ze one byte's worth of b its); 
7 .1.2.2 NMIV := [address of inpu t bit read interrupt service, U113] ; 
7.1 .2.3 end; 
7. 1.3 return from interrupt; 
7.2 [ Inpu t bit read in terrupt service, U113) : 
7 .2.0 ST30 := ST30 - 1 [count down RATE states per bit(; 
7.2. 1 if ST30 = 0 then do [sample b it and shift into data word ]; 
7 .2.1.0 ST30 := RATE [set up for next bit] ; 
7 .2. 1.1 BI TC := BITC - 1 [count down the bits) ; 
7.2. 1.2 if BITC = 0 then NMIV := [ad dress of stop bit interrupt service, U114) ; 
7 .2 .1.3 DATL = [ right rotate of DATL with carry defined by input bi t value ]: 
7 .2. 1.4 end; 
7 .2.2 return from interrupt; 
7.3 [ Stop bit interrupt service, U114] : 
7 .3 .0 ST30 := ST30 • 1; 
7.3.1 if ST30 = O then do [restart star t bit search ] ; 
7 .3. 1.0 NMIV = [address of start bit search, U111] ; 
7.3. 1.1 BITV [data ready flag for input} = $'FF' [indicate data ready); 
7.3 .1.2 end; 
7 .3.2 re turn from interrupt; 

Procedure 8: CLOSE routines. After all data operations are complete, CLOSE 
routines are used to turn off the motor and clean up the last details of input 
or output. See text fo r some comments about the design of this routine, 
which could be improved considerably. 

8.0 if FLAG = output va lue then do [an outpu t procedure) ; 
8.0.0 Wait unti l BITC [bit coun t) is equal to zero; 
8.0.1 OAT := NXOAT [t ransfer las t character to output f ie ld} ; 
8.0.2 [ write 1200 null bi ts by letting output interrupts run} ; 
8.0 .3 [ turn o ff AC-30 motor control}; 
8.0.4 [turn off output interrupt source ) ; 
8 .0 .5 [wait 0.5 seconds for motor to turn off] : 
8.0 .6 end; 
8.1 else do [an input close procedure); 
8.1.0 [turn off input interrupt source ] ; 
8 .1.1 [turn off AC-30 motor contro l I; 
8.1 .2 [wait 0 .5 seconds) ; 
8. 1.3 end; 
8.2 return; 

capab ili ty in the form of an electronica lly 
contro ll ed fi le system with 2 million bytes 
on line, 40 ,000 bps data transfer rate and 
43 second maximum acces time to any 
given block of dala. But for the next six 
months or so, I an ticipate freque nt and 
r·cliable use of this ·1200 bps modification to 
the AC-30's purpose in life. • 
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Artificial Intelligence: 


What Is It? 


Richard L Rosenbaum 
61 -04 Li t tle Neck Pkwy 

Littl e N eck NY 11362 

! ! 11 ! ! I I !! ! I!!! !! !I ! !I ! !! !I ! ! ! 
! I ! I ! !! ! ! I ! ! ! ! ! !! !! ! ! ! ! ! ! !! !! ! 
I!! I! !I ! !! ! I!!! !! ! ! ! !! I! I ! ! 

a) A typ ical nim board set up . b) A typ ica l first move. 

Decimal Binary Decimal Binary 

15 1111 15 1111 
15 1111 3 0011 
12 1100 12 1100 

c) Unsafe second move. d) Safe second move. 

Decimal Binary Decimal Binary 

0001 1 0001 
4 0100 0 0000 
0 0000 0 0000 

e) Last move-1 . f) Winning move. 

Figure I : One 11er ·io11 of the game of nim starts with three piles of 15 
counters a · shown in (igure 7a. Players ta!?e Iurns removing any number of 
counters, al least one, from any one pile. The player who tal?es the las/ 
counter loses. In the case illustrated in figure I b the first player tool? three 
from the la t pile. Figures 7c and d illustrate some lechniques used in 
developing an infallible play of nim. The first step is lo represent the number 
of count~rs in each pile in binaiy. Then you must determine the number of I 
in each bina1y column. I f the number is odd, as in figure le, then you are in 
an unsafe position. You should make your move so a lo lea11e an even 
number of 7 s in each column as shown in figure 7d. This is /mown as a safe 
position. A point is eventually reached, as in (igure 1e, where there are only 
l.l·vo piles left and only one of them has more than one counter. The 1vinning 
strategy is to take all of the counters from the pile with more than one. This 
muses the other person to take the last counter, as shown in figure I f Using 
these methods, an unbeatable game of nim can be developed. 

If you are a typical computer hobbyist, 
you have probably spent (or will spe nd ) a 
fair amount of time playing garnes - com
puter games, that is. Perhaps you have 
written computer prngrams to play sp;:icc 
war, backgammon, even che . What tech · 
niques Me used in programming compute r· 
games, p;irticularly those requiring "intel
ligent" decis io ns by the machine? The Jnswer 
to this question is in the realm of an iricial 
intel ligence. 

Perhap you arc trying to program a 
microprocessor· to 1·ecognizc or in terpret 
igna ls from avid o camera, or wou ld like Lo 

au tomd ti ca lly tran late Morse code lo 

printed characters . Both of these problems 
concern arLi fic ia l in tclligence, peci fical ly in 
the ficlcl of pattern 1·ccognit ion. 

What i artificial inte lligence? For ih.11 
matter, what is intelligence? These questions 
can easily lead us in to a ph il osoph ica l 
debate, bu t that is not the purpose or this 
di cu sion. My interest is how artific ial 
intelligence, frequentl y refe rred to as Al, can 
help us olve problems such ,is those ju~t 

ou tlined . What thr c problems have in com
mon is th e sL1bstitution of a comp uter 
(artificia l mech anis m) fm wh ,1 1 <ll'e orcli· 
narily hum an tasks (gener·ally c1ssumed Lo 

requ ire in tel ligence). So for the sa ke of 
expediency, let's define arti fici,tl in tell igcnce 
a the mimicki ng nr human behavior ,tnd 
decision mak ing by computer. 

Today, work in artifi cial intel ligence is 
divided into a number of areas. Two of them 
have been ment ioned: game playing and 
pattern recognition. Others include general
ized problem so lving, natural language com· 
prehension and translation, and robotics . 
These wi ll be examined in order. 

Game Playing Programs 

It is probable that once the beginning 
computer hobbyist learns basic prog1·amm ing 
fu ndamenta ls, the firs t auemp t at a big 
program will be an entenain ing one. How 
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Introducing two NEW software 
books by SCELBI. Two classics 

rewritten for immediate use 
with your 6800 system ... 

SCELBl 'S "6800" SOFTWARE 

GOURMET GUIDE & COOK BOOK 

ggs ppd. 


Now you can cook up delectable programs with 
this mouthwatering gourmet's delight of al l new 
"6800 " softwa re. Over 200 pages. Ac tion -packed , 
informa tion-c rammed, practical " how to " fac ts . 
Usi ng the origina l manufacturer's recommended 
mnemonics and assem bly formats , w ith hexadecimal 
notations, you get the description of the "6800" 
instruction set. General purpose routines for mult iple 
precision operation . Programming tim e delays for 
real time applications . Random number generators. 
Comp letely assembled re locatable floating point 
arithmet ic program, with 23 bit signed mantissa 
and 7 bit signed exponent. Input/output processing 
for basic 1/ 0 programming. Interrupt processing . 
Code, numeric convers ion routi nes. Real-time 
programming. Search and sort routines. And too 
many more finger-lickin ' good ies to mention here . 
All for only $9.95 ppd . Order today! 

SCELBl 'S "GALAXY" GAME FOR THE "6800" 

1495 ppd. 

Captain your own crusading starsh ip aga inst the l0gic of 
you r " 6800". Your mission : search-and-destroy a random 
number of alien sh ips. But , don 't run out of time, out of 
fuel. out of ammunition o r out of the galaxy. Your galaxy 
consists of 64 quadrants, subd ivided in to 64 sectors . Plan 
your miss ion to destroy all al iens. But, every t ime you move 
you lose a stardate and precious fu el. Don 't run into a 
roam ing star that could damage your ship ! And , don 't forget 
how much fuel your warp factor uses! Sudden ly, Condition 
RED! Alien in sigh t! How b ig is he? Fire a phasor or 
torpedo? He's damaged or destroyed. But , you 've used up 
valua ble fuel! Does he fire back? How much fue l was used 
for protective shields? Be carefu l. You're running out of time 
and fuel. You get the idea. You must maneuver logical ly, 
strategical ly , carefully . .. to co mpl ete your missi.on. Here 's 
the multidimensional compu ter game you 've asked for. 
Using the original manufacturer's recom mended mnemon ics 
and assembly format, w ith hexadecimal notations, you've 
got a tota l book form program in machine language, for 4K 
memory , w ith fl ow charts, illustrations and more. All this 
for $14.95 ppd . Order today! 

i 	
BOTH BOOKS ARE AVAILABLE NOW! ORDER YOUR COPIES TODAY ! 

1<111131 <Ol'tl>IJilll 	 Pri ces shown lor No rl h American custome rs. Master Charge. 
Posta l and Bank Money Orders p referred. Persona l checks 

(0~11JIIl,_,6 lflllli( 	 delay s.h.ippin g up lo 4 weeks. Pric in g. sp_eci ficati on s and 
• ilva llabil1ty subi ec t 10 change withou t nottce . 

1322 Rear Boston Post Road , Mi lford, CT 06460 • Te lephone: 203/ 874-1573 

http:missi.on


Figure 2: This is the begin
ning of a game tree for the 
game of nim as discussed 
in figure 7. Only a few of 
the branches are shown for 
the sake of clarity. Using 
this version of the game 
there are 45 different ways 
lo play the game I 

many of us, once we have BASIC up an d 
running, quick ly type in our copy of St·ar 
Trek? We all have so me interest in computer 
games. 

While many games use artificial intel· 
ligence concepts in their programming, not 
all of them do. For instance, Star Trek 
usually consists of a program that keeps 
track of tim e, energy levels, scores and other 
parameters. The onl y decision to be made is 
general ly, " Which way do I fire?", which 
only requires use of a simple formula. Of 
course, there are exceptions where some 
super program simulates the alien cunning of 
a Klingon commander. 

Artifici al intel ligence techniques are re
quired, however, for the automation of most 
traditional multiple player games. These 
range from the simple binary strategy of nim 
{see figu re ·1) to the complexities of chess. 
The case of nim il lu strates one extreme of an 
intelligent program: the pe rfect player. The 
game is simple enough to develop a fast 
technique to determine the bes t move. Such 
is not the case in chess. Th e important point 
here is that both chess and nim are deter
ministic; ie: if you have enough time, you 
ca n go through eve ry possibility th at ca n 
ari e. However, with game as complex 
as chess, a program would take a tremendous 
amount of time to check all the pos ib le 
moves. This is where art ificial intell igence 
techniques come to the rescue. 

Let us examine how a human player 
makes decisions in a game such as chess. This 
technique, saying, "How wou ld I do it?", is 
invaluab le in artificia l intel ligence work. 
Obviously, we do not go through every 
possibility. Wh at we do instead is to make 
trial moves and evaluate the board situat ion 
at that point. If the situation is too dan
gerous, we discard th at possibil ity and check 
others until we make a decision. 

I 
(15) (15) (14) (15) 115) (13) •••••• (1) (15) (15) (0) (15) (15) 

~~-~~~- ~ 
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So we need an evaluation function . The 
quality of this function will strongly 
influence how good a game the computer 
can play. In 1967, A Samuel wrote a 
program to play checkers. In it, he used an 
eva lu ation formula that took into account 
such parameters as number of pieces, 
number of kings, how far the kings were 
advanced, etc. Samuel , however, did not 
know how to weight the various items to 
determine their relative importance. So he 
made a set of trial values and incorporated 
into the program a mechanism that changed 
these values if it was losing, in order to try 
to find an optimum strategy. In this way, he 
wrote a program which "learned" to play 
better checkers! 

Of course there is more to pl ay ing a game 
than just eval uating positions. We must 
generate tri al move in some orderly fashion. 
The most efficient way to do this is to make 
a tree of possible moves as shown in figure 2 
for example. This figure is called a tree 
beca use of the way it resembles an upside 
down tree with branch es. 

As can be seen, trees can rapidly ex pand 
as they grow downward. The u·ee shown in 
fig ure 2 has 1.2 x 1056 branches. With the 
I imited memory space of a typical mic rnpro
cessor, we must find some way to minimize 
its size. One way is to· copy the human 
pl ayer, and not expand any branches th< t do 
not look promising, ie: do not have a high 
evaluation. Other as pects of artificial intel· 
ligence co ncern optim ization of the eval ua
tion, speeding up tree generation, and mini· 
mizing other memory requirements. Often, 

(15) (15) (15) 
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______________ _ 

Subsystem"B" makes the 
computer you already have 
work almost as well as 
a new Sol-20. 


Add it now, and for a limited time 
we'll throw in a new module with 2048 
bytes of preprogrammed PROM or ROM 
and 1024 bytes of RAM memory free! 

Processor Technologys Subsystem "ff' 
puts together the major system elements you need 
to get your Altair or lMSAI up and running. 

You get both RAM and PROM memory, 
parallel, serial, cassette and video d isplay inter
faces, and software. Software includes a boot
strap loader program so you can load any 
Processor Technology CUTS ("Byte/ Kansas 
City") 1200 BA UD cassette tapes. Standardized 
subroutines in ROM. similar to those in a Sol 
personality module. are used by many Processor 
Technology software packages to improve 
program efficiency. Yo u'll find you rarely need to 
touch your front panel switches. With our 
Subsystem "B'' you are up and running as soon 
as you turn on the power. 

Three subsystems are available, depending 
on your memory requirements. Each Subsystem 
"B" includes five S-100 bus compatible modu les 
as listed be low. Each is dependent upon our new 
GPM module (GPM = General Purpose Memory) 
which provides 1024 bytes of low power static 
RAM and 2048 bytes of preprogrammed ROM or 

PROM as well as space for up to 8192 bytes 
more of ROM or 2708 type EPROM. The GPM 

module accepts the new ROM version of our well 
known ALS-8 Editor/Assembler software package. 

With Subsystem "B'' you have guaranleecl 
compatibility wilh all Processor Technology 
software and hardware products. 

Subsystem Model 

Total memory 
provided (bytes) 

Display l/O 

Parallel, Serial 1/0 
Tape Cassette l/O 

Memory 

Price 

870 8110 8 190 

7168 11264 19456 

VDM-1 VDM-1 VDM-1 

JP+S J P + S J P + S 

CUTS CUTS CUTS 

4KRA 8KRA 16KRA 
£594 $730 $964 

NOTE: The GPM module with both RAM and PROM 
is included FREE in all the above subsystems. The GPM kit 
is 5129 ii' purchased separately. 

The ALS-8/ ROM chip set is 5159. SIM-I & TXT-2/ ROM 
acid-on set is $60 and requires both GPM and ALS-8/ ROM. 

·---------------------, 

I want Subsystem "B" to get my Alta ir or 
IMSAI up and running. 

D Enclosed is a check for$ __, 
Califo rnia residents add 6% sales tax. 
No shipping charge. 

D Mastercharge 'f:/. _____ 
(include Intcrbank No. and 
expiration date l 

D Send more information 

Nu1ne 

I want: 

0 870 at S594 

D BJ IO at $730 
0 8190 at S964 

Address ______________ 


City ______ State __ Zip ____ 


6200 Hollis Street. Box B 

Eme ryville . CA 94608 (415) 652·8080 


~-------~-------------~ 



Figllre 3: A syntactic analysis of the sentence, ''This game is played by two 
people on the compllter. " This particular parse of the sentence, resolving the 
sentence into ils components, means that two people are engaged in playing a 
game that somehow involves the l/Se of the computer (the ad11erb use of the 

SENTENCE 
phrase "on the computer" to modify "is played''). 

NOUN PHRASE VERB PHRASE 

THIS GAME VERB PREPOSITIONAL PHRASE (ADVERB USE) PREPOSITIONAL PHRASE (ADVERB USE) 

T 
IS PLAYED BY TWO PEOPLE ON THE COMPUTER 

one only stores a small local region or Lhe 
tree at any one time, using ru les to ge nera te 
addit ional segments. 

Pattern Recognition 

The influence or computer aided pa ttern 
recognition is affecting us more each clay. 
0Lu- checks have funny digits printed on 
them, grocery items have strange str ipes; yo u 
also might have run into fo rms Llut requ ired 
you to write characters exactl y as indica1ecl. 
A portion of artificial intel ligence concern 
itsc l r with these tasks. 

Pattern recognition is ge nera lly a problem 
of classification. We have either a single item 
which we wish to describe as havin g ce rtain 
character isti cs, or we h<ive a group of objects 
whic h we wi h to break into subgroups. The 
princi pal problem is determining if a parti
cu lar object is in a certain class of objects. 
Hence, the field extends beyond merely 
recogniz in g characte rs on a pi ece of paper. 
Potentiall y, artificial intel ligence techniques 
could help classify medica l problems based 
upon symptoms, the field of computer aided 
diagnosis long found in science fict ion litera
ture. 

Un fort un ately, much of the work in thi s 
field in volves higher malhem.itics which are 
beyond the scope or th is art icl e. However, 
some elementa1·y principles may help you 
conduct some investigat ions, perhaps in 
computer analysis of video signals. A funda
mental technique is to break your recogni
tion problem in to I.he implest subproblems 
possible. For instance, consider the problem 
of analyzing faces. One wo ul d have to 
generate parameter for subcla ification 
such as color of eyes, hair, etc. In this way, 
each face is assigned a et o r bas ic values, a 

prerequisite of any attempt to make 
com parisons. 

Problem Solving 

Problem solving may appear to cover 
everything under the sun but within artif icia l 
intelligence it refers to a specific set of tasks. 
In artificial in tellige nce, a problem is said to 
exist when we are in an initial state, desire to 
reach a goal state, and ·have a limited set of 
operations that can be used to get the1·e. 
Game playing is actuall y a subset of this, in 
that the ini tial state is the present position, 
and the goal state is a win. Another example 
is theorem proving, in which the initial state 
is given (remember your geo metry?) and the 
operations are th e various axioms. 

There have been many attempts to 
develop genera l methods for these types of 
prob lems. In fact, an ear ly one was ca lled 
GPS, General Problem Solver. The authors 
or this program, A Newe ll , H Sim on, and J 
Shaw, deve loped many of the techniques in 
th is field. The simplest one was a brute force 
method, similar to our discussion of check
ing every possibl e move in a chess ga me. 
They called this the " Brit ish Museum algo
ri thm " in reference to the fact that a 
monkey placed in front of a lypewri ter wi 11 
eventual ly wr ite all the books in the Bri tish 
Museum . So much for that idea! 

Of all the work done, the mos t popular 
idea was embodied in a program cal led the 
Fortran Ded uctive System. This program 
would take the initia l and goa l states, and 
develop a set of differences. It then would 
methodical ly apply the vario us operations in 
an attem pt to reach the goal. The difference 
it had from the brute force approach was 
that it knew which operations affected 
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The Digital Group adds character(s). 


64, to be exact. 

The Digital Group's computer 

systems have a lot of character 

already. Just one quick look at 

any of our products in their 

unique custom cabinets con

firms that. But we believe it 

never hurts to add a bit more. 


So, the Digital Group has added 

character in a big way to give an 

added dimension to the opera

tion of our video-based com

puter systems . We are pleased 

to announce our new TV readout with a 64-character line. 

It will give your system a great deal more capability. Give 

it more character, if you will. 


Here are the specifics on the Digital Group TV Readout 

and Audio Cassette Interface: 


1024 Character TV Readout 
• 	64 characters horizontal by 16 lines 
• 	7x9 character matrix (effectively 7xl2 due to char

acter shifting) 
• 	lK on-board RAM for buffer storage-requires 

no main memory- completely independent 
• 	128 character ASCII 

Upper case alpha 
Lower case alpha with base line extenders (g, 
j, p, y) 
Numbers and extended math symbols 
Greek alphabet 

• 	Software driven cursor-forward and backward 
• Compatible 	with most microprocessors; Interfaces 

with 1 8-bit parallel output port 
• Timebase may be driven with an external timebase 

(may be synchronized to TV camera, TV set, etc .) 
• Readout 	 timebase available at connector (can be 

used for graphic driver, etc.) 
• White characters 	on black, and/or black on white; 

software selectable 
• Plugs into standard dual 22-pin TVC connector on 

• 	Write cassette system 
uses a digitally synthe
sized frequency shift 
system, derived from TV 
system's master crystal 
oscillator 

• 	Read cassette system 
easily aligned using the 
write system as an align
ment aid. 

•Runs at 1100 baud 
(100 characterslsecond)-loads 
16K in 3 minutes 

SU TVC to 1024 TVC Upgrade Kit: 
As always, when the Digital Group extends the capabilities 
of our systems, it doesn't mean obsolescence for any 
products. We are offering an upgrade kit for present Digital 
Group system owners who wish to go to the longer line 
length. This kit uses most of the !C's from our TVC-r read
out. No unsoldering is required; all new sockets, capac
itors, resistors, PC board and other necessary parts are 
supplied. 

Prices: 
TVC-64- Full 64-character TV Readout & Audio Cassette 
Interface: 

Kit - $140 Assembled - $205 

TVC-64UPG-Upgrade kit from TVC-F: 
Kit - $65 

If you already own a Digital Group system, our 64-charac
ter line will definitely enhance its operation. If you're just 
looking, you might want to keep in mind that the Digital 
Group has a lot of characters. 

Write or call now for details on our new 64-character TV 
readout and all our other exciting products . 

Digital Group Systems 

Improved Audio Cassette Interface: (ilil@cQ]~~ ~lf@]][g) )
• Reliable FSK recording technique 
• Uses standard unmodified audio cassette recorder box 6528 denver, colorado 80206 (303) 777-7133 



Figure 4: Another parse of 
/h e sentence of fiqure 3. 
This par/ icular porse is 
evaluated as meaning thal 
fl.vo people are on top of 
the compuler (adjective 
use of "on /he compuler") 
and are engaged in playing 
a game. Both the parse of 
figure 3 one/ th is one are 
valid and demons/role a 
major difficully Iha! is 
encountered when /lying 
to use compuler evalua
tion of English or other 
natural languages. 

SENTENCE 

wh ich diffc1·ences. By the way, any tec h
nique th at " in telligen tly" red uces a problem 
in co mpl ex ity so that com pu tat ion Lime is 
reduced is cal led a heuri sti c. 

Natural Language Processing 

In the ear ly d<tys of modern computers, 
the early 50s, one of the g1-eat optim istic 
hopes was to have automatic machine trans
lat ion of tex t. It was thought that all you 
would have to do is have enough memory to 
store a dictio na1·y. Today there ai-e not many 
knowledgeab le people who wou ld make such 
a boast. 

The problem with writing a 1nnsla Lin g 
system is the immense complexi ty of natura l 
language. Engl ish, fo 1· examp le, is full of 
po ten ti al ambigu itie . Docs "Time fl ics !" 
mean a commen t about how t ime is go ing by 
quick ly, 01· docs it mean a command that we 
sho ul d start chasi ng fl ies with a stopwatch? 
On e . ca n think of hundreds of such 
sentences. 

A 1·e lated prob lem is natu1·a l language 
comprnhcnsion. Wouldn' t it be ni ce if we 
could converse with our processors in 
Engl ish instead of BASIC 01· assem bly lan
guage? Un fmtunate ly, the sa me prob lems 
arc faced in this task. On e way to allevi ate 
the problem is to lim it ou1· speak ing vocab u· 
la1·y. MoniLors orten do th is to an ext1·emc, 
limiting us LO specifics such as exam ine and 
depos it. The mosl successfu l approach fo 1· 
la1·ger systems invo lves syntax d i1·ected 
methods. Th is means thaL each sentence is 
broken down unti l its mea ning is un de r-

NOUN PHRASE 	 VERB PHRASE 

THIS GAME VERB ~E !ADVERB USEI 

T 	 7"" 
IS PLAYED PREPOSITION NOUN PHRASE 

BY 

stood. This me thod has a "hopefull y it will 
work" <:1ttitude abou t it. Figu res 3 and 4 
illust 1·ate th is technique, showing how a 
single sentence ca n be broken down into 
di ffere nt meanin gs. Th ese me thods are also 
appl iecl to the design of comp ute r I anguages, 
thei r in terpreters, and compi le1·s. 

Robotics 

This subject is last for good reason. Th e 
desig n of robo ts is largely based upon th e 
preced ing topics. For vision, if it is capa bl e 
of it, a robot wou ld use pattern recognition 
tec;:hniques. Fo1· performing tasks, prob lem 
solv ing is invo lved. Robotics is an appl ica
tio n of al"t ifici al in tell igence to hardware of 
mechanical systems as a control clement. 

Conclusion 

Art ifi cial inte lligence p1·obably offers 
somethin g for every programmer ... cer· 
tainl y if you Ii ke to pl ay games. But the re are 
other aspects that a1·e just briefly to uched 
upon here . If we a1·e building a large library 
or in fo 1·mation, perhaps we would like to use 
an English-l ike inq uiry system. The compu ter 
directed medica l diagnosis cou ld be ex· 
te nd ed lo auto mai ntenance, or even com
puter r·c pair. Whe never you want some of 
your th in ki ng done for yo u, auto mate it 
with an i ficia l intel ligence.• 
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BASIC 
The handle for the tool. 

A microcomputer without software is a tool 
without a handle. PolyMorphic systems BASIC 
is the handle on the POLY 88; this provides the 

interface between user and computer. Our 
BASIC fits the POLY 88 like a finely balanced 

handle fits a quality tool. PolyMorphic Systems 
Basic is an extremely efficient way to program. 

It makes possible the immediate use of the 
POLY 88 for a wide range of engineering, 
scientific and general problem solving. In 

conjunction with either System 7 or System 16 
PolyMorphic Systems BASIC is the reliable and 
ready to go microcomputer tool on the market. 

No more waiting for the long-promised 
software system. Among our best BASIC 

features: graphic plotting function, tape save 
and dump with named files, time function, and 

self-explanatory error messages. We believe 
the best tool - the POLY 88 - must have the 

best handle: PolyMorphic Systems BASIC. 

460 Ward Or Santa Barbara. CA 931 11 (805) 967-2351 

PolyMorphic
Systems 

POLV'-'OAPtOC ~'t 51[""5 

POLY-88 

Polymorphic Systems 11K BASIC 

Size: 11 K bytes. 

Scientific Functions: Sine. cosine. log . exponential , square root, 

random number. x to they power. 

Formatted Output• Multi-line Function Definition• String 

Manipulation and String Functions• Real-T ime Clock• Point

Plotling on Video Display• Array dimensions limited by memory• 

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. LI ST. SCA. CLEAR, REN. CONT 

Statements: LET, IF, THEN. ELSE. FOR. NEXT, GOTO, ON, EX IT, 

STOP, END, REM. READ, DATA, RESTORE. INPUT, GOSUB. 

RETURN. PR INT. FILL. OUT. 

Built in Functions: FREE, ABS, SGN, INT. LEN, CHA$, VAL. STAS, 

ASC. SIN, COS, AND, LOG , TIME, WAIT, EXP, SORT, CALL, 

EXAM, INP, PLOT. 


Systems Available. The POLY BB is available in either the kit or 

assembled form . It is suggested that kits be attempted only by 

persons famil iar with digital circuitry. The following is a list of the 

systems availab le. 


System 1: is a kit and consists of the Poly BB chassis. CPU and 

video circuit cards only. Requires keyboard and TV monitor for 

operation. $595. 

System 2: Consists of System 1 w ith the addi tion of the cassette 

Interface circuitry-requires cassette recorder. $690. 

System 3: System 2 with BK memory card. BASIC and assembler 

cassette tapes. $990. 

System 4: Also a kit, but containing in addition to System 3 a 

keyboard. cassette deck and TV monitor. $1350. 

System 7: Consists of an assembled and tested POLY BB with BK of 

memory. keyboard. TV monitor. cassette recorder. BK BASIC and 

Assembler cassette tapes. $1750. 

System 16: Consists of an assembled and tested POLY BB with 16K 

of memory . keyboard. TV monitor. cassette recorder. 11 K BASIC 

and Assembler cassette tapes. $1995. 




Have you written Software 

fOr Your• T .M. 

Altalr 
•COmputer
· ' 

The Altair 8800 computer was the first micro 
produced for the genera l public and remains number 
one in sales. with more than 8.000 mainframes in 
the field . The wide acceptance of the Altair computer 
and its rapid adaptation to many diversified appli
cations has truly turned the dream of the affordable 
computer into a reality. 

Yet the machine itselL remarkable as it is. repre
sents only the beginning . The right Software. 
tailored to meet a user 's specific requirements, is 
a vita l part of any computer system. M ITS wants 
to. insure that Alta ir users everywhere have the 
best applications software available today and in 
the future. For this reason. a new MITS subsidiary, 
the ALTAIR SOFTWARE DISTRIBUTION COMPANY, 
has been formed. Its purpose : to acquire the highest 
quality software possible and distribute it nationally 
through Altair Computer Centers. 

That's where you come in. The ASDC will pay 
substantial roya lties to the originators of all soft
ware accepted into the ASDC library. If you have 
written business. ind ustrial or commerc ial use 
software for the Altair 8800, ASDC wants to hear 
from you . It is the aim of the ASDC to stimulate 
and reward creat ivity in producing useful software 
that makes t hose dreams of "computers for everyone" 
come true. The ASDC will select only software that 
measures up to its high standards for system 
design . coding and documentation. The software 
w ill then be further documen~ed and distr ib
uted th rough Altair Computer Cen 
ters around the country. 

For more information 
on how to submit software to 
the ASDC. ask your Local 
Altair Com puter Center for an 
ASDC Software Submittal 
Packet or contact the ALTAIR 
SOFT WARE DISTRIBUTION 

COMPANY. 

ALTAIR SOFTWARE DISTRIBUTION COMPANY 

3330 Peachtree Road . Suite 343 At lanta . Georgia 30326 404·231·2308 

see next page for a listing of Al tair Computer Centers 



As~ E\'TE 

MORE ROBOT REACTI ONS 

In reading your Jan uary 1977 issue I 

noticed a le tter from Dean Blondefield 

/page /40/, asking about books abo ut 

bui ld ing yo ur own robot. 


In the December 1976 issue of Scien
tific American (in th e " Book Review " 
sec tion) a review may be fo und of a 
book ent itled Build Your Own Working 
Robo1 by David L Heiserman, Tab 
Books, Blue Ri dge Su mmi t PA. 

From the desc ription in the review 
this would appear to satisfy at leas t some 
of Mr Blo ndefield's inte rest. 

RS Scl1laifer 
1500 Rollin 

South Pasadena CA 91030• 

ROBOT LITERATURE RESOURCES 

I would like to pass along to Dean 
Blondefie ld of yo ur Ian ua ry 1977 "Ask 
BYTE" column, page 140, and any other 
interested BYTE readers, the few 
"bytes" of information I have con
ce rning ro bots. 

There have ind eed been too few 
articles and books published abo u l my 
favorite subjc.ct of robots, as the editor 
dai ms. A few of the few were: Popular 
Electronics, December 1958, January 
1959, and Popular Electronics, March 
1962. The robots described by these 
art icles were very primi tive in na ture but 
would be usefu l to so meone starting out 
beca use they clea rl y demonstrate simple 
cause and effect situat ions, and prov ide a 
mechanica l test bed for furt her experi
me nt s. A se ries of manuals on home 
construction of robo ts was published by 
a com pany called Electric Bra in Enter
pr ises, in Ut ah, abou t 1960. Tl1e first of 
these manua ls, Robots I , is dedicated 
largely to the mechanical problems 
which the home bui lder may encounter. 
I never received the additional man uals 
in the series so I have no idea what they 
contai ned in the way of inrormat ion. 

The latest work to come across my 
desk is Build Your O•vn Worl?i11g Robot, 
by David L Heiserman, published by Tab 
Books, Blue Ridge Summi t PA 17214. 
This boo k of 234 pages published in 
Apri l 1976 is by far the best I have ever 
rea d on the subject. I can recommend it 
10 anyone with a clear co nscience. 

I firmly be li eve th at in less than 20 

years, for about the same price as a 

midd le si zed cJr , you wil l be able to 

purchase a machine to do most of your 

l1ouse work. In less th an ten years you 

wi ll be able Lo purchase, for about 

$ 1,500 of today's dol lars, a prim it ive 

robot lawnmower. 


To Mr Blondefie ld, and to anyone e lse 
who has ambitio ns lo build the Homo 
Robotus, I wo uld on ly give t11i s smal l bit 
of adv ice : Man evolved on this planet 
one step at a t ime: Evo lve yo ur robot 
tl1e same way. Fi rs t model a simple 

lower orde r creat ure , rhen pe rh aps a 
robot mouse or dog. Di vide the big 
projec t into many small ones, each with 
its own well defi ned goa l so that you can 
watch you r creatio n evolve and grow as 
you add each new ability or fu nc tio n. 
Man did not reach hi s present leve l in 
one jump or one day - ne ith er will the 
Homo Robotus. 

To the staff of BYTE: T hank you for 
an exce llen 1 publication. 

James F Ward 

3121 Chestnut Rd 


Carrollton TX 75006 


Thanks for an excellent /etler. The 
Tab boo/1 on robots, Bui ld Your Own 
Wor ki ng Robot by OclL'id L 1-/eiserman, Is 
good as far as it goes and is a11 exce l/en t 
source of ideas. It is just the start i11g 
point, however, and a111edates (very 
slightly) th e ad11ent or microprocessors 
as flexible control elem ents fo r the 
practical experimenter. [ I 1 is ava ilable 
through o ur book se rv ice , BITS Inc. ] • 

MORE ON ROBOTS 
FROM THE " UNITED STATES 

ROBOTICS SOCIETY" 

We were much in teres teci 10 see the 
le tter in the Jan ua ry 1977 BYTE / page 
140/ , from Mr Blondcfield in Hay ward, 
seek ing a robot ics organita lion more 
concerned with individual effor t th at 
with institutiona l an d "industri al" 
robots. 

As yo u will rcaliLc, we MC engaged 
chief ly in a sea rch , a t the moment , for 
met hod s, hardware and c,x per icncc th at 
wi ll c larif\' th e stat LJS of robot ics. We .ire 
persuaded fro m some ye;1rs o l work in 
cl osely re lated lic lds tha t l11 e key s lo 
robo tics -- 10 dcvcloµmcnt o f mac hi nes 
th at h , vc behJv io ra l cha racteris ti cs like 
those of anima ls, mak ing many or the 
same itJ dge ments in the s;1111c wJ ys -
IHve already bee n discovered and th,Jl it 
is only nccess.iry lo apply a d ivers ity o f 
ideas in a si ng le work ing system to crea te 
a "robot" of cons iderable c,q1abili ty. 

We do n 't expect overnight success in 
the search. Probably so me decades of 
activity are ahc,1d o f us before robots of 
true science fi ction capability arc ;1vail 
ab le, but for 1l1 e 1irnc bei ng we 'd be 
daa lcd by an art ific ia l system wit h the 
beh avio ral characte rist ics an d apparent 
inte lligence or an anl - never mind Jn 
approach lo hum an beh ,1vio r. I1's ,l long 
hard road. 

When the Un ited State s Robo tics 
Society was formed last summe r, we had 
110 ide a wl1ethcr or 1101 as rnany .1s a 
dozen people wo uld be intc rcstc cl 
cnoug l1 to partic ip ate, bu t we have L;1kc n 
the ncccss;1 ry steps to become a form.ii 
nonprofit corporat ion, set up ca refully 
by lawyers to ach ieve a Fede ral tax 
exemption when we have the resou rce s 
to pursue ii. 

Hcr·c 's a point, by the w;i y , on wl1 ich 
we lake issue with you r re p ly to Mr 

Continued on page 149 


59 


ALTAIR COMPUTER CENTERS 

BEAVERTON, OR 97005 

8105 SW Nimbus Ave 
1503 1- 644-2314 


BERKELEY, CA 94710 

1044 University Av e 
14 151-8 4 5-5300 


SANTA MONICA , CA 90401 

8 2 0 Broa dwa y 

12131-451 -0713 


DENVER, CO 80211 

2839 W 441h Ave 

130 31 -458-5 444 


ALBUQUERQUE, NM 87110 

3 120 San M a teo N E 

1505 J- 883 - 8 28 2 .883 - 8 2 83 


TUCSON , AZ 85711 

4 94 1 East 29th St 

16021-748-736 3 


LINCOLN, NB 68503 

611 N 27th S t 

Suite 9 

14 02]-474 -2800 

LITTLE ROCK , AR 7 2 206 

2 412 Bro.'l dwav 

1501 )- 371-0449 

TULSA, OK 74135 

5345 Easl Fon v F1rs1 St . 

110 T he Anne)!; 

19 18 )- 664-4564 


HOUSTON, TX 77036 

5 7 50 Bintli ff Drive Suite 206 

1713 1-780-8981 


RICHMOND, VA 23230 

4 503 Wesc Broad St 

180 4 1· 355 - 5773 

SPRINGFIELD, VA 2 2150 

6 6 0 5 A B acklock Rd 

17 031-569 -11 10 


CHARLEST ON , W . VA. 25301 

Municipal Pa rk rng Bl11ld1ng 

Suice 5 

1304 )- 345 ·13 60 

EAGAN. MN 55122 

3 9 3 B Beo:1u D' Rue Drive 

16 12 1· 4 5 2 · 2567 


ANN ARBOR , Ml 48104 

3 10 ELIS! w~sh1ng1on s,rec• 

13 131-995-7 6 16 


WINDSOR L OCKS, C T 06096 

63 Sou th Mflin S1.-ee 1 
r2031-6 2 7-0188 


PARK RIDGE, IL 60068 

5 1 7 Tnlco n Rd 

13 121 · 823 · 2388 

ST. LOUIS. MO 63130 

8 123 - 2 5 PngQ Blvd 

13 141 -427-6 116 


CAYTON, OHIO 45403 

[513)-252-6785 


BUR L INGTON, MA 01803 
120 Cllribr1clge St 
16 17 1- 2 7 2-8 7 70 


AL B ANY, NV 12211 

2 69 Osborne Road 


15181- 459- 6 140 


NEW VORK, NY 10018 

55 Wes< 39t h St 

12 121-22 1-14 0 4 


AT LANTA , GA 30305 

3330 P•ectmon t Ro~1 d 
r404J-23 1- 169 1 


TAMPA, FL 33614 

5405 8 Sout hern Com for t Blvd 

18131 -886-9890 

3330 Peachtree Road. Swl 34::1 

Atlan ta . Georgia 30326 
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Designing the 


Jack Emmerichs 
8465 N 51 st St 
Brown Deer WI 5 3223 

HIERARCH Y 

LEVEL 1 TOTAL 
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I 
I 

l 
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I 

SUB FUNCTION 
20 

I 
I I 

LEVE L 3 SUBFUNCTION SUB FUNCT ION SUBFUNCTION 
21 22 23 
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I 	 I 
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I 
I I 

SUBFUNCTIONSUB FUNCT ION SUB FUNCTIONLEVEL 3 
21 22 23 
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Figure 7: The top chart shows the structure of a single hierarchy diagram. 
The function's at each le vel are brolwn down into subfuncLions at the next 
lower level. The relationships ore shown as a simple tree structure. The 
bottom chart shows the structure of a network diagram. Here routines may 
be common to more than one high level function, and the structure of rela
tionships can become much more complex. General subroutines that are 
common to many functions may be shown as a separate strucwre. 

When I first became aware of the small 
sys le ms industry, I was particularly in 
terested in finding out what software had 
been developed for personal co mputers, 
especial ly software th at would run 0 11 a 
minimal system configuration without much 
opt ional hardware. One or the most useful 
software products for such sma ll systems is 
an asse mb ler to rel icve the programmer of 
the tedious job of programming in machine 
language. I found no assemb lers, howevc1·, 
that wou ld run on a sma ll mac hine 
configuration. 

Most assemb le1·s required at least 8 K 
bytes of memory (which was beyond my 
initial budget pmject ions) . As two pas 
assemblers, many of the ex isting products 
also required tha t source programs be 
entered twice so that all symbols in the 
source code could be resolved . This may be 
difficu lt or cumbe1·some if a ystem docs not 
have 10 dev ices th at can easily handl e high 
vo lumes of data. Fu1·thermore, none or the 
asse mblers th at I fou nd co uld be used 
interactively because of this two pass design . 
For a mi nimum system without offl ine fi le 
sto rage, thi s can be a majo1· problem. In 
many cases seve ra l 10 interfaces were re 
quired to hand le th e input sou rce code, 
printed Iis ting, and the gene rilled ob ject 
code (machine language). Finally, most of 
the assemblers then ava il ab le prnvided al l the 
be lls and whistl es available in much larger 
programs designed to run on large time
sha ring systems. These large assemblers 
(called cross assemble1·s) are much more 
complex than I fe lt J small system assemb ler 
needs to be. I therefore clcciclccl to write a 
mall but powerfu l assembler that would run 

on what to me was an affordable machine. 
This article is a description of the design and 
construct ion of such an assembler using 
struclured prngramming tcchn iqucs. 

The first thing lo do in any development 
projec t (though it i unfortun <1 te ly often 
skipped in small projects) is to defin e the 
program's specifications. For th is project the 
requirement was to develop a mcmm'I ~'t-<:>\

dent M6800 as embler which wou ld: 

• 	 Assemble source code written in a fre e 
forma l subset of the M6800 asse mbl y 
language as described in th e Motorola 
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publication M6800 Microprocessor 
Programming Manual. 

• 	 Operate completely within the first 
4 K of memory inc luding all tables, 
buffer , and other memory 
requir·cments. 

• 	 Completely assem ble ource progra m 
in one pass Lo minimize 10 operations. 

• 	 Req uire no mor·e than one 10 interface 
L1sing Lhe Motorola Ml KBUG mon itor . 

• 	 Support interactive operation . 
• 	 Facilitate modification and customi

zation through the use of structured 
code. 

• 	 Have sufficient capacity Lo be able to 
as emble itself so that no other soft 
ware wou ld be required to ge nerate 
modified versions of the asse mbler 
program. 

After the design criteria were thus set 
clown , and before the program coding was 
started, it was necessary Lo define the 
fu nctions that would be needed Lo meet the 
above specificat ions. Functions were defined 
from the highest level down to Lhe lowest, 
and were related to each other through 
hierarchy and network diagrams (see fig 
ure l ). The first series of functions that we 
shall consider here are those that arc com
mon to al l assemblers. These functio ns arc 
discussed in more detai l in the art icle "Jack 
and Lhe Mach ine Talk" by Robert Grappe! 
and jack Hemenway, published in the 
August 1976 BYTE, page 52. 

Figure 2 shows how the ne t work diagram 
worked out for an initial conception of the 
assembler. AL the top level the as embler is 
shown as a sing le function, level 1. Below 
this on level 2, the fir·st major function is 
usually a tab le initialization and hou e
keeping routine (ST ART) that need not be 
close ly examined here. The second major 
function is to parse and process each line of 
incoming code with its labels, mnemonic 
instructions, operands, and comment 
(PARSE). The final major· function is usually 
a termination and reporting function which 
aga in need not be closely examined here 
(CLEANUP). 

At the nexL lower level, leve l 3, several 
(unctions must be defined which wil l be 
called from the par ing routine. The first of 

Defining the Problem 

these is a fu nction to conver t English -I ike 
mnemonic instructions into mach ine la n
guage operation codes (opcodes) . This is 
compli cated in Lhe M6800 by having the 
opcodes for ome instruct ions vary with the 
accumu lator or type of addressing used . Thi 
information is developed as each line of 
input is processed, so the parse and trans late 
functions must work together to develop the 
correct opcode. The second functio n re 
quired at level 3 is to process assemb ler 
directives that contro l the assembly process 
from the input stream. These may include 
such operations as reserving sections of 
memory, setting up constants, assigning 
values to symbo ls, changing the program 
cou nter, and whatever else may be defined 
in the language. The third function required 
at th is leve l is the maintenance of a tab le of 
user defined symbo ls with their associated 
values. Entries may be added to the tab le, or 
retr ieved from it as Lhe parsing routine 
directs. The fina l function at this level is an 
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4 

SIMPLE ASSEMBLER STRUCTUR E 

ASSEMBLER 
PROG RAM 

I 
-i I 

START 
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I 

Handle 
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Perform 
IO 
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Generalized 
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Figure 2: This is u simple networl? diagram showing the primary functions 
required by assembler programs in general. The error routine is common to alt 
other function . 
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Editor's Note : 

At the present time 
(January 7977) jack Em
merichs' assembler, de
scribed here and in the 
seco nd part which follows 
next month, is my princi
pal means of assembling 
programs for my home
brew 6800 based system. 
I 've ve1y successfully used 
it to assemble its own 
patches to fit my system, a 
text editor which is now 
part of my old hand 
assembled monitor, an ex
tensive music text editor 
program, and two differ
ent versions (so far) of a 
multiprocessing music in
terpreter program to drive 
my synthesizer peripher
als. After having suffered 
systems software with
drawal pains for over a 
year, it is great to get my 
"fix" of th is intoxicating 
elixir.. .. CH 

10 ro uti11e which receives source code from 
an input device, and writes listings and 
generated code to ou tput dev ices. 

The las t level in th is str ucture is shown 
here as a ge nera lized error hand I ing routine 
that flags and describes any , mbigu ities or 
erro rs in the source code. Thi s can be 
described as a gener·al ser·v ice rout in e, and 
may be in voked fro rn any funct ion detecting 
an error. 

Sever·a l aspects of this project required 
the addit ion of new function or modifica· 
tions to ex isting functions with in this strnc· 
ture, and will be tr·ea ted here in some detail. 
The most severe functional changes were the 
res ult of requi ring ,the source program to be 
processed comp lete ly in one pass. 

The problem of making th e asse mb ler a 
one pass type ir1 ge nera l is: What is to be 
clone when the inco ming code refe r·ences a 
symbo l th at is not yet in the syrnbol table 
but may be defined later· on? This is known 
as a forward reference and is quite likely to 
occ ur in almost all programs of nontr·ivial 
length. 

The so lu lio n to th is problem will req uir·e 
coord inat ion between the asse mbler progr·am 
and a lo;1der program. The loader is ru n as a 
separ·ate ope r·ation that co nver·ts the object 
code developed by the asse mb ler in to an 
executable program in memory. In th is case, 
the <1sse mb ler wil I ge nerate one, two or three 
bytes or ob ject code F0 r each lin e of so urce 
code . It wi ll also genNate the add ress in 
memory where these bytes are to be loaded. 
Wh en a forward reference is made, 
"durnrny" code will be gene rated instead of 
th e nonna l ob ject code. Th is dumm y code is 
simply an address or offset with a value or 
zero. The <1ddre s of where the final address 
is to be loaded will be ge ner·ated and saved in 
a table. Wh en the reference is la ter· reso lved, 
the correc t ob ject code must be genNatecl 
wit h an address which wi ll cause it to 
over lay the or·igin al dummy code pulli ng in 
the correc t value. Ir severa l reference~ have 
been made to a symbo I by the Li me its va lu e 
is r·e;solved, seve r·al sets of add re ses and 
patches to Lhe dummy code must be de
veloped. The opcode whi ch is developed and 
put ouL with the dummy code wi ll never be 
changed. The oper·a nd wil l be the d um my 
v<1 lu e to be patched. The loader requ ired lo 
prope rl y hand le this 1ypc or genc r·ated code 
will be shown in de tail next month. [Such a 
loader program is effectively a second 
"assembly" pass; howeve1; by making the 
output routine include a loader and using 
extra memory as we've done with Jack 's 
assembler, the entire process can be carried 
out within memory nearly instantly . .. CH] 

Befo r·e consider ing the function s needed 

to ac hieve the generat ion of dummy ~ode 
and later patches, two specific problems 
must be consider·ed: Wh at kin d of opcodes 
and addressing for mats must be handled , and 
how are expression containi ng a for ward 
r·efe r·ence handled? 

First, consider th e re lationsh ip between 
opcode and addressing modes. For the 
M6800, opcodes are one byte in length, and 
may vary wi th the accum ul ator or mode of 
addressing being used. The operand may be a 
one or two byte address value which is a di
rect reference to a location in the fir"s t 256 
pos iti ons of memory (zero through 255}, an 
extended reference to any position in 
memor·y, an offset from the in dex register, 
or an offset re lative to the add ress of the 
next inst r·uctio n. It may also be one o r· two 
bytes of data immediately fo llowing the 
opcode. As the incom ing instruction co n
tai ni ng the forwa r·cl reference is being proc· 
essed, the address ing mode being used is 
usua ll y well de fi ned and indicates a un ique 
opcode and instrnct ion lengt h. This is no t 
the case, however, when Lhe instruct ion 
making a fo rward r·efer·ence is not relative, 
immedi ate, or indexed. It can then be either 
direct (one byte) or extended (two bytes). 
The difference depends ent irely upo n 
whether th e fi nal resolved add ress is greate r· 
than 255 or· not, and at this point the 
address value is not know n. Therefore, I 
establ ished the fo llowing convention: When 
no add ress ing mode is specified in a for ward 
reference, ex tended adclr·essing wil l be 
assumed since it ca n r·e fe r· to any position in 
memOl'y . Some efficiency may be lost by 
not allow in g the shorter fo rm of address ing 
here, but most fo rward references are not to 
locatio ns in the first 256 locatio ns anyway, 
so the restrict ion is not a severe one. /Using 
an equate (EQU pseudo opera/ion) to define 
a page zero address ahead of its first use 
neatly solves the problem when using the 
assembler . .. CH/ 

The seco nd pro bl em is the handling of 
ar ithmetic exp ressions co ntain ing a fo r·ward 
refer·ence. It wil l require a solu tion built 
L1pon the logi c developed so far, and will 
req uire additional coo rd ina ti on be t ween the 
assembler· and t he loade r·_ If the loader 
co mbines overlaying code with whatever is 
alr·eady in memory in tead of LI ing it as a 
repl aceme n L, the dummy code can be used 
to co nta in pan of the informat ion needed LO 

r·esolve such an expression. This requires that 
the loader clears memory before staning l'ne 
loading process and can correctly co mbin e 
<11 1 single and doub le byte values. An exp,·es
sion wi th a forward reference is best illus· 
Lrated by an examp le. 

To load accumu lator A with the address 
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of five J es~ lh.tn the ~Um Of Y c1ncJ Z (both 
un known tit this point) in tab le I, the 
following code could be used: 

EXA\i1PLE1 LDAA TABLEl +Y+Z- 5 

The ex pression (TABLEl+Y+Z- 5) is 
cv;ilu atcd a~ fa r ,1s it can be, and the val ue or 
{T /-\BLE 1- 5) is put out a the dummy code . 
Wh en Y and Z arc r·csolvcd (in any order). 
they arc each put out as a correcting val ue. 
Th e loade r· then co mbines all three va lues 
(T1\BLE1 - 51 Y and Z) to arrive at the final 
value. If th e loader si mpl y add each correc
ti on LO what is currently in memory, a 
ccntt in amount of ca utio n is required when 
using the minus sign (- ) or sy mbols with a 
negative value. /-\ further con ideration is 
that the assembler can on ly check the range 
of rela tive or indexed offsets for- each 
occurrence of durn my or correc ting code. 
When these arc co mbined by the loader, 
they may exceed all owab le off ct ranges. It 
i up to the programmer to ee that they do 
not exceed the limits. Since the require
ments fo r hand li ng fo rward re fere nce have 
been examined, and methods of ac hieving 
these requirements have been developed , the 
fir st new fu nct ions required by this asse m
ble r can now be considered. 

The fir t major change is a new functi onal 
requiremen t. A routine i needed to record 
all pending for ward references in a table. 
The tabk must contain a pointer to the 
sy mbol that was referenced, the address in 
th e source prngram where the reference 
occurred and dummy code was generated, 
and th e type of refere nce that was made 
(one byte or two, absolu te or relative) . Each 
time th e rou tin e is invoked, a new entry i 
ilddcd to the t<1ble. If th e tab le is fu ll, an 
crrnr condition is ra i~c d. The table si1.e wa · 
arbitrarily set at 25, which has proven to be 
more than sufficient if the source program is 
properly organized. f In writing a new 
version of my monitor and text editor 
program (about 7500 source statements) 
with Jack's assembler this has proved to be 
the case .. . CHj The Set Forward Refer
ence ro utine has th e logical structure shown 
in Ii ting ·1. No te that in this structured 
programming notation there is only one 
logical ent r·ance and one logical exit from 
each func tio n. The logical ex it (return) may 
have several physical locations, however, to 
red uce the amount of code used. /The use of 
structured pseudocode such as that shown in 
listing 7 for program design was discussed in 
the article "Programming for the Beginner" 
by Ronald Herman published in the June 
1976 BY-IE., page 22.} 

The second m;ijor change is another new 

Set Forward Reference 

(start at begi n ning of forward reference table) 
DO UNTIL (pas \ end of table) 

IF (current sl ot is an emptV slot) TH EN 
(store pointer to symbol in symbol table ) 

: (store curren t address) 
: (store type of reference) 
: (ret urn ) 
ELSE 
: (incremen t to next slot in table) 

: ENDIF 
EN DO 
(s ignal error since forwa rd re ference table is fu ll ) 
(re turn ) 

Listing 7: Set Forward Reference Routine. 
This routine is called once for each reference 
to a symbol that is not resolved in the sym
bol tuble and is not being u ed as a label. 

funct ional requ irement. A rou tine i needed 
to generate the correcting object code when 
the value of an item in the new tab le is 
resolved. This ro utine must search the entire 
fo rward reference table for po inters to the 
newly resolved symbo l and generate a cor
rect ing reference for each. The add ress at 
which the dummy code was generated is 
retrieved from the tab le and used as the 
location for th e co rrecti ng reference. If the 
previous reference was a relative instruction, 
the difference bet ween the previous, dd rcss 
and the reso lved addre. s is ca lculated and a 
single byte i put out. If the previous 
reference required a one byte address (in
dexed or imm ed iate one byte). one byte is 
generated . If it requi red a two byte address 
(extended or immediate two byte), two are 
generated. A each correc ting item is com
ple te , its pos it ion in the forward reference 

Resolve Forward References 

(start at beginning of forward reference table) 
DO UNTIL (end of table) 

IF (th is reference to symbol table = current symb) THEN 
(save curren t address) 
(current address = address from forward re fe rence table) 
IF (re lat ive addressing) THEN 
: (calcula te rela tive offset) 
: (wr i t e i t out) 
ELSE 

IF (two by tes required) THEN 
: (wri t e out symbol's high byte) 
ELSE 
ENDIF 
(write out symbol 's low byte) 

END IF 
(c lear table posi tion fo r future use} 
(res tore current address) 

ELSE 
EN DIF 
(increm ent to nex t table position) 

ENDDO 
(re turn) 

Listing 2: Re:.oh1e Forward Reference Routine. This routine is executed each 
time a symbol flagged as unresolved in the symbol table is used as u label. 
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table is cleared for future use . Therefore, a 
source program may have as many fo rward 
references as it needs, but the number of 
forward references pending at any one time 
is limited by the size of the tab le. If any 
pointers to the sy mbol table are fo und at the 
end of the assembly, the undefined ymbols 
are printed as potential erro rs. The Re olve 
Forward Reference routine has the logica l 
structure shown in li sting 2. 

The third major change i a fu nctional 
modifica tion. A ro ut ine has already been 
defined to maintain the sy mbol table, but 
now it will also be requ ired to recogni ze 
symbols that are unreso lved, and to de
termine when the new fu nct io n deve loped 
above must be ca ll ed. The fi rst time an 
unreso lved symbol is u ed, it wil l not be 
found in the sy mbol tab le, so it must be 
entered into the nex t ava il able lo t. If there 
is no ava il ab le slot, a symbol table full error 
condition is raised. Set Fo rward Refe rence 
will then be ca ll ed and a zero address 
returned. Addit ional references to thi s 
symbol will now be foun d in the table. 
Because each is flagged as unresolved in the 
sy mbol table, Set Forward Reference is 
aga in ca ll ed and a zero address is returned. If 

Maintain Symbol Table 

(start at beginn ing of symbol table) 
DO UNTIL (past end of table) 

IF (current symbol = incoming symbol) TH EN 
IF 	(incoming symbol is a label) TH EN 

IF (table address = ze ro) THEN 
: (load symbol in to table) 
: (set symbols to be resolved condition) 
: (return table address) 
ELSE 
: (signal error, duplicate symbol definition) 
: (return) 
ENDIF 

ELSE 
IF (table address= zero) THEN 
: (call SET FORWARD ADDRESS) 
: (returnzerova lue) 
ELSE 
: (return table address ) 
ENDIF 

ENDIF 
ELSE 

IF 	(current table slot is an empty space) TH EN 
(load symbol in to table) 
IF (incoming symbol is a label) TH EN 
: (return cu rren t address) 
ELSE 
: (call SET FORWARD REFERENCE) 

: (return zero val ue) 

ENDIF 


ELSE 
: (increment to next sf ot in sy m bol table) 
ENDIF 

ENDIF 
ENDDO 
(signal error, symbol table full l 
(return) 

Listing 3 : Process Symbol Table Routine. This routine is called each lime a 
symbol is used. If the symbol has a resolved value it is returned to the calling 
module, otherwise a zero value is returned. 

the symbol is used a a label, the current 
address is entered into the symbol tab le and 
returned as the labe l's va lu e. Reso lve For
W<trd Refe1·ence can not be called at this time 
because the current instruction may modify 
the value of the ymbol ju t 1·cso lvecl by 
equ ati ng it to au er defined value. Resolve 
Forward Reference must be cal led aflCI- the 
current line of ource code has been co m
pletely processed. Now if another labe l for 
th is symbol is encountered, a duplicate labe l 
error con dit ion is raised . 

To avo id usi ng a sep rate byte of memory 
fo r the unresolved flag fo r each sym bol in 
the sy mbol table, a zero address is used to 
indicate an unreso lved symbol. This allows a 
zero val ue to be normally returned for such 
symbols as rcqu ired by the above logic. The 
onl y effect thi s will have on source code 
programming is that c1 label a l location zero 
cann ot be 1·esolved. Therel'ore, a symbo l 
shou ld not be defined at or equated to zero. 
Each reference to it would add an entry to 
the forwa rd reference tab le and soon fill it 
up . Instead, a decimal value of zero shou ld 
be used. The Maintai n Symbol Tab le ro ut ine 
now has the logical structure shown in li sting 
3. 

These functiona l modific,nions enable the 
asse mbler to complete ly process a SOLJl'ce 
program in one pass. At this point, the 
functional !·equi remcnts for processi ng with 
onl y one 10 interface can be considered. 

Logica lly, each program to be assembled 
has three basic se ts of data to be handled: 
the source code used as inp ut to th e assem
bler, th e object code developed by the . 
asse mbl er, and a program list ing sho wing the 
ob ject code that is generated for each line of 
source code. Physically, an 10 interface is 
usually used to read and write dat<L LO or 
from one externa l device. The prob lem of 
han dling th1·ee logical et of data on one 
physical device has been olved by com
bining the ge nerated object code with the 
listing. Th is reduce the data handling 1·e
quirements Lo one input file (source code), 
and one ou tput fi le (the combined listing) 
which the single interface can eas ily hand le. 
The generated ob ject code and ib assoc i, reel 
address that the loader uses arc already 
produced on the left iclc of the I is t ing as 
sho wn in li st ing 4. Thc1cfore, it is onl y 
necessary Lo provide a way for the loader to 
direct ly read the listing to find the data tha t 
it needs. 

How the Ii ting is made avai lable Lo the 
loader will vary with differen t physica l 
configuratio ns, and the re arc un limited vari
ations in possib le hardware arrangemen t for 
small systems. This assembl er was initi al ly 
written to run on an ASR model Teletype 
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Sample Listing Listing 4a: Combined list

LOCN B1 B2 B3 

0001 CE 00 20 > CLEAR LOX 
0004 6F 00 > LOOP CLR 
0006 08 > INX 
0007 8C 00 30 > CPX 
OOOA 26 F8 > BNE 

with both tape reader and tape pu nch 
control characters enabled. A permanent 
machine readable co py of the I isting can be 
produced on paper tape during the one pass 
operation. The listing, however, must be 
modified to enable the loader to find the 
requir·ed data when reading this tape. 

In the 4 K version of this assembler, items 
that the loader needs can be surrounded by 
special nonprinti ng char·acters that can be 
recognized while scanning the li sting. This 
isolates the needed items from source code, 
headings, comments and other extraneous 
items. These characters must not appear in 
any other context within the listing, so 
control characters (whic h are not valid as
sembler· input) are the most logical cho ice. 
To the loader, then, the listing shown in 
lis ting 4a wou Id appear as shown in Iis t
ing 4b where the ' (' and ')' represent non
printing characters used to sign ify the start 
of an addr·ess, and the end of any bytes to 
load 1·espectively. The high level form of the 
logical structure for a loader which would be 
able to use such a li sting is shown in 
Ii Ling 5. 

The combined assemb ly li sting is pro
duced by starting each line of source code in 
the middle of the page. The carriage return 
at the end of each line returns the current 
print position to the front of the line. The 
generated code is then printed in front of 
the source code. Before prompting for the 
next line of sou rce code, a line feed is issued 
to position the paper for the next line. The 
resu lt is most interesting to watch on th e 
Te letype in ce one normally expects a li ne 
feed at the beginning or end of a line. The 
loader recogni tion characters are combined 
with "punch on" and "punch off" charac
ter to keep all unwanted items off the 
object tape. 

Ther·e are 10 timing considerations worth 
mentioning that apply regardless of a sys

=TBL LOAD IX WITH START OF TBL 
x CLEAR TBL LOCATION 

INCR TO NXT TABLE POSN 
=TBL+L ENGTH END OF TABLE? 
LOOP IF NOT, DO IT AGAIN 

tern's configuration . If the input is com ing 
from a tape file, input operations must stop 
to all ow the genera ted code Lo be put out 
because the Motorola MIKBUG 10 routi nes 
cannot support concurrent input and out
put. If stopping the in put is no t feasible for 
a given system, additional routines may have 
to be written to overcome the MIKBUG 
limitations. For interactive operation, there 
is rarely a problem as the assembler is 
usually faster than the user. For a truly 
minimum system, the source code can be 
entered by hand from the termi nal, and the 
generated object code can be copied from 
the comb ined listing and loaded, again by 
hand. In this case, no intermediate files are 
req uired al al l! 

The functiona l changes necessary to al low 
the assembler to operate with only one 10 
interface are handled as modifications to the 
existing 10 routine to enab le it to create the 
listing as shown above. Specific changes may 
differ for various system configurations, and 
will not be shown here. We have now 
considered functiona l modifications to ac
commodate our requirements that the as
sembler operate in one pass, and that it use 
only one 10 interface. The fina l requirement 
which will modify some of the original 
funct ions is that it run in only 4 K of 
memory. 

The first thing to do is to look at all the 
funct ions availab le in ex ist ing M6800 assem
blers and eliminate alternate ways of accom
plishing things. In a tiny assembler, alter
nate arc usu, lly cxpend<ib le overhead. For 
exa mp le, operands fo r the A and B accumu
lators may optionally be separated from the 
mnemonic instructions in 8 K assemblers 
(for example, LOA A instead of LDAA). 
This has been changed to require that the 'A' 
and 'B' be attached to the mnemonic which 
eliminates an additional scan for the 
·accumulator operand. The choice of entering 

Loader's View of the Listing 

LOCN B1 82 B3 

(0001 CE 00 20) > CLEAR LOX =TBL 
(0004 6F 00) > LOOP CLR x 
(0006 08) > INX 
(0007 8C 00 30) > CPX =TBL+LENGTH 
IOOOA 26 F8) > BNE LOOP 

LOAD IX WITH START OF TBL 
CLEAR TBL LOCATION 
INCR TO NXT TAB L E POSN 
END OF TABLE? 
IF NOT, DO IT AGAIN 

ing as seen by the user. 
The generated code shown 
under the headings B 1, 82, 
and 83 are to be loaded 
starting at the address 
shown under LOCN. This 
was generated at BYTE 
using jack's assembler as 
modified for Carl Helmers' 
homebrew system. 

Listing 4b: Combined fist
ing as seen by the loader. 
The generated code and 
associated addresses are 
separated from the rest of 
the listing by special char
acters shown here as '(' 
and ')'. This is a simulation 
based on part (a) of this 
listing. 
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data in decimal, hexadecimal, octal or binary Loader Structure 

form has been reduced to decimal and 
hexadecimal. Alternate indicators of data 
type (eg: using a leading' $' or a trailing 'H ' 
to indicate hexadecimal) are restricted to 
leading indicators to simp lify parsing rou
tines. Other such redundancies can be 
eliminated whenever a significant amount of 
code is needed to support mu ltip le ways of 
doing the same thing. 

The nex t area where space can be con
served i in table structure optimi za tion. he 
larges t tab le is the sy mbol table, so ym bol 
size has been reduced fro m six charac ter · to 
four . The firs t three and th e las t one 
charac ter of ,i label of any size over fo ur arc 
combined as the charac ter string entered 
into the table. Thi s matches the four charac
ter size of the mnemonic plus accumulator 
in strnction mentioned above, and the rour 
character fo rmat of a hexadecimal address. 
The input routine may therefore be built 
, round a standard Four charac ter fo rmat. 
Instead of usi ng a binary search in the 
operand tran lat ion table, a hash index in to 
the opcode table based on the mnemonic's 
fi rst lcller is used. / See Ten y Dolhoff's 
article 0 11 hashing fechniques on page 18 o f 
/anumy 1977 BYTE./ This keeps the num
ber of tabl e cn Lri e searched to an average of 
4.5 per opcode, and reduces the length of 
the stored mnemoni c. By combining this 
access meth od with routines mak ing use or 
the M6800' opcode Lructu re , all o r the 1 ·14 
fou r charac ter mnemoni c instruction and 
dSSemb lcr directives can be kept in a table 
keyed by 79 two character strings. 

The nex t area where space can be con
served i in the simplification or compl ex 
routines at the possible cost of some effi
ciency or funct ion. Because the symbol tabl e 
in th is a sembler is smaller than those in fu ll 
~ca l c a scmbl cr , and because we 've got a 
dedica ted personal machine to wo rk with , 
complex hashing routines can be dropped in 
favo r of a si mple scquen ti al search which 
bu rns a bit of computation time. Many 
compl ex error detection routines have been 
si mpli fied to ca tch the most common occur
r·ences of a problem. Al l ph y ical 10 opera
tions arc accomplished through the Motorola 
MI KBUG monitor rather than th ro ugh 
uniqu ely written ro utines. 

DO UNTI L (end of l ist ing ) 
DO UNTIL (character read is a ' ( 'I 

(read character) 
IF (character is null) THEN 

ls top) 
ELSE 
ENDIF 

END DO 
(read address in to index ) 
DO UNT I L l ch ~racter read is a ')') 

(read character) 
IF !charac ter is a blank) THEN 

Iread a by te from two hex characters) 
(add incoming byte to indexed address) 
IF !carry b i t is set) THEN 
: !inc rement byte beyond indexed address) 
ELSE 
EN D I F 
(increment index) 

ELSE 
ENDIF 

END DO 
END DO 
lstopl 

Listing 5: Logical structure for a directed loader capable of processing the 
listing shown in listing 4b. See listing next month for the implementation ofa 
loader based in part on this structure. 

The final method used to save space is LO 

simpl y elimin ate functi ons that are of 
limited use and require signifi ca nt code Lo 
implement. There is no provision for multi
plica tion or divi sion in the ex pressions with
in an in slrncti on' s operand. Multipl e ad· 
ditions or subtrac tions arc po sib le, however, 
and can oft en be u ed where multiplica tion 
and division arc usually round. There are no 
prov isions fo r nam ing programs or fo r se lect
ing options in ge nerat ing th e comb ined 
li st ing. Some error chec king, such as invalid 
add ress or byte ovcrrl ow, has been com 
pletely eliminated. The code generated is as 
co mpact as possi ble to fit in small machine , 
but is nol relocatable. If it. is des ired in 
another loca tion , it mu st be reassembled. 

The result of all t.hi compac tion effort is 
an assemb ler wh ose basic cxccu tab I code 
fit s within 2170 bytes, and will run com
plete ly within 4096 bytes of programmabl e 
memory with a sy mbol table capacity of 
200 symbols. Modifi ca tions have been made 
Lo almo st all of the ex isting fun ction Lo 
acco mplish th e above changes. Thi com
pletes the functional additions dnd modifica
tions requir·ecJ fo r· the a semblcr defined by 
the project specifications as shown in figure 
3. • 

In the next issue of BYTE, we'll continue 
jack~ article on his "Tiny Assembler" with 
his discussion of coding the as embler. The 
second part includes object code and infor
mation on patching and relocating the 
program. 
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San Francisco Bay Area - Where It All Started - Has Its First Home Computing Convention 

7 ,000 to 10,000 People 


100 Conference Presentations 

200 Commercial & Homebrew Exhibits 


Two Banquets with Outstanding Speakers 

Special-Interest Social Centers 


Publication of Proceedings Being Planned 

In North ern California's Largest Con vention Fa cility , San Francisco 's Civic Auditorium 


CONFERENCE SECTIONS ON HOME COMPUTING 

Bein g Plann ed 

• Computer Graphics on Home Computers • Software Design for Personal Computers 
• Computer-Driven & Computer-Assisted Music Systems • Microprogrammable Microprocessors for Hobbyists 
• Speech Synthesis Using Home Computers •Optical Scanning for Inexpensive Program & Data Input 
• Computers & Amateur Radio 	 • F loppy Disc Systems for Home Computers 
• Computer Games: Alphanumeric & Graphic • Hardware & Software Standards for Personal Systems 
• Personal Computers for the Physically Handicapped • Seminars for Club Leaders, Editors , Organizers, etc. 
• Computers & Systems for Small Businesses • Personal Computers in Education (associated with a 
• Tutorials for Hardware Novices & Software Novices University of California short-course) 

-- AND MUCH MORE -

PRESENT-WORLD & FUTURE-WORLD BANQUET SPEAKERS 
Balllruets to he Held in San Francisco's Sr. Fra11cis Hotel 

Fascinating Speakers will Discuss the Past , Present , & Futu re 
• Frederik Pohl, Science Fiction Writer; 	 • Henry Tropp, Mathematician, and Principal 

Lecturer to NASA , American Astronautica l lnve tigator for History of Computers 
Society, New York Academy of Sciences, Project jointly sponsored by the 
World Future Society, etc. Smithsonian Institution & AFIPS 

Robots You Can Make fo r Fun & Profir 	 Tlte J 940 's: The FJRST Personal Computing Era 

• John Whitney , Pioneer Computer Film Maker, • Ted Nelson , Author & Fantast, Director of the 
Computer graphics experimenter under grants Xanadu Electron ic Literary Network , 
from NEA, Guggenheim Foundation, & IBM Lecturer at Swarthmore College 

Digital Pyrotechnics: The Computer in Visua l Arts Those Unforgettable Next Two Years 

a rt.I In-I.'7, IB'7'7 · sa.:n. fra.:n.ci.sco 
@77-1 -12a by Computer Fa ire 
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FIND OUT ALL THE DETAILS 

GET YO UR FREE COPY 
OF THE 

SILICON GULCH GAZETTE 

• Details of the programs & speakers 
•Information about the banquets' arrangements 
• Accommodations information, & registration forms 

for the St Francis Hotel (Faire Headquarters Hotel) , 
& the other three Computer Faire hotels 

•Pre-registration details for 	the Faire 
(reduced admission for those who pre-register) 

• Details of the Proceedings expected to be published 
• Articles about the homebrew exhibits 
•Weather information , & tourist trivia regarding 

San Francisco 
•Listings of the commercial exhibitor 
• A 	 D , just to make it interesting : 

- " Hot news': & raging rumor from " Silicon Valley" 
(the San Francisco Bay Area ) 

-	 Product announcements , equipment descriptions 
hardware & software news, etc. 

CO-SPONSORS INCLUDE AMATEUR, 
PROFESSIONAL, a EDUCATIONAL GROUPS 
•The 	two largest amateur computer groups: 

Homebrew Computer Club 
Southern California Computer Society (SCCS) 

• Both Bay Area Chapters of the As ociation for 
Computing Machinery (ACM) 

San Francisco Peninsula Chapter 

Golden Gate Chapter 


• IEEE Computer Society's Santa Clara Valley Chapter 
•California Mathematics Council 
• Stanford University's Electrical Engineering Dept. 
• University of California's Lawrenc Hall of Science 
• People's Computer Company (PCC) 
• Community Computer Center 
•Bay Area Microcomputer Users Group (BAMUG) 
•Professional & Technical Consultants A sn (PATCA) 
•Amateur Re earch Center 

""--a.pril 15-:J..7, I..97'7 · san. f:ra..n.ci co _... 

@77 -1 -12 by Computer Faire 
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Establishing the CHU Dynasty 


Let It All Hang Out 

Much time is taken up at computer club 
meetings, and especial ly at compute r· con
ventions, with peop le asking eac h other what 
machines they have, how much memory, 
what per ipherals, and so on. Much time 
could be saved if there were some Faster way 
of communicating this info rmation, and one 
possib ility is the Computer Hobbyist Uni
form, or CHU, fo r· the purposes of adding 
one more incomp r·chcns iblc acronym to the 
vernacular . 

The basic requirements for the CHU ar-e 
that it be inexpensive, readily obtainab le and 
lightweight. The one garment that fits al l 
these criteria is the whi LC lab jacket, with 
long sleeves and a button or two in front, 
also known as an intern's jacket, avai lable 
every where for $9 to $22, with an ave rage 
pr ice of $13. 

As for insignia, th e most wide ly ava il ab le 
type is mi litary, and Army stripes arc wel l 
su ited Lo the job. The resu lting combi nation 
provides a pleasant uniform ity that helps 
make fo r a more homogen ous grn up , as wel l 
as toning down the flashy dressers and 
improv ing the appearance of the slobs. 

Str ipes for Memory 

Si nee many computcrni ks seem proudest 
of how much memory their machine has, it 
fol lows that Army noncom stripes are 
best used to in dic<tlc the amount of sem icon· 
ductor storage. As figure I shows, the 
number of str ipes indicates how much 
memory the wearer's computer has . Fm 
insta nce, if his Altair 8800b has al least 
2 K bytes and as much as 4 K- 1 (ie: 4095) 
bytes, he wc<11·s one stripe on each sleeve; 
from 4 K bytes to 8 K- ·1 bytes, two stripes; 
from 8192 bytes to 16,383 bytes, three 

Stephen B Gray 

Amateur Computer Society 
260 Noroton Av 
Dar ien CT 06820 

stri pcs; and so o n. The mathematically 
minded reader wil l note that the lower limit 
(i n units of K=l 024 by tes) is 2 raised to a 
powe r· equal t') the tota l number of stripes 
and rockers . So three stripes and two rockers 
ind icate that the wearer has at leas t 
25 = 32 K bytes of semico nducto r· memory 
in his or her computer, and perhaps more . 

For the memory fa natic with 128 K up to 
256 K bytes, th ere's the first sergeant's 
insignia, with three str ipes, three rockers, 
and a diamond. Incidenta lly, no stripes on 
the upper sleeve indicates up to 2 K- 1 bytes 
of memory. 

Service Stripes 

A diagonal str ipe on the lower left Army 
sleeve indicates three years of serv ice. On the 
CHU, it in dica tes how many years the 
wearer has had his or her computer up and 
running. Altho ugh someone with an 
Altair 8800 might want each stripe to ind i
cate a year, it's better to let the three year 
per-i od stand. After all, anybody who's had a 
Scelb i 8 H, or Mark-8, or RGS 008A ru nn ing 
sin ce they were first ava ilable wi ll be en
titled to wear a single three year stripe by 
Spring of 1977. And if the stripe were to 
sta nd fo r onl y a year, the CHU sleeve coul d 
get terT ib ly cluttered by 1984. 

There are other sleeve decorations that 
co uld be used, but which might only add to 
the clutter. There's the short horizontal bar 
for six months overseas, which mi ght be 
used to ind icate that the wearer has operated 
a ho bb y computer in a foreig n country. The 
Unit Citation might be used by computer 
clubs to indicate some sort of gro up merito
rious action, such as design ing a com
puterized cou rse se lection system for the 
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local high school, or working out a method 
for beating the local roulette wheel opera
tion to help supp lement cl ub funds, or 
calculating how much beer should be 
ordered for an all-night programming 
session. 

Maker Patches 

Now that your staff sergeant's stripes 
have identified you from a distance as a 
BMOC (Big Man on Computers), a shoulder 
patch, worn at the top of the left sleeve, 
identifies the maker of you r computer. 

These colorful patches, similar to the 
Army patches that identify a so ld ier as 
belonging to the Seven th Division or the 
Fifth Army, show the computer manufac
turer's name in a distinctive and arti stic 
design. Such patches co uld be so ld by IMSAI , 
MITS, Southwest, etc, or packed with each 
computer kit. To make, they cost less than 
$1 each in large quantities. 

A slight problem arises if a manufacturer 
offers more than one computer, such as the 
MITS Altair 8800b and 680b. There are two 
so lu tions for this ambiguity. A different 
patch could be made up for each, with the 
model number included; or a rectangular 
patch, bearing only the model number, 
cou Id be made for sewing on right under the 
m ker's patch. 

Anothe r problem comes up if the CHU 
wearer has, say, both an ETC-1000 and an 
EBKA 6502 Familiar izor. He or she can 
easi ly wear the ETC patch on one shoul der 
and the EBKA patch on the other. The 
question arises: Shou Id the memory stripes 
show tota l memory, or should each se t of 
stripes show only how much memory is in 
the computer whose maker's patch is on the 
same sleeve? It al l depends on whether he or 
she minds having an unequal number of 
stripes on the two sleeves. P: ~ ysicists, math e
maticians and other lovers of symmetry may 
become emotional ly hung up on this issue_ 

If the CHU wearer has more than two 
co mputers, he or she has two so lu tions: 
either stacking the makers' patches one 
below th e other on the sleeve, or sewing the 
extra ones on the front of the jacket - but 
not just above the breast pocket area, 
because that's where we put the Peripheral 
Pins and Data Decorations. 

Peripheral Pins 

Now that yo u've been identified from 
afa r as the owner of a Southwest 6800 with 
8 K bytes of memory, something is needed 
to show what you've got attached to your 
computer. A simple solution is to use zapped 
14 pin or 16 pin ICs, lettered in white , 
inserted into a narrow strip of P pattern 

2 K to 4 K-1 bytes 
(Private, first class) 

16 K to 32 K-1 bytes 
(Staff sergeant) 

128 K to 256 K-1 
(First sergeant) 

4 K to 8 K-1 bytes 
(Corporal) 

32 K to 64 K-1 bytes 
(Sergeant, first class) 

Meritorious 

Unit Award 


8 K to 16 K-1 bytes 
(Sergeant) 

64 K to 128 K-1 bytes 
(Master sergeant) 

Service Stripes 
(Three years each) 

Overseas Service Bars 
(Six months each) 

Figure 7: Representative military stripes adapted with semantic redefinition 
to help CHU computer addicts. 
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Artwork credit: Lest there be 
confusion, this drawing was 
executed by Sandra Gray, no 
relation to author Stephen B 
Gray. 

Vectorboard, and somehow pinned on the 
right side of your jacket fro nt, opposite the 
left breast pocket. The lettering might read 

TELETYPE 
AS R 33 

or 
SOUTHWEST 

CT-1024 
or even 

CROMEMCO 
TV DAZZLER 

Actually, a colorful dot pattern cou ld be 
used for the Dazzler, without any lettering. 

Or diffe ren t shapes of th in plastic could 
be used to more readily identify various 
peripherals, such as one in th e sha pe of a 
television screen, for video output, lettered 
with some th ing like 

SONY 
CVM-115 

Or a bit of black pl astic, shaped like a 
Ph ilips cassette, to show you use cassette 
storage, perhaps lettered with the name of 
the cassette deck you're using. For floppy 
disk, a circular piece of plastic, lettered with 
the maker's name. For a printer, perhaps just 
a rectangle with the maker's name lettered 
on it. And so on. A pin could also be used to 
ide~tify th e maker of your computer, in 
addition to the shoulder patch , for faster 
face-to-face identification at club meetings. 

Name Tags 

Name tags are often used in the Army. 
The CHU version is a dead MPU IC, without 
pins, with your name lettered on it, worn 
above the Peripheral Pins over where the 
right breast pocket would be if lab jackets 
had one. (Dan Meyer, head of Southwest 
Technical, wore a 6800 MPU IC on his shirt 
at Person al Computing 76 in Atlantic City 
last fal l, with DAN and SWTPC lettered on 
it, partly inspir ing this article.) 

Data Decorations 

The area above the left breast pocket is 
reserved for Data Decorations, which arc for 
meritorious action above and beyond the 
ca ll of duty. There 's the black-and-blue 
ribbon for those who successfully fo ught the 
" Battle of the 66 Wires" on the original 
Altair 8800, and the very rare blue, grey and 
brown rib bon worn by that gallant handful 
of pioneers who captured Hill 680, only to 
lose it when it was retaken. 

There are also software decorations, 
although this area is somewhat amorphous, 
since what is a difficu lt feat for one·hobbyist 
might be a snap for another, just as in 
hardware achievements. It's up to each 
hobbyist to decide if he or she is enough of a 
hero to merit this or that Data Decoration. 
There might be a software ribbon for the 
person who wrote his or her own assembler 1 

or Tiny BASIC, etc. 
If a ribbon refers to a numbered piece of 

equipment, the resistor color code can be 
used for the ribbon colors, such as blue, grey 
and brown for the 680. Cryptic types can 
simply wear a 680 ohm resistor, attached to 
Vector board . 

Scratch Built and Homebrew 

There are some situations not covered so 
fa r. What about the hobbyist who prefers to 
build his or her computer from scratch? 
What does he or she use for a maker's patch ? 
If there's enough demand for them, they 
could be supplied by the integrated circuit 
manufacturers, such as Intel , Motorola , 
Zilog, etc. Or again, by a comp uter store 
chain. 

For the real hard-core scratch builder 
who scorns microprocessors as the easy wa; 
out and designs his or her own processor 
from TT L or ECL integrated circuits, a 
"homebrew" patch co uld be designed, 
perhaps on the style of a mountaineer' s st1\\, 
or witch 's cau ldron . 

Far Out 

For the hobbyist who is really into 
computers, and especially vice versa, the 
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ultimate CHU add -on is a 100 pin printed 
circuit board edge, protruding from the 
back of the jacket, just above Lhe shou Ider 
blades. 

For the lw1atic fringe, there's the com
puterized CHU, or COMCHU, with a SC/ MP 
or other small boai-d in one of the side 
pockets, controlling the fl ashing of LEDs 
and other devices inside insignia or pins or 
whatever, producing a Christmas tree effect. 
CAUT ION: The COMCHU, if worn in pub
lic, is a sure ticket to a rubber room. 

Other Insignia 

Many other types of insignia could be 
borrowed from the military, bul agai n, they 
would only clutter up the CHU. There's the 
fourrag!:h-e, a braided cord worn around the 
left shoulder scam as a un it decoration. 
There's the Combat lnfantr·y Badge, worn 
above the ribbons ove r· the left breast pock
et. And there 're branch of service pins, worn 
on the lapel to indicate Infantry, Corps of 
Engineers, Ordnance, etc. With a little 
imagination, these could all be used, but the 
effect would be more gaudy than anything 
etse. This applies especially to medals, which 
are expensive to make; it's much neater to 
wear the equivalent ribbons. 

Same for officer's insignia, such as bars, 
oak leaves, eag les and stars. They look good, 
but not when mixed with en listed persons' 
stripes. For those who ins ist, such insign ia 
might be used to indicate rank or senior ity 
in a computer club. 

Ot her Jackets 

The hawks among us may prefer a mili
tary jacket, to go along with the military 
insignia, rather than a lab jacket. The catch 
is that a GI jacket is apt to cost more, and 
isn't as easi ly and widely availab le. And it 
looks rather odd if worn with civilian 
trousers. If you want to go whole hog and 
wear uniform trousers and jac ket, along with 
stripes and decorations, you might get in 
trouble with the MPs. However, if a full 
uniform is your thing, then you might go all 
the way . Get a web belt, a holster, and start 
toting a Repli ca Models copy of a .45 
automatic, with a light pen cleverly bui lt 
into the barrel. The ammo pouches could be 
used to hold program cassettes for trading 
with other software thieves. 

Headgear 

Since interns and lab technicians seldom if 
ever wear ha ts, almost any type of headgear 
would look · odd with a CHU . However, 
continuing in the mi litary vein, there is one 
item that might appeal to the same I unatic 
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fringe type who has a COMCHU, and espe
cially to those who prefer a GI jacket and 
trousers. 

A copy of an Army plastic helmet liner 
could be made of the same materia l used in 
PC boards, printed wiring cou ld be app lied, 
and the who le thing turned into something 
like the battery powered lntersil Intercept 
Jr, with keyboard on top, disp lay in front, 
and batteries in the rear. The curved surfaces 
might be too much of a challenge to a PC 
board designer, so perhaps some of the 
curves might have to flattened. This would 
make the CHO (Computer Helmet, Official) 
look eve n more futuristic and science 
ftctio nish. The full uniform CHU/C HO 
com bination would be enough to stop a 
digital clock, as wel l as get you in trouble if 
worn outdoors. 

Belt Buckles and Tie Pins 

The CHU is meant on ly for wear·ing to 
computer club meetings or to computer 
conventions, as it's a little too odd to wear 
in pub I ic. However, there are several ways of 
letting people know you 're a compu terni k, 
witho ut the CHU. And they can be worn 
with the CHU, too. 

If there's enough demand for them, belt 
buckle .equivalents of the maker's shou lder 
patches could be offered by MITS, Po ly
morphic, OS I, etc. These can be either the 
flat laminated plastic multico lored type, or 
cast meta l bas relief. Or the belt buckle 
could be a min iatu re replica of the front 
panel of your Astral 2000 or PCM-12, or a 
replica of a SC/MP or KIM-1 in its entirety, 
either as a laminated photoreduction, or in 
cast metal. The Cromemco TV Dazzler 
wou ld be a natural for a multico lored 
mini-photo laminated be lt buckle. 

Tie pins offer a variety of possibi lities. 
Perhaps a miniature Continental Specialties 
LP-1 Logic Probe, or an 8080 processor, or a 
DB-25 connector . Or, once aga in, a mini
ature of a front panel or a PC board. 

The CHU Counter 

Although maker's patches are pe rhaps 
best supp lied by the computer manu
facturers, all the rest of the CHU insignia 
could easily be made up by one of the 
computer store chains, or by one of the 
manufacturers of military insignia. Com
puter stores could have a CHU counter, or 
CHU shelf, displaying the various stripes, 
decorations and pins. The best display wou ld 
be a CHU in maximum configuration, with 
jacket, fu ll set of stripes, chestful of pi ns, 
and a bouquet of decorations. • 
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WE DO IT WITH MIRRORS! 

(and some very soph isticated state-of-the-art memory design) 

PRIME RAD IX• P 0 Box 11245 •Denver Colorado 8021 1 • (303) 433-5630 or 573-5942 

You've probably imagined that someday you'd li ke to own a 
computer system with a fu ll complement of memory: 

65,536 BYTES 
Your dream can be a reality with the Prime Radix Corpora tion 's 
64KrM memory system at a very cost-effective price. And 
because it is a standalone memory system . you 've got the 
advantage of greater flex ibility not ord inari ly avai lab le from 
add- in memory . Some of the features are: 

• 	 The 64KrM is fu lly buffered, presenting one TTL load to the 
memory bus. 

• 	 The 64KTM is digital group bus and ALT Al RrM bus 
compatib le. When ordering, you must specify the bus 
arch itecture. A plugcard and cable will be furnished for the 
particu lar bus architecture you specify. 

• 	 The minimum comp lement of memory is 40K BYTES, with 
starting address locations at OK. SK, 16K, or 24K. 

r------

I PRil\fE RADIX 
I COMPUTER SYNTHESIS 

I 
I 
I 

Print Name 

I 
I Address 

\ 
I 
L 

City State Zip 

0 DIGITAL GROUP BUS 

0 ALTAIRTM BUS 

0 64K @ $1750.00 

0 56K @ $1670.00 

0 48K @ $1580.00 

0 40K @ $1490.00 

0 Check or M.O. enclosed 
0 Charge BAC 

0 Charge MC 

(Please No C.0 .D.'s or P.O."s) 

• 

• 

• 

We are offering a special introductory ten pe rcen t discount off 
list pr ice on all orders received on or before March 31, 1977. 
Delivery will be made in the same sequence as orders are 
received . Please al low 3 to 6 weeks for delivery . Mastercharge 
and BankAmericard are accepted . 

The 64KrM co mes assembled and tested with its own power 
supply, attractively housed in an aluminum ca binet , ready to 
plug into your system. 

Psuedo-stat ic operation: on board refresh c lock-generator 
provides processor independen t refresh w ith no wai t states . 
The 300NS worst case access time enhances high speed 
ope rat ion . 

Power/ fail detection circu itry and battery backup wi ll 
prov ide non-volatile memory (batte ries are optiona l at extra 
cost) . 

LIST PRICE IS AS FOLLOWS: 

40K 48K 56K 64K 


$1490.00 s1580.00 s1670.00 $1750 .00 


--1 

Make checks or money orders payable lo \ 

PRIME RADIX . INC. I 
P.O. Box 11245 I 
Denver. Colorado 8021 1 I 
(303) 433-5630 or 573-5942 

I 
I 

Credit Card Number I 
I 

4 Numbers Above Name (MCJGood Thru I 
I 

__ _ _ Signatur.:__ _ __ j 
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•Seminars and Technical talks by leading electronic equipment manufacturers 
• Major Exhibits from all over the country 
•Demonstrations in many areas including Home and Personal Computing 
• Door Prizes, Free Literature and Free Mementos 
•All this plus Sun and Surf - Fun and Excitement - Relaxation and Leisure 

• Personal 
Write for FREE TRIP-KIT to PERSONAL COMPUTING 77,C Computing ' Rt 1, Box 242, Mays Landing, New Jersey 08330 

77 Consumer Trade Fair 

EXHIBITION BOOTHS STILL AVAILABLE • CALL (609) 663-1188 
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A New Journal for Computer 
Music Lovers . . . 

john Snell, a computer person with a 
specialization in music, has just decided to 
start a new journal of information for the 
computer music person . This journal is 
cal led, quite naturally, the Computer Music 
journal and is published by john through 
the facilities of PCC. The address for the 
journal is 1010 Doyle St, Box E, Menlo Park 
CA 94025 . According to john's letter, wh ich 
accompanied some descrip tive copy, the first 
iss ue was expected early in 1977. The 
following is John 's description , quoted from 
his letter: 

The first Issue of Computer Music 
journal includes an excellent comprehen
sive introductory article on computer 
music in general, written by Andy Moorer 
at the Stanford Al laboratory computer 
music project. Also included is an article 
by Dexter Morrill on high quality 
trumpet algorithms. I will print several of 
my own articles in this issue. One is about 

the design o f a digital oscillator control
led by a small computer. It can output up 
to 256 /ow distortion sine waves with 
independent control of amplitude, fre
quency, and phase. I will also print an 
article on high speed multiplication. I 
have designed a TTL (74LSXX) circuit 
which will compute a 76 to 32 bit 
product every 75 ns. I may also include a 
computer music ref(Jding list if there is 
room. I will also probably print an article 
by Steve Saunders on multiplicationless 
FM synthesis of natural timbre. 

The price of a subscr iption to the Computer 
Music journal i ~ $14 per an nu m. We've 
already signed up for one and expect con
siderable inter·est on the part of BYTE 
readers in gene1·al.• 

WIRE WRAPPING TOOL 
For AWG 30, .025" (0,63mm) sq. post, 
"MODIFIED" wrap, positive indexing, 
anti-overwrapping device 

OK MACHINE & TOOL CORPORATION 
3455 Conner SI .. Bronx. NY 104 75 I (212) 994 ·6600 I Telex 125091 
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Early ln.dications of Technology 


in Roman Military Arts 

or Plexitus 

Sometimes an individu al is about to bring 
about an invention which cou ld change the 
world, but is never noticed. We often say 
that this man was born before his time. 
Omnius Plexitus, legate of the XI 11 legion, 
was such a man. Stationed with his legion in 
the rough co un try which later became 
Bulgaria, he improvised in order to survive. 

Genius struck like lightn ing one day as he 
watched his artil lery crews practic ing. One 
of the pieces of semi-portab le Roman siege 
equipment was call ed the onager or ass, 
because of its kick; th is was a sort of huge 
crossbow which fired a heavy bolt or arrow 
perhaps six feet long. During this particular 
practice session, the cable release mechanism 
became stuck and a legionnaire climbed atop 
the device to free it. Free it he did, but onl y 
after he was astride the bolt to obta in 
leverage. Arrow and man sa iled out as one 
across the treetops. History does not record 
the fate of this early pioneer, · but this is the 
first historica l incident of a man going aloft 
on an unpowered, heavier than air con
trivance. This observation was not forgo tten 
by Plexitus. 

Plexitus was faced with supp ly problems 
in the hilly terra in in which his men were 
operating. They were widely spread out over 
the backs of ridges and across gorges. Sup
plying these detachments became rather 
serious because the number of men which 
had to be dedicated to carrying food seri
ously reduced those carrying spears. Plex itus 
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EE Barnes 
Star Route 
Parkesburg PA 19365 

solved this problem by attaching food to the 
lightened onager bo lts and havi ng these fired 
at the isolated detachments of his legion. 
Th is was moderately successful since his 
casualties were light and the process spurred 
other developments. Un fortunately the fact 
that he had fired upon his own men was 
used later duri ng his court-marti al in Rome. 

This Idea Has a Lot of Impact 

Plexitus reasoned that such a bolt should 
be ab le to carry a man, but the major 
difficu lty he faced seemed to be predicting 
the point of impact of the missile (and man). 
After devoting much study to the problem, 
he was able to define 28 variables which 
directly influenced the flig ht of the missile. 
There was basically no limitation upo n 
pay load size; he merely built a bigger 
crossbow.1 He had an onager scaled up and 
one was built co ncu rre nt with hi s attempts 
at aim ing. 

Th e first man known to fly was an aide to 
Plexitus, Dominic ldiotus. ldiotus (From 
whence comes the common techn ica l term) 
was apparently offered a transfer if he would 
agree to attempt a flight in the Pl exitus 
machine. In July of 248 BC he mounted the 
bo lt and was propelled 280 yards into a local 

1 Durin g the supply operation early in t h e develop
ment of the Plexitus machine, some of the troops 
received their pay in the same way as they did 
their food, attached to the onager bolts. A few 
scholars trace the roots of the word "payload " to 
this even t. 



swamp, from which he returned dirty but 
smiling. Exit ldiotus. 

During the fall of 248, the machine was 
refined and experimentation continued. 
Plexitus found that most of the variables 
affecting his machine were products appear
ing in powers of one or more. (This in itself 
is a major accomplishment considering the 
state of instrumentation with which he had 
to con tend. For example, humidity was 
found to change the tension of the bow 
string. The only means the Romans had for 
measuring humidity was by counting the 
number of crows made by a cock in the 
early morning. Plexitus apparently ran 
through a lot of chickens in his calibration 
attempts. One of his men complained in a 
Jett.er of all the chicken the men were forced 
to consume.2) Anyone who has ever 
attempted to multiply in Roman numbers 
will appreciate the difficulty of raising a 
number to a power greater than one and 
then finding the product of 28 of them. 

The Roman Abacus 

He finally resolved this difficulty by 
moving over half his legion to a huge space 
which was cleared for this purpose and using 
men as markers in what became a kind of 
huge abacus. Men moved about in position 
upon orders from their squad leaders. Primi
tive, but it worked. 

Unfortunately, the calculation took over 

some believe that later Roman soothsayers who 
attempted to predict the future by looking at the 
intestines of freshly slain chickens were attempt
\ng lo reproduce the actions of Plexitus' com
puter, but were working from garbled , word-of
mouth reports. 

eight days because of its comp lexity and 
some errors resulted from men in the morn
ing not remembering the positions which 
they had held the night before. Plexitus 
proceeded undaunted and merely repeated 
the calcu lation and then took an average of 
the different answers which he obtained. 3 

His work was interrupted several times by 
the hillsmen who took unfair advantage of 
his scientific preoccupation by attacking. It 
was during this first retreat that the first 
Plexitus computer was lost to the numerous 
but unappreciative locals. 

Thus Plexitus was the first to use the 
abacus in the West. Unfortunately, it lacked 
portability, requiring over 7000 men and 
34acres in its operation. However, this is 
not the disadvantage that moderns might 
think since the ancients had plenty of time 
and space. A pre-Christian timeshare facility 
could have developed where Romans could 
have taken their problems to the machine, 

31n standing au day, the legionnaires apparently 
took to shifting from one foot to the other, and 
when not actively moving about, to digging with 
the toes of their sandals in the sand. This was quite 
useful the next morning in determining the 
position the men bad held the night before. This 
is the first mention of permanent memory in the 
literature. 
The holes in the calculating field suffered from 
one operational disadvantage. When it rained, the 
holes filled with water and the men had a distaste 
for standing in water, so he would begin the day 
with the complemen t of the number which the 
field had held at closing time the night before. 
Plexitus outlawed t he scuffling with the toes 
once he found the reason for his rather curious 
answers. Even good things had their problems. 
Som e say that the water was not the reason for 
Plexitus outlawing lhis practice. rather it was 
traced to a comment made by a centurion who 
had a villa near Actiurn . This individual observed 
that this looked like an efficient way of p lowing a 
field and would he do some calculations on his 
land near Actium next spring. 
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much like the Greeks did at Delphi . There 
are even some who suggest that Pompeii was 
attempting to use one of the Plexitus faci l
ities during the later Roman civil wars; even 
th is group is sp lintered with one fact ion 
saying that he never got it working. The 
other fact ion suggests that in fact he did, 
since he lost the battle and the war to 
Caesar. 

During this time the XIII legion was 
forced to fight for its life, since the experi
ments had weakened the men; an individual 
does not use the same skills standing motion
less in a fie ld al l day as he does carrying a 
shield and sword. About the time Plexitus 
had lost half of the province und er his 
command, he was fina lly able to complete a 
seco nd super crossbow. This machine he 
used to launch several groups of men in 
sharp, tight counter attacks behind the lines 
of the enemy. These were qu ite successfu l 
and he won this batt le. The retreat of the 
enemy resulted fro m the complete surprise 
of this airborne tactic; whether these 
Bulgari ans were concerned over being 
flanked by legionnaires or were fearfu I of 
be ing flattened during their descent is not 
known. It is difficult to obtain informat io n 
concerning the in juries which his men 
sustained during this airborne operation 
since about this time a series of rebellions 
broke out amid the tradition bound ranks of 
his command. These were unsuccessfu l, but 
they weaken ed still more his battle strength. 

Plexitus Was an Exponent of 
Calculating With Logs 

Lack of manpower caused by attrition as 
well a commitments required to ho ld the 
batt le lines forced Plexitus Lo improvise 
again. He moved from the biological com
pu ter concept (an examp le or a kin d of 
reverse evolution, but Plexitus had distrac
tions) to the physical by evolving a slide rule 
us ing two large logs with a flattened face 
apiece. This is an ear ly example of mini atur· 
ization since only 40 or· so men were 
required to operate it. This freed up many 
individuals for fighting and yet al lowed the 
calculalions to con Linue on predicting 
impact points. Plexitus proceeded with his 
work desp ite distractions from outside his 
camp (since the Bulgari ans were active agai n) 
as wel l as those from within. Some say th at 
Plexitus could have gone much fu rther 
except for the actions of the men who 
operated his slide r-ul e. These operators 
wou ld, upon the first indication of an attack 
by enemy, pick up one of the logs making 
up the calculating device and rush to the 
scene of com bat and throw it into the 
enemy lines. Some account for this as being 
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the direct resu lt of esprit de corps while 
others blame it on a reactionary attitude of 
those who did the calculations. Although 
normally the second log could be saved by 
quick action on the part of Plexi tus, much 
time was lost. There are rumors among some 
scholars of thi s period who trace the 
battering ram to these acts, but th is cannot 
be supported; we onl y know that Roman 
numerals were not normally carved in them, 
at least not one to a mi llion. 4 

The Last Days of Plexitus 

Plexitus, because of overwhelming odds, 
had now lost nea rl y al l of th e province 
which he had been se nt to manage and was 
now with his back against the sea. He then 
launched his most extensive airborne opera
tion against the Bul garians, firing over half a 
thousand men across the enemy lines, fu lly 
armed . The effectiveness of th is attack 
cannot be determined since those who had 
been air launched, after regrouping, rebelled 
and joined the Bulgarians. 

At th is point, the Legions XV and XVI I 
arrived from across the Adriatic and Plexitus 
was recalled in disgrace to Rome. His legion 
was in shambles and the remaining men were 
assigned to other un its. For the rest of the 
days of the empire, no legion ever again used 
that number of Plexitus ' command, a 
shadow which extends even to the present 
day. Some say that he attempted to flee, but 
was apprehended on ly after there had been a 
malfunction in his machine.5,6 

Later, he fled Rome and joined the 
Carthaginians and became involved in armi ng 
a portion of their navy. Someone has sug
gested that Plexitus was the most patriotic 
Roman of all since the numerically inferior 
Roman fleet was ab le to overwhelm that of 
the Carthaginians which had been under 
Plexitus' di rect control, a fleet equipped 
with a number of advanced weapons. But no 
one can say. The last mention of him is 
ambiguous. Some say that he was attempting 
man-powered flight as opposed to his earlier 
attempts, since th e reference is qu ite definite 
in its descr iption of his being covered with 
feathers. Critics say that he had just been 
tarred. • 

4 Unfortunately Plexitus never s tumbled onto 
scientific notation. Multiplying two 5 or 6 digit 
numbers together must have resulted in an 
impressive pile of sawdust. 

5others say that this was not the case: hi.s 
legionnaires wanted him to attempt to fl ee - via 
his machine - and he was stopped b y the legate o f 
th e XV who demanded his surrender. 

6 His contdbutions were largely forgotten at 'n\s 
trial. The only other reference ever mad e to hi s 
innovation was about three years after h is trial 
when someone suggested that the PJexitus flying 
machine should be used as a punishment for cases 
not serious enough to warrant crucifix.ion. 
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COMPUTER COMPONENTS 
5848 Sepulveda Blvd ., Van Nuys, CA 91411 (213)-786-7411 

Computer Components is dedicated to serving the needs of the computing community. We offer a 
complete line of computers and computer re lated products. We will ship anywhere in the world. 
Satisfaction guaranteed. 

Hours : Terms: 
Tuesday-Friday 10AM to 9PM Call or wri te for discounts . We pay 
Saturday, Sunday 10AM to 6PM shipping on UPS orders over $25. All 
CLOSED MONDAY others add $2 for postage and 

handling. 
We are authorized distributors for the following companies: 
IMSAI • INTELLIGENT SYSTEMS• POLYMORPHIC SYSTEMS• CROMEMCO • TARBELL• KIM1 • 
TECHNICAL DESIGN LABS• SOLID STATE MUSIC• VECTOR GRAPHICS• RO-CHE SYSTEMS 
•CONTINENTAL SPECIALTIES• VECTOR ELECTRONICS• SAE• TEXAS INSTRUMENTS• SIGNETICS • 
NATIONAL SEMICONDUCTOR • ADVANCED MICRO DEVICES • SAMS BOOKS • HAYDEN • WILEY 
... and more on the way. Always ask. 



Anticipat io n is Ha lf the F un 

How do you make a re la ti vely slow 
memory pa rt ru n fJS l enough to keep a 
4 MHz Z-80 p ro ce sor busy most of the 
timeJ If you use a little ingenuity such as 
that found in Cromcmco's new 4 K 

THE SLOPPY DISK DR IVE 

thought you would like to know we 
hJve a compu ter store in Cin cin nati wit l1 
a ra ther in teresting artic le: a sloppy disk 
d rive. 

I assume it is used wi th PPP o r NNN 
t ransistors , "surprise pak" DI Ps, and the 
famous Signe tics WOM. 

Perh aps some of your readers wo ul d 
have ot her precision (I 06 ppm) uses for 
ii. 

Sincerely on the lookout for such 
gems. 

Will ia m R S to ck 
11 2 5 Lo i Dr 

Ci ncinnati OH 4523 7 

Documentution : Th e fol/01Vi11g clip
ping was found in the Cinc in na ti En
q uirer, fan 13 79 77, 011 page D-/: 

Make-It -yourself computer k Its , booka 
e.nd printer e.nd video kits are sold at Digital
Design, 7696 Camargo Rd . Inst ructions 11.re 
available on how to put the computer kits to
gether. There Is software, sloppy dlsc drives 
and almost anyth.lng the novice or profes
sional would need. The shop Is open from 9 
a .m .-5 p .m . Mond.ays-Baturdays or by ap
pointment. 

s ta ti c programmable memory card you 'll 
employ some coordination of the 
processor wait lin e wi1h wl1,11 compu ter 
designers ca ll "addrcs J 1Hicipa t ion 
logic." The key to this address a nticipa
t io n s1ra1egy is LO assume that in mo ·1 
ca es the nex t address genera ted 10 ;1 

given bank of memory will be the 
previous a ddress plus I. This is certain ly 
true in programs when exec uting con
li guous segme nts of code between 
jum ps; ii is likely LO be true in ma ny 
data <1ccess si tu at ions where sequent ial 
operd tions such as linear searches, bloc k 
moves dlld block 10 transfe rs reference a 
continguous block of memory space. So 
what the Cromcmco card docs is 10 
as ume thal in .iny given 4 K bank of 
memory im plemented with its new 4KZ 
card, 1hc nc ·1 address will <1 lwa ys be the 
old ,1 ddress plu I. On this assumption 
the card s ta rts a memory cycle ahead ol 
the availab ility of the dddrcss from the 
processor u ing a loc<1 I 12 b it address 
cou n ter. If it turns ou t that the p roc
essor address in the low o rder 12 bits i 
th e same as the anticipated val ue, then 
there ca n be immed iate acce s and com
pletion of the memor1• yc le for the 
2 1 L02 circuits used in the board - with 
no processor wait s ta tes . If o n the other 
l1 a nd the next address is not equal to the 
antic ipation address, " wai t state is ge n· 
crated a nd the counter is updated with 
th e new nonsequc nti a l low order address 
val ue. If used with the fast Z-80 proc
essor ca rd wl1i ch Cromc m co also makes, 
th ere will thus be a mi of slow, nd rast 
cyc les depending upon whether o r no t 
th e next low order <tddres reference Lo 
1he card is one plu s th e o ld address . 
When used with a slow 8080 or Z-80 at 
2 MHz, no wait tatcs ,1rc ever gencra 1cd 
s in ce I he memories are always fas t 
e noui:h. 

The new Cromcm co memory card is 
designed for convenient in ·1.a ll a 1ion a l 
.my 4 K byte memory Jddrcss boundary, 
with bank .1cld rc ss selection via a slide 
switch mo u n1cd o n the board (a bi l 
more conve nien t 1h ,111 usi ng so ldered 
jumper wires.) Cal led the 4 KZ board, 
this product is avai lable in ki t form rom 
compu ter stores or lhe f;ic tory di $195, 
or assembled l'or $295. Deli ve ry is 
quoted ,11 five day <1fter receip t of 
order. Cromcmco is lo co!lcd a l 24 32 
Char les to n Rd , Mounta in Vie w CA 
94043. • 

How to Make the Z-80 Slave to a NOVA 

SA i Co111sys1c111s Corp, .i subs idiJ ry 
of Scie nce Applicalion s In c, 406 0 Sor
rento V alley Blvd, San Diego CA 92 121 , 
rece ntl y annou nced 1hc availabi lily of a 
fast cross-assembler for the Zi log Z-80 
microcomputer chip tha t runs on the 
Da ta General NOVA and EC LIPSE line 
of compute rs under the ROOS operating 
sy stem. T his cross-asse mbler was writ te n 
in assembly language for Scientific 
Applications In c to allow speedy assem
bly of large, in -house , Z-80 systems 
programs used in new intelligent termi· 
na ls developed by the nrm . • 

Get Yourself a Z-80 Reference Card 

Fred McNei ll , Box 6305, Denver CO 
80 206, se nd s us a copy of 1hi Z- 80 
processor reference c,1rd which he has 
con iruc ted f rom the Zilog document.1 · 
Lion , and is selli ng for $3 . The card is 

Z-80 REFERE NCE CARO 
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printed on heav y leuer size stock wi th a 
fo ld. The number base orientat ion o f the 
card is octal, a nd the informat ion is 
carried in somewhat condensed form, so 
some mental gym nastics arc required 10 
USC i t. 

If you use d Z-80, yo u may find thi s 
card a handy accessory. • 

Where to Get a 3M Drive __ _ 

T he National Multip le Corporation, 
3474 Rand Av, Box 288, South Pla in fie ld 
N ) 07080, is present ly advertising an in
expensive 3M drive product for the pe r
sonal computing ma rke t. Th e dr ive is a p
proxim a tely one fourth the price of new 
drives previously avai lable, a nd operates 
with phase encoded dat.1 at r,11cs of up 
Lo 9600 bps. Motor control , record and 
play mode arc under cont ro l or software 
in yo u r comp u te r or a set o f switches on 
the device . The device i11 ter f~1ccs to a ny 
compu ter with a se rial 10 port. The 
cu rrent price of $220 includes elec
t ro n ics of the phase encoder board 
(.1ccepts clocks a l 16 times or o ne times 
th e data rate), dnd motor con trol. Ac· 
cording 10 the pres. relc,1sc, delivery will 
be four wee ks after receip t of order. At 
9600 bps, with an 8 ips (20 c m per 
second) tape speed, the 300 feet 
(91..t meters) of tape o n this drive ca n 
be read or wriuen (assuming no block 
overhead) in 450 second (7 .5 minu tcs). 
Multiplying 45 0 seconds by 9600 bits 
per second and aga in assuming no for
malling overhead , the r;iw b it cap,1ci1y 
of this drive is 4.32 million bit per 
track, o r a cartridge capacity of 17.3 mil
lion bits on four trJck . Dividing 
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DIGITAL DATA 

RECORDERS 


USING 3M DATA 

CARTRIDGES 


MODEL 3M3 $199.95 
(Price Increases to $220.00 

effective 1 April 77) 

MODEL 3M3 Featuring the radically new " Uniboard" 
method of construction for data cartridge drives. The major 
computer makers are changing to cartridges at a rapid pace 
because of the freedom from binding and greater data 
reliability. Operates in the phase encoded self-clocking 
mode which provides greatly enhanced freedom from speed 
variation problems and allows 100% tape interchangeability 

between units. 
Uses the 3M Data Cartridge, model DC 300. This 

cartridge contains 300 feet of .250 tape in a sealed plastic 
container. · Using four tracks you can record nearly 2 

megabytes of data on a cartridge. 

Specifications: Ful I software control of record, play, fast 
forward and rewind. LED indicates interrecord gaps. EQT 
and BOT are sensed and automatically shut down recorder. 
Feedback signals send reset and inter-record gap signals 
back to the computer so that software searching for 
inter-record gaps at high speed can be accomplished. Can 
also be operated manually by means of the switches on top 
which parallel the software control signals. 
$199.95 until April 1, 77. $220.00 after April 1, 77. 
Includes Phase Encoder Board (ACI) 

For 8080, 8085 and Z-80 users 
Comes complete with software l isting for the programs in 

the 2SIO(R} ROMs. Can be controlled by any of the 
commonly used 1/0 boards. Send for complete documenta
tion and interfacing instructions on 3M3 and 
2SIO(R) ($3.00). These programs provide full software 

control. 

2SIO(R) CONTROLLER $190.00 

2SIO(R) CONTROLLER (Bootstrap Eliminator) 
This is a complete 8080, 8085, or Z80 system controller. 

It provides the terminal 1/0 (RS232, 20 ma.. or TTL) and 
the data cartridge 1/0, plus the motor controlling parallel 
1/0 latches. One kilobyte of on board ROM provides 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 
BySync (IBM), BiPhase (Phase Encoded) or NRZ modes 
with suitable recorders and interfaces. 

$190, wired and tested. - $160 0, Kit form. 

Audio Cassette Interface (ACI) This is the phase encoding 
board used in the 3M3. Additional components on the 
board enable you to use audio recorders in the KC standard 
or the new PE 2400 (2400 baud) systems. Can also be used 
for Tarbell if you have an 8251 Intel 1/0 chip. Required if 
you use an audio cassette with the 2SIO( R) above. 

$50, wired and tested. - $35, Kit form. 

For 6800 Users: Software programs and 1/0 board for 
SWTP are under development. Limited software available 
now. Ask for 6800 data with $3.00 Documentation 
package. These programs will provide full software control. 

CARTRIDGE AVAILABILITY: Cartridges are made by 
3M, ITC, Wabash and others. They are available at all 
computer supply houses and most major computer service 
centers. We can supply them at normal current list prices. 

"COMPUTER AID" and "UNIBOARD" are trademarks of the NATIONAL MULTIPLEX CORPORATION. The 3M Data 
Cartridges are covered by 3M Patents and Marks. "UNI BOARD" Patents Pending. 

OVERSEAS : EXPORT VERSION- 220 V - 50 Hz. Write Factory or : megatron , 8011 Putzbru nn, Munchen, Germany ; 
Nippon Automation 5-16-7 Shiba, Minato-Ku, Tokyo; Hobby Data, FACK 20012 Malmo, Sweden; G.Ashbee, 
172 lfield Road, London SW 10-9 AG; The Computer Place, 186 Queen St. W., Toronto, Ontario M5V 121, 

Canada. 

For U.P.S. delivery, add $3.00. Overseas and air shipments charges collect. N.J . Residents add 5% Sales Tax. 
WRITE or CALL for further information. Phone Orders on Master Charge and BankAmericard accepted. 

NATIONAL MULTIPLEX CORPORATION 

3474 Rand Avenue, South Plainfield, N.J. 07080, Box 288 Phone (201) 561-3600 TWX 710-997-9530 
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mented error detection and correctio n 

3600 inches per track, \he density is 
4.32 million bi\s per \rack by the 

methods used such as hamm ing codes, 

1200 bits per inch (470 bits per cm) on cyclic redundancy checks, or checksums. 

each \rack. Dividing 17.3 mill ion bits by However, using 2.16 million bytes as an 

8 bi\s per byte, again assuming no over order of magni1udc, this could for ex

head, \he total cartr idge capacity of the amp le ho ld 16,000 names and addresses 

drive is 2. 16 mil l ion bytes. The ac tual of 133 characters each, 43,000 li nes of 

figure will be smaller due to ove rhead of source tex t averaging 50 characters per 

interrecord gaps and any software imp le- line, and so on. Very useful. • 

A 2650 Single Board Computer 

Jeff Roloff, whose company is called 
Central Data Company (POB 2484 
Station A, Champa ign IL 61820) has 
sent along th is picture of a new $325 
single board computer which uses the 
Signetics 2650 processor. This board 
includes an 80 character by 16 line video 
generator (upper case 64 charac ter 
ASC II built-in) with a user program· 
mable set of 64 characters (8 by 
8 matrix) for nonstandard character 
sets. Also on the board are a 300 bps 
Kansas City sta ndard cassette i nterface, a 
1024 byte PROM monitor program, 

2048 bytes of programmable memory of 
which 768 arc available for programming 
with the balance (1280 bytes) dedicated 
to the display, one 8 bit input port and 
one 8 bit output pon. The board con· 
tains sockets ror an additional 3 K of 
PROM programming, which can include 
the firm's editor and assembler PRO Ms 
which cost $200 for a set. A BAS IC 
package is also available on cassette tape 
for $20, as is ii $20 tape version of the 
editor and assemb ler package. To use 
th is co mputer, you'l l need to supply a 
video monitor (or modified television). 
an ASC I I keyboard, a power supply (5 V 
al 3 A) and probably some extra 
memory interfaced using DIP plug con· 
nectars on the boucl. T\1c 2650, itself, is 
one of the unsung heroes of the micro· 
processor marketplace, a rather powerful 
machine with characteristics and address
ing modes we ll worth invest igat ing by 
the serious personal co mputing 
en thu siasl. • 

In terested in COSMAC 
Evaluation Boards? 


RCA Will Fix You Up with One of 

These Kits for $249 Direct or from 

Your Nearest Distributor ... 


This kit of components wi l l allow the 
engineer or advanced homcbrewer to put 
up a CDP\802 processor. 11 conta in , 
printed circ uit board, byte input and 
ou1put ports, a 1crmin.il interface, sys-

terns software i n ROM, and program· 
mable memory for user programs. The 
board also f eatures con1rol logic ,ind 
displays to aid in debugging ol pro~r,11ns. 
To comp lete the ystcm, you 'II m·ed .1 
power supp ly of 5 V at 600 111A (or I 0 V 
al 200 mA with 5 V at -100 mA for the 
LED di pidys) .ind a termin.i l with cur
rent loop (Teletype at 110 to bps) or 
RS-232 interface (110 to 1200 bps) . 

The board conia ins a 101,il o f 
256 by t es of programmJblc ml'rnory 
usin );\ RCA 's CDP1822 256 by 'I bit 
memory integrated circuits. Wired , bLll 
not 1uffcd, Jre positions which can 
accept 30 addit ion al CDP 1822 c iicuits 
for a total on bo;1rd mcmor\ of 4 K 
by tes. The ROM y ·1em monitor consislS 
of 512 bytes co r11ain ed in one 5 12 b 
8 bil CDP 1832 reJd only memory. The 
program features i nclude memory in
spection and modirication, initia t io n or 
user programs, and fu II in 1er l"d.:cs to Ihe 
commu nicaLions termin,il. The monitor's 
working memory is cont;1ined in ,, 
32 byte CDP i 824 memory pan whi ch is 
sepMate from 1he user memory. Since 
LIH~ whole system is CMOS, power rc
quiremen LS arc quite \0 1 , a\lowin~ RCA 
LO add the fi nesse o baiter\' b,tckl!p tor 
m emory contents. As a mach ine co le 
leve l test and checkout dcvkc, th e 
CDP185020 board kit has contro ls in

400 North Washinglon Street. Suite 200
INTERNATIONAL DATA SYSTEMS, INC. Falls Church. Virginia 22046 USA 

Telephone (703) 536-7373 

S100 Buu Cardi (ALTAIR/IMSAI Compallble) KIT PRICE 

88-SPM Clock Module Your computer keeps tome ol day oegardless of whal program 111s $96.00 
execuling. Applicalions include event logging, data entry, ham 
radio. elc. 

88-UFC Frequency Counler Module Measure lrequencies up 10 600 MHz. Computer can monitor $t49.00 
mulhple frequencies such as lransmil and receive frequency. 

88-MODEM Origina1e/ Answer MODEM Use your compuleo 10 call Olher compuler systems such as large $t99.00 
timesharing syslems. Also allows ofher computer termina ls 10 
"drat-up" your compuler 

GENERAL PURPOSE PERIPHERALS 

MCTK Morse Code Tra iner/Keyer Hardware/Soflware package which allows yourcompu1er10 teach $29.00 
Morse Code, key your transminer. and send preslored messages 

TSM Temperature Sensing MOdule Use il 10 measure inside and/or oulside 1emperature lor compul $24 .00 
errzed clrmale cont rol syslems, etc 

OAC8 Eighl 811 Dignal lo Analog Converter Requires one eight bot ou1pu1 port Use it 10 produce compuler $t9.00 
music. 

Terms: Payment with onter. Shipment p111p111d. Delivery la stock to 30 days. Write or call tor detailed product brochures. 
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BABY!! A COMPLETE AND FLEXIBLE 


~ 

MICROCOMPUTE.R SYSTEM 

LIGHT AND SMALL: BABY! 1 weighs less than 10 
pounds, is 14.75 inches wide, 10.625 inches deep and 
3.625 inches high . Its attache case is slightly larger, 
leaving room for the powercord, video and cassette 
cables, cassette tapes, recorder, and paperwork. 
POWERFUL MICROPROCESSOR: The 6502 processor 
has 13 addressing modes and 56 instructions. A single 
bus structure, engineered for high reliability and ease of 
use, gives it excellent versat ility, expandability, and 
flexibility. 
EASY PROGRAM DEVELOPMENT: Firmware (soft
ware in ROM) lets you enter and debug your programs 
through the keyboard and list them on the video 
monitor; lets you dump it to an audio cassette at 1200 
baud for future use and exchange with other systems. 
COMPLETE MONITOR IN FIRMWARE: No time-con
suming loading of the monitor is required . Firmware 
controls the unit completely. Turn on the unit and its 
firmware will run the system until you enter a new 
program in RAM or plug in up to four other ROMS or 
PROMS. It controls the keyboard, video, and tape 
interfaces. 
ULTRA RELIABLE KEYBOARD ENTRY: The unique 
keyboard with its 62 keys features ultra reliable solid 
state "No Switch" switching (no moving contacts). 
N-key rol I over, tactile feel with a clicking sound when a 
key is depressed . Its MTBF (Mean Time Between 
Failures) is at least six years of continuous use, at least 
twice the I ife of an electromechanical keyboard. 
HIGH-SPEED AND FLEXIBLE TAPE INTERFACE: 
The advanced 1200 baud cassette tape interface is under 
mon itor control. You can write a program to simulate 
other speeds, techniques, and formats. Now you can 
read or write tapes for exchange on other systems! Any 
cassette recorder can be used. Two sets of cables are 
supplied, one for standard, the other for reverse polarity 
recorders. The system program provides a two to one 
ratio between ones and zeros, and loads at 1200 baud 
4K bytes in less than 90 seconds. 
INDUSTRY COMPATIBLE VIDEO OUTPUT: The 
video signal is EIA compatible 1 volt peak to peak. The 
flicke r free DMA (Direct Memory Access) design 
displays 7 by 9 dot characters in 32 columns and 16 

lines. Any page of memory may be displayed and edited. 
The 128 character set includes UPPER and lower case 
letters, and lower case "fPEEK. Four additional special 
characters control the OMA functions to hide or flash 
your message or to obtain 100 percent processor time. 
EXPANDABLE RANDOM ACCESS MEMORY: Uti· 
lizing at least 4K bytes of the low power consumption 
and high-speed 2102 type chips, an additional BK or 4K 
plus an expansion card can be added inside the system. 
The expansion card has two 50 pin connectors to enlarge 
the system. 
MODULAR EXPANSION: With the expansion card , you 
may add up to 60K bytes of memory or connect and 
control any peripheral of your choice through the 
buffered bus, and through the four bidirectional 
interrupt driven parallel ports, the RS232 serial port, 
and the 20mA loop serial port. Connect printers, 
typewriters, tape drives, disks, floppy disks, add itional 
processors, your railroad, or whatever else you may 
need. 
COMPLETELY ASSEMBLED, TESTED, AND BURN
ED IN for 168 hours at high operating temperatures. 
FULLY WARRANTED for 90 days on parts and labor. 
MAINTENANCE CONTRACT available at the end of 
the warranty period on a yearly basis for your BABY! 1 
at a cost of less than 20 cents a day. 
COMPLETE SOFTWARE SUPPLIED: A monitor stored 
in 1 K ROM, and programs stored on a cassette include 
TINY BASIC, music, shooting stars, and a version of the 
powerful TECO TM text ed itor of Digital Equipment 
Corporation, and more. 

TECO is a trademark of the Digital Equipment Corporation. 

sTM Systems Inc. 
Specialists in Technology for Microprocessors 

P.O. BOX 248 
MONT VERNON, N.H'. 03057 

603-673-2581 
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in nal 
computing

books! 
See for yourseH the reasons why: 


1. MICROPROCESSORS: New Directions 
for Designers by Edward A. Terrero, #5777-6, paper, 
1975, 144 pp., 8 V2 x 11 , illus., $10.95. 

2. GAME PLAYING WITH COMPUTERS 
Rev. 2nd Ed., by Donald D. Spencer, #5103-4. cloth . 1976, 
320 pp., 6 x 9, illus. $16.95. 

3. FUNDAMENTALS AND APPLICATIONS 
OF DIGITAL LOGIC CIRCUITS by Sol Libes, 
#5505-6, paper. ($6.95), #5506-4, cloth, ($9.95), 1975, 192 
pp., 6 x 9, illus. 

4. COMPUTERS IN ACTION: How 
Computers Work by Donald D. Spencer. #5861 -6, 
paper. 1974, 160 pp .. 6 x 9, illus., $5.50. 

5. COMPUTERS IN SOCIETY: The 
Wheres, Whys and Hows of Computer 
Use by Donald D. Spencer, #5915 -9 . paper, ($5 50). 
#5916-7, cloth. ($7.50), 1974, 208 pp., 6 x 9. illus. 

6. PROGRAMMING PROVERBS by Henry F. 
Ledgard, #5522-6, paper, 1975, 144 pp., 6 x 9, illus. $6.50. 

7. PROGRAMMING PROVERBS FOR 
FORTRAN PROGRAMMERS by Henry F. 
Ledgard, #5820-9, paper, 1975, 144 pp., 6 x 9. illus., $6.50. 

8. COBOL WITH STYLE: Programming 
Proverbs by Louis J. Chmura, Jr. , and Henry F. Ledgard. 
#5781-4, paper, 1976, 144 pp., 6 x 9, illus. $5.45. 

9. MINICOMPUTERS: Structure and 
Programming, by T.G. Lewis and J. W. Doerr. 
#5642-7, cloth , 1976, 288 pp., 6 x 9, illus., $12 .95. 

10. PATIERN RECOGNITION by 
M. Bongard, #9165. cloth , 1970, 256 pp., 
6 x 9 illus .. $14.90. 

11. DIGITAL SIGNAL ANALYSIS by 
Samuel D. Steams, #5828-4, cloth, 1975, 288 pp., 6 x 9, 
illus.. $19.95. 

12. BASIC BASIC: An Introduction to 
Computer Programming in BASIC 
LANGUAGE by James S. Coan. #5872-1. paper. 
($7.95). #5873-X. cloth, ($9.95), 1970, 256 pp. , 6 x 9, illus. 

13. ADVANCED BASIC: Applications 
and Problems, by James S. Coan. #5856-X, cloth. 
($8.95). #5855-1, paper, ($6.95), 1976, 192 pp.. 6 x 9. illus. 

14. FORTRAN FUNDAMENTALS: A 
Short Course by Jack Steingraber, #5860-8, paper, 

1975. 96 pp., 6 x 9. illus. $4.95. 


15. DIGITAL TROUBLESHOOTING: 
Practical Digital Theory and Trouble
shooting Tips by Richard E. Gasperini . #5708-3. 
paper. 1976, 180 pp., 8 \/2 x 11 , illus., $9.95. 

16. DIGITAL EXPERIMENTS by 
Richard E. Gasperini, #5713-X, paper. 1976. 192pp.. 
8 \/2 x 11 , illus., $8. 95. 

Write for 15-day examination copies of any of these books! 
At the end of15 days, please remit payment accompanies order, we pay postage and 
plus postage and handling, or return the handling. Outside USA, cash must 
books and owe nothing. Prices subject to accompany order - include $2.00 per book 
change without notice. If payment for shipping and handling. 

Hayden Book Company, Inc. 
50 Essex Street , Rochelle Park, New Jersey 07662 [J]

phone: (201) 843-0550 



eludi ng a RES ET bu11on 10 initiali1.c tl1e 
sy~1e111, con1 inuous or single s1ep opera 
tion, ,tnd displays o r Variou, information 
in LEO devices. A prototyping area 
rnc,1suring 6 by 4 inches ( 15 b I 0 m) 
,1ll ows the u~er to adapl this system on a 
CUSIOlll basis. 

RCA Solid Stale is localed al Rou te 
202, Somerville NJ 08876, and as noted 
above , Lh is kil is avai lable for $249 
direct or rrorn your ncaresl RCA di 
1ribu lor. I 1 's probab ly one o r the be t 
w.w to t.tke ;1dvantagc of the 1802 
in 1ruci ion .irc l1 ite"ure in a homcbrcw 
compu1cr project. • 

Some Informat ion on Refresh ing 
Dynamic Memories Is Available 
from Texas Instruments 

Texas Instrume nts has published a 12 
page application su mmary bu ll e tin cn
til led /11 1roduc1ion to Refreshing Tl 4 K 
Dy 11omic RltMs. Bull etin MOSA3 intro
duces refresh principles and their imple
mentation. It also co mpares stati c and 
dynamic RAMs in terms of speed, powe r 
consumption, refresh requirements, rela 
tive costs and power suppl y require
ments. Various kinds of simple refresh 
circui try arc ou tli ned and block dia
grammed, inc lu ding transparent , cycle 
stea l and burs t me1hods. Hackers and 
homebrcwcrs looking for engineeri ng in· 
rorma1io n on use of dynamic memories 
sho uld write to Texas I nsLrumenls Inc, 
Inquiry Answering Service, PO B 5012, 
M/S 308, Dallas TX 75222. Atte nti on: 
Bulletin MOSA 3 Litera tu re. • 

Don Tarbell 's New Prototyping Board ... 

1lerc i> ye t ,1no1hcr produ c t for the 
/\l1 .1ir bus. Don Tarbell. T,1rbc ll Elcc
tron k , 1·1-1 Mir,1lcs tc Dr "" 106 , Mir ,dcs1c 
CA 907 32 , h.t> iu>t ,11111oun,ccl this new 
proLO l\' Ping board lor use wi1h AltJ ir 
Jncl comp;11ible compu 1crs such .1s the 
IM Al 8080, Sol, Po ly 88, e tc. The 
bo;ird i> desig ned wi1h int er leaved power 
.ind ground for 1hc standurd logic vol
tag,• , .ind hJ a position for a 5 V 
rcgul,11or (lower right side or the photo). 
The bo.1 rcl is intended ro1 u e with poin1 
ro point solder connectio ns, wircwrap, 
or Jn\' co111binJ tion . The board will 
Jcccpt 33 1-1 pin in tegra ted socket>, o r 
sm,1llcr coun1 s of 16, 18, 2·1 .ind ~O pi n 
sockets plugged into it s pattern ol pre· 
drilled holes. T11 e price is $28 pe r 
bourd .• 

TERMINAL SYSTEMS DIVISION - DAYTON 
DAYTON , OHIO 

Come and join Te rmina l Systems Division - Dayton . Our 
Engineering Staff is a leader in the design and 
implementation of Financial Terminal Systems. We have 
much to offer you - a career opportunity , a qual ity 
environment in which to work and live, and exceptional 
personal benefits. Dayton, Ohio is a progressive 
midwestern area, small enough to be friendly but large 
enough to offe r outstand ing communities with excellent 
hous ing , educational facil ities , and cultu ra l activ ities. 

PROGRAMMER / SYSTEMS ANALYST 
Knowledge in the area of microprocessors and 
minicomputers based on realtime operating systems. 

Participate in the design and implementation of m ini and 
micro based realt ime operating systems in a distributive 
network . 

SOFTWARE SYSTEMS DESIGN 

Prov ide technical expertise and leadersh ip in the areas of 
rea ltime terminal control and batch operating systems. 

Analysts for state-of-the-art design in terminal operat ing 
systems and to prov ide technical leadership in software 
architecture. 

SYSTEMS ENGrN EERS 
Requ ires the development of concepts and spec ificati ons 
for new systems for financial terminal systems. 

Requires the abil ity to analyze and part icipate in 
hardware and software development programs. 

Basic educational qualifications for these posi
tions are a BS or MS in EE, CS or Math and 2 to 
7 years experience. 

Join our winning team. Submit your resume and 
salary requirements to: 

Robert L. Opalek 
Employment Department 
Terminal Systems Division-Dayton 
NCR Corporation 
Dayton, Ohio 45479 

An Equal Opportunity Employer 
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synchro-sound enterprises 

''THE COMPUTER PEOPLE!! 


"IN STOCK" 

NEW LEAR SIEGLER ADM - 3A KIT 


FULL ADDRESSABLE CURSOR 


CHARACTER GENERATION 
5 x 7 dot matrix. 
DISPLAY FORMAT 
Standard : 1920 characters, displayed in 24 Ii nes of 
80 characters per I ine. 
CHARACTER SET 
Standard: 64 ASCII characters, displayed as upper 
case, plus punctuation and control. 
COMMUNICATIONS RATES 
75, 110, 150, 300, 600, 1200, 1800, 2400, 4800, 
9600, 19,200 baud (switch selectable) . 

IMSAI 8080 MICROCOMPUTER 

POWERFUL• EASY TO USE• LOW COST 


-~ 


. . ~• .. 

COMPUTER INTERFACES 
El A standard RS232C and 20 mA current-loop 
(switch selectab le). 
DATA ENTRY 
New data enters on bottom line of screen; line feed 
causes upward scro lling of entire display with 
top-of-page overflow. Automatic new line switch 
selectable, end-of-line audible tone. 

ADM-3A KIT . .................... $ 895.00 
ADM-3A ASSEMBLED . . . . . . . . . . . . . 1099.95 
LOWER CASE OPTION ........... . .. . . 89.00 

FOLLOWING ITEMS IN STOCK TDL, OAE , 
PROCESSOR TECH ., SWTP, APPLE, HAYDEN, 
TARBELL, IMSAI, LEAR SIEGLER, OKIDATA, 
DEC, JAVELIN , TELETYPE ASR-33, TRW. 

$619.95/22 SLOT MOTHER BOARD SPECIAL 9" JAVELIN HIGH RESOLUTION 
849.95/WITH Z-80 CPU VIDEO MONITOR .................. $159.95 



DECwriter 11 


($1099.00) 
OKI DATA MODEL 110 
110 CPS DOT MATRIX LINE PRINTER 
FRICTION FEED * $1099.00 
TRACTOR FEED 1229.00 
RS 232C SERIAL INTERFACE 250.00 

* * * -IC * * -IC -IC -IC -IC * * * -IC -IC -IC -IC -IC -IC -IC -IC

* -IC 

: MOST ITEMS IN STOCK FOR SAME DAY : 
* SHIPPING. FULL MODERN REPAIR FA- -IC 

: CILITIES ON PREMISES-WE SERVICE : 
* WHATWESELL. 	 -IC
* 	 -IC* -IC -IC * -IC * -IC -IC -IC * * -IC -IC -IC -IC * -IC -IC * -IC -IC 

synchro-sound enterprises 

193-25 Jamaica Ave., Jamaica, NY 11423 

Phone (212) 468-7067 


HOURS 9 - 4 DAI LY + SATURDAY 

BANKAMERICARD MASTER CHARGE 


VISIT OUR NEW SHOWROOM 

WORKING UNITS ON DISPLAY 


$1769.95
Features 
132 column printing 
30 CPS 
Ful I Keyboard 
Tractor Feed 

NEW COMMERCIAL QUALITY KEYBOARD 

The Model SS-1 Communications Terminal is a 
non-contact capacitive keyboard with a guaranteed 
life of over 100,000,000 operations. 
FEATURES 
•MOS/LSI 	Encoder with high reliability and low 

power consumpti on 
• n Key Roll Over which eliminates operator error 

and increases thruput 
• Hysteresis for tease proof operation 
•Solid 	State performance at mechanical switch 

prices 
•Tactile Feedback at the operate point 
• ASR-33 Array with four mode encoding 

KEYBOARD KIT . ....... .. ......... $ 79.95 

ENCLOSURE ........................ 39.95 


(WITH NUMERIC CUTOUT) 
NUMERIC PAD .. ... . ... ..... ... . . . 29.95 
COMPLETE KIT (with pad) .... . ... .. . 139.95 
ASSEMBLED UNIT (with pad) .... ... . 189.95 



101 BASIC Computer Games edited by 
David H Ahl, Creative Computing, Morris
town NJ 07960, 248 pages softbound. $ 7. 50 
plus postage. 

107 BASIC Computer Games, edited by 
David H Ahl, is not only th e first col lection 
of games all in BASIC, but a uniquely 
educational book which provide both a 
complete Ii ting and description of every 
ga me along with a sample program for each. 

As Ahl points out in his book, educ;Jtors 
generally agree th at games arc highly motiva
tion al and promote lea rning by discover·y. 
Wh at better way is there to learn about 
Newton' second law than by simu lating an 
Apo llo lunar· landing in ROCKET? Or to 
learn abo ut logic by playi ng BAGLES? You 
can even increase your vocabulary while 
play ing SYNONM or improve your writing 
sk ill s in BUZZWD by learning how to 
compose computer speeches with the latest 
bu zzwords. 

For those interested in more exotic 
games, there's CHEMST, in which the player 
tries to dilute the Fictitious kryptocyanic 
acid; CHOMP, which involves eating a cookie 
while trying to avoid the poison piece; and 
HELLO, in which the computer dispe nses 
advice on such prnblems as sex, health, 
money or a jo b. 

Computer enthusiasts with a sense of 
humor will find many entertaining games in 
the book with such challenging objectives as 
deli vering pizzas successfu lly, PIZZA; doing 
a silly profile plot of an ugly woman, UGLY; 
and finding the happy hurkle beast hiding in 
a 10 by 10 matrix, HURKLE . 

The names alone of many of the games 
are in triguing enough to invite furt her inves
tigation. FIPFOP, SPLAT and ZOOP are 
sure to send hobbyists running to their 
computers. FIP FOP is a solitair·c logic game 
dealing with changing a row of Xs to Os. 
SPLAT involves opening a P< rachutc at the 
last possible moment. ZOOP, otherwise 
known a the BASIC programmer's night
mare, is designed to imitate the system 
commands or a BASIC compiler, except that 
it gives totally meaningless and frustrating 
results. 

Ahl spent considerable time collecting 
this potpourri of games on his trave ls Lo 
various schools as well as from submillals in 
re pon e to an advcrt i ement. G,11ne aulhor"S 
range from seventh graders in California Lo 
PhD in England. 

The game run the gamut from ex u·emely 
simple Lo more complex; but most require 
no specia l knowledge. To solve Lhe game 
categorization dilemma, Ahl has simply 
I istcd the ga mes in alphabe ti ca l order. But in 
the appendices, he has ou tlined some family 
grou pings, such as logic, plotting and matrix 
games. 

A BASIC speaking computer is the only 
equ ipment needed Lo play any of the games. 
However, Ah l suggests that a grid or 
quadril le paper be used Lo play four of the 
matrix games and that one of the suppl e
mental diagrams included in the appendices 
be used when playi ng QUBIC, a game of tic 
lac toe in a 4 by 4 by 4 cube. Most of the 
games also run in standard BASIC with any 
excep tions noted under the game Litle. 

Due to the addictive nature of the games, 
computer enthusiasts should be reminded 
not to skip meals or sleeping in favor of 
playing ANIMAL or FOOTBL. 

707 BASIC Computer Games is available 
in a 248 page softbound edition for $7.50 
plus $.75 postage from Creative Computing, 
POB 789-M, Morristown NJ 07960, and 
from BITS Inc. 

Linda Blocki 
1706 Silver SE, Apt 27 

Albuquerque NM 87106• 

TV Typewriter Cookbook by Don Lan
caster. Howard W Sams & Co, Indianapolis 
IN 46268, 7976" $9.95. 

Don Lancaster's TV Typewriter Cool?· 
boo/? provides comprehensive coverage, nol 
only of the problems of generating character 
displays on a home TV set, but of a 
host of related topics as well - memories, 
keyboard s, cassette recording methods, 
modems, and hard copy devices. His book i 
one of the most valuable yet to appear for 
the electronics and computer hobbyist. 
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C!>ur mast popular item. Hundreds of satisfied customers. We h'ave 
received an · enormous number ot letters praising our 8 KSC bo!trd. 
Our ·a KSC Is undoubtedly the highest qualitY and most depend
able board on .the market today. 

We are proud to amiounce that you can order your. 8 KSC-Z with 
250ns memory at the same-yes SAME-price as our 500ns memory. 

!S!! ASSEMBLED 
S!<ISC 500ns $295.00 $349.00 

KSC-Z 250ns $295.00 $349.00., 
EXT extender card • 29.00 • 38.00 
100 pin ,edge conn. (Altair® J $9.00 
100 pin edge conn. [IMSAl® J 89.00 
Assembly & Operating Manual 84.00 

BBUC [BATIERY BACK UP BOARD) 
• Autonu1tic battery charging circuit 
• Selectable standby voltage outputs 
• Wiii hold up to 12 ·"C'' cell Ni-cad betterles. As much as 12 Ampar- hrs 
• The BBWC comes selected for 2.5 volts standby to pin #14 on the S-100 

bus,s structJJre, to pow"r up the 8 KSC memory 
• C111n be wired tb back up any memory, card wtllch has battery stand~ 

• capability: Even TWO polarities at one time 
• Eliminate cluge wir.es or:'t to of memory 

t I ~ . 

BATiffilES NOT INCLUDED 

KIT - $1515.00 ASSEMBLED - 888.00 ASSE~BLY & OP.ERATING MANUAL - $ 4.00 

wwc [WIRE WRAP CARD] 
• Aceapts ALL IC wire wrap sockets 40, 22, 16, 14, etc. 
• 3 volt11ga regulators: +12v. · 12v, +5v 
• 3 sapartate input capacitors 100 ufd 
e 14•.I Ufd deceupling capacitors. 

...SEALS". 
ELECTRONICS,INC. 

[jETTHE

BEST 


f~[]r:l... 


,,,SEfllS... 


Let me get the best ... Please send the following 

D
------------,


0 KIT S29500 D 0 KIT S37 50 I8 KSC 500ns WWC
0 ASSMB'LO S349 00 0 ASS M B"LD S4 7 50 

0 KI T S295 00 D BB 0 KIT S55.00 ID 8 KS C-Z 250 ns UC
0 ASSMB 'LO S349 00 0 ASSMB'LD S68 00 

0 A LTAIR<* S9.00D EXT Extender card $29.00 D 100 pin edge conn IMSAI<* ss 00 
I

0

D ASSEMBLY & OPERATING MANUA L S4 .00 
 I 
NAME ______ ---:=:-::c:-==--===-==-===---------~ 

PLEASE PAINT OR TYPE I....CITY ___________ STATE _____ ZIP ____ I 
SEND CHECK • MONEY ORDER • COD 'S ACCEPTED• CREDIT CARDS 

SEALS ELECTRONICS, INC !!!!!!!!' LLiTIU:U-U.J::.i"LuJ I 
P.O. BOX 11651 - ,......_,_••,, ..~::::·~.!...UµJ I 
KNOXVILLE. TN 37919 .I I I I I I I I I I I I I I I I 
MOST ORDERS SHIPPED WITHIN 1DWOAKING DAYS :~;i . LUJJ ;;.:.·.:·.ww 

.._,~'--"--11111!1111-__._..._.....~- - _ ,__...__...~.... 

8KSC [8K STA"flC MEMORY BOARD] 

TELEPHONE # 615 / 693-8655 



Some or the chapters in this book appeared 
as artic les in the ear liest issues of BYTE 
(September 1975 - j an uary 1976, March 
1976), and several of them won awards in 
our BOMB (BYTE's Ongoing Monitor Box) 
contest. If you 've been looking at some of 
the TV interface products on the market and 
have wondered how they work; or if you'd 
li ke to know more, bout programmable read 
onl y memories, UA RTs, keyboard encoders, 
bus transceivers and other fancy I Cs, th is is 
the book for you . 

Don is one of the rew writers who not 
on ly presents circuits, but explains what's 
really going on in them, and what design 
alternatives exist. The book stal"ts with 
basics, like how TV scann in g works, and 
how data is represented in the ASCII , 
Baudot and Selectric codes. Success ive chap
ters describe memories (both random access 
and read only) and buses; timing, sync 
signals and co mposite video for disp lay 
generation; and cursor and update circuits. 
Next Don digresses for two va luable chapters 
to deal with keyboards and encoders, serial 
data handl in g, UARTs, cassette record in g, 
modems, and telep hone cha r·acterist ics. Then 
his attention returns to the mai n TV type
writer problem as he describes methods fo r 
interfaci ng to the TV itse lf (both d irect 
video and RF entry), co lor techniq ues , and 
graphics. The book concludes with a discus
sion of hardcopy alternatives, including 
some usefu l, if sketchy , informat ion on the 
possibi lity of converting a Selectric type
writer for com puter· use. 

This book has been out fo r some time, 
and should be avai lable th rough many book
stores and retai l com puter outlets (also 
through BITS ). Many of our readers may 
already have this book. Those who haven't 
seen it would do wel l to check it out. 

Software Tools by Brian W Kemiqhan and P 
j Plauger, Addison-Wesley Publishing, 
Reading MA 07867, 7976. $8.95. 

This book could be the jumping off point 
for creation of a great deal of usefu l soft
ware for personal computers. Its great 
stre ngth is that it conta ins wel l written, 
thoroughly docume nted, tested and working 
programs for many of the most desired 
home computer appl ica,tions: a very power
fu l text ed itor, a text formatter for docu
me nt preparation, a macro processor, and a 
SNOBO L like string pattern matching pro
gram. Also included are general purpose 
sort ing programs, a fi le management pack
age, and a variety of useful utility ro utines. 

The pu rpose of this book, which was 
written by the authors of the highly recom
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mended Elements of Programming Style (sec 
BYTE volume 1 number 1), is to teach 
good programming practice by presenting a 
series of practical programs, each of which 
provides lessons in program design· and 
implementat ion. All of the programs ar·e 
general purpose too ls which are used by the 
authors in their everyday work ; in facl, 
many of them were used to help prepare the 
text of th is book. The prngrams form a 
comprehensive set which is designed to be as 
easy as possib le to use. The code is inter
leaved with explanatory text which de· 
scribes, not only how each program works, 
but why it was designed and imp lemented 
that way. 

The program~ are written in a structured 
version of FORTR AN, cal led RATFOR (for 
"rational FORTRAN"). RATFOR simply 
provides control structures such as nested 
IFs and WHIL E- DO and REPEAT-UNTIL 
looping constructs. The remaining state
ments utilize a subset of AN SI FO RT RAN 
features that shou ld be fo und in near ly al l 
FORT RAN implementations. The last chap
ter of Software Tools presents , nat
urally enough, a RATFOR-to-FORT RAN 
tra nslator. 

Th ere are two ways to use this book lo 
deve lop software for personal comp uters: 
First, the RATFOR source code cou ld be 
hand translated to the assembly language of 
one or more of the popular microprocessors. 
This would be a lot less work than designing 
such tools from scratch, an d should ma ke 
deb ugging a far less formidable job. Second, 
a "Tiny FORTRAN" compi ler or interp1·e ter 
could be develo ped which would make il 
poss ible to mechanically trans late or inter
pret the programs on a very small machine. 
On ly the subse t of FORTRAN required by 
RATFO R would have to be implemented. 
The only drawback to th is approach is that 
some of the programs presume the existence 
of a "n ice" operating system (the authors 
use UN IX on the PD P-'11), which i sad ly 
lacking on most existi ng personal computers. 

To assisl in lhe second approach, the 
RAT FO R source programs in machine read
able form can be obtained from the pub
lisher. Wri te to Linda Banks, c/o Addison
Wesley Pu blishing Com pany, Reading MA 
01867, (617) 944-3700. The cos t is just $25 
plus $1 .67 postage for an I BM/360 com
patible 9 track, 800 bpi, odd parity, 
EBCDI C coded magnetic tape. We'd like Lo 
hear from al l the ystem hackers out there 
who pursue this ap proach. 

D aniel Fylstra 
Hamilton H all C-23 

Harvard B usiness School 
Boston MA 02163• 





Why Aren't There Any Altairs 


As in all prophecy, only 
the correct predictions are 
remembered, and even 
those aren't outstandingly 
accurate ... compare the 
actual nature of the first 
moon flights with the 
predictions. 

on Arcturus II? 


Henry Melton 
7307 E Riverside Dr 
Lot # 13 
Austin TX 78741 

I have been writing science fictio n for 
some time now, and I've been read ing it 
forever, so it doesn't s Lri ke me as being very 
odd that I'm now into compu ters. If you 
ment io n your comp uter to a friend, yo u're 
likely to get a HAL joke back . It's an 
au tomatic assoc iation: Compute1·s and 
science fiction just seem to go together . It's 
logical too. For as long as I can reme mber, 
the science fic tion stor ies I read had ideas. 
Spaceflight, nu clea1· power, robo ts and a 
hundred other marvels were accepted fea
tu res of those adventures. A good science 
fiction yarn wou ld drag me off to so me 
strange time and pl ace where th ere would be 
far too mu ch going on for me to ponder over 
the particul ar space d1·ive involved, o r to 
pu.zzle about the prngram that migh t be 
running beneath th e robot's polished skull. 
But when I got back to Earth, how things 
had changed. So many marvels see med so 
possib le in wh at had been uch a drab 
mundane wo1·Jd . 

Well , the moonfl ights and the nuclear 
power pl ants and the Vi king Lander robo.ts 
happened. Everyone speaks of today as 
be ing a science fiction wor ld. And, in a 
sense, the wonders of today were spelled out 
yea rs ago in the books and magazines of 
science fiction. Science fiction writers are 
treated as modern day prophe ts and peo pl e 
expec t the m to have a handle on the future. 

In ano ther sense, however, a closer loo k 
at some of these pred ictions shows a less 

fl attering picture. Only th e co1nct pred ic
tio ns are re membered, and even those 
weren 't ou tsta ndingly accurate. No body p1·c
dicted such a co mpli cated first moon flight, 
with co mmand modu les and orbit ing stages, 
descent and ascent staged la nd ers. Few 
stories gave the fi rst moonship an onboard 
compu ter . None included te levision cameras. 

But no one worries Loo much about th at. 
After all, one person sitti ng at a typewriter 
can 't real ly compete with a team of engi
nee1·s in work ing out the bes t way to put a 
man on the moon. A science fic t ion writer 
isn't a tr ue prophet; al l he or she can do is 
choose a possible future to write abo ut. Ju st 
as the human race, by its actio ns, chooses a 
possible future in which to live. If a writer 
knows humans wel l enough, he/she can 
second guess the 1·ace and look like a pretty 
fa ir prophet. Such is the way of the game. 

Looking back at the hund1·ed million 
wo rds of science fiction I have 1·eacl LO da te, 
I think I have gotten a good return . Future 
shoc k holds no terror for sc ience fiction 
readers. No new techno log ical marvel can 
sneak up and go boo. The sc ience fiction 
reader has seen it all befo1·e. 

Or, rather, almost al l of it. 
There does seem to be a big black gap in 

this flood of prophecy. The science fiction 
reade1· who is familiar with the common 
picture of a computer as pOl'trayed in 
science fiction is due for a big shock when 
he/she run s up against the powerful \i\.\.\e 
cl'itte1· ca lled a microprocessor. It 's here, 
now, with a potential to open up society to 
private initiative in a manner almost unprec
edented, and nc body wrote a story predict
ing it. 
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That is frighteni ng in itself. What is wrong 
with science fiction that something so tech
nological as a revol ution in computers could 
go unhera lded? Are sc ience fiction writers 
lo ing their touch? Is techno logy developing 
loo fast for them to keep up ? 

An overview of modern science fiction, 
however, indicates that this gap seems to be 

lrange, loca li zed thin g. In o ther areas of 
human knowledge, science fict ion is stil l 
riding high on the far edge of the barely 
possible. Interstellar ramjets, galactic core 
explosions, Kerr black ho les, gene grafting, 
just about any conjecture of physics, cos
mology, biology or whatever, is likely to be 
found in a modern science fiction story. 

Particu larly in phy ic , some stories have 
come out in rhe science fiction magazines 
before the origi nal research on which they 
were based has even made it to the profes
ional journals. Science fiction can still make 

its claim to be the literature of ideas. 
But, Al fred Bestcr's exce llent novel, The 

Computer Connection, ha a room size I 
malevolent computer trying to take over the 
world. Roger Zelazny's " Horne Is The 
Hangman," which has jusl won the Hugo 
awa r·d for the best sc ience fiction novella of 
·1975 1 ha the main character hunting down 
a possibly murderous robo t, before the 
robot ca n find his reators. Isaac Asimov's 
"The Bicentenn ial Man" fo llows a ro bot , 

Future shock holds no 
terror for science fiction 
readers . 
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caugh t us all off guard. Poof! There it was, a 
gadget with major sociological implicatio ns 
in everybody's pocket, and nobody had 
really pred icted it. I can remember on ly one 
old story rhat used pocket ca lculators, and 
even then, they were finely mac hined, 
motorized slide rules. The story wa good, 
though . It ex plored what a world wou Id be 
like if every body had fo rgotten that math 
cou ld be done in one's head. If the to1·y had 
come out only five years ago , it would have 
been h, iled as a prime example of the 
predictive val ue of science fic tion. But no 
modern story had even considered the con
cept. 

That was a shock for the wr iters; and 
signs that this stagnation is break ing up are 
star-ting to appea1· in prin t. But why was that 
menta l block there at all , and wh y has it 
persisted fo r so long? Was it just a fl uke? 

I do n' t think so. I'l l tell you why . 
A quick loo k at all of the compu ter 

stories th at have come out since computers 
and science fictio n writers discove1·ed each 
other back in the fo rties wi ll show one 
do minant theme: artificial in te ll igence. 

A writer of fict ion sto ries ha to be 
concerned wi th people. Even a gadge t sto ry 
is only a story inasmuch as it affects people. 
For a writer to w1·ite anything worth read 
ing, he/she has to consider Lhe characters 
above all else. When the inte lli gent com
puter first ap peared on the science fict ion 
scene, everybody took the co ncept to 
heart. 

The intel ligen t computer made a beauti 
ful character, from the storytel le1·'s point of 
vie w. The ful l ra nge of pe1·sonali t ies, from 
pure ly logical to insan el y dernon ical, were all 
avai lab le for use, and all essent ia ll y bel iev
ab le. Bel ievabil ity is a p1·ime qual ity in 
science fict ion. It has to be there if the story 
is go ing to be any good. And anyo ne can 
bel ieve a co mputer wi th a bad case of 
rn isprogramming. 

And so the computer became part of the 
stable of cha racte rs available for a science 
fiction wr iter, righ t up there with human 
beings, mytho log ical creatures, and aliens 
fro m the planet . (Th e symbolic 
name of your favorite my thical planet is a 
parameter to be supplied by the user o f a 
science fiction writing program./ A co m
pute r wa a character . The co ncep t became 
so fixed tha t writers forgot that real co m
puters exist because they are beau tiful tools. 
And whi le science fict ion wri ter·s to ld their 
ta le of pensive robo ts and planet killing 
Berserker machines fro m some war lost long 
ago and light centuries away, the macro
co mpute rs bega t min ico mpu ters, and minis 
begat mi cros. Out of the sa me labs came the 

If a writer knows humans 
well enough , he/she can 
second guess the human 
race and look like a pretty 
fai r prophet. Such is the 
way of the game. 

The personal computer is 
here now, with a potential 
to open up society to pri
vate initiative in a manner 
almost unprecedented in 
history, and nobody wrote 
a story predicting it. Are 
science fi ction writers 
losing their crystal balls? 

Yet, this gap in the literature is a small one . .. sci
ence fiction can still make its claim to be the 
literature of ideas when it talks about the social 
implications of black holes, the people dynamics of a 
runaway relativistic acceleration in an interstellar 
ramjet, or what to do about a murderous robot. 

originally designed to be a bu tler, in hi s li fe
long quest to become a human be ing. 

Now, these are good stories, so me of the 
best of the pas t coup le of yea rs. But the 
computers and robots in them are no more 
sophisticated than those in science fictio n 
stories oftwenty yea rs ago. 

Science fictio n has had its stereo types. 
The two co mputer types constantly used are 
eith er the huge device, so meth ing tha t wou ld 
have been a good uni versity co mpute r bac k 
in the sixties, except for its disco ncerting 
tendency to chuckle ev illy when no one is 
looking, and the ro bot. The ro bot, more
over, usually has some kind of magica l (ie : 
As imov's positro nic) brai n that is rea lly 
noth ing more than technological handwaving 
on the author's part to let him have a hum an 
brain sized compute r in idea human look ing 
rnbo t body. 

The rea l shame is tha t these stereotypes 
haven't changed in the twenty years that 
they have been used. A reader of BYTE can 
sit dow n wi th one of today's sc ience fict ion 
books and rest his/he r readi ng arm on top 
of a logic machi ne con idcrably more sophis
ticated than anythi ng he/she i like ly to en 
counter in the page · of the book. It i a 
shame, if for no other reaso n than some 
otherwise good sto ries are going to be un
palatable to a lot of personal computer 
owners. T hi s mental gap in scie nce fiction 
writing real ly shows up in some places. 
Can you im agine what Spock would have 
done if there had been a microprocessor 
in his tr icorder as there shoul d have been? 

The more one thinks about it, the clea rer 
it becomes tha t science fictio n wri ters are 
rea ll y beh ind schedule whe n it comes to 
computers; , ctu al ly behind the times, when 
they should be wel l ahead. IL is a blank spot 
in science fict ion, and it ha been there for 
years. It might have stayed blank for many 
more years if it had n't been for the inven
tion of the microprocessor . The on ly peop le 
who can notice that bl ank spot are those 
who know better . In other words, on ly you 
and I and the people we ta lk to. 

But there are signs tha t the writers re 
wak ing up. I think the pocke t calcula tors 
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pocket calculators, which jumped out on the 
m arkel and gave us all a Ii tlle taste of fu tu re 
shock. 

The shock has done some good. Some of 
the better writer are already in to the wing 
of things. Take two example : You mu t 
read The Mote In God's Eye by Larry Niven 
and j erry Pournellc , and Imperial Earth by 
Arthu r C Cl ;irke. In both of the c novels 
everyone has a pocke t co mputer. These 
ga c..l gets arc pocket sized with large memories 
and very ea y Lo program. They can tore 
text, graphics, and sound, occa ionally tying 
into larger computer by radio, thus erving 
as diary, library, calcu lator, and who knows 
what else. This pocket computer is such a 
logical development that you can bet that 
othe r writers will pick up on the idea. Here 
i a beaut iful Looi in cience f iction, and not 
a hint of an evi l ch uckle ou t of it. 

Herc i another example: Shocfnvave 
Rider, by j ohn Brunner, ex trapol ate <1 

world where any computer can be reached 
Jncl programmed fro m any telephone. (Thi 
is an extrapola tion?) In th i future world, 
the programming genius with the righ t pass
word is l ike the one eyed man in Lhe coun try 
uf 1he bl ind. What can be forb idden to the 
man who can change his ident ity, profcs ion, 
and f inancial statu , with just a couple of 

hours Lapping touch tones on his phone? 
Sh ades of stories we've read about in 
Computerworfd! In this story, Brunner 
introduced the concept of a tapeworm to 
the science fict ion readersh ip . 

A le peworm is a software life form. It 
lives in memory space, eating processor time. 
And they exist. I 'vc seen them. So have you 
if you've watched a program blow up, using 
a video display as a window into your 
memory space. I 've watched about five 
natural ly occuring species in a fr iend 's 8080. 
I f yo u are doubtful that they are al ive; go 
back and reread the defin ition of life and 
thi nk agai n. 

Exciting th ing Me tarting to happen dS 

sc ience fictio n takes another loo k at com
pu ters and wh at they can do. But only you 
can dete1·min e how fast these stories can 
come ou t. You can' t wake up a writer if you 
haven' t met him/her. So put on your BYTE 
tee-shirt and go to Lhe next science fict ion 
conve ntion dnd mee t the people. Tai k about 
your mach ines. 

The computer as a beautifu l character 
will never go away ; you can be sure of that. 
But the beau ti ful tool is hern, and al l it takes 
is fo r scie nce fic ti on writers lo reali ze it. 
Then, fin, l ly, you might sec an Altair on 
Arcturns 11 .• 

When the intelligent com

puter concept first ap

peared on the science 
fiction scene, everybody 
took the concept to heart. 
Aha, here's another type 
of character! 

Definition : A tapeworm is 
a software life form. It 
lives in memory space, 
eating processor time. The 
etymological roots of its 

name lie in the theory of 

generalized computability, 
ie : the theory of Turing 
machines. 
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Navigation with Mini-0 

Part 3, Software 


Ric hard J Salter 
Avionics Engineering Ctr 
Ohio University 
Athens OH 45701 

The previous two articles on Omega 
Navigation and the Mini-0 design by Ralph 
W Burhans /February 7 9 77 BYTE, page 62; 
March 79 77 BYTE, page 70/ have presented 
the basics of the Omega system and the 
hardware required for a minimal Omega 
receiver interface Lo microprocessor systems. 
In this part we will present the software 
detai ls for phase-Hacking loop filters and 
methods for output of the data as filtered 
lines of position (LOPs) for selected station 
pairs. This type of data output would be 
directly usable in the si mpler forms of 
marine navigat ion receivers with a digital to 
analog converter driving a low cost Rustrak 
type of chart recorde r. 

The original concept of the Mini-0 
Omega receiver by Ralph W Burh ans has 
been augmented by the contributions of a 
number of individuals from the Ohio Uni
versity Avionics Engineering Center, Omega 
project team. These include Dr Robert W 
Lilley who first suggested the concept of the 
Memory Aided Phase Locked Loop (see 
reference 1) and also originated the basic 
idea of the software based Omega sensor 
processor in the early stages. Kent Chamber· 
lin perfected the Memory Aided Phase 
Locked Loop in practice in 1974 with an 
al l-TTL hardware version described in ref
erence 2. The design has subsequently been 
converted to CMOS logic and implemented 
in a number of prototype receivers in our 
lab. These CMOS digita l ha1·dware sensors 
have been prepared by Ohio University 
under the sponsorship of the NASA Langley 
Research Center program in air tran porta
tion for eventual use by the general aviation 
community. 

The bas ic goals of this NASA spo nsored 
program have been to provide the general 
aviation pilot with some alternative naviga
tion aids for use on a world wide basis from 
the Omega VLF signals. The feasibi lity of 
low cost Omega data sensor methods fo r 
airborne use has been demonstrated in a 
number of Ohio University test flights. The 
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program is now continuing with the develop
ment of navigation software to provide the 
pilot or nav igator with more direct data 
readout in the form of course deviation and 
indications of distance to go. 

An outgrowth of the program's airborne 
Omega receiver research is the Mini-0 
system. 

The Mini-0 interface, operating at a 
40 Hz sampling rate, is a spin-off of an 
ear lier investigation using a 100 Hz sample 
rate and a more expensive temperature 
compensated crystal osci llator clock oper
aling at 2.611200MHz {10200X 28Hz). 
(See reference 3). In this invesLigat ion, both 
ground and in-flight measurements of actual 
Omega phase data were collected. The data 
base was the n used as the input for a 
software (FORTRAN language) simulation 
of the Omega sensor processor functions. 
This simu lation analysis, performed on 
actual off-the-air Omega data, proved the 
feas ibil ity of software methods of manipu
lating Omega data at a low interrupt rate. 

Digita l Phase Locked Loops 

A very simple form of digital phase 
locked loop has been presented in part 2 of 
this series where a pair of exclusive OR gates 
provide a phase detector for comparing the 
fi ltered 40 Hz signal obtained from a down 
cou nter, with the phase of the signals ob
tained from the type D flip flop used as a 
mixer (see figure 7 of part 2). This is what 
we call an increment-decrement type of 
binary phase locked loop where the 40 Hz 
output is being continuously generated from 
215 Hz.;- 29 and 214 Hz.;- 29 depending on 
where Lhe incoming noisy edges are with 
respect to the divide by 29 counter output. 
Th is provides a very effective low pass filter 
for the 40 Hz sign al with a lock up time of a 
few cycles which is comparable Lo the 14 Hz 
bandwidth of the analog RF front end 
filtering. For the interested reader, a 
thoro ugh treatment of digital phase locked 



loo ps is available in refe rence 4. 
The Memo1·y Aided Phase Locked Loop 

is a more complex digita l fi lte ring system. In 
the hardware version, the output of a tempera
ture co mpensa ted crystal oscillator opera t ing 
at the Omega 1·eference freq uency of 26 X 
10.2 kHz is d ivided in a 6 bi t binary divider 
chai n, and the outputs of all six stages arc 
compared with the six most significa nt bits 
of an up dow n cou nter which rep resen ts the 
curren t Omega Phase es t imate. Th is com
parison yields a pulse at the point in time of 
co inci dence of the two 6 bit numbers. The 
locked pulse is in turn fe d back to the phase 
detector which compares the time of arriva l 
of the locked pulse LO the time of arr ival of 
the next in coming Omega zero cross ing. This 
phase detector is sim il ar to the one pre
viously discussed, and it outputs an incre
ment or deuement signal to the loop 
cou nter . 

The memo1·y aiding feature al lows a single 
loo p (in software here) to track the signal 
phase in al I eigh t Omega time slots by 
per iodica ll y (ie: every ten seconds) loading 
the phase estimate fro m a pa1t icu lar ti me 
slot back into the loop counter when it is 
aga in time to beg in tracki ng that par ticular 
time slot's signal. In th is time-mu I tiplexed 
fashio n a single loop and eight word s of 
memory can do the work of eight separ·ate 
phase locked loops. 

Using the memory aided ph ase locked 
loop, a quite narrow bandwidth digital fi lter 
fo r the ph ase infmmation produced by the 
Omega fro nt end can be achieved. Ten bits 
of up down coun ter fi ltering before the 6 bit 

comparators provides a bandwidth of about 
·1/1 0th of an Omega cycle. Th is only allows 
the trac king loop to move about 30° from 
the previous phase v<1lue during a sin gle tim e 
slot {usi ng a tracking window of 625 ms per 
tim e slot). 

Selec ted pairs of the 6 bit num bers ob
tain ed fro m the memory aided ph ase locked 
loop after each time slot can be su btrac ted, 
thereby generating Omega lines of posi tion 
values. The subtrac ti on <IS performed in 
hardw<1re uses parallel arith metic adders as 
two's complement sub tractors and appropr i
a te latches to sto re the data fo r the se lected 
stations. 
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Photo 7: Authors Richard 
Salter (left) and Ralph 
Burhans (right) shown 
with the Mini-0 receiver 
equipment driven by a 
KIM-! processor seen at 
the right. 
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Figure l: Using memory mapped 10 ports. In small systems, where little memory address space is committed to programmable 
memory resources, it is possible to use the high order address lines to partially decode 10 ports. This technique is applied here to 
show how the KIM or JOLT computers address the Mini-0 receiver's eight bits ofinput data. There is one hitch with this form of 
10 address decoding: Since the low order address bits AO to A 71 are not used, all addresses from hexadecimal 8000 to BFFF are 
equivalent in this particular case. In the logic of figure 3, a similar ambiguity of addressing finds hexadecimal 9000 to 9FFF 
treated identically as the output analog value latch. 

With the phase locked concept thus de
scribed as a primer for the software track ing 
system to be presen ted, the remainder of 
this article concentrates upon the specifics 
of the microprocessor interrupt 10 and the 
Omega sensor processor software originally 
used with a JOLT Microprocessor System. 
The JOLT system is a product of Micro
computer Associates and is based on the 
MOS Technology 6502 CPU chip. The basic 
JOLT system, incorporating the 6502 CPU, 
6530-004 Teletype Monitor ROM, and 
ASR-33 and RS232 Teletype interface hard· 
ware (also a PIA which is not used in this 
application), is available on a single 4-1 /2 X 
7 inch printed circuit board for $150 in kit 
form. Photo 1 shows a Kl M-1 processor by 
MOS Technology; the programs shown in 
listings 1 and 2 will work with any 6502 
processor based system by using appropriate 

monitor service routine calls in place of 
JOL T's TIM monitor cal ls. 

Memory Mapped 10 

In the name of system simplicity and low 
cost, the data input and output decoding 
technique known as memory mapped 10 is 
sometimes used. As mentioned previously, 
the JOLT system includes a peripheral 
interface adapter chip (PIA) which can be 
used for 10. However, in a small dedicated 
system with only one or two interrupts to 
service, the generality and sophistication 
provided by a PIA can become an expens ive 
luxury - especial ly when one real izes the 
simplicity inherent in a memory mapped 
input latch. 

The memory mapped input circuitry is 
ill ustrated in figure 1. As used with the 
microcomputer interface described by Ralph 
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Burhans last month (see fig ure 7 in part 2 or 
th is ser ies}, the memory mapped input hard 
wa re consists of a NOR gate, in verter and a 
tr istate latch. The NOR gate and inverter are 
used to decode the four most signirican t 
address bits, and the decoder output enables 
the Omega data onto the data bus by 
enabling the tristate latch when the Omega 
data port is addressed by in terrup t serv ice 
routine software. When the microcomputer 
1·eccives the 40 Hz IRQ from the Mini-0 
interface, the service routine needs only to 
say " load accum ulator with data from 
memory location 8XXX" to accept the new 
Omega phase data. Note that since the I RQ 
is a leve l sensitive input the I RQ signa l must 
be cond itioned into a short pulse so that it is 
not serviced more than once. It is necessary 
.to add the circuitry in figure 2 to fig ure 7 of 
par-l 2 to obtain th is IRQ pu lse. 

Since only the Fo ur most significant 
address bits are decoded in the memory 
mapped input port, any attempt to address 
the 4 K locat ions encompassed by 8XXX 

FROM 09 OUTPUT OF 4040 

(FIGURE 7, PllRT 2 OF THIS SER IE S) 
 20/o's PULSE 

I 
: (40 Hzl 

1 

TO 6502 

220pF 

47K 

TO CLOCK INPUT OF 450S LllTCH • 
(F IGURE 7, PllRT 2 OF THIS SERIES 
ANO FIGURE I OF THIS ARTICLE) 

Figure 2: Since the I RQ signal of the microprocessor is a level sensitive one, ii 
is necessary ro shorten the pulse out of the Omega receiver shown in las/ 
month's article. A method appropriate for noncritical applications is use ofan 
RC time delay. This RC delay developed by a 200 pF capacilor and 47 k 
resistor pro11ides a pulse width of approximately 20 µs on the I RQ line. In 
applications where critical timing is invof11ed, this method is not 
recommended. 

wi ll result in enabling the Omega input latch. 

In effect, 4 K bytes of potential memory 

space have been delegated to this one input 

port; however, since the 16 bit address bus 

permits addressing up to 64 K bytes, this 

apparent libera l use of memory space is of 
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Figure 3: An oulput interface mapped 10 memory local ions 9000 lo 9FFF (hexadecimal). This 
is a simple 8 bit output port which drives a 6 bit digital lo analog conversion u ing a weighted 
networ!? of resistors. When the Mini-0 programs of listing 7 and 2 store data at memory 
locations in the address range decoded by this port, it will be latched and appear as an 
equivalenl voltage at the output jack. This interface is one simple way to dri ve a strip char/ 
recorder monitoring the results of the Omega signal processing. 
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Figure 4: The design ofan t 
interrupt driven Omega I 
data processing program. I RETURN FROMTh is is the flowchart of INTERRUPT I 
the program found in list l J
ing 7, which implements '--~-/
the soft ware mem01y 
aided phase locked loop al
gorithm. The circled numno consequence in a smal l system. Further output with the microprocessor "write" 
bers are referenced in listmore if memory space becomes a valuable signal, and the data bus latch does not need 
ing 7 by notations to the commodity, a thrifty alternative is to simply to be a tristate device. The outputs of the 
left of the address column. decode more address bits. The additiona l latch are converted from digi ta l to ana log 

hard ware required is a NOR gate, NANO using a resistor ne twork . This analog output 
gate and inverters. can be used to drive a char t recorder or 

The memory mapped output technique is meter indicator. 
very si mil ar to th e in put scheme just de

Interrupt Service Routinescribed, and it is il lustrated in figure 3. 
Agai n, the four most significant bits of the When the Omega data samples a re entered 
address bus are decoded and used to clock a into the microcomputer from the Mini-0 
latch which latches up th e data on the data interface {one samp le every 25 ms), they are 
bus. The o nly differences from the inpu t contaminated with noise and require fil
circuitry are the NANDing of the decoder tering in order to extract a good esti mate of 
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Station A B C D E F G H 

Table !: SMAPLL filtered Omega Phase 
Data. This is a sample of the Teletype 
printout of the program in listing 7. Each 
line of the table is the result of one 
70 second frame of Omega phase data com
pared to the internal cloc!?. The phase 
differences are printed as two hexadecimal 
digits for each time slot, corresponding to a 
6 bit number. Note that the data in the 
columns lettered A, 8, E, F and H is quite 
random due to the low strength of the 
signals. However, the data in time slots C, D 
and G can be seen to be quite systematic: It 
increases in value as a phase difference 
between the internal c/ocl? and the incoming 
signal. By taking pairs of these well-defined 
station measurements and forming dif
ferences such as C-D, G-C or G-D, the result 
is a relatively constant value of the line of 
position phase difference estimate for that 
station pair. For example, forming the dif
ferences between station pairs G and C 
yields a fairly constant difference 7 2 average 
over these 24 measurements. (The mean 
square deviation is 3.) These observations 
were made at 10.2 kHz at 74:20 EDT July 
79 7976. 

the true phase. This is the function of the 
software version of a memory aided phase 
loc ked loop: This closed loop digital fi lter 
accepts the noisy phase measurements and 
provides averaging so that its output is a 
better estimate of the true phase. 

The data format presented by the Mini-0 
interface is also shown in figure 1. Of the 
eight bits in each data byte, two are control 
flags and six are phase data. The most 
significant bit, 07, is a control signal flag 
which goes high to indicate when the 625 ms 
Omega measurement time slot window is 
present and data should be tracked by the 
software filter. The 06 flag is also controlled 
by the Mini-0 timing hardware, and it is 
forced high by the Mini-0 when the A time 
slot occurs. Bits 05 through DO are the 
phase data to be tracked. 

When an interrupt is received by the 
microprocessor, the interrupt service routine 
must load the new data byte, test the 
control bits, and perform loop fi lter ing to 
the phase data bits (assuming the control 
bits indicated good data). Note that the 
microprocessor cou ld be busi ly performing 
any main routine when it is interrupted: In 
our example the main program will be a 
simple id ling loop, but it could conceivably 
be a more general program of use in the 
vehicle being navigated. A flowchart for the 
interrupt service routine appears in figure 4. 

27 2 1 2~ 29 13 2C 3E I D 
27 21 2C 2~ 10 2C 3 ~ I E 
29 21 31 2C OF 2D J G I ? 
2A 22 34 2C OF 30 3 3 l~ 

2 7 2 2 3 6 2 r:: I :) 3 3 3 .:\ 1 D 
26 25 37 2;:: 12 33 00 IC 
24 2 6 Jr; J l 1 l 3 1 o a l l\ 
2 5 2 5 3 ;:... 3 3 l l 3 7 () t~ l c 
25 24 3~ 33 Or 3 3 09 l D 
2s 24 3~ Js ac 35 oc l= 
26 I ? 0 4 3 7 J 9 3 7 l l 2 0 
26 2 1 07 37 OJ 3~ 1 3 20 
23 23 09 3A OA 3 6 15 2J 
2A 20 05 39 OD 3A 14 lE 
2C 22 07 JC 13 39 17 I E 
28 24 09 3C 13 3 3 19 IC 
29 23 OD 3 8 14 37 13 19 
21\ 2 I uD 3 ?' l 5 3 5 l 6 1t 1 
23 2 3 0 F 0 I l 4 3 6 I u l 9 
26 23 OF 01 11 34 13 13 
29 2 3 l 2 0 2 1 1 3 3 l C 1 G 
23 2 l l ll J 3 l 7 3 0 2:) l 6 
28 2 l l 4 0 5 L, 2 D 2 2 I 1~ 
2D l F 14 0 4 14 2 C 2 I 14 

From this chart it can be seen that the 
routine must also output a filtered data 
word at the end of each ti me slot. The data 
output takes the form of printed numbers 
on the Teletype, and the memory mapped 
output latch with its digital to analog con
version provides a means for obtaining an 
analog voltage to drive a chart recorder. 

Tracking Loop Software 

If the 07 control bit indicates that the 
data is within a 625 ms time slot window, 
the routine must then perform loop filtering 
on the data via the software version of the 
memory aided phase locked loop. This 
routine is illustrated in flowchart form in 
figure 5. The incoming phase data is 
compared to the stored reference phase 
word. If the incoming phase is ahead of the 
reference phase, the difference will be 
positive and the loop counter must be 
incremented. Likewise, if the incoming 
phase is behind the reference phase the 
difference will be negative and the loop 
counter must be decremented. The only 
exception to th is procedure is when the 
phase is near the "edge of a lane" (ie: the 
data points are close to 0 or 63) in which 
case the opposite increment or decrement 
must be effected. 

The loop counter, which is incremented 
or decremented by the phase detector out
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Hex 
Address Hex Code Label Op Operands Commentary 

so START L OA I PHASE Load data byte from phase measurement input ;0000 AD 00 

44 BPL PM EAS If h igh order bit zero then go print measurement ; 0003 10 

0005 A2 so LOX #$SO ~ OLDENS OLDENS := ' 10000000' [set old enable flag ): 

0 
0007 S6 EO STX 
0009 DA ASL 

BP L SMAPLL If this is reference time slo t 
oooc AO 01 LOY # 1 
OOOA 10 04

© then set the 
S4 El STY TMSLCTR time slot counter to 1; OOOE 

0010 . Begin software memory aided phase locked loop algorithm details® 0010 4A SMAPL L LSR 
0011 29 3F ANO #$3F 
0013 S5 06 STA PHASE PHASE := [bits 0 to 5 of input (low order) I; 
0015 A6 E1 LOX TMSLCTR 

0017 85 07 LDA,X OLDPHREF(TMSLCTR) 

0019 4A LSR 

001A 4A LSR 

0018 S5 07 STAA PHI REF PHIREF := OLOPHREF (TMSLCTR) /4 ; 
0 0010 • Th is adjusts for 4 increments or dec rements in loop below 
0010 A5 06 LOA PHASE 

B
001F 
0020 

00223 
0024 

1S 
E5 

10 
A5 

07 

19 
07 

CLC 
SBC 

BPL 
LOA 

PHIREF 

CKGT32P 
PHIREF 

DIF F (in accumulator) := PHASE - PHIAEF ; 

If DI FF > 0 then go check range, positive; 

0026 1S CLC 
0027 E5 06 SBC PHASE DI FF (in accumulator) PHI REF - PHASE ; 

~5 0029 AS TAY 
002A A9 F6 LOA -#INC,X Patch INC,X opcode 
002C S5 3A STA IDSW2 into increment or decrement switch location ; 
002E A9 06 LOA ~DEC,X Patch DEC,X opcode 
0030 S5 37 STA IDSW1 into increment or decrement switch location; 
0032 9S INCTST TYA Begin sequence to test and increment; 

B
0033 
0035 

0037 
0039

@ 003A 

@ 
003C 
0030 
003E 

C9 
10 

xx 
40 
xx 
40 
AS 
A9 

20 
03 

07 

07 

06 

IDSW1 

IDSW2 

CKGT32P 

CMP 
BPL 

DEC or 
RTI 
INC or 
RTI 
TAY 
LOA 

.;;32 
IDSW2 

INC 

DEC 

-#DEC,X 

If I DIFF I > 32 then go to IDSW2; 

Decrement or increment OLDPHREF (TMSLCTRJ ; 

Increment or decrement OLDPHRE•F (TMSLCTR) ; 

Patch DEC,X opcode 
0040 85 3A STA IDSW2 in to increment or decrement switch location : 
0042 A9 F6 LOA .:;INC,X Patch INC,X opcode 
0044 85 37 STA IDSWl into decrement or increment switch location ; 

® 
0 
@) 

0046 
0049 
0048 
0040 
004F 
0051 
0052 

4C 
A5 
10 
AO 
84 
7S 
A5 

32 
EO 
20 
00 
EO 

DB 

00 
PMEAS 

JMP 
LOA 
BPL 
LO Y 
STY 
SEI 
LOA 

INCTST 
OLPE NB 
DONE 
#0 
OLDENS 

OLDPHREF (4) 

Go to test and Increment sequence ; 

If previous enable flag was 0 then skip print ing; 

OLDENS := [reset to prevent double printout ]; 
[mask off interrupts ) ; 

0054 SD 00 90 STA ANLGPORT [anal og port output := selected OLDPHREF ) ; 

~2 0057 A5 07 LOA PHIREF Print current reference phase 

@ 
0059 
005C 
005E 

20 
A5 
C9 

81 
E1 
OS 

72 JSR 
LOA 
CM P 

WROS 
TMSLCTR 
..s 

using JOLT's Tl M hexadecimal routine; 

If TMSLCTR < S 
0060 10 06 BPL SPCESI then type space and increment TMSLCTR ; 
0062 20 SA 72 JSR CALF Print carriage return, line feed with Tl M; 
0065 4C 68 00 JMP INCIT 

® 
@) 

0068 
0068 
0060 
006E 
006E 

20 
E6 
40 

4C 

77 
E1 

6E 

73 

00 

SPCESI JSR SPACE Print space using Tl M routine ; 
INCIT INC TMSLCTR TMSLCTR := TMSLCTR + 1 [onward to next stat ion I; 
DONE RTI Wait for next inte rr4pt from Mini-0 hardware ; 
• main routine is an endless loop interrupted on occasion ... 
MA IN JMP MAIN 

Symbols : (other than labels) 

0006 PHASE temporary storage of 6 bit phase value 
0007 OLDPHREF origin for indexed references to old re ference phase 
0007 PH IREF current 6 bit refe rence phase derived from table refe rence 
OODS 

O L DPHREF data values, indexed by TMSLCTR values 1 to 8 

OODF 
OOEO OLDENS flag (values hexadecimal 80 or 00) 
OOEl TMSLCTR current station index , 1 to 8 for stations A through H 
8000 I PHASE input phase and flag data port from Mini-0 peripheral 
9000 AN LGPORT output analog data port for meter or chart recorder 

Note: Location 0053 is the low order address of a phase reference value which will be displayed on the analog output channel 
when printing is done. 
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_______ __ __ __ _________ 

YES 

Listing 7: The Mini-0 
processing program. This 
routine implements a 
software memory aided 
phase locked loop. The bulk 
of the code is an interrupt 
response routine, starting 
at address 0000. Be fore 
entering the program, the 
IRQ interrupt vector of 
the /OL Tor K!M-7 system 
must be set to point to 
location 0 and IRQ must 
be enabled. The entry 
point is an endless loop at 
location 006£. 

put, performs the loop fi ltering. The length 
of this counter determi nes how much inte
gration is provided by th e SMAP LL routine, 
and it also sets the tracking speed of the 
loop. The proper cho ice of loop counter 
length is the result of an important engineer
ing design tradeoff: If the loop counter is 
made too long, the noise cancel li ng charac
teristic will be enhanced but the tracking 
speed will be too slow to adequately trac k 
the signal. On the other hand, if the loop 
counter is made too short the loop tracki ng 
speed will be increased at the ex pense of 
desirable noise fi ltering. 

Th e six most significan t bi ts of the loop 
counter make up th e fil tered refere nce phase 
which is used to measure the next incoming 
phase word. It is also stored at the end of 
each time slot so that it can be used to 
preset the loop at the beginning of the 
particular Lime slot te n seconds later; hence, 
the term "memory aided " phase locked 
loop. During the 625 ms gap fo llowing each 
time slot, this reference or "locked" phase 
can be sent to both the Teletype printer and 
analog chart reco rder for recording single 
station phase or for measuring clock offset . 
A typical output is shown in table 1. These 
reference phase words (eight total, one per 
time slo t) can be subtracted to form the 
phase differences which define I ines of posi
tion (LO Ps} on an Omega map. Of co urse, 
this too can be output to a record ing device. 

Software and Output Options 

The SMAPLL interrupt service ro utine 
listing for a 6502 system is given as listing 1. 
Omega and o ther VLF signals are of interest 
to time frequency scientis ts and lab experi
menters because of the freque ncy stab ili ty 
of the transmitted signal. When these signals 
are , referenced against a receiving system's 

SMAPLL 

PHIREF : • 
OLOPHREF 
( TMSLCTR) 

1 4 ; 

@ 
r---------- -----------, 
I / ' [OSWI I 
I 
I 

/ ' I 
I 

I I 
I I 
I I 
I I 
I INCREMENT DECREMENT I 
I 
I 

PHASE PHASE II 
IL JI 

IDSWI : • 
INCREMENT 
IDSW2 : • 
DECREMENT 

YES(>•) 

@)
:---------:,- ~------;0~;;1 

I / ' I 
I I 
I I 
I I 
I I 
I : 
I DECREMENT INCREMENT I 
I PHASE PH ASE I 
I I 
I I 
I I
1.. __ - - ------- ____________ J 

END 

SMAPLL 


Figure 5: The detail design of the software implementation of a memory 
aided phase locked loop. The circled numbers here refer to fisting 7. The dot
ted line boxes surrounding the two increment or decrement switches are an 
elaborate representation of the concept of a program which patches itself by 
changing operation codes. 

local clock as in the Mini·O interface, the 
SMAPLL phase reference outputs can be 
used to determine the receiver's clock error. 
Similarly, any lab standard oscil lator can be 
cal ibrated and adjusted to ces ium atomic 
clock accuracy by thi s technique (since the 
Omega signals are locked to a cesium ref
erence at each transmitter). Table 2 illus
trates this method of clock offset de te rm ina· 
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tion and the program of listing 1 was used to 
obta in this output. 

Another common use of Omega signals is 
that of position fixing. In order to obtain a 
position f ix, the phase di ffere nces of two 
station pairs {two LOPs) are plotted as an 
intersecting grid on a map and their inter
section defines the rece iver's position. This 
techn iq ue is suitable for use by smal l boat 

Station A B C D E F 

2J JO 19 2S 23 29 
IF 00 I A 29 IE 2E 
I? JI I D 28 l iJ JU 
2 1 04 2 3 2c 10 33 
2 1 09 29 2F 13 34 
IF OD 2 3 33 13 34 
IE II 32 3S I J 35 
2J I') 36 38 II J!~ 

23 19 39 39 JZ 37 
23 l b 33 3C 13 3D 
IF IF 39 30 16 3~ 

2J 25 3~ 01 13 3F 
22 23 IJFl J3 1!3 01 
2 1 2D 04 JS I = 04 
ID 2C 09 07 2 J O J 
I E 32 OB J~ 23 JC 
IE 37 on or 22 3 D 
IC 3C ;)J ·); 2 5 3£\ 
l '.J 39 o- 1 1 27 3S 
1:.3 3f" l :J 15 2 7 JS 
l G 3 ::; I 4 I 6 2 'S 3 2 

. ""\ -.I :3 3 !- I ) I G ·.:.; 

IC ,J3 I C 1:.1 
Ii:: 3F I E: IL :2C 
I L-: J3 IF IF" ~9 

I D 05 2 1 23 2! :~ 

IE Q,\ 26 2 1-1 3 ;3 20 

20 OF 29 23 00 3 ~ 


IF JF 2r 2~ J2 32 

I C I !~ '> ·- 2 f • 0 I 3 7 

I J 14 2 Ll 2~ 3F 33 

! 7 l /~ 2 r , 3 J J 2 3 i \ 


·14 l ~ 2C 34 J2 37 

I 7 l ~2 2 f 3 (3 C 3 '3 7 


l:J I 0 3 l 3 ' \ ·) ::: 3 . 'i 
I C 12 33 3::: J5 35 
L1 16 '32 J? 0~ J'.) 
l 9 l 3 3 ·S ) 11 0 :-~ J 1i 

I '3 l 1-1 1 7 0 5 :) 3 J 6 
13 l 2 J ; ;, J J 0 .J :311 

19 12 3iJ 03 10 2? 
IC JF l3rl J? 12 2r, 
2 1 I 0 J 11 0 ~ I 2 2 D 
2 I I 0 J J l 5 l S ~ :_, 
2 L1 83 OC 15 IS 29 
2 :J 0 :..i 0 ? I C I 6 2 7 

G H 

39 OA 
3A OA 
3F O;j 
cs o~ 

OA 07 
OC 06 
12 OJ 
14 05 
IS JI 
I J 3 0 
IZ 3F 
I~ 3? 
2 1 J2 
25 J3 
24 J2 
25 01 
2~ Jc 
2? J ._3 
31 33 
35 3) 
3 t) 3 .) 

3F 34 
02 33 

wJO .32 (!) 
2Jt~ 311 ~ 
J:09 34 (.) 

wJJ 34 ..J 
(.)

J J 3 11 > 
(.)

J3 35 w 
20 , i 3 ) 0 

) ~ 3S 
..) ~ 311 

l l 3 /~ 
l :.? 33 
11 J ! t 
I 3 3 3 
I :1 3 :~ 
I 7 3 ,J 

! :..'; 2F _____,___ 

lC 2 ." .! 
1.' :? F 
l F 3 2 
l C 30 
I D '1 :: 
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operators or backpackers. In order to plot a 
line of position, the segme nt of the program 
in listing 2 must be substituted into listing I 
beginning at location 0052. The LOP output 
obtained with this program and plotted on a 
Rustrak chart recorder appears in figure 8. 

In order to compare the operation of the 
software version of a memory aided phase 
locked loop and a conventional hardware 
loop system, the routines were run in a JOLT 
microcomputer side by side with an all 
hardware Omega sensor and processor. The 
lines of position outputs of both systems 
were plotted on a dua l trace Rustr-ak chart 
recorder in our lab. Th is chart appears in 
figure 6 with the software system output on 
the bottom. As can be seen from this chart, 
the software system tracks the Omega signal 
in very simi lar manner to the hardware 
system. 

Future Software 

Line of position outputs and phase versus 
clock information can serve the boat opera 
tor and time frequency experimenter respec· 
tively, but airbo rne nav igators need position 
data in a more suitable for·m (such as 
cross-track error, miles-to-go, etc). Develop
ment of the necessary navigation software to 
enable the accomplishment of these tasks 
with an inexpe nsive, commerically avai lable 

Clock Offset= One Omega Cycle time 
Time to Change One Cycle 

= 1/10200 seconds 
290 seconds 

09.80 x 10- 5 

2.90x102 

3.38X 10- 7 

Table 2: Local clock offset determination. 
By measuring the amount of time needed for 
phase to change one complete cycle, relative 
to the local clock, it is possible to measure 
the difference between your local clock 
reference and the Cesium atomic clocl~s used 
to calibrate the Omega system at its world 
wide network of stations. The calculation is 
shown here, along with data taken from 
70.2 kHz stations at 70:30 EDT July 20 
1976. This is one way to achie 11e the 
ultimate in personal measurement of time 
using your computer and an Omega receiver. 
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Hex 
Address Hex Code 

OOS2 EO 04 
OOS4 FO 18 
OOS6 EA 
OOS7 

Label 	 Op 

PATCH 	 CPX 
BE';Q 
NOP 

ENDPTCH ......... . 


--- - - - - - - - - - - - ----
006E AS DA DIFCALC LDA 
0070 4A LSR 
0071 4A LSR 
0072 8S D3 STA 
0074 A5 07 LDA 
0076 18 CLC 
0077 ES D3 SBC 
0079 30 08 BM I 
0078 OA OUTDIFF ASL 
007C OA ASL 
0070 80 00 90 STA 
0080 4C 57 00 JMP 
0083 69 40 NEGAT ADC 
0085 4C 78 00 JMP 
0088 4C 88 00 MAIN JMP 

Additional symbols !other than labels): 

Operand 

#4 
DIFCALC 

OLDPHREF (3) 

TPHAZ 
PHI REF 

TPHAZ 
NEGAT 

ANLGPORT 
ENDPTC 
=$4 0 
OUTDIFF 
MAIN 

Commentary 


Is o ld TMSLCTR - 4 [selected station D index ]? 

If so then go to DIFCA LC [calculate difference ); 

Fill space; 

Return to previous code; 


TPHAZ :- OLDPHREF(3) /4 [get C phase] ; 


DIFF :- PHI REF - TPHAZ; 

If negat ive the n go to NEGAT ; 


Sh ift lef t to correspond to DAC output bits ; 

[analog output port :- diffe rence phase]; 

Jump back in line; 

[convert to pos it ive diffe rence ]; 

Go to OUTDI FF [and display val ue]; 


0003 TPHAZ temporary byte used in phase difference ca lculation 

Listing 2: An alternate version of the 
software memory aided phase lock loop for 
use in plotting a phase difference value 
versus time. This patch to listing l was used 
in preparing the chart of figure 6. It 
calculates the phase difference, between 
stations selected by the choice of addresses 
DB to DF at address 006F, and the choice of 
a station index l to 8 at location 0053. (The 
ranges in each case correspond to station 
selections A through H.) The setup shown 
here picks the C-D station pair. In preparing 
figure 6, the constants were set up for the 
G-C station pair. With this patch, the main 
entry point is now at location 0088. 

microprocessor is a continuing effo rt at Ohio 
University . The microcomputer has made a 
low cost Omega Nav igation Sys tem a very 
real possibility and BYTE readers are advised 
to stand by for navigatio n softwar-e as it is 
perfected. • 

Figure 6: Comparison of 
the Mini-0 software mem
01y aided phase lockedloop 
{listing 7) with a com
parable hardware version 
in older (more expensive) 
equipment. The two sets 
of equipment were run 
simultaneously beginning 
at 3 PM EDT on July 76 
1976 with the 2 channel 
chart recorder running at 
one inch per hour. Timing 
calibration is shown at the 
bottom of the chart. 
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8008Microprocessor Update: 

Robert Baker 
15 Windsor Dr 

voo INTERRUPT Atco NJ 08004 

07 READY 

06 l' I 

D5 1' 2 

DATA 04 SYNC 

BUS D3 

02 
So}S1 STATE 

01 Sz Figure 7: The pinouts of 
Do Vee the Intel 8008 processor. 

Figure 2: Internal organization of the 8008 processor. D0 · 07 Bt· DIRECTIONAL 
DATA BUS 

D 

For the newcomer to the microcomputer 
wor ld, the 8008 was one of the f irst 8 bit 
microprocessors to be developed. Figure 1 
shows the pin assignment of the 18 pin 
dual-in-line package while figure 2 shows a 
block diagram of the central processor un it 
(CPU). Typical prices for the 8008 CPU are 
currently under $20. 

The 8008 is a single chip, MOS, 8 bit CPU 
that communicates over an 8 bit data and 

( B BIT) 
INTERNAL DATA BUS 

DATA BUS 
BUFFER 11 ( 8 BIT) 

INTERNAL DATA BUS 

' 

I TE MP. REG. 1l I TEMP. REG. 'I 
11 

-ij n 
INSTRUCTION I STACK I ACCUMULATOR 

o. (B l b. (8) REG ISTER (8) 1 MU LTIPLEXER (8)

IFLAG I- PR OGR AM COUNTER B 
FL IP· FLOPS L-- (14 l REG (8) 

f-

l I LEVE L NO. I u c 
( 14) 

w 
REG ( BJ 

INSTRUCTION 
...J 

J AR ITHMETIC 
w 

DECODER a: LEVEL NO. 2 "' D 
LOGIC ANO LU (1 4) a: REG ( 6 ) 
UNIT MACHINE -- f- LU 

(AL U) ..._ z LEVEL NO. 3 .... ECYCLE 0 "' ENCOD ING 0.. (1 4) 
~ 

REG ( 8) 

"' LEVEL NO. 4 
LU 

Ha: 

1 (6) 
u ( 14) REG l Bl<I 
f-

I 
"' L EVEL NO. 5 L 

(14) ReG (6) 

LEVEL NO. 6 SCRATCH PAD 

1 
( 14) 

LEVEL NO. 7 
(14) 

I TIMING AND 
ADDRE SS STACK 

I CONTROL 

-

ISTATUS INT READY SYNC CLOCKS 

POWER (--9V 
SUPPL IES - + SV 

J J J l t l l l
SO SI S2 INT READY SYNC ~ I ~2 
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Table 7: The instruction 
set of the Intel 8008, re
produced from In tel's No
vember 7 9 73 8008 central 
processor unit Use1"s Man
ual, pages 8 and 9. 

MINIMUM INSTRUCTION CODE 
MNEMONIC STATES 0, 06 D5D4 03 D.i D1 00 DESCRIPTION OF OPERATION 

REQU IRED 

f11 Lr 1r2 151 1 1 D D D s s s Load index tegiuer r 1 with the content o f index r11gi"Su1r r2. 
! 21L1M 181 , 1 D D D 1 1 1 Lmd lndln: register r with th11 00"11!!nt of rnomorv register M. 

u.~, (71 I , 1 1 , s s s Load memory re'1ister M with the COl'Htnt of lndu reglntr r. 
13ttr t 19) 0 0 D D D , 1 0 LOlcf irtdex regiHllr , with da11 e . . . e. 

" " 8 8 8 8 8 8 
LMI 191 0 0 1 I 1 1 I a Lo.d memory regit:tar M wlth dml• B - . • B. 

8 8 8 B 8 8 8 8 
IN• 151 a a D 0 D 0 0 a lnenment thl C'Crllent of index regil!er r It I AL 
DC• 15) a a D D D 0 0 1 Oec111m11n1 t he con tent or Index reginl!!r r (r 1 A l. 

Accumulator Group lnnructiom 

The result of lhe ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip.flop. 

AD• 15) I 0 0 0 0 s s s Add 1h1 oon1ent of lndtx regl1uu r, memory 1ogl11tr M. 01 dal.11 
ACM 

ADI 
181 

181 

I 

0 
0 
0 

a 
0 

0 
0 

0 
0 

I 

I 

I 

0 
I 

0 
e ... e to the •eeumu111or. An o
flip. flop . 

vwrllow (e.tryJ " " the any 

8 8 B 8 9 8 8 B 
AC• 

ACM 

151 

181 

, 0 
I 0 

0 
0 

0 

0 
I 

I 

s s , I 

s 
1 

Add the a:mtent of lndu register 

8 ., . 8 to the ucumuletot w it h c

r, memory regiU.!r M, or de'9 

arrv , An overflow (c:arrv) 
ACI 181 0 0 0 0 I I 0 0 leH 1ho CllHV Ulp-flop. 

8 8 8 8 B B 8 B 
SU< 151 I 0 0 I 0 ~ s s Sut:moct the content or index r99istar 1 , mamo1y r~lner M , °' 
SUM 181 1 0 0 I 0 I I 1 data 8 • • • 8from1h111ccurnul11or . An underflow lborrow) 
SUI 181 0 0 0 1 0 1 0 0 S.011 t he arry fllp.fl op. 

B 8 8 B B 8 8 B 

SB• 
SOM 

151 

181 

I 

1 

a 
0 

0 
0 

I 

I 

I 

I 

s s , I 

s 
I 

Subtract the content ol lndo regis

d1ta B ... B lrom the 1c:cumul11or 

ter r, memory r99i1t11r M, or data 

with borrow. An underf low 
SBI 181 0 a 0 I I I 0 0 Iborrow) seu tho cauy fl ip.flop. 

" 8 8 " " 8 8 B 

MINIMUM INSTRUCTION CODE 

MNEMONIC STATES 0706 Os o. 03 o.io, q, DESCRIPTION OF OPERATION 

REQUIRED 

ND< 151 I 0 1 0 0 s s s Compu1e d \C logical ANO of the content of ind u reglner r, 

NDM 18) I 0 1 0 0 1 1 I memory register M, or dtta 9 . . . 8 with the accumulf ror . 
NOi IBI 0 0 1 0 0 1 0 0 

" " 8 8 B 8 B 8 

XAr 

XAM 

XAI 

•SI 
IA! 

191 

I 

I 

0 

0 
a 
0 

I 0 , 0 
1 0 

I 

I , 
s 
I 

I 

s 
1 

0 

s 
I 

0 

Comp1,n" the EXCLUSIVE OR o

r, mt!mar,o register M, or data e 

f the conten1 of index reg ister 

.•• e with the •CCl.lmulator. 

8 8 8 " 8 8 8 8 

OR< 

ORM 

15) 

181 

1 

I 

0 
0 

1 

I 

, 0 , 0 
s s s , , I 

Compute the INCLUSI VE OR or 

1 . mcimorv r&gisttr m, or data B 
the content or index reginer 

, • • 8 whh the occumulator . 

ORI 181 0 0 I 1 0 I 0 0 
B 8 B 8 8 8 8 8 

cp, 151 1 0 I 1 I s s s Compare the content of Index register 1 . memory register M, 

CPM 181 I 0 I 1 1 I 1 1 or dua B • • • 8 with the accumulator. The contem of the 
CPI 181 0 0 I 1 1 I 0 0 .tccumuletor 11 uncha ngetd . 

8 " 8 8 8 8 8 8 

ALC 

ARC 

(51 

151 

0 
0 

0 
0 

a 
0 

0 
0 

0 
1 

0 
0 

1 0 , 0 

Rotate the content of the accum

Rotue 1h11 content of the accum

u lator left . 

u lator right . 

RAL 151 a 'O 0 I 0 0 I 0 Rotet1 the content of tht accumu lator leh through 1he corry. 

RAR 151 0 0 0 1 I 0 I 0 Rotate the content ot the occumuletor 1lght through tho carry . 

Proogram Counter and Steck Conuol Instructions 

(41JMP ( 111 a , 
82 B2 
x x 

x x )< 

B2 8 2 B2 
83 83 83 

, 0 0 
B2 B2 B; 
83 83 83 

Unco nditionellv Jump to memory address 83 ... 8382 ... 82. 

(SI JFc 

JT, 

CAL 

CFc 

CTc 

f9 01 1 11 

(9 DI 111 

1111 

19 or 11• 

(9 Qt 11 l 

a I 

82 82 
x x 
0 I 

82 "2 
x x 
0 I 

"2 82 
x x 
0 I 

"2 82 
x x 
0 I 

"2 B2 
x x 

a C4C3 

82 82 82 
83 83 83 

I C4C3 
82 "2 82 
83 83 83 

x x x 
82 82 82 
83 83 83 

0 C4 C3 
B2 82 B:1 
83 83 83 

I C4C3 
B2 B:1 "2 
83 83 83 

a 0 a 
82 82 8 
83 83 B 

0 0 a 
"2 82 82 
83 83 83 

I I 0 

82 "2 "2 
83 83 83 

0 I 0 
"2 "2 82 
83 83 83 

0 1 0 
"2 "2 82 
83 83 83 

Jump to memory addreu 83 . •. 8
flip.flop c i1 lal5e. O therwise, exe

Jump to memof'v tddren 83 ... 8
flip.flop c is trut!. Otherwise, •J1.ec

Unconditionellv eall 1he subroutin
8382 ·.. • 82. S11Ye the curren t add

C.11 the subfouline I t me1nory :.d
condition flip-flop c is lalse , and u
leviel in tne su1ck.l Otherwise. exec

Call the sub1outine at memorv adc
condition fllp.flopc is true, end sa1
leval in the stackl. Othe rwise , exec

382 .. . 82 i i the co ndit ion 
cuto the next inuruct ion in sequence. 

382 ... B2 if the condition 
u te the next instruction in Stlquttnce , 

o a1 memory addnu 83 ... 
ress lu p one level in the u11ckl , 

dutu 83 . . . 8382 .• . B2 If the 
w the cur ren t address fop one 

ute t he neJ1.1 lnnructlon Jn sequence. 

fress 83 .•. 8382 .•• 82 if 1he 
111 1he cu1rent address lup one 
u te 1he nex1 lnsltuc1lon In sequenai . 

RET 151 0 x x x I I Unconditionally return (down one 1•11111 in thlt stackl. 

RFc 

ATc 

AST 

13 O< 51 

(3 or 5l 

151 

0 

0 0 

0 

0 C4 C3 

, C4 C3 

A A A 

I I 

0 1 ' 
I 0 , 

Return ldown 011c lewl in the 1t1

f•lsJ!. Otherw1Sll, &JCecutc the neJCt 

Return (down one level 1n 1he ua

tnM. O thcrwii.o. uacute the neJCt 

Call thri 1ubfou1ine at mcmarv add

dcl if the condi t ion fllp-ltop c is 

irutructio n in ICIQLll!ncz. 

ckl 1f 1he condi11on fllp-tlop c h 

Instruction in sequence. 

•eu AAAOOO (up one leve l in the nick). 

Input/Output Instructions 
INP !81 0 I 0 0 M M ... I Re11d the contl!!nt o f the $191eeied lnpu1 poH IMMM) ln ro 1he 

1ccumul.e 101 . 

OUT 161 0 I R R M M !" I W1ito th{J contOnl o l tho accumulatO• into lht 1e1 lected ou1pu1 

pott IRAMMM , RR ~ 00~ . 

Mlchine Instruction 
HLT 1•1 0 0 0 0 0 x Enter 1he STOPPED stale 1nd remain there untU ln1euupted. 


HlT 141 I , , , I 1 I Enter the STOPPED stlltl!! and 1em1in there un til inltrrupted.
' NOT ES: 
(11 

f21 
13) 
[41 
j5I 

SSS • Soljrro Index Raglt.ter } Th.et.e reginer1, r1, t111 de:sign11ed Alaecurnulator- OCX)) , 
ODD • DMtination lndu ReQit.ter 8[0011 . CI0101. 0{01 0, EC100l. Hl100 . Lit 101 , 
Momory r911inar1 ara o&ddreuad bv the contents o r rogistett. H &I L. 
Addit ional bvtet. of i.,t.tructio., are d t"SiQnated bv a999888B. 
X • ··oon'' C.re"'. 
Fl~ tllp;,1opse11I!! deP lned by C4C3: ctllrry 100-0\'trllowor unde.rflowl, zero (O l ·•esult 1s zerol.11gn 
p.airi1v (11.~rlw is elo'tlnl. 

(10-MSB of resull ls " 1""J, 

111 

Continued on page 160 



The diversity in The Best of 
Creative Computing - Vol
ume 1 can only be described 
as staggering. The book 
contains 328 pages of articles 
and fiction about computers. 
games that you can play with 
computers and calculators, 
hilarious cartoons, vivid 
graphics and comprehensive 
book reviews. 

Authors range from Isaac 
Asimov to Sen . John Tunney 
of California ; from Marian 
Goldeen , an eighth-grader in 
Palo Alto to Erik McWilliams 
of the Nationa l Science 
Foundation: and from Dr. 
Serna Marks of CUNY to 
Peter Payack, a small press 

The Be.st of - " - : . 

c110ativ0 
computinfj 
Volume J Edited by David H . Ahl 

poet. In all, over 170 authors are represen ted in over 200 
individual articles , learning activities, games, reviews and stories . 

This 328-page book has 108 pages of articles on computers in 
education. CAI , programming , and the computer impact on 
society: 10 pages of fiction and poetry including a fascinating 
story by Isaac Asimov about all the computers on earth linking up 
after a nuclear war to support the few remaining survivors; 15 
pages of "Foolishness" including a cute cartoon piece -
called "Why We're Losing Our War Against Computers": 26 pages 
on "People, Places, and Things " including the popular feature 
"The Compleat Computer Catalogue" which gives capsule 
reviews and lists sources for all kinds of computer-related 
goodies: 79 pages of learning activities. problems and puzzles: 29 
pages continuing 18 computer games including a fantastic 
extended version of the single most popular computer game 
Super Star Trek ; and 32 pages of in-depth book and game reviews 
inc luding Steve Gray's definitive review of 34 books on the Basic 
language. 

The Best of Creative Computing - Volume 1 is available by mail 
for $8.95 plus 75¢ postage from Creative Computing Press. Dept. 
B-21 , P.O. Box 789-M , Morristown , N.J. 07960. 

/ 

) 

ARTIST AND COMPLITER is a unique new art book thal 
covers a mult itude ol computer uses and the very latest 
tech niques. In 11s pages. 35art1sts who work with computers 

explain how the computer can be 

flAil~ST 
programmed either to actualize the 
artist 's co ncep t (such as the 
v1sual1zation of fabnc before 11 is wo

fl~[) 
ven) or to produce lin1shed pieces. Illustrated 
with more than 160 examples of computer art . 9 
of 1hem 1n fu ll color. ARTIST AND COMPUTER 

I wil l fascinate and inspire anyone who 1s m-

L[]r:lplJTER 
terested 1n art or com
puter technology Size 

I 8 '12" x 11 " 

Edited by RUTH LEAVITT 
Paper $4.95, cloth $10; now at se1ec1ed bookstores. or send payment plus 
75¢ handling to Creative Computing , P.O. Box 76!>-M. Morristown, N.J. 
07960. N.J. res•dents add 5% saies lax. 

THE BEST OF BYTE - VOL. 1 
The Best ol Byte - Volume 1isa384-page blockbuster of a book 

which contains the majority of material from the first 12 issues of 
Byte magazine. 146 pages are devoted to "Hardware" and are 
cram full of how-to articles on everything from TV d isplays to 
joysticks to cassette Interfaces. The section on computer ki ts 
describes building 7 major kits. But hardware without software 
might as well be a boat anchor, so there are 125 pages of 
"Software and Applications" ranging from on-line debuggers to 
games to a complete small business accounting system . A 
section on "Theory" examines the how and why behind the 
circuits and programs, and a final section "Opinion" looks at 
where th is explosive new hobby is heading. 

The Best of Byte - Volume 1 is edited by Carl Helmers and David 
Ahl and published by Creative Computing Press. Price in the US 
is $1 1.95 plus $1.00 shipping and handling ($12.95 total) : foreign 
orders add $1 .00 ($13.95 total) . Orders from ind ividuals must be 
prepaid . Creat ive Computing Press, Dept. B-21 . P.O. Box 789
M, Morristown , NJ 07960. Allow 8 weeks for delivery. 

101 BAS IC Computer Games is the most popular 
book of computer games in the world. Every pro· 
gram in the book has been thorough ly tested and 
appears with a complete listing, sample run, and de
scri ptive write -up. All you need add is a BASIC
speaking computer and you're set to go. 

101 BA SIC Computer Games. Edited by David H. 
Ahl. 248 pages. 8 Y, x11 paperbound. $7.50 plus 75ri. 
postage and handling ($8.25 total) from Creative 
Computing, P.O. Box 789-M, Morristown, NJ 07960. 
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You should subscribe to 

GPaativa computind 

today! Here's why 

• 
t. 


s. 


Creative Computing will help you 
decide which computer is best for 
you. 
Crear.ve ·s no-nonsense equopmen1 profiles arm you 
with lhe lacts before you lalk to lhe vendor or dealer. 
Whether you·re interesled 1n a microcomputer kit . a 
mini . 1erminal. or programmable ca lculalor, you ·11 
find lhe evaluallve Informal ion you need 1n Crear1ve. 
Indeed. one wise hardware decision could save you 
lhe cosl of a hfetime subscnpl1on! 

Creative Computing discusses 
computer applications in non
te ch n i ca I , understandable 
language. 
Business people who want to know what's going on 
1n 1he EDP depar1men1. s1uden1s who w11n1 10 learn 
about m1croprocessors. hobby1sls looking to make 
good use of home compulers. or anyone concerned 
about the eflec1of1he computer on soc1e1y w11111nd 
these and many , many more mind·exparJdmg topics 
covered on the pages ol Creat1Ve 

Creative Computing covers com
puter education in depth. 
After all . lhal's where we got our s1ar1 and so we 
conllnue to present lour or live ma101 learning 
act1vit1es every issue II you're a teacher . Creative 
will save you hours ol preparation lime II you re a 
student you'll be way ahead of your class wtlh 
Crear1ve. And 1f you 've already graduated you can 
bone up on whal you missed. 

Creative Computing carries out
standing fiction every issue. 
One ol the best waysol explortng fulure scenartos ol 
computer usage •s through fi ction, so Creative seeks 
oul material trom the best aulhors - Isaac Asimov, 
Frederik Pohl . Arlhur C. Clarke to name jusl a few. as 
well as many Olhers who are destined to be lhe besl 
ol the next generation 

Creative Computing 's book 
reviews are honest and timely. 
We're nol owned by a big book publisher to whom 
we owe loyally. nor do we depend upon adver11s1ng 
for our revenue. Hence. not only do our reviews pull 
no punches. bul we also rank order similar books 
(like all 34 books on lhe BASIC language which we 
reviewed lasl year) . Crearive revoews virtually every 
compuler book of in1erest to educators. hobby1s1s. 
and general laypeople. even 1nclud1ng vendor 
manuals and government pamphlets. 

An extensive resource section will 
save you time and money. 
Every issue of Creative carries 40 or more short 
resource reviews evaluating periodicals. booklets . 
hardware. terminals. couplers. peripherals . soltware 
packages. organizations. dealers. and much more. 
Every entry has a brief descrlp11on. evalua11on . and 
the name. address. and phone number of the 
vendor. You·1 1 save valuable time seeking oul lhis 
1nforma1ion. much ol which you'd possibly never 
come across. 

Creative Computing will provide 
hours of mind-expanding enter
tainment, even if you don't have a 
computer. 
Creative Compuling carries 1 O or 12 pages of games 
and puzz les every issue. Most of lhe puzzles don't 
need a computer or calculator 10 solve . some do. 

Creative Computing gives you 
things to actually do with a com
puter. 
Home computer kit . m1n1 . limesharing 1ermma1 
whalever your access to compuler power . Crear1ve 
provides lhoroughly documenled programs w1lh 
complete llslings and sample runs lhat you can use 
with minimum effort. Games. simulations, CAI , 
computer an - whelher education or recrealion is 
your bag. you'll f ind programs which you can use 1n 
C rea five. 

A no-compromise policy of 
editorial excellence means every 
issue is of value to you. 
We firmly intend 10 be around a long time and we 
believe lhe way lo do thal is 10 publish only material 
of the very h1ghes1 qualrty. We believe our readers 
are among lhe most astute. intelligent. and acllve 
people rn the world. You can 't aflord to was1e 11me 
reading imprecise. opmionaled. or wordy ankles 
and you won·1 !ind any tn Crearive. 

The price is right - only $21 for 3 
years. 
That same S2t will buy you a pair of Siar Trek walkie 
talk ies. soc d irec t dialed 10 minule calls between 
New York and Boslon. 3 lank fulls o f gas. or 10 
cockla1ls al a Hilton hotel. Wouldn't you rather have 
18 Issues of Crea1ive Computing each containing 
over 85 pages of solid edilorial material (including 
adver1tsrnq . ovet 100 pages per Issue) Counl lhe 
ed11orial pages in any 01her hobbyisl or special 
interest magazine and compare it to Creallve. Any 
other. 1 year subscnpllon SB . Lifetime S300. 

NO RISK GUARANTEE 
You may cancel your subscropl1on at any time lor 
any reason and we wi ll refund lhe balance without 

quest ion David H. Ahl, Publisher 

FOR FASTER RESPONSE 
You can phone your subscription orders to us at 
(201) 366-5617 Our lines are open from 9am to4 :30 
pm EST 

r---------------------1
SUBSCRIPTION ORDER FORM 

Type 	 Term USA Foreign 
Individual 	 1-Year a S 8 a S 10 

3-Year a 21 a 27 
L1le1ime a 300 a 400 

Institutiona l l ·Year a 15 a 15 
3-Year a 40 a 40 

a New a Renewal 

a Cash. check. or M.0 . enclosed 

D8ankAmertcard Card No. ------- -- 

a Masler Charge Expiration date - ------ 

a Pte<1se b ill me (Sl.00 b1ll1ng fee will be added) 

Name ------------------~ 
Address _ _ _________________ 

City ----------- State ___ Zip __ 

Naturally. lhe 4 or 5 new computer games (in Basic . Send lo: Crea11ve Computing . Oeparlment B·2 1 Fortran. and APL) in every issue require access 10 a 
P.O. Box 789-M. Morristown. NJ 01960compuler. 
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Guess whojust bought 011r 

new Microfloppy for $1095 


including software? 

iCOM - the leader 

for $1095 
Plug-compatible 

We've been building Floppy 
iCOM's brand new Micro Disk Systems for micro

computers for nearly three floppy® is specifically designed 
years . Thousands of our for the personal computer 
systems are operating peruser. It's smaller, using the 
fectly in the field. Many major new 5%-inch diskette, and is 
computer manufacturers have priced at only $1095 including 
incorporated our Floppy Disks disk drive, power supply, 
into their systems. We deliver, cabinet, controller/ interface 
and we'll be around to give card, all cables and connec
you service whenever you tors, P-lus, on diskette, iCOM's 
may need it. You see, we're anew FDOS-M software, 
division of Pertee Computer including assembler, editor, 
Corp. , one of the largest and and file manager. And for a 

limited t i me ~ you also get an 
BK Disk BASIC package at no 
extra cost. 

Best of all, iCOM's Microfloppy® is 
fully assembled and tested . It's 100% 
compatible with Altair, IMSAI , Poly 88 
and other microcomputers using the 
Altair bus format. 

• o tter good through April 15, 1977 

Much faster than a cassette 
This compact, economical Floppy 
Disk System is 10 to 15 times faster 
than a cassette. Programs can be 
loaded in seconds, a source program 
of several thousand characters can 
be corrected and a new fil e stored on 
diskette in less than a minute. Any of 
up to 175 files can be reached in 
1.5 seconds. 

most respected manufact
urers of peripherals, microsystems, 
data entry products , and data 
processing systems. 
So you don't need to risk getting 
burned by a fly-by-night company. 
Order an iCOM® Microfloppy® and 
be sure of getting the best. 
See iCOM's MicrofloppytW now at 
your local computer store. Or contact 
us for the name of your dealer. 

tmlru®m1c~OPE~PHE~LS® 

6741 Variel Ave ., Canoga Park , CA 91303 U. S.A.

a division of Pertee Computer Corporation (213) 348-1391 TWX 910-494-2788 



Continued from page 32 SMALL COMPUTER SYSTEMS • SOFTWARE • AMATEUR RADIO EQUIPMENT 

bibliographic information about a manu
scripc and the second contoining the 
present working text buffer. Or consider 
the problem of remembering one section 
of code while editing a program elec
tronically - then altering a second por
tion at o different place. The idea of 
multiple texc editing windows via sepa
rate displays is a very powerful concept 
which is well worth exploring. 

As to split screen displays where lines 
are intended to span several screens, 
there is a fundamental problem : The 
gap be tween the display tubes in terferes 
with one's scanning of the text. .. CH 

YET AN OTHER DEFINITION OF TH E 
WORD BYT E 

. . . AN D BA R CODE COMM ENTS 

In reference to Thomas P Bishop 's 
letter /page 77/, published in November 
1976 BYTE : One of my pet quirks is 
labeling things. Li ke so many authors of 
today's computer texts, I put a label on 
everything. I would, however, like to 
clarify the meaning of the term byte; so, 
in lhal connection, I have a l;iit (eigh t to 
be exact) of information. According to 
Donald E Knuth, the father of many of 
today 's algorithms, a byte is not related 
to IBM (it fs about the only thing in the 
compu ting world which isn 't) but rather 
it is a universal co ncept. 

The basic unit of information is a 
byte. Each byte contains an un
specified amount of information, 
but it must be capable of holding at 
feast 64 distinct values. That is, 1ve 
/mow that any number between 0 
and 63, inclusive, can be contained in 
one by te. Furthermore, each byte 
contains at most 100 distinct values. 
On a binary computer a byte must 
therefore be composed of six bits; on 
a decimal computer we have t1vo 
digits per by te. 

This is an item of information which 
is invaluable, or should be invaluable to 
Mr Bishop, since I have just re li eved hb 
"plight." Furthermore, Mr Helmers 
should also be pleased, since now an 
explanation has been found for the name 
of the maga zine he created. 

I am extremely pleased with the 
quality and quantity of BYTE, and I 
would like to say "keep assembling, 
compiling and in terpret ing these fas· 
cina1i11g bits, bytes and words of data," 
ie: good work, and keep it up! 

One last question : Do you know of 
.my company presenlly manufacturi ng a 
hand-held scanner capable of read ing the 
future bar codes which wi ll be published 
by BYTE? 

R H Beinert 
223 Du Rose Ter 

Madison WI 53705 

See 1/le le1ter by W Buchholz IFeb· 
ruary 1977 BYTE, page 1441 and note 

1455-A So. 1100 E. Sall Lake City, Utah 84105 Phone: 801 -466-7911 

"WE TAKE THE 


\\\~\'t\\\ OUT OF THE ~~LR[]'' 


One Of The Nallons Largest 
Full-Service Computer Stores. 

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 L01':1PUTER P,[J[]l':l EASY TO UNDERSTAND 
CATALOG COVERING . . ....................... . ....... . .•.. 

IMSAI 
THE DIGITAL GROUP 
POLYMORPHIC SYSTEMS 
SOUTHWES T TECH NICAL PROD UCTS CORPORA TION 
TECHNICAL DESIGN LA BS 
ETC. 

3. THE L[]f':lPUTER P,[J[]l':l " 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 PRE SENTLY AVAILABLE 

SOFTWARE 

PUBL/CA TIONS 

PERIPHERALS 


5. INFORMATION ON REPAIR SERVICE, LOW COST 
CUSTOM PROGRAMMING AND OTHER SPECIAL SERVICES. 

Over 1600 Square Feet Of Sales 
And Service Facilities. 

AT THE L[]l':lPlJTEA A[][]l':l YOUR WRITTEN QUESTIONS 

ARE HAPPILY RECEIVED AND PROMPTLY ANSWERED ..... . 


WE ALSO STOCK A COMPLETE 

LINE OF AMATEUR RADIO EQUIPMENT 


BANKAMERICARD .. ......... .... ....... .... .... .. MASTERCHARGE 


11 5 
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also that your quo1e from Knulh makes 
110 reference lo the origin or the term 
but simply generalizes the definition to 
mean any mou1hful of data with greater 
than 6 bits in a binary representation. 

The scanners have not yet been pro
duced in commercial form, but we hove 
been contacted by se11erol firms in
tending to do so. The first firm which 
achieves the $20 scanner (or at least the 
some order of mogniwde price) capable 
of transforming bars as small as 
0.01 inch (0.25 cm) in width into TTL 
level signals will most likely ge t very 
good publicity as the prize for winning 
the race. We intend to support the 
concept, with good software starting 
with Jock Emmerichs' assembler pub· 
lished in this issue of BYTE and inter
preter and monitor software as well as 
miscellaneous applications, fun and 
games. As a rule of thumb, PAPER· 
BYTES™ products will be distributed 
in both source listing and object bar 
code forms unless specific arrangements 
to the contrary are mode by program 
authors. 

CODE DECODED . .. 

COMMENTS ON MORSER 


hope I'm no t too late to gel my 
vote in for Grappe l and Hemen way's 
October 1976 ariicle, page 30. I believe 
it was the best I've eve r seen in BYTE 

and I look forward lo every issue. I 
phoned Mr Grappel to thank h im per
so nJ lly, but I 'm sure he'd just a oon 
have the $100 award. 

I enjoyed this article because it des· 
cribcd a simp le s tarling poinl for what 
can be an almost unsolvable problem . 
The b igges t obstacle in ,iny accompli sh
ment i usually gelling st.irted. I sus
pected I here were o thers who though l 
about such an idea but let the possible 
complications keep 1hcm from writing 
that. fir I line of co de. I've made some 
ch,111 ges lo 1he p rogram bul I reall y 
apprecia ted bei ng poin lcd in the righ t 
d irec tion . Thanks to all. 

In my conversation with Mr Grappel, 
he uggcs ted a replacement for 1he all 
import ant audio inpu t processing circuit 
designed arou nd 1he NE567 PLO 1one 
decoder. I had very li1t le luck with lhesc 
tone decoder ch ips. Low noise immun ity 
seems to be lh eir problem. Mr Grappc l 
said th e one in QST, November 75, 
page 15, looked much more promisi ng. I 
buill this unit up ,rnd had considerably 
more success. The uni1 in the QST an icle 
b\• Thomas Riley uses a bandpass filter 
which I have 1101 ye 1 in corpora ted and 
s till have obtained good resulls. The 
signal sti ll has to be prcuy cle,111 but the 
Schmiu trigger or the OST c ircuit has 
much more immunity th an the to ne 
decoder. When the filter is added I 
expect lo see more improvement. l 

VECTORBORD®,TENTHlTENTH HOLES MOUNT: 
DIPS, SIPS, KL/PS, CHIPS 
PINS/ POSTS, POTS, PADS Save Work - Time - Money 
RCs, /Cs, PCs, SCs 

8800V MICROPROCESSOR PLUGBORD 

(Component Side with Added Sockets)
Pattern 11 P" 

Has 100 contacts on 0.1" centers, is 10" wide by 5.313" 
high. Has heavy tinned back -to-back buses, overall 0.1" 
spaced 0.042" hole pattern. Socketed models available. 

WIDE SELECTION OF SIZES AND MATERIALS 

MICRO·VECTORBORD ® "P" - 0.042'" TERMINALS - Complete selection of 
holes match DIP leads. Epoxy glass, or wi re wrappable and solderable push-in 
glass composite , paper, copper clad. Also terminals for 0 .042" and 0.062" dia. holes 
1/64"to1 /16" thick and 1O"max. width. - plus wiring tools available . 

VECTORBORD "H" - For larger termi· PLUGBORDS - For solder or wrap wire 
nals, leads. Available in epoxy glass sheets const ruction 2.73" to 1O" wide and 4.5" 
4.8" to 8.5" wide and 8.5" to 17"' long. to 9,6" long. With holes .1 "x . 1 ", .1 "x 
1/32" and 1 /16" thick. .2"•.2"x .2", or loaded with IC sockets. 

Send for co~iplete literature 

ELECTRONIC COMPANY I INC. 
12460 Gladstone Ave., Sylmar CA 91342 
(213) 365-9661 - TWX (910) 496-1539 @...,, 

Loyed wi th 1he idea ·of ge lling my 
computer a code proficiency ce rtificate 
from WlAW when it copied a minute 
sol id al 20 words per minute. That was 
much better than normal. The receiver 
noi se was quiet and 1hc W l AW ignal 
was q uite strong. 

Incident ally, the only ICs used in the 
improved audio processor are d p<1ir of 
NE555s (U33, U32) and an LED. Out· 
put is in the right sense JI pin 3 of U33. 
Missing pin number 7 on U32 must be 
tied LO pin 6 or ii will never work. 

Please keep up the good work of 
BYTE . I hope th ese next 1hrce years are 
half as interesting as the first. 

Bill Benncu K3TNM 
1908 Foxhound Cr 
Severn MD 21144 

COMPUTER COURSES WANTED 

I comp leted three years of active 
duty in the US Army approximately 
2-1 /2 years ago. During this 2-1 /2 years, 
I have been keeping an eye out for an 
educa tional program in which I co uld 
ap ply my VA benefits. 

Since I am 11ery interested in owning 
a personal computer with CRT, disk 
drives, etc, etc, and learning about the 
pri nciples o f the processor and all of its 
supporting and peripheral equipment, I 
wou ld li ke to find a course to which I 
could apply my VA benefits a long these 
lines. Do you, one of BYTE's readers or 
advertisers, know of such a co urse or 
courses? 

If a company could develop such a 
course around its computer and peripl1
era l kits , it could expand its market to 
those who arc very interested in persona l 
size computers, but do nol have the 
knowledge and/or funds to own one at 
the present. 

I wou ld appreciate any help from 
anyone who could get me in contact 
wi th such a cou rse. 

Johr1 A Wh itney 
3644 Parkway Pl 

Shreveport LA 7·11 04 

1802 USERS CLUB WANTED 

just received the November BYTE . 
Wow! Some good coverage of video 
graphics. Keep the "display" articles 
comi ng. (There may be a few ll1a1 felt 
there was too much emphasis on 
graphics; but on the other ha nd, I"d 
wager the majori ty could s tand a lot 
more.) 

I'm one of those "homebrcwers" and 
am in the midst of getting my computer 
act toge1her. IL will be housed in an 
attache case, use an RCA 1802 proc
essor, 4 K (minimum) or prorammable 
memory, a keyboard, TV and cassc1 te 
recorder interfaces, of course. Every
thing possible will be CMOS logic to 
minimize power supply requirements, 
with either 110 VAC or battery power. 

I was someday going to ge 1 into 
personal computing; then the August 
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1976 BYTE bi t m e w i1h Sud ing 's tele
vision disp lay de vi ce. I stu d ied ii 
lhoroughly 10 lc.irn all 1he required 
·ign. il s to ge nerJl.e 1clevision video . T he n 
I convened 1he de ign to my require
ments: CMOS wherever possible, a single 
supply d1aracter gcner.nor using +5 V 
o nl y , 21 L02s fo r m emo ry, e tc. My rcs ul l 
now t.ikcs 26 ch ip instead of 32, cosl 
$,15 in pa rts includ ing the crys1a l ,md 
wire wrap board (found in a surplus 
shop) and draw · onl1• 5 V a t 250 mA. 

Now, a questi o n: Is th ere a nyo ne out 
there using the RCA 1802 processor ch ip 
or is it too new for the ho bbyis t ? Coul d 
you pri n t a shorl req ues t for respo nses 
from Jll\' 1802 users? I thi n k this may 
be of in1eres1 LO many others besides 
myself. 

Harl ey Shanko 
Apartment 209 

15025 Va nowen St 
V a n Nuys CA 91 405 

ON USING BURIED GOLD 

don' t own an Altair 880 0 or wha t · 
ever (ye t), bu t I do have an S R-52 of my 
very ow n nd I was pleased to see "T he 
Buried Gold in the S R-52 ," by Cl i f Pen n, 
page 30, and "Des k T op Wo nders," 
p«gc 92 , in the December BYT E. Whe n I 
heard abo u L the hid den goo dies in th e 
S R-52 th ree m on ths ago, I wro te to Texas 
Instru men ts an d received a p rom p t reply 
will1 a printed shee t giving m uch the 
same dope on th e rcgisLers as in Cl if 
Penn's story. Al though the first level of 
1l1e s tack is addressa bl e <1S R60 , it Jctu al ly 
ca nnot be use d if you a re doi ng any 
ari1h 111 c tic wit h dyad ic opera tors (pl us, 
minus, t imes, di vide d by, y Lo the x 
power or x root o f y) because the nu m· 
bcr on the left ha nd side of the operator 
is writ ten in to the first level of the stack 
(register 60). S o in mos t cases o nl y R61 
lo R69 ;ire avai lable. T his I fou nd from 
pcrsomll ti nkerin g. 

Would it be possible to pu blish the 
Jcldrcss of th e SR·52 Users Cl ub and 
52 oles? For that maner, I th ink i t 
wou ld be J good fea ture Lo pu bl ish a lis t 
of users' i: roups fo r the various m icro
comp uter sys te ms and program mable 
calculators. 

The big advan tage of program mable 
ca lculJtors is tha t they arc porta bl e. But 
arc they inexpe nsive in terms of comput· 
ing power per do llar? Po lymorphic Sys· 
terns offers a ready to ru n system wi th 
an 8080 based p rocesso r, 8 K me mory, 
video in tcrfacc, casse tle in terface, key
board, televisio n moni tor, casse tt e re 
corder, BASIC and an assem bler for 
S 1750, or about six times the lis t of an 
S R-52. The Poly 88 is fas ter by severa l 
times and has several tim es the program· 
ming capacity , no t to men tion the a bi li ty 
10 handle nonnu meric da ta , J n d can be 
cxQandcd. I wo uld say you get m o re 
than six t imes the comput ing power. 
There are cerrain ly fess expe nsive sys tem s 
in ready to ru n o r ki t fo rm ava il able 
from otl1er manu fac turers. 

Texas Ins truments, I 've heard , has a 

COMPLETE 

FLOPPY DISK SYSTEM 


FOR YOUR ALTAIR/IMSAI 

$699 


That's r ight, complete. 
The North Star M ICRO -DISK SYSTEM™ uses the Shugart 

minifloppy™ disk drive. The contro ller is an S-100 com
patib le PC board with on-board PROM for bootstrap load . It 
can control up to three drives, either with or without 
interrupts. No DMA is required . 

No system is complete without softwa re: we provide the 
PROM bootstrap, a file-orien ted disk operat ing system (2k 
by tes), and our powerful ex tended BASIC with sequentia l 
and random di sk f ile accessing ( 1 Ok by tes). 

Each 5" diameter diskette has 90k data byte capacity. 
BASIC loads in less than 2 seconds. The drive i tself can be 
mounted inside your computer , and use your existing power 
supp ly (.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 
BASIC comput ing system, all you need is an 8080 or Z80 
computer, 16k of memory , a term inal , and the North Star 
M ICRO -DISK SYSTEM. For additional performance, obtain 
up to a factor of ten increase in BASIC execution speed by 
also orderi ng 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 rout ines. 

Included : North Star cont rol ler kit (highest quality PC 
board and components, socket s for al l IC's, and power regula· 
tion for one d rive), SA-400 dr ive (assembled and tested), 
cabling and connectors, 2 diskettes (one containing file DOS 
and BASIC), complete hardware and software documentat ion, 
and U.S. shipping. 

MICRO-DISK SYSTEM . .. $699 T o p lace order , send 
(ASSEMBLED) ... . ... $799 check. m o ne y orde r or 

BA or MC card # w ith exp.ADDITIONAL DRIVES. . . $425 ea. da te and signatu re. Uncer
DISKETTES...... . . .... $4.50 ea. t ified checks req ui re 6 
FPB -A ....... . .... . ... $359 w eeks pr ocessiny . Cali f . 

(ASSEMB LED) ....... $499 res id en ts add sales ta x. 

, 
NORTH STAR COMPUTERS, INC . 

2465 Fourth Street 
Berkeley, CA 94710 
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super SR·52 desk rop machine cal led the 
SR-61 . Could you run a product descrip· 
tion on it in a forthcoming issue of 
BYTE? 

William R Hamblen 
946 Evans Rd 

Nashville TN 37204 

SR-52 Users Club is at 9459 Taylor
ville Rd, Dayton OH 45424, (513) 
233-3698, and publishes 52 Users Notes 
monthly. 

A CALCULATOR USER'S 

COMMENTS 


As a member of the SR· 52 Users 
Club, I was pleased to read "The Buried 
Gold in th e SR·52" by Cllf Penn , 
page 30; also " Desk Top Wonde rs 
Shooting Stars," page 92; and letter 
"New Product: Snob Detec tor" by Craig 
Pearce, page 53 , in the December BYTE 
~i 6. I hope you have more on the S R·52 
as well as other programmable calculators 
such as the SR·56 and the HP·25. 

I think that the idea of machi ne read· 
able printed software on page 12, etc, of 
the same issue of BYTE is a great id ea 
and should be a great help in the produc· 
t ion of low cost software . It shou ld also 
be a good idea for software for program· 

mable ca lcula tors. Those programmable 
calculators that are nor keyboard pro· 
grammable only are programmed by 
m agnetic cards except for some of the 
"super" calcul ators such as advanced 
membe rs of the HP-9800 series. Mag· 
netic cards are small and easy to lose. 
They are expensive as compared to you r 
new form of pri n ted software. They can 
not be duplicated as easily as pr inted 
software. They can lose a bi t or two over 
a long pe riod of time, but pri n ted so f t· 
ware should las t longer and it should be 
more obvious when some thi ng is wrong 
with a pri n ted program , also cheaper to 
replace. A low cost optical reader is 
needed to make th e idea of machine 
readable printed software economical. 

I have recen Ll y been reading Compu
ters at Large by Charles J Sipp l and 
Robert Bu l len (Bobbs-1Vlerrill, NY 1976 ). 
Siartlng at th e beginning of chap ter four, 
" T he Robots arc Com ing - and Giants 
Too," th ere is a descrip tion of a robot 
tha t can learn rout ines by having the 
ope ra to r run the machine through a 
routine manually, once , an d the mach ine 
has "learned " the rou tine and can re peat 
i t as it was done the first time. In doing 
th is the robot has " wri tten " a program 
and developed an algori thm for the rou
tine. It has done th is a l ot qu icker than a 
hum an bei ng cou ld do it and a lot 

WANT TO HOOK UP 

ACIRCUIT QUICK? 


The PB-100 is only one of our 

family of solderless Proto-Board 

breadboarding units, designed to 

help you assemble. test and modify 

circuits as fast as you can push in or 

pull out a lead. Preassembled 

sockets with durable 5-point 

termi nals provide low-res istance 

interconnections you can arrange 

and re-arrange at will. 


Resistors. capacitors. transistors. 

DI P's, TO-S's. LED's etc . plug in 

without damage to leads. And 

jumper connections. where required, 

are lengths of #22 AWG solid w ire . 

Models from 630 to 3060 tie-poin t 

(6 to 32 14-pin D IP) capacity 

available . For more information, see 

your CSC dealer. or write for our 

catalog and distributor list. 


CONTINENTAL SPECIALTIES CORPORATION=$=
EASY DOES IT 

Proto-Board 100. 760 solderless 
tie-points. Kit , $19.95" 

44 Kendall Street . Box 1942 

New Haven. CT 06509 • 203-624- 3103 TWX 710·465-1227 


West Coast ollice. Box 7809. San Francisco. CA 

94119 • 415-4 21·8872 TWX: 910-372-799 2 


Cl 1976. csc "Mfrs. sugg . list 
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cheaper, too. I t seems to me that this 
idea could be expanded for mathematical 
modeling and simu lation, beyond i ts 
origi nal use for industrial routines. 

David W Johnston 
POB 378 1 

Washington DC 20007 

ITTY BITTY ? 

I 'm wr iting you in regard to your 
September issue editorial , "Come On e, 
Come All! ", page 6. 

In your article you mentioned Ted 
Nelson and his "i tty bi lLY machi ne 
corporation." I would like to know how 
I can commun icate with Mr Nelson. 
Could you please send me his mailing 
ad dress. 

Your response to my request would 
be great ly appreciated, as I don't know 
when or i f I 'll get y ou r magazine aga in. 

Ira Ford 
19826 48 th Av W 

#L·9 
Lynnwood WA 98036 

See the od11ertisements fo r itty bitty 
and Data Domain beginning in January 
8 YTE on page 63. 

WHERE 'S A TWO ADDRESS 

MACHI NE? 


Will there ever (in the next few years) 
be a two ad dress mic roprocessor on the 
market? I have been usi ng (in school and 
in work) several of the NCR Century 
series computers, which by the way are 
two address machi nes, for the past five 
years. I have also used single address 
machines (ie: Altair 8800, I BM 1 130 and 
CHI 2130). but generally I have found 
them a pain to work with after the NC Rs. 
I just can ' t see the point of havi ng a set 
of 78 hardware commands 10 perform 
memory to register, regis ter to registe r 
and regis ter to memory functions when 
a set of 39 memory 10 memory com · 
mands are sufficient. OK , I 'll admit it 
is un fa ir Lo compare a medium scale 
computer with a mini or microprocessor, 
but, the NCR line was developed for the 
1968 sales market without the LS I tech· 
niques now in use . There is place for 
bo th the single and double address 
machines, but I feel the case in program· 
ming of a two address processor makes it 
fa r superior to a single address processor. 
I am not putting the si ngle ad dress 
machines dow n, but I feel they arc for 
th e sa me people who wou ld prcrcr to use 
an RPN c.ilcu lator when tl1erc is .m AOS 
calcul ator avail abl e. Let the machine 
work for you ! Anyway, I haven't bough t 
a micro ye t because I am waiting; I have 
a feeling it will be a long wait, for a two 
add re s machi ne .CAN ANYONE HELP?? 

Jon K irkpat rick 
Fullert on CA 

lt'ant a two address machine? Tol?c a 
lo oil at a microprogrum orien led urchi
tec /tire using contemporary bipolar 
microcontrollers such as Sig11e tio 8X300 
or AMO 2900 series purls. Then do y our 
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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 
commun ication standards and access to the 
microcomputer software depository for all INTER
FACE AGE readers. 

• 	TUTORIALS - Fundamentals of micro processors, basics for 
microcomputing, professional to techn ical 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/FIFO 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!,---	 l
INTERFACE AGE MAGAZINE 

P.O. Box 1234 12 Monthly Issues: 

Cerr itos, CA. 9070 1 $10 U.S., $12 Can./Mex., 
 I 

$18 International 
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own microprogramming and machine 
archi tee wre design !O make a usable sys
tem out of the parts. 

ROLLING ROBOT QUERY 
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See page 58. 

THE ETYMOLOGY OF HAM? 

Jn the · October BYTE, page 20, you 
published a letter from Bry an Pat terson. 
In Mr Helmers' rep ly, he stated "ham" 
came from the tendency lO "ham iL up" 
on 1he air, as in I.he usage of "ham 
actor." The term "h ams" came from the 
fact that in the early days of amateur 
radio, the government was trying to 
eliminate the use of radios for hobby 
purposes, and the four operators of one 
of the first Lat ions th at Jed the fight 
ag<1i nst Lhe government were named 
Harriet, Arthur, Mark and Stanley; thus, 
the term hams came from the first Je1 1ers 
of their first names. 11 then evolved into 
its present meaning of a rad io amateur. 

George I Valaitis 
647 Linkfield Rd 

Watertown CT 06795 

WANTED : COMPUTER PERSON 

I have subscr ibed to your magazine 
since the first issue and find the world of 
microcomputers fasci nat ing. As yet I 
haven't built any thing or purchased any 
hardware. I am still undecided as to what 
to do, what LO buy , wh at to build ... 
but I would very much like LO gel into 
this. 

Wou ld you pr int this in your maga-

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) 

'11~!1~~~~~~~~ 
!!! 

• TTY Current Loop or 

• 24 lines of 

Parallel 1/ 0 (8255) 
• Hardware "front 

panel" on board 
•Optional 
Accessories : 

" ..,.... CRTTerminal 

Board, BASIC in
EPROM, Audio 

Cassette Interface, 
7K RAM Expansion Board/ 

RS-232C serial 1/ 0 (8251) EPROM Programmer. Power Supply . 
MCEM-8080 fromS375 (2-3624 ROM/ 1K RAM) orS445 as shown (2708 EPROM/2K RAM) 

and solve your lab or OEM computer problems 
1. Connect to the 24 lines of Parallel 1/ 0 puter system elements are incorporated in 

and ASCII or Baudot Serial 1/0. this fully assembled, tested single-board 
2. 	Connect to processor bus to add mem- computer. Some unexpected features of 

ory expansion board /EPROM program- the HAL MCEM-8080 are: hardware "front 
mer, 1/ 0 devices, or our unique CRT panel" which allows setting 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 . callable, lntel®compatible 1/0 routines) 

Lab users and OEM's alike will find solu- which greatly simplifies program develop
tions to their computer problems with the ment: Parallel and Serial l / Oon the board ; 
MCEM-8080 computer. All essential com- and very reasonable prices . 

Cal I or write for further information on the HAL Connection . 

You'll be glad you did! 


HAL COMMUNICATIONS CORP. 
Box 3658 807 E. Green Street, Urbana, Ill. 61801 
Telephone (217) 367-7373 

zine in hopes that someone near Lo me 
with an operating computer will contact 
me? I would li ke to see one running and 
talk with someone as interested as I am 
who has some experience with his own 
equipment. I am a ham rad io operator, 
WA2TOI, and can be reached almost any 
time through the Gloversville 10-70 re
peater or Cobleskill 01-61 repeater . 

Also, i f there is anyone in my area 
(SO miles west of Albany NY) who 
mighl be willing Lo help me get inLO this, 
I would appreciate a phone call or card . 

Thank you for your interest and 
cooperation. 

Jim Faliveno 
Caroga Lake Stage 

Gloversville NY 1'2078 
(518) 725-2012, evenings 

THE PERSONAL COMPUTING 
DIRECTORY , ANYONE? 
(AND OTHER TOP ICS) 

Allow me LO congratu late you on 
your excellent journal. It's t i1 e only 
publication I've ever anxiously waited 
for every rnontl1. 

I 	 have a proposa l : Someone like 
you rse lves shou ld publish a directory of 
computer hobbyis ts. You might call it 
someth ing like Register 77. The direc
tory wou ld list anyone owning, having 
access to, or just interested in com
puters. IL might also lis t clubs. Tl1e 
direc tory could be organi zed so that one 
could "key" on a person's name, address 
or microprocessor. Each nam e entry 
could con tain information aboul the 
person. The following is an exam pie of 
the information thal might be contained, 
using myse l f as an example. 

Name: 
Larry I Leone 

Age: 
22 

Address: 
48 Second 51 
Masury OH 44438 

Phone: 
(216) 448-1252 

Occupation: 
Senior electrical engineering 
student, Youngstown Stale 
University 

Languages: 
FORTRAN, SNOBOL 4, 
BASIC, PL-I 

System: 
Constructing IJ\11 6 100, I K RAM, 
access to IBM VM/370-145 

Interest: 
Arti f ici al intelli gence, robotics 

I 	 would imagine Lhal many of the 
people th at would submit their names to 
the directory would have access to a key
punch. If you set up a card formal then 
they cou ld send you the cards and all 
that you need to do is feed them inLO a 
card reade r and let t11e computer do the 
work. 

I don't believe there should be a wall 
between large and small comp uter sys
tems, because they all work basically the 
same. I think some articles sl1ould be 
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abou t research work with large systems, 
how they are being used, and how they 
perform certain operatio ns or funct ions. 
Wh al I'm get ting a t is wh y reinvent the 
whee l when one can copy it; or, in this 
case a smal I sy tern can mimic a Iarge 
one. These kind of articles should trans
mit s timu lati ng ideas LO the computer 
hobbyist . 

Concerning the controversy over 
wh ich micro is the best micro, I say any 
micro is bclle r than no micro. I happen 
to be the proud ow ner or an IM6 I00, 
although if I had the money I would 
have" Z-80 wi th 64 K, bu t that's LIFE. 
I'm building my system from the micro 
up a little at a Lime; therefore il will 
most li kel y be incompatible wit h every 
other sys tem, but th a t doesn't borl1er me 
ciLl1er because it's all mine. I'm just 
happy lo have something that was only a 
dream 10 anyone rive or more year~ ago. 
I don't care how advanced a micro is; 
what more ca n one micro do over 
<1not11cr in 4 K or less memory? At least 
I can gel a mountain o f cheap software 
made IO run in 4 K for my system. Not 
everyone cdn make that s tatement. Re
member a compu ter is o nly as good as i ts 
soft ware. 

A word concerning the Morse code 
articles of the O c tober issue: I wou ldn't 
be su bscri bing 10 BYTE if I wanted to 
read th a t type of article . I think the 
artic les should have been spread through 
severa l issues or beller ye t sent to the 
appropriate magaz ine . I'm not cr itic iLing 
the co nten ts of the a rtic les since I only 
glanced al them a nd quickly became 
uninterested in the 1opi c. 1'm sure you 
did n 't mean this 10 ha ppen bu t I know 
several frie nds who eel the same way. 
To help you rrom doing thi s, I am 
willing lo auempr to w rite an artic le if 
you cou ld sugges t some topics lhat your 
readers wan I to read abou L. 

Al any rate, I do like the way you 
group similar articles into one issue. 
Keep up 1hc good work. 

Larry ) Leo ne 
48 Second S t 

Masurv OH 44438 

PS : Concerning the photo on page 96 o f 
the December issue: I wou ld guess it to 
be conduc ti ve foam used to ship ICs like 
CMOS. 

Problem: How do you explain to the 
kids that are growing up in a world of 
di gi tal clocks that something rotates 
clockwise? /Good point .. . Consult a 
physics tex t and tall< about the righ1
/w11d rule and !he cross product 
not e.rnc tly a perfect solution./ 

1 t !urns ou l I/wt som eone is busily al 
\\'Ork 011 just such a direC/ory. His name 
1~ Richard Gardner, and his address is 
Resources, POB 134, Harvard Square, 
Cambridge MA 02138. 

On a similar subject, PCC (Box 310, 
Menlo Pork CA 94025) is preparing a 
Refe rence Book of Personal a nd Home 
Comput ing for release chis spring. 
Contact Dwight McCabe for Information 
on this $4.95 book. • 

New, complete Breadboarding/ Interfacing Station. 

Only $241.50! 


We took our economy 
Breadbox IV kit and did a 
complete design number on 
it ... to add accessories and 
give you tar more hardware 
for the buck. 
For example : It plugs directly 
into your Altair/ lmsai buss 
without special adapters ... 
Gives you almost 3,000 
connections for bread
boarding ... Power supplies 
(+5 & +I- 15V) built in ... 
Available in kit or assembled 
format. All that tor just $241 .50 
each in kit form. 

And to top it off, monitor the 
buss with LED or 7 segment 
displays, add an LR-6/K LED 
ind icator outboard - 4 
individual LED's with driv ing 
circu its ($10.00 each) . And 
LR-4/K seven segment display 
outboard with driver/decoder 
($19.00 each) . 

So bug out to your local 
computer store now and save 
substantial bread on this E&L 
deal. Or write us for the 
store nearest you . 
•suggested resale pr ice (U.S.A .). 

E&L INSTRUMENTS, INC. 
61 First Street, Derby, Conn . 06418 
{203) 735-8774 Telex No . 96 3536 
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DID YOU KNOW? 

Did yo u know that when yo u buy 
the M idwest Scientif ic Instru
ments FD-8 Floppy Disk Memory 
System you get .. . 

• 	 the most complete d isk oper
ating system availab le any
where for microc om pu ter 
systems 

• 	disk rou t ines that can be used 
easily by low level assem bl er 
language programs as well as 
high level BASIC prog rams 

• 	program save and load with 
named, variab le leng th , pass
word protec ted f iles at three 
leve ls : object cod e file s , 
source code files , and BASIC 
fi les 

• 	a coresident assembler/editor 
that saves and loads source 
f i les from disk, assem bles and seq uential disk data f i les . 
sto res object code on disk, and BASIC also has mult i-1/ 0 port Others promised but we de l ivered .. . 
creates assem bly listings on a capabi li ty unde r softwa re a disk sys tem tha t p lugs in and run s. 
high speed pri nter contro l FD-8 Floppy

• a full A NSI standard BASIC 
interpreter with program save 
and load , from disk as well as 

• and all you have to do to 
access any of these funct ior3 
is type appropr iate commands 

Disk System Kit 
FD-8 System 

. .... $1 ,150.00 

tape , with both random and on your terminal. Wi red & Tested . ..... . . $1 ,395 .00 

NEW! 
BK RAM Boards 

for SWTP 6800 

The new MSI BK RAM Boards for 
th e SWTP 6800 are avai lable for 
immedia te delivery . The RAM -68 
uses low power 2102 memory 
with provision for a memory save 
battery pack in case of power 
failure. 

BK RAM Board . ... . . . $ 249 .00 

MSI is a dealer for Southwest 
Technical Products 

Mastercharge & Bank 
Americard Orders Accepted

1- ·- Send F~r New - - -, 

I FREE Catalog I 
I Before I forget . .. send me more I 
I 

info rmat ion abou t the FD-b 
M .mory Sy stem and your new I 
catalog . 

Name~---------~ 
Address I 	 1~--------~ 

I 
Ci ty 	 l 
State Zip____ I 

I 	 I
BY477 

Here is a list of MSI dealers who can show 
you our products in action 
Am erican Microprocessors 
Equi pmen t & Supply Corp . 
Cl11 cag oland Ai rport . P.O. Bo x 515 
Pra1r1e View . Il l inois 60069 
(3 12) 634 -0076 

M icroco m puter Sy stems , Inc . 
144 South Dale Mabry Avenue 
Tam pa. F lorida 33609 
(813) 879-4301 

M ic ro Store 
634 South Centra l Expressway 
Ric hardson . Texas 75080 
(2 14) 231-1096 

Vang uard Sys tem s Corporation 
6812 San Pedro 
San Antonio, Texas 78216 
(5 12) 828·0553 

A-Vid Electronics Company 
1655 Eas t 28th Street 
Long Beach . Ca l ifo rni a 90806 
(213) 426-5526 

Elect ronics fo r Yachting 
1525 South Eas t 16th Street 
Ft. Lauderdal e. Florida 33316 
(305) 525-3478 
TW X 51 0-955-9484 

High Technology 
1020 Wes t Wilshire Blvd . 
Oklahoma City . Oklahoma 731 16 
(405) 842-2021 

Computer Workshop 
174 l l1 eld Road 
Londo n Eng land 
SW 10 9AG 
01-373-85 71 

~S~1~ 

220 Wes t Cedar • Olathe , Kan sas 66061 

913/764-3273 • TWX 910 749 6403 (MS/ OLAT) 



HE LP: I need a schema1ic or any other in forma· 
t ion on a Fr iden 2018620, 260026 A5'embly, 
PCB keyboard. I will pay for copy ing and a finder's 
fee. Bill Seeger, POB 2744, Kees ler AFB MS 
39534, (601 I 435-4790. 

FOR SALE : New Olivetti P· 101 min icomputer . 
Easily programmed, permanent stor age of pro· 
grams on law cos t mag netic cards, hard copy 
printout. Current fi st price, $1695. Will sac rifice 
for 5995. Free de livery. Marc Seligman, 320 Bryn 
Mawr Av, Bala Cynwyd PA 19004. 

WANTED: Low cost new or used te rm inal and/or 
aco ustic coupler for remote use. Wl'ite Frank 
Scavo, 1811 Court St, Syracuse NY 13208. 

FOR SALE : Dual floppy disk drive sy51e m. 
Shugan SA 3900 in lerface boards, two SA 800 
disk drives, aU power supplies in rack mount 
cabi net. Like new fused less 1han. 10 hours I. 
Operator's manual. Firs:1 check for Sl.800 to clea r 
takes it. Also, new Remex RAK 2000 48 V paper 
tape reader, 5240 and new Uchida PM-JON 48 V 
parier tape punch, S300. David Crellen, 4356 
Vivaracho Ct, San Diego CA 92124. 

WAN TED: Cent ronics { 101, 1021 Diablo, Data· 
point 12200, 11001, or HW. Hewlell·Packard , 
equivalent. NCR, En trex, Univac, tubes, prlnrnrs, 
disk, diskeue drives. Wango, Wan g, Kennedy, 
Ampex, Per-tee, 0 EC , rape drives . ln any con di 1ion, 
working units, SCl'ap fr ames o r just spare pans. 
Sof1w.arc Darnpoi n1 or HW, Hewlell·Packard, 
equ ivalen t. Pat Sny der, POB 31, Franklin Square 
NY 11010. 

STARTING N EW CO R RESPONDE NC E 
EXCHANGE CLUB: Wou ld appreciaoe response 
rrom you on any useful project with a computer. 
vis ual or graphic , video camern interfacing to a 
computer . Any comp ut er prin u~r generated pie· 
wres or posters; St ar Trek , Playboy, Snoopy, Cat , 
anv rigure or design on paper. Joe Penora, 920 
Fir'lt Av, Frankl 'n Square N Y 11010. 

FDA SALE : RM 8080 PC board with documen•a· 
tion and e-dge connector. I ncludes 18 M Hz cry sta l, 
8224 clock, 8228 system con troll er, 8255 PIA and 
2708 1 KX8 EPAOM with system moni tor. S120. 
Also , homebrew cabinet. sloping front panel wi lh 
keyboard cutou t 16 by 10 by 24 inches fash ioned 
oltcr BUD Comp-U-Cab series w i th SWTPC 6800 
power supply mounted ins ide, S50. WT Walten, 
2820 N Newel l Rd, Oak Harbor WA 98277. 

HE LP: Need schema tic fo r aurnm.Jtic electric 
AE 101 A daoa sot, used on Model 28 K SA on the 
lWX line. W1l I pay for copy ing or origi n.al. Also 
Viatron 21 keyboard and main uni t in excelle n1 
condi tion lor sa le, $300. Tom French, 404 Lee
ward Landi ng, Ro swell GA 30076, 
(4041993 -1509. 

FDR SALE: Four Lambda regulated power sup· 
pl ies Model LS-701 FM-OV. Input is 208 VAC 
3 phase, ou tput Is 0-8 VDC at up 10 300 AMPS. 
Asking 5300 each. Harold W Norris, RFD =3. 
Millon VT 05468. 

FOR SALE : 5 low power 4 K RAM boards 
assembled and tes ted by E E. I'm us ing 8 K boards 
now and no longer need these, so th ey' re yours for 
$100 each. S Edelman, P08 91 , Ithaca NY 14850, 
16071272-1279. 

SNAP: Will exchange a March 1976 i5'ue of BYTE 
in return for ei th er th e May 1976 or June 1976 
iss ue in good condi tion. D Kay, 460 W Clapii:tr St, 
Philadelphia PA 19144, (2 151 Vl9-6648 . 

FOR SALE: Two new unused MFE 2506 digi tal 
casseue nansports (see BYTE # 15, page 71 I wilh 
data; call , best offer. Also have Rem ex paper tape 
spooler with sc hematic, $25 plus shipping. Bug
Book Ill, $10. Processor Tech's 5 K BASIC 
manuals and tape, $10. Assembled Morrow BYTE 
standard board, $100. Gary Alew, 48D Cl in twood 
Co, Rochester NY 14620, 17161 244-1133. 

WANTED: Bell 103 series data socs, an•wer/ 
origina1e modes; also in fotmation on rea l time 
clock for S\'ITP 6800. Richard Courtney, 903 25th 
St, Marion IA 62302 (3191 377·0616. 

FOR SALE: Altair 8800. working, hardly used, ICs 
in soc ke ts , fl at cable to fro nt panel , $440 or offer. 
BYTE Shop TV oypewriter. new, working. $1 10 or 
best offer. Dennis Feucht, 2015 SE 51st Av , 
Portla nd OR 97215 15031 233·2648 or 
(5031644·016 1 ext 6255. 

FO R SALE : Serv ice manual for Seleculc 10 writer . 
S28. R Tierney. 4944 Cass St ;;8 11, San Diego CA 
92109. 

FOR SALE . 2 Itel Dura 1041 BI BM Selectnc wo rd 
processors have bui l I-in pape r r.ape p unch and 
paper <ape reader coded ,n EBCDIC not ASCII, 
plu gs for auxiliary reader and ;:i uxiliilrv pu ncti . 
Word processor contro l box contro ls word. li ne, 
sentence, pa ragraph, margin and automat ic ed itor. 
Have operating manuals ari d in 1emal logic 
diagrams. Original cos t ilbOu 1 $7000. Th ey have 
som e bugs bu t work . $1000, each. G Hedd~n 

17141 545-7888 even ings. 

FOR SALE : Teletype ASR33 with special type 
wheel priming l 2 charac ters per Inch, 84 
characte rs per line. Lo.adcd: X on, ofr controls, 
etc. Service manuals lncluded. Works 111.rCll. S750 . G 
Hedden 17141 545-7888 evenings . 

WANTED : Communicalion adaptor comp lete fo r a 
Viatron sys1em 21. David L Sammet, 817 Aga thon 
Dr, Evansvrllc IN 477 12. 

WANTED: MOS Techno logy 6502 res;deno 
assembler or source for same. Send any 1n forma· 
tion to Steven D Swih, 15232 5th Av NE, Scottie 
WA 981 55 or call 1206) 774-2279 days, 364·345 I 
evenings . 

FO R SALE : A 8080 disassembler, written in Alrnir 
8 K BASIC. vers ion 3 .2. Dump your progra r"l"I S 11"1 
assernbler lo rmat. S2 for pa1>e r iape ond instrl1C
1i on sheet, S.50 lor lis tinQ. Chr is Pettus. POB 61 1. 
Molibu CA 90265. 

WANTED: May and June 1976 i"ues ol BYTE 
magazine. Will pay $5 ror each o r thcrn iss ues or 
will trade 101 December 1975, Janllary, Febru.ary 
or March 1976 is.sues o f BYTE. Oller is open unt il 
l get one o f eacl, wanted issue. John Myers. 1556 
36th St, Ogden UT 84403 1801 1 399-2970. 

HELP: I a 1"l"I collec ting anecdotes, iruercstin9 1dea5 
and descr"i puons o f unusual proj ec ts concern ing 
m icrocomputers lminis too} for a lon t1 comi ng 
book . If yo u're iruereued please send your art icle 
or descript ion. It can be in ve ry r'Ough lorm : I' ll 
help pol is h ir necessary . You wil l be fu ll y cred 11ed 
if material is used. Send alt material to PC Davis, 
17 1/2 Ackley Av, Johnson City NY 13790. 

FOR SALE: ARP 2600 svnohesi zer. fully reconcli · 
tioned, a dream a1 $1250. F 1rs1 call ge ts thi s 
beouty. Call Lee oft er GPM EST 1201 I 731-6958. 

HELP : I need 15'ues 1, 2. 3, 6. 7, 8, 9, 10,and 
12 of BYT E. Will pay any reasonable price. 
Send li st to Alex Novickis, 8358 Park Av, 
Forestville CA 95436. 

Readers who have equipmenr, softWBre or ocher 
items to buv, sell or swap should send in a clearly 
typed norice to tha t effec t. To be considered for 
publication, an .advertisement should be clearly 
noncommercial, ryped double spaced on plain 
whire paper, and include complete name and 
address information. Theso notictJs are free of 
charge and will be printed one time only on a space 
available basis. Insertions should be limited to 100 
words or loss. Notices can be accepted from 
individuals or bona fide computer use~ clubs onlv. 
We can engage in no correspondence on these and 
your confirmation of placement is appearar>ce in 
an issue of BYTE. 

Please note that it mav rake throe or four 
momhs for an ad to appe.ar in the magazine. • 

Now. 

THE PERFECT MICROCOMPUTER 

DEALERS 
EAST COAST 
Computer Marl of New York, Inc . 
314 Fifth Avenue 
New York, New York 10001 
212-279-1048 

Co mpuler Marl of Long Island 
2072 Fronl Slree l 
East Meadow, New York, New York 11554 
516-794-0510 

The Computer Marl of New Jersey 
501 Rou te 27 
lselln. New Jersey 
201-283-0600 

The Compu ter Mart 
1097 Lexington 
Wa l l ham, Massachusetts 02154 
617-899-4540 

WEST COAST 
By le Shop of Weslminster 
14300 Beach B lvd . 
Wesl mlnster, Ca. 92683 
714-894-9131 

Byte Shop 
18424 Venlura Blvd. 
Tarzana. Ca. 91356 
213-343-3919 

Byle Shop 
Palm Plaza 
Thousand Oaks. Ca. 91360 
805-497-9595 

Byte Shop 
2559 S . Bascom Ave. 
Campbell, Cal i i. 95008 

Ken lucky Fried Computers. 
2465 Fourth S!reel 
Berkeley. Ca. 94710 
415-549-0858 

MIDWEST 
DATA DOMAIN -lhe Personal Compuler Stores 

IN DIANA 
(Home office) 
406 S. Co llege Ave . 
Bloomington 47401 
8 12-334-3607 

7027 Mich igan Ad . 
Indianapolis 46268 
317-251-3139 

219 Co lumbia 
Wesl Lafayelle 47905 
(Opening early December) 

ILLINOIS 
(illy b illy machine co., inc.) 
1316 Chicago Ave . 
Evanslon 60201 
312-328-6800 

42 W . Roosevell 
Lombard 60148 

KENTUCKY 
506 1'2 Euclid Avenue 
Lexinglon 
606-233-3346 

3028 Hunsinger Lane 
Lou isv llle 40220 
502-456-5242 

WISCONSIN 
2221 E. Capilol 
Shorewood 53211 
414-961 -2430 

TEXAS 
The M icro Store 
634 S. Cenlral Expressway 
Richardson . Texas 

717 LAKEFIELD RD. , e 
WESTLAKE VILLAGE. 

SUITE F 
CA 91361 
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Microcomputer Glossary 


David Price 

3901 Victoria Ln 

Midlothian VA 23113 

In this artic le I have set down definitions 
of several computer words which one is 
likely to see in BYTE. I didn't want this to 
wind up being a fu ll blown, unabridged 
dictionary, so I limited the li st to words that 
I thought would be un familiar to most 
"outsiders." The computer indu stry has a 
fascinating tendency toward the use of 
ab breviations and acronyms. These words 
are printed in ca pital letters, and are spelled 
out within parentheses. 

ACR (Audio Cassette Recorder) interface: Permi ts 
an ordinary tape recorder to be used to store 
digital data. I t is frequent ly used as a low cost 
replacement for a magnetic tape un it. 

AD (Analog Digital) conversion: An AD conver ter 
measures an input voltage, then outputs a digitally 
encoded number corresponding to th e voltage. 

Alphanumeric : The se t of graph ic symbols con
taining the al phabet (A-Z) , the numbers (0-9). and 
special characters (such as punctuation). 

Applications program : A program which does true 
problem solv ing, as opposed to an assembler, 
com piler, monitor or other systems program. 

ASCII (American Standard Code for Information 
In terchange). 

Assembler : A ssemb lers allow the programmer to 
write programs using easily memorized mnemonic 
instructions of an assembly language. 

Assembly language : A low level symbol ic pro
gramming language w hich was historically the first 
programming aid, and is the si mpl est type of 
language to implement. 

BASIC (Beginner's All purpose Symbolic Instruc
tion Code) : BASIC is a widely used but simple 
beginner's h igh level language. Like all high level 
languages, it uti li zes powerful sta tements, such as 
"10 PRINT A/B" instead of machine opcodes. 
BASIC is typicall y implemented as an interpreter, 
which runs more slowly than would be the case 
with a compiled computer language. 
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BCD: (Binary Coded Decimal). 


Binary: The base-two number system. The digits 

are 0 and 1. They are used within a computer 

which represents them as the two sta tes of an 

electrical circuit. The first five numbers I0-4) 

are 0,1,10,11,100. 


Bit: This is a contraction used to name one binary 

digit. 


Bug: A bug in a program is something which causes 

the program to malfunction. A programming error. 


Byte : A group of bits. The most common byte size 

is 8 bits . 


Chip : See integrated circuit. 


COBOL (Common Business Oriented Language): A 

high level language heavily oriented to the use of 

fi les and record keeping. It replaces operation 

codes of assembly level languages with a set of 

powerful "verbs" resemb ling common English. 


Compiler: A compi ler accepts the statements of a 

high level language, then converts them to machine 
language. 


Core memory: Many older computers utili ze 

memories of Ferr ite or Lithium Magn et ic cores. A 

core memory doesn't "forget" data . 


CPU (Cen tral Processi ng Un it). 


CRT (Cathode Ray Tube) display: A type of 

terminal which displays information on a television 

like cathode ray tube screen. 


Data rate : The number of bits (or bytes. or words) 

of i nformation transmitted over a communications 

channel per unit time. 


Debugging: Removing bugs (programming errors) 

from the program. 


Disk storage: A type of mass memory which stores 

data on a magnetically sensitive disk. 


DOS (Disk Operating System): A computer system 

which uses disk storage. Also refers to special 

software routines for driving a disk system . 


EBCDIC (Extended Binary Coded Decimal Inter 

change Code). 


EROM (Erasable Read Only Memory) : A ROM 

which can be erased and reprogrammed . The 

typical contemporary EROM is erased by exposure 

to ionizing radiation such as ultraviolet ligl1t. 


Firmware : 1) Software which has been hard wired 

into t he computer by storing it permanently on 

ROM, 2) Microprograms written to emulate a 

speci fic machine's instruction set. 




The SOROC 10120 

CURSOR CONTROL. Forespace. back· 
space . up, down, new line, return, home, 
tab , PLUS ABSOLUTE CURSOR AD
DRESS ING . 

TRANSMISSION MODES. Conversation 
(half and ful l Duplex) PLUS BLOC K 
MODE - transmit a page at a ti m . 

FIELD PROTECTION. Any part of the 
di sp lay can be "pro tected" to prevent 
overtyp ing . Protected f ie lds are displayed 
at reduced intensity . 

EDITING. Cl ear screen , typeover, abso
lute cursor addressing, erase to end of 
page, erase to end of line, erase to end 
of fie ld. 

DISPLAY FORMAT. 24 lines by 80 char
acters ( 1 .920 characters) . 

CHARACTER SET. 96 characters tota l. 
Upper and lower case ASC 11. 

KEYBOARD. 73 keys including numeri c 
key pad . 

REPEAT KEY. 15 cps repeat action. 

DATA RATES. Thumbwheel se lectable 
from 75 to 19 ,200 baud . 

SPECIAL INTRODUCTORY PRICING 
SCREEN . 12 inch rectangular CRT - P4 

Kit$ 995.00 Assembled$ 1,295.00 phosphor . 
(Price includes block mode, lower case and 24 
line options. ) 

IMSAI + Z-80 
XIMEDIA is offering a special price on an IMSAI 
1-8080 with a TDL ZPU Z-80 board instead of the 
standard 8080 cpu . 

The system includes: 
IMSA I 1-8080 w ithout cpu board. 22 slot mother 
board w ith 22 pre-soldered connectors and card 
guides; cooling fan . 

Price : 
Kit Assembled 
$ 999.00 $ 1,295.00 

X IMEDIA OFFERS A FULL RANGE OF PRODUCTS FOR 
THE PERSONA L COMPUTER EN THUSIAST AND THE 
SMALL SYSTEM DESIGN ER. L ET US QUOTE ON ALL 
YOUR HARDWARE A ND SOFTWARE NEEDS. 

OUR RETA IL STO RE - THE COMPUTER IST tm - IS N OW 
OPEN IN SAN FRANCISCO. CALL US FOR DI RECTIONS. 

Selectric Terminals 
$1,200.00 

AT LAST! 

An ASC 11 coded Selectric terminal 

with a RS232-C interface. 


Call or write us today for details. 


1290 24th Avenue • San Francisco, CA 94122 

{415)566-7472. Please call collect! 
Ca ll ·or111i1 11 ~.:; idpnts add 6% 5tt l s tax Plc11sc ii ll ow 3 weeks fm delivory . 

http:1,200.00
http:1,295.00
http:1,295.00


Floppy d isk : Disk storage which makes use of 
flexible disks made of a material similar to mag· 
netic tape . Floppy disk units are slower and hold 
less data then hard surface disks. 

Flowchart : A diagram representing the logic of a 
computer program. 

FORTRAN (FORmula TRANslation): A computer 
language useful in computational programming. 

Hex adecimal : The base 16 number system. It is 
commonly used when programming in machine 
language. (FD is eas ier to remember than "1111 
1101".) 

IC ( Integrated Circuit). 


Instruction set : The repertoire ot the instructions a 

given machine can execute. A major component of 

a computer's design . The programs or on e com· 

puter can 't run on another computer if the two 

instruction sets aren't compatible. 


Integrated circuit: A technique whereby many 

electronic components can be integrated and mass 
produced on a single chip of silicon. 


Interface: A device which al lows one type of 

electronic device to communicate with another. 


Interpreter: An interpreter accepts and executes a 
high level language program. Unlike a compi ler, 
however, it executes programs on the fly, instead 
of producing machine language code. BASIC is a 
common interpretive language. 

LED (Light Emitting Diode) : LED displays are 
often used as digital output devices because of 
their low weight, cost, and size. 

Line printer: A h igh speed pr inter connected to a 
computer can print data at rates often exceeding 
several hundred lines per minute (LPM). This is 
achieved by printing a w h ole li ne at a time. 

Looping: A programming technique used when a 
single portion of a program ism be repea ted many 
times. 

LSI (Large Scale Integration) : The most complex 
form of an integrated circuit is made using LS I 
techniques. 

Mach ine language: The lowest level of pro· 
gramming. This is the only language the computer 
can understand w i thout the assistance of an 
assembler, compiler or in terpreter. 

Magnetic tape: Mass storage of data on mag· 
netically sensitive tape, simi lar to that found in 
home tape recorders. 

Microprocessor : A microprocessor consists of all 
the electronics of a minicomputer miniaturized 
onto a single IC chip. 

Mnemon ic: A short word which stands for another 
word or phase. designed so that it is easy to 
remember (ie : "Jump to subroutine" might be 
abbreviated "JSR"). 

Modem (modulator-demodulator) : Converts audio 
sounds into digital form, and vice versa. 

MPU (Micro Processor Unit) : Synonym for CPU 
ch ip. 
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Octa l : The base 8 number system . I t is commonly 
used w hen programming in mach ine language 
("375" is easier to remember than "011111101 "). 

Opcode (OPeration CODE) : A bit pattern which 
specifies a machine operation to a computer's 
cent ral processor. Often listed in hexadecimal or 
octal notation . 

Paper tape: A long strip of paper punched in a 
pattern decodab le by the computer . 


Parallel 10 : When input and output is sent or 

rece ived with each bit having a single wire, the 

transmission is called parallel. Contrast this to 

serial 10 . 


Per ipheral : T he devices which perform detailed 

in terfacing operations for the computer. These 

include terminals, mass storage and the like. 


Program : A set of instructions which instruct the 

computer to do a certain task. 


Programming: To write a computer program. 


PROM (Programmable Read Only Memory I: See 

"ROM". 


Queue: A "waiting line" of tasks or data. 


RAM (Random Access Memory) : Generic term for 

microcomputer system memory. 


ROM (Read Only Memory): Memory whose data 

can not be destroyed. 


RS 232 : An electronic interface standard for se rial 

data communications. 


Serial 10: A method of transmission in which bits 
are sent one by one. 


Simulation : A computer program w h ich models 

some system, typical ly using m athematical tech· 

niques. 


Software: Com puter programs. 


Star Trek : A computer game based on the TV 

show "Star Trek ." It involves destroying 

"Klingons" w ith an array of sophisticated 

weapons . Also referred to as "Space War ." 


Sta tement : A single computer instruction, within a 

computer program. 


Subroutine : A subprogram within a larger program. 


Terminal : A device for communicating with a 

computer using a keyboard and an alphanumeric 

printer or CRT display. 


Teletype: A terminal which prints information on 

paper. manufactured by Teletype Corporation . 


T imeshar ing : A technique whereby a single com· 

purer can support several 1ermi nals simultaneously. 


TTL (T ransistor-Transistor-Logic). 


TTY (Teletype). 


TVT (Te leV ision Typewriter) : An inexpensive 

form of video CRT display. 


UART (Un iversa l Asynchronous Receiver Trans· 

mitter) : converts para llel data into serial form, or 

vice versa. 


Word: A basic unit of computer memory .• 
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profe11ionali1m 
Computer Shack stores are 
exciting, enjoyable places 
to visit. From the striking 
interior decor to the fun and 
challenge of the COMPUTER
LAND1'"' Game Room, you'll 
find Computer Shack stores a 
completely new computer 
shopping experience. 

You can count on Computer 
Shack stores for total profes
sional support whether your 
needs are those of a com
puter hobbyist, education, 
science or business user. The 
skilled, management-trained 
staff offers knowledgeable 
service, expert maintenance, 
and software guidance. 

quality product1 
At Computer Shack stores 
the emphasis is on quality 
products. Featured are the 
finest in microcomputers, 
interfaces and peripherals, 
including the full IMSAI line. 
Every store is completely 
stocked with tools, books 
and a complete line of 
accessories. 

COffiPUTERLFlno· 

be9inner1 
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 Computer 
Shack. 

Watch your local newspaper 
for Computer Shack open
ings. Each store features a 
monthly Sales Special. 

1922 Republic Avenue 
San Leandro, CA. 94577 
(415) 895-9363 
Franchise Opportunities 
Available 

NOW OPEN-25-27 South Street, Morristown, NJ • 22680 Foothill Boulevard, Hayward, CA 



An Approach to High Level 


Languages for Small Systems 


Donald J Stavely 

1706 Banyan Dr 

Fort Collins CO 8052 1 

The prospecL of high leve l languages for 
the com puter hobbyist is exciti ng, Lh ough 
fo 1·ebod ing. Setling out to write a compiler 
for a microcomputer is in many ways more 
daring th an taking on a compiler for a fu ll
blown computer, since the "distance to be 
traveled" from source to machine la nguage 
is greater. The large machine programmer 
has a vastly richer instruction se t to wmk 
with. Also, th e data elem ents of the source 
la ngu age (ie: in teger, real number, etc) can 
often be di1·ec tl y impl emented as sin gle 
words on a large machine. For examp le, the 
FORTRAN expression REAL=REAL *Pl 
transla tes to <t mere handful of I BM 360 
instructions, compared to perhaps a pageful 
of 8080 or 6800 instructions. The instruc
tion se t and word length not onl y make th e 
fina l object code simpler, they also make the 
translat ion process ( ie: the comp iler program) 
simpler. If software complex ity doesn 't scare 
the small system user, then memoi-y size 
ought to. Both lh e sto rage fo r the compiler 
and fo r the comp iled program is much 
greater for a small and sim ple processor. 

The re asonable app roach fo r a sma ll 

machine given these obstac les is to start by 
writing a series of "system subroutines" 
which wil l perform the complex operations 
clone in a few in strn ct ions on a large 
machine. A "floati ng point package" is a 
prime examp le. Calls to floaling poi nt ro u
tines acid strn cture, sim plicity and compact
ness to compi led c0de. Also, scanni ng, 
sea rch and bloc k move routines simpl ify and 
shorten the compiler itse lf. 

In esse nce, what we have done in th is 
approach is to augment the puny instruction 
set and word length of our m.-ichine with 
subroutines. Once written and debugged, 
these rout ines "bootstrap" us up to a higher 
level of program ming. We can now think in 
terms of "scanning fo r the next blank" 
ins tead of " load byte, compa1·e to blank, 
co nd itional jump , incremen l po inter·, etc, 
etc." We think "floating point add" in stead 
of all that code to match the exponent, shift 
the mu ltiple byte mantissa, add it, then 
normalize it back. 

Now, armed with a few kilobytes of 
sys tem subrou ti nes, the comp il er outp ut 
becomes mostly a series of call to these sub
1·outi nes, rather than directly executable 
code. Think of th is situ at ion as if the com
pi ler is no longer outp utting true machine 
level code fo r your 8080 or 6800. It is out
putting code for a more sophis ti cated, h igher 

About the Author 

. Donald I Sta vely is an employee of the Hewlett-Packard Company, 
Ft Collins Division. !-le is a graduate of the University of Michigan, with a 
master's degree in Computer Engineering. In the letter accompanying this 
opinion, Don writes: 

I intended this piece for the new "Technical Forum'' section, which I 
think is a great addition to BYTE. The ":Y-echni·cal Forum " will encourage 
people (like me) who have something to say, bu t who don't claim to be 
experts and who don't want to take on a full artic le with its implied 
burden of proof. 

The letter and the original copy of this ''Technical Forum" entry demon
strate an excellent application of a people oriented computer: Don typed the 
article using a text editing and formatting program on a 9830 calculator and a 
9877 printer, both products of Hewlett-Packard. The 9830 is called a "desk 
top calculator" but is In reality a general purpose computer with some biases 
towards calculation bu/It into its high level language. 
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19" RACK S-100 BUS CARD CAGEALDELCO COMPUTER 

CENTER 


NOW OPEN 

Kits, Books, Boards, Magalines 

Specia l 2102L 1 8 for $17 .50. We 
stock OK Battery Operated Wire 
Wrap tool $34 .95, OK Hand Wire 
Wrap Tool $5.95. 7400 ICs CMOS, 
Timers PPL's . All ki nds of tran
sisto~. rectif iers, and diodes. 

Plus other electronic parts. 

South Florida 
Across from the University of Miami 

University Shopping Center 

..._ 

1238A South Dixie Highway 
Coral Gables, FL 33146 

(305) 661 ·6042 

Send slarnp for our ~a t a logue . 


Oren Mon thru Sa l 9 AM - 5 PM 

Wed till '> PM . 


S uNNY C oMPUTER S rnREs. INc 
South Florida's First Computer Store 

We Carry : 
• IMSAI, COMPUCOLOR, VECTOR . 
SOUTHWEST, C.S.C., CROMEMCO 
VECTOR GRAPHIC. SEALS 
• Books, Magazi nes, Newspapers 
• Sockets. IC's, Pri nters 
• Digital Cassette Equipment 
•Debugging Equipment 

We offer Classes. Friendly Advice and 
Service 
Hours: Monday - 12 Noon to 9 P.M. 

Tuesday through Saturday 
10 A. M. to 6 P.M. 

8,1 92 x 8 BI T STATIC MEMO.RY 
EXCEPTIONALLY LOW POWER 

I 

2K RAM I 2K ROM 

LOW PROF ! LE IC SOCKETS 


EDGE CON NECTORS 

DB25 CONNECTORS 


2 ·80 · CPU 

8080 ·CPU 


PROTOTYPI NG BOARD 

EXTENDER CARD 


16K RAM 


ELECTRONIC CONTROL TECHNOLOGY 

P.O. Box 6, Union. New Jersey 07083 
22818 Babvton Tnpk Merrick , N.Y. 11566 
15161 378-4555 

Jr;ilJ IJH!El.CJP/IlEl\JT l.'3S5 

P . O . Box 2345 
W . Lafayette , IN 47906 

(317) 46J.7167 

1, 	watt carbon film resistors ... .S0.03 
5 percent . 50 per value m in. 

• 2 wall carbon comp resistor s ... S0.02 
W per cent . 50 per va lue min . 

No-Nik wire strippers .... .........S16.00 

10. 12, 14 , 16, 18.21.23.25.28.31 
34.37 .44 or 54 thousanths 

wire diameter 


Carbide PC board drills 
wi re size : 	 55 65 . .. ... . .. ..... ..... $2 .88 


66 70................ .. $2 .97 

71 75.... .... .... . ... . . .. $3.06 

76 78 ..... ..... .... .. .... $3.60 

79 80..... . . .. . .. ....... $3.60 


Spec sheets are available . 

We would be pleased to send you a 
'GOODIES' cata log list ing all k inds of 
hard to find products including : Molex. 
Bishop Graphics. AMP, CDC manuals 
and torms, PC drills and mi lls. elec 
lronics loo\s, PC board manufacturing 
supplies, resisto r s, and sem icon 
ductors . 

New! 
NIMBUS I 

MICROCOMPUTER 
Now you don ' t need to pay 
S1000.00 to get a M icrocom 
puter Kit on line l 

The Nimbus I Kit Includes: 

•CPU BOARD 
• 2 PARALLEL, 1 SERIAL 

1/ 0 BOARD 
• 5 SLOT EXPANDABLE 

MOTHERBOARD 
• 2K RAM. 1 / 4K ROM 

MEMORY BOARD 
• ASCII OR BAUDOT 

SOFTWARE MONITOR 
• MEMORY BOARD 

ASSEMBLED & TESTED 

Total Price .. ... . .. S195.00 

Other options available 
Write for catalog to: 

PCS 
Box 544. Celoron. N .Y . 14720 

Phone: (716) 484-0867 

GRAPHICS 

• Simultaneous display 

of text and graphics 

• 64 	programmable 
GRAPHICS characters 

• Upper case ASC 11 
ROM 

•Character 	selective 
inverse video 

•All 	needed RAM 
included 

This high resolution low cost 
graphics/text display has been made 
possible through the use of 64 
totally user-programmable graphics 
characters. These contiguous 8 x 12 
"building-blocks" are accessed just 
like any text character and dis· 
played on the same 64 character x 
16 line screen grid . 

This complete single board kit 
plugs directly into the S·lOO bus 
(A!tair/IMSAll and is yours for 
only $249. 

Ask for THE DETAILER . 

MicroGRAPH ICS 
P.O. Box 2189, Station A 
Champaign IL 61820 

Terms: Prepaid. Illinois residents 
add 5% sales tax. 
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leve l machine impl emented through sub rou
tine cal ls. What has been ga ined by Lhi defi
nition of a softwa r·e machine design? Fi r·sl, 
the compi ler is simp ler because the level of 
the outp utted code is one step higher than 
the r·ea l machine. Second, the object prn
gram code is much shorter since each ca l I 
replaces many machine instrnctions. Whal 
have we lost? While the code is compact, i L 
i-equ ires the few ki lobytes of system subrou
tines in order to run. In terms of execution 
speed, we have sacrificed Lhe overhead of the 
sub routine setups, call s and returns. 

Let us now take th is argument one step 
ful"t her-. We have made the compi ler e;is icr 
and the compi led code more compact by 
making ou r m;:ichine ;ippcar more sophist i
cated than it rea l Iv is thrnugh run Lime sub
routines. What wou ld we really like our 
mac hi ne to look li ke? A PDP-11? 
An IBM 360? Not necessari ly like any con
ventional machine. We wou ld like <1 machine 
with an instruction set tai lored to compili ng 
and rnnn ing a high level language, with wmd 
leng ths and data types approp riate to the 
Lask. We ca n define ;in "Abstract Machine" 
wh ich we would like to have, an d then make 
our microcomputer simulate this absuact 
machine by writing an in terpreter program 
for i l. 

What wou ld an in terpreter progr·am look 
like? As one wou ld guess, there wou ld be a 
main routine that wou ld fe tch the next 
abstract mac hine in struction and in crement 
a simulated progr·am counter. Based on the 
instructio n, the main rou tine would branch 
lo the appropr iate execution routine . The 
abstract "opcode," rather than being an in 
line subro utine ca ll, would requi r·e onl y a 
single byte - as ;in index into an instruct ion 
routine jump table. 

In terms of architecture, we woll ld like a 
mach ine that is at least partial ly stack 
oriented. Stack machines are wel l suited for 
process ing hi gh level languages fo r severa l 
reasons. Fir·st, stack code is very compact 
and storage efficient, si nce most operatio ns 
have implied operands, ie: the Lop one, two 
or th ree elements on the stack . Second, the 
code generatio n portion of the com pi I er· is 
greatly simpl ified since the parsing process 
directly imp lies stack operations. This 
app lies not only to arithmetic express ions, 
but also to string exp r·essions, logic expres
sions and nestable program constru cts Ii ke 
IF-THEN-ELSEs, DO-WH IL Es, etc. Thi rd, 
stack allocation of memory is ni ce fo r 
recursive subroutines and block structured 
languages. The stack instru ctions would 
operate on the actual data types defined in 
the language . The absm1ct machine fm an 
ALGOL-l ike language, for instance, might 
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have tack elements which co uld be 
addresses, integers, floating point numbers, 
str ing descriptors or· logical values. 

Several thi ngs need to be said at thi 
point. First, the notion of an intcrrnediatc 
level abstrac t milchine is not new. More tha~· 
a few cornp il er·s have been Implemented this 
wav. The IBM S/360 FO RTR AN (G) com
piler is written for a stack oriented niachinc 
cal led POP. PASCAL, an ALGOL-like lan
guage, also was written for an abs u·act 
machine . Th is concept is part of a broader 
class of methods to divid e the compil ing task 
into two parts: a Language Dependent 
Translator (LDT) and a Machine Dependent 
Translator (MDT) . At what level and in wha1 
W<t)' this divis ion is Optimally made is li1c 
subject of current research . 

Second, the idea of simulation or in ter
pretation of in termed ia te code often brings 
to mind extr·eme ly slow and inefficient 
execution. This is certainly tru e when a con
ventional machine simula tes another conven
tiona l machi ne. A 6800 simulation program 
of an 8080 machine is absurd . 95% of the 
execution time would be spe nt in the ove r·
head of in strnction fetc hin g, decoding and 
setu p. But a 6800 sim ulation of a 360 is not 
qu ite so ridicu lous, si nce most of the time 
the 6800 would be grinding away at power
fu l arithmetic and logical routines. Defining 
;:in abs tract machine whose "architecture" is 
su ited lo the s~u rce language and whose 
in struction set is powerful com pared to the 
rea l machine insures that most of the execu
tion time is spen t doing useful work. 

But now look at the advantages of the 
interpretive abstract mach in e for the ama
teur computi ng experimenter. Fi r-st, as was 
sa id before, the code is extremely compact. 
A single byte instruction might do some
thing like " take the floati ng point number at 
the top of the stack, convert it Lo an ASCII 
character str ing, and leave the descriptor in 
its place al the top of the stack." A fa irlv 
soph ist icated prog ram would take up little 
space, aside from the fixed ove r·head of the 
interpreter, strin g and numeric litera ls, and 
the value area. No matter how big memory 
chips get, it is safe to say that memory wil l 
always come dear Lo the computer hobbyist. 

Second, an abs tract machi ne is a step 
toward rea l machine independence and soft
ware portability. If you write an interpreter 
for your 6800 and your friend writes one for 
his 8080, abstract machine code wi ll run 
wel l on both. Also, if you later upgrade to a 
9900 or LSl-11, you don't have Lo junk all 
your software and start ove r· - you just have 
to rewrite the abstrac t machine interprete r. 
The more powerfu l processor· wil l make the 
inte rpreter shorter, simpler to write, and 



faster at code execution. Machine indepe n
dence should hold ap peal to any serious 
programmer si nce it gives th e ab ility to 
change and upgrade machines. 

Third, it is a st ructured, "one step at a 
time" approach to software development. If 
your system now onl y has a few kilobytes of 
programmable memory, you can work on 
the interpreter, play with variou abs tract 
machine architec tures, and write smal l 
programs in the abstract " machine language." 
Later, with a little more memory, a resident 
as embler written in abstrac t mach ine code 
for the abstrac t machine would be an in ter
esting and usefu l project. Still later, with 
more memory , on to FORTRAN , ALGOL 
and APL! 

If readers are inte rested, perhaps a basic 
abstract mac hine could be proposed and 
kicked aro und a litt le. Extensions to che 
instruction et and data ty pes (like stri ng or 
matrix operation) could eas ily be added 
later. just how sophisticated and how 
language-specific the abstrac t mach ine ought 
to be is open for debate. I have played 
around with a simple one on my 6800 and 
am convinced it is the logica l approach to 
high level languages on micros . It would 
seem to be a natural for those people who 
have big plan for their small ystems.• 

Let's talk about aReal Bargain 

It's the Typewriter/Terminal from AJ Use it as a typewriter! 
We have hundreds of ready-for·lease, or Our AJ 841 features the heavy duty Selectric IBM mechanism to give 
ready-for·sa!e tenninals that have you fast, dependable operation day after day. Use it in the office. Use 
been refurbished and repriced it at home. At our price, it's an economical typewriter. 
to make them a truly Use it as a terminal! 
ou tstanding The 841 incorporates our own SELECTRONIC 
bargain . 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 Corre~pondence Codes. with APL 
as an option. It will interface with a lmost 

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 in terested, call AJ Marketing 
at 408-263-8520, Extension 280, 

or write for more detai ls. 

ll:m ANDERSON 

liilil .JACOBSON 

521 Charcot Avenue· San Jose. CA 95131 · (408) 263-8520 

EASTERN REGION/ Hackensack. NJ !2011 q88.2525 · CENTRAL REGION/ Northbrook !Chlcagol. 111. (3121498·4220 
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Continued from page 9 
(0.01 of uni ts, remember?) and to negate the 
rate of desce nt, where necessai-y, so thal it 

Listing 7, continued: shows as a posilive number. 

Address Op Operand 

007A 85 F9 
007C A9 02 
007E 85 El 
0080 20 1F1 F 
0083 FO 06 
0085 20 6A lF 
0088 20 91 00 
0088 C6 E1 
0080 DO Fl 

008F FO DO 
0091 C9 15 
0093 DO 03 

0095 85 EE 
0097 60 
0098 C9 10 
009A DO 05 
009C A9 00 
009E 85 EE 
OOAO 60 
OOA1 10 FD 
OOA3 AA 
OOA4 A5 EA 
OOA6 FO F8 
OOA8 86 EA 
OOAA A5 EA 
OOAC 38 
OOAD E9 05 
OOAF 85 E9 
0081 A9 00 
0083 E9 00 
0085 85 EB 
0087 60 
0088 45 
0089 00 
008A 00 
0088 99 
008C 80 
0080 00 
008E 99 
008F 98 
ooco 02 
OOCl 08 
OOC2 00 
OOC3 00 
OOC4 00 

Label 

FLY 

FLITE 

NO KEY 

DO KEY 

NALT 

RETl 
NAL2 

TH RS ET 

INIT 

Mnemonic Commentary 

STA INH 

LOA #02 
 } 	 DECK :=02 ; (coun ter] STA DECK 

JSR SCANDS Ioak for depressed key; 

8EQ NOKEY if no input go to NOKEY : 

JSR GETKEY else go to GET KEY ; 

JSR DOKEY go to DOKEY; 

DEC DECK DECK :=DEC K-1 ; 

8NE FLITE if DECK no t equal to 0 go to 


F LITE ; 

SEQ LINK else go to LINK ; 

CMP # 15 A : =fuel mode?; 

BNE NALT i f not fuel mode go to 


NALT; 
STA MODE else MODE: = fuel mode; 
ATS return; 
CMP #10 A :=altitude rnode? ; 
8NE NAL2 i f not go to NAL2 ; 
LDA 4"00 else mode: =altitude mode; 
STA MODE MODE :=A; 
ATS retu rn ; 
BPL RET1 return; [i l legal mode] 
TAX else X :=A ; 
LOA THRUST A: =THR UST; 
8EQ RET1 if thrust: =O go to R ET1 ; 
STX THRUST else THRUST := X; 
LOA THRUST A :=THRUST; 
SEC set carry ; 
SBC #05 THRUST :=THRUST - 05 ; 
STA TH2+1 TH2-+ 1: =THR UST; 
LOA #00 

} A :=OO;SBC #00 

STA TH2 TH2 :=00; 

ATS 
 ftul~~;itial height) 

} 	 [ initial speed] 

} 	 [in iti al acceleration] 

[ini tia l thrust ] 

} 	 [ initial fuel) 

[model 

unti l we reali ze that both the alt itud e and 
the fuel gauge wil l probably go right past the 
zero mark, jumping directly from a positive 
to a negative va lue; so a zero test is out 
Instead, we take action the ins tan t the 
number goes negative, restoring it to zero 
and then taking whateve r other action is 
called for. 

Lighting the Display 

The display is quite straightforwa1·d; in 
fact, the Kl M-1 monitor program has a 
subroutine to do the job. 

Depending on the displ ay mode flag, al I 
we need to do is to move altitude ·or fue l to 
the display area, together with rate of 
descent. Then we cal l the subroutine to 
transfer it to the LEDs. 

Of course, we must remember to dmp the 
last two digits from the displayed values 

Detecting Input 

Th e KIM-1 monito1· subroutine that lights 
the display gives us a free bonus: It also tel ls 
us whethe1· or no! a key is depressed on the 
keyboard. To find out which key, we must 
cal l anothe1· subrout ine in the moni tor pro
gram. 

If we discover that the user has input a 
thrust command, buttons I to 9, we first 
check to see th at the motor is on and tha t 
we have fue l. Then we set the thrust, and 
also calculate the accele1·at ion as thrust 
minus 5, where 5 represents the force of 
gravity. 

The two other legal keys, A and F, set the 
displ ay mode to altitude or fue l. The pro
gram sets a memory locatio n which will be 
tested by th e display routine. 

The program doesn't need to worry abo ut 
when a button is released. Al though the 
qu estion can be quite important for pro
grams that mus t distinguish between, say, 9 
and 99 on th e input, the lunai- lander doesn't 
rea ll y care. If you leave your finge r on !he 
button, it wil 1 keep on setting the thrust 
ovei- and over to the same value, with out 
affecting the flight. 

Coming Down 

The program doesn't stop. If you run out 
of fuel, you will watch yourself freefall Lo 
the surface. When you land, with 01· without 
fuel, your rate of descent freezes so that you 
can see how hard you landed. 

It wou ld be easy to have the display 
change after you land, to show words such 
as "SAFE" or "DEAD." The KIM-1 display 
is segment driven so th at you can eas ily 
produce special combi natio ns . 

The novice astronaut who wou Id Ii ke to 
try his or her hand at flying th is, or other, 
craft shou ld kee p the following ru les in 
mind : 

1 . 	Always conserve fuel at the beginning 
by reducing power to minimum thrust. 

2. 	 Don't let yoLff rate of descent get 
excessively high; with my program, it 's 
wise to steady up with a thrust val ue 
of 5 when your speed gets over 90 feet 
per second . 

3. 	 As you get to lower al ti tu des, try to 
balance your altitu de against your rate 
of descent. At 1000 feet, a rate of 
descent of 500 feet per second wil l 
bring you down in 20 seconds, which 
is reasonab le. Keep that sort of 
balance.• 

132 



Continued from page 6 

pages 106-107 of the Bal lantine Books 
paperback ed ition: 

The 'Sec was the standard size of 
all such units, determined by what 
could fit comfortably in the normal 
human hand. At a quic/? glance, it did 
not differ greatly from one of the 
small electronic calculators that had 
tarted coming into general u e in the 

late twentieth centwy. It was, how
ever, infinitely more versatile, and 
Duncan could not imagine how life 
would be possible without it. 

Because of the fin ite size of 
clumsy human fingers, it had no more 
controls than its ances tors of three 
centuries earlier. There were fifty 
neat little studs; each, however, had a 
virlllally unlimited number of func
tions, according to the mode of 
operation- for the character visible on 
each stud changed according to the 
mode. Thus on AL PHANUMERIC, 
twenty-six of the studs bore the 
fellers of the alphabet, while ten 
showed the digits zero to nine. On 
MA TH, the letters disappeared fro m 
the alphabetical studs and were re
placed by X +, 7, - , =, and all the 
standard mathematical functions. 

Anoth er mode was DIC
TIONARY. The 'Sec stored over a 
hundred thousand words, whose 
three-line definitions could be dis
played on the bright little screen, 
sieadily rolling over page by page if 
desired. CLOCK and CA LENDAR 
al o used the screen for display, but 
for dealing with vast amounts of 
information it was desirable to fin!? 
the 'Sec to the much larger screen of 
a standard Comsole. This could be 
done through the unit 's optical inter
face-a tiny Transmit-Receive bu!l 's
eye operating in the near ultraviolet. 
As long as this lens was in visual range 
of the corresponding sensor on a 
Comsole, the two units could happily 
exchange information at the rate of 
megabits per second. Thus when the 
'Sec 's own internal memo1y was satu
rated, its contents could be dumped 
into a larger store for permanent 
l?eeping; or, conversely, it could be 
loaded up through the optical fin!? 
with any special data required for a 
particular job. 

The Minisec system's characteristics as en
visaged by this passage are not really so 

High-Speed 
Cassette Recorder 

Interface (The S tringy Disk) 

DIP-switch selection of speed from 800 to 12,500 baud 
(1 ,562 by tes per second with tape speed of 7 V2 inches 
per sec.). Max speed on a good cassette recorder is 5000 
baud. Bi·phase record ing. 

• 	 Bi-phase record ing; sel f-c locking , digital compara· 
tor. 

• 	 LEVEL ind icator assures correct volume sett ing. 
• 	 SYNC Ind icator shows recept ion of sync byte. 
• 	 Fu ll y buffered with bus drivers. 
• 	 Altair, IMSAI , Tarbell compat ible: s-100 bus. 
• 	 Includes all IC sockets, output connector, and pre

recorded cassette tape with sync code. 
• 	 Kit $120.00 Assembled , tested $165.00 Manual 

$3.50. 

DAJEN Electronics 
7219 Springleaf Ct. , Citrus Heights, Ca. 95610 
(916) 723-1050 

Ca. residen ts add 6% sales rax COD s1 .50 exrra 

MORE POWER TO 
YOUR ALTAIR* 

12 AMPS@ 8v. (nominal) 
2 AMPS@ ± 16v. 

At any line voltage from: 

90 to 140 volts. 
Ins tal ls easi ly inside any Altair * 8800 or 
8800a. 

Over voltage and over current protected. 

Conservatively des igned and spec ified. 

only $90.00 
postpaid in the U.S.A. 

8ANKAMERICAROCal iforn ia res iden ts add 
$5.40 sales tax. *+11¥• 

PARASITIC ENGINEERING 
PO BOX 6314 ALBANY CA 94706 

· Altair is a trademark of MITS Inc. 
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_ _ A Dictionary of Microcomputing by 

__Game Playing With Computers by Philip E Burton. In the opinion of BYTE's 
Donald D Spencer, published by Hayden. editor, Carl Helmers , "This is one of the 
What does it mean to play games using a best designed and executed dictionaries of 
computer? Read th is book to get an computer related terms yet seen on the 
introduction into numerous recreational market. It is of particular relevance to those 
uses of the computer to program and play individuals who want a good general 
mathematical and logical games. Topics reference to numerous technical terms, I 
include numerous mathematical problems, broadly covering hardware and software 
casino games, board games, unusual gam fie Ids as currently practiced." This new 
bling games, and miscellaneous logic games. hardbound edition is part of the Garland 
Numerous BASIC language programs and Reference Library of Science and T echnol · 
listings are included to show details. $16.95. ogy. $12.50. 

_ _ Software Design for Microprocessors. 
This stand alone guide to microprocessors 
has been designed by the people at Texas 
Instruments to convey knowledge to the 
first time user of microprocessors. This 

-Scientific Analysis on the Pocket _ _ Build Your Own Working Robot by excellent source book of computer concepts 
Calculator by Jon M Smith, published by David L Heiserman, published by Tab begins with an outline of the basic principles 
John Wiley & Sons. Th is book is another in 	 Books. This book will not tell you how to of the general purpose computer, its 
a set of source books for mathematical build Robbie, the robot of Forbidden machine architecture, software, and meth· 
analysis using the contemporary products of Planet, or a classical android of science ods of addressing. It proceeds to discuss 
technology. It is oriented to the pocket fiction . What it will introduce you to is the how to build software, what is involved in 
calculator, yet it will provide you with problems of making a robot mobile device documenting what you've done once you've 
algorithms and methods useful with any called Buster 111 , using pre-microprocessor done it, the mechanics of programming, and 
personal computer which implements the TTL integrated ci rcuits for all logic specific examples using the Tl TMS-1000, 
scientific and analytical funct ions found on functions. It is a must book for background TMS-8080, TMS-9900 and SBP0400 de 
a good pocket calculator. For a more reading, but much of the logic can be signs. You'll find a thick hardcover text 
complete description, see the book review extremely simplified using today's micro book filled with over 370 pages of useful 
on page 120 of the December 1976 BYTE; processor technology. Use this book as a information including a comprehensive 
or order its 392 pages of detailed technical first look at these problems from which you glossary of microprocessor term inology, 
information and review its use for yourse lf . can build further and more elaborate among several other detailed appendices. 
$13 . 75. solutions . Softbound, $5.95. $12.95. 

Send to: Check payment method : 

_ My check is enclosed 
BITS, Inc II --Bill my MC No. 	 Exp. date70 Main St 

;;; = Bill my BAC No-.--- - - - --------Exp. date -----Peterborough NH 03458 

Total for all books checked $ ___ Name 
Postage, 25 cents per book 

Address $ _____for 	 books l 
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much science fiction. As ide from Lhe size 
constraint and memory capacity, Lh e func
Liom of the Minisec as described can be 
accomplished by a wel l designed contem
porary personal computer system. The char
acleri Lie of filling into the size of a hand 
he ld objec t is nol even necessarily a valid 
engineer ing goal for such a powerful device. 
Wh y? 

Have you ever considered the problem of 
typing text passages into a keyboard the size 
of a calcul aLOr? Aside fro m the freq uency 
and positioning id iosyncrazies of the stan
dard Roman al ph abet typewriters we all use 
(which could be so lved by training wiL h Lhe 
Dvorak sys tem}, the design of Lh e tex t 
keybo.irds is we ll ada pted to the prob lem of 
quickly typ ing text. l know that personal ly 
from the immense amounts of keys Lroking I 
do, and anyone who works with compu ters 
at a software level will have simil ar ex peri
ences. A major portion of the information 
processing operatio ns performed with the 
personal computer are now and wil l always 
be accomplished usi ng such tex t keyboards, 
at leasl ror the foreseeable future, barri ng 
invention of real ly efficien t voice pars ing 
tech ni ques. Thus Lhe physical size cons Lrain t 
is now and wi ll probably rem ai n at the level 
of the size of a tex t key board' physica l 
layo ut,. hardly a hand held size, bu t certain ly 
a lap-perched device. 

Redefin ing of key interpretations is al
ready accom pl ished automati cally when a 
command language is used with symbo lic 
commands typed as text strings. Ho.wever, 
having a changeable command keyboard 
such as Cl arke descri bes is a nea t idea. l ran 
into a specific case of such a keyboard when 
l worked for a short time on an ex peri 
menta l digiLal avion ics system design which 
employed projection displ ays to define dif
ferent legends for key positi on de pending 
upon mode of operation during an airc raft's 
mission. It is a nifty concept, but a bit 
expensive at present. Th e mode l of the 
Min isec keyboard is a very sensible extrapo
lation of liquid crysta l style display tech
nologies coupled with switch less capacitive 
touch co ntact zo nes. 

Forgetting the physical charac ter isti cs of 
the implementation, the logica l charac
teristics of mu lti ple modes of operal ion are 
quite realizable with present day personal 
computers, although not always in a pre
packaged form as described by Clar ke. For 
example, the whole purpose or the ALPHA
NUMERIC mode i Lo all ow text entry and 
command language style operation , if it is 
meaningful to have such a mode at all. The 
ASCII keyboa rd and the tex t editors ap
plicable to personal computers of today 

TEXT EDITING SYSTEM 
TSC'S 6800 TEXT ED ITING SYSTEM SURPRSSES RLL 
MICRO EDI TORS. THE COMPLETE RSSEMBLED SOURCE 
LIST ING NOT ONLY INCLUDES THE USURL EDIT FEA
TURES. BUT ALSO BLOCK MOVES . BLOCK COPIES. 
OVERLRYS. AN EXTENSIVE CHANGE COMMAND . AND 
TRBS. JUST TO NAME R FEW. THIS IS THE EDITOR 
FOR THOSE WITH SER IOUS NEEDS . SL68-24 $23.50 

6800 8080 6502 
8080 GAME PACKAGE I . PD80-1 $19.95 
6S02 GAME PACKAGE I. PD65-1 $19.95 
6800 GAME PACKAGE I . PD6B- l $16.50 
6800 COMPLETE SOFTWARE PRCK. PD68-3 $35.50 

6800 SOURCE LISTINGS 
SPACE VOYAGE. SL68-5 $12 .00 
FLORTING POINT PACKAGE. SL68-4 $6.50 
MICRO BRS IC PLUS. SL68- 19 $15.95 

PROGRAM OF THE MONTH CLUB 
RECEIVE I YEAR MEMBERSHIP INCLUDING R MONTHLY 
NEWSLETTER DESCRIBING TSC' S LRTEST SOFTWARE 
RELEASES . UP TO A 15Z DISCOUNT OFFERED ON 
FEATURED SELECTIONS. POM $2 .00 

ORDERING INFORMATION 
PLEASE INC LUDE 3/. POSTAGE . INDIANA RESIDENTS 
ADD 4Z TAX CUS FUNDS ONLYJ. CHECK YOUR LOCAL 
DEALER FOR OUR PRODUCTS . (DEALER INQUIRIES 
WELCOMED! . SEND $ .25 FOR A COMPLETE CATALOG . 

TECHNICRL SYSTEMS CONSULTANTSTSC 80~ 257'1 M. l.NRYETTE lr«JIRNfl ~7906 

16 K STATIC RAM 

For ALTAIR I IMSAI I POLY 88 

$459 KIT 
ASSEMBLED $529 

• 	 USES 4K STATIC RAMS - NO REFRESH 
• 	 VERY LOW POWER- LESS THAN 1 AMP 
• 	zao FAST - 200ns ACCESS TIME 
• 	 PROVISION FOR BATTERY BACKUP 
• 	 LOW PROFILE SOCKETS FOR ALL CHIPS 
• 	 EACH 4K ADDRESSABLE TO ANY 4K SLOT 
• 	 HARDWARE/SOFTWARE MEMORY PROTECT 

FOR EACH 4K 
• 	 SPECIAL PAGING OPTION ALLOWS UP TO 

1 MEGABYTE ADDRESSABLE MEMORY 
• 	 LOWCOST 
CONSTRUCTION MANUAL ..... . . • . . .. .. . . . . ..... $1 .75 
PAGING OPTION . . . ... ... . .. . . . . . ....... . . ... . . . $9.00 
QUANTITY DISCOUNT .. . . .... .. . . . . .. 5 BOARDS - 5% 

10 OR MORE-10% 
DEALER INQUIRIES INVITED 

OMNI SYSTEMS INC. 

P.O. BOX 7536, UNIV. STATION 


PROVO, UTAH 84602 


READER SERVICE NO. 198 
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__TV Typewriter Cookbook by Don 
Lancaster. A complete guide to low cost 
television display of alphanumeric data, 
several chapters of which were publ ished 
ahead of the book in early issues of BYTE 
magazine. $9.95 

--Digital Logic Circuits by Sol Li bes. An 
invaluable tutorial background volume on 

I digital logic, arithmetic , 10 concepts and 
interlacing to analog devices; written by one 
of the founders of the Amateur Computer 
Group of NJ. This book acquaints the 
reader with much of the terminology and 
background concepts of digital hardware. 
$5.9B. 

_Modern Operational Circuit Design by 
John L Smith. An absolute ly essential intro
duction to the use and application of 
operational amplifier systems. The book 
contains both theoretical background in for
mation and practical circuit suggestions 
which can be used to advantage by the 
experimenter. $22 .00 (hardbound). 

~Electronic Projects for Musicians by 
Craig Anderton. "Even if you know nothing 
abou t electronics, you can build preamps, 
ring modulators, mixers, tone controls, min 
iampls, fuzzes and a dozen other inexpen
sive musical projects." Furthermore, even if 
you couldn't care less about about musical 
applications, you can use this book to gain 
familiarity with electronic parts, circuit dia 
grams and construction techniques, using 
the wealth of illustrations and tips found in 
an extended introductory chapter for the 
novice electronic ker. $6.95. 

____.Act ive Filter Cookbook by Don Lan
caster. The chief chef of electronics Cook
books concocts another gourmet appetizer. 
Run to this book when you need to find a 
starting point for the design of a filter for 
use in an electronic application. $14.95. 

__Altair Design developed by Ensor 
Holiday. 

_More Altair Design developed by Ens

or Holiday. 

--Altair Design 3 developed by Ensor 

Holiday. 

Keep the loved ones busy while you use 
your system ... give them any one or all of 
these computer generated Altair Design 
books to start them {or yourself) on endless 
hours of creative coloring, No other coloring 
books are quite like these unique books. 
$2.50 each. 

__Artist and Computer edited by Ruth 
Leavit. A visual treat, as you encounter 
reproductions of numerous works by com
puter oriented artists and read about these 
works in their own words. $4.95. 

__Linear IC Principles, Experiments, and 
Projects by Edward M Noll, From basic 
principles to complicated systems, from 
simple amplifier experiments to applications 
in radio, TV and control systems, this book 
can improve your knowledge of the way 
circuitry of the analog world really works. 
$8.95. 

Please note: Althou&h our ads will 
change month to month , with few 
exceptions all previous books adver
tised are available throu&h BITS. A 
complete catalog will be sent to you 
with your order.... FWR 

__J>ractical Solid.State Circuit DMign by 
Jerome E Oleksy. A self study course in the I 
design of semiconductor ci rcuits from the 
simple transistor to the complex operational 
amplifier. $5.95. 

__101 BASIC Computer Games by David 
Ah l. A treasure store of games and 
simulations, 101 all written in BASIC. It 
contains both a complete list ing and a 
sample run, along with a descriptive 
write-up. 256 pages. $7.50. 

--.Projects in Sight, Sound & Senution 
by Mitchell Waite. Dedicated "to all space 
cowboys." Detailed theory and practice of 
seven fascinating amateur electronics pro
jects, along with a complete and detailed 
appendix on how to make PC boards. $4.95. 

___,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. $5.95, new second edition. 

_ _ 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 physicians and 
practices of health researchers, consult this 
background review of the field of biomed
ical electronics. $5.50. 

_ _ What to Do After Vou Hit Return of 
PCC's First Book of Computer Games. This 
is PCC's first book of computer games, a 
compendium which includes descriptions of 
numerous games, and listings of 37 selected 
BASIC games, $8, new second edition. 

I Send to: 

BITS, Inc 
70 Main St 
Peterborough NH 03458 
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provide this mode of operation. The MATH 
mode is simply extending the concept of a 
BASIC or APL or language X interpreter to 
al low its use with your personal computer to 
calculate programmed combinations of ele
mentary and transcendental Functions. DIC
TIONARY mode is a little bit more diffic ult, 
primarily because as of today we do not yet 
have the technology to inexpensively store 
(with 1·a ndom access) such a large vocabulary 
with associated definition materials. But, 
given a mass storage drive with 2 mill ion or 
so bytes on line (for example, a 3M car
tridge) and enough time lo do the key
stroking, a personal information system (a la 
dictionary) with a signi ficant size can be 
built using eq uipment presently available on 
the market. The CLOCK and CALENDAR 
functions of the Minisec are so trivial lo 
implement that it's amazing it isn't sta ndard 
on all persona l computers wh ich are assu med 
to 	 be plugged in 24 hours a day: It only 
takes dedication of an interrupt line driven 
by timing signals generated by frequency 
division from the crystal controlled clock of 
the processor. The interrupt routine updates 
the real time as stored in an appropriate 
programmable memory location or loca
tions, scaling and converting to 24 hour time 
if des ired. 

As for connection to external larger 
information systems, the present day per
sonal computer does not exact ly use a fast 
light interface, but it certainly can use a 
modem and te lephone link at 300 bps or so. 
Modems are availa bl e in kit or surplus form 
at quite reasonable prices today, and are 
likely to be a drop in the price bucket 
compared to the costs of the timesharing 
services themselves unless you just ta lk to 
your neighbor's computer. 

The Fu ture Comes Faster Than Anticipated 

What this all boils down to is the 
conclusion that the design and function of 
Arthur C Clarke's conception of the ultimate 
personal computer is a lot closer to rea lity 
than he might expect. The actual dates he 
gives for the progress of technology into the 
Minisec stage I do not recal l, but I certai nl y 
suspect that he put it further into the future 
than the present day and the nex t few years. 
But, then, one pu rpose of sc ience fiction is 
to explore technological scenarios given an 
author's defined set of outrageous prem ises. 
No one shoul d believe that there is any 
prophecy abo ut when lhe scenarios are 
played if ever. Rather, the ideas and specula
tions serve as inputs to the imaginations of 
the innovators of practical products as the 
technologies progress. Viewed in this light, 
Arthur C Clarke's concept of the Min isec 

F'AAMMEA 

by XYBEK 

An extraordinary 2k memory board 
for your Altair -bussed computer

* 	On-board l 702A PROM programme r 

* Space for 1792 bytes of read-only memory (seven 
1702A EPROMs) 

* 	256 bytes of RAM

* Supplied with one l 702A, pre-programmed with 
stand-alone programming so f tware - no sense 
switches are used 

* 	Supplied with programming power supply 

* PRAMMER's own on-board c lock makes It compatible 
with almost any Altair -bussed system. 

* 	Al l read and write sequences are generated via an 
on - boar d micro -programmed state machine, thus 
el lmlnatlng all one -sh ots. 

Send me_ PRAMMER kits @ $189 ea. (Calif. resi dents 
please add sales tax.) BankAmerlcard & Master Charge O.K. 

Name----------------~ 

Address _________________ 

--------------ZIP----

Call (408) 296 -8188 or write to : 

XYBEK • P.O. Box 1631 • Cupertino, CA 950 14 

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. 
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___ Digital Computer Fund
amentals by Jefferson C Boyce. 
The way to a world of learning is 
through books. A great place to start, 
and to return from time to time, is 
the classical textbook . This new 
book from Prentice Hall is in 
tended as just that. Topics covered 
include digital computer operation, 
basic computer circuits and concep ts, 
Boolean algebra, implementing com
puter operations in hardware, com
municating wi th the computer and 
related issues of coding schemes, 
detailed discussions of the control 
section, memory functions, arithme
tic and logic functions, input and 
output functi ons of a classical com
puter, a chapter on computer pro
gramming and a fi nal summary 
chapter on the detai ls of a typical 
minicomputer design interpreted in 
the light of the more theoretical 
general concepts in the book. This 
book is excellent background in fo r
mation for the literate and well read 
hacker. Order yours today. $15.95 
hardbound. 

Send to : 

BITS. Inc 
70 Main St 
Peterborough NH 03458 

Total for all books checked 
Postage, 25 cents per book 
for books 

Grand Total 

Adam Osborne's books An Introduction 
to Microcomputers, Volumes 1 and 2, are a 
concise compendium of the technical details 
of microprocessors at the component 
(engineering) level. These are the source 
books for the SY.stem designer who p lans to 
employ the microprocessor, or the advanced 
homebrewer who wants a dash of custom
ization not found in commercia l products. 

Volu me 1 Is subt i tled "Basic Con 
cepts." This is the book which presents a 
framework of ideas concerning the design 
and use of small computers implemented 
with LSI. Topics include definit ions of t he 
microcomputer, fundamental concepts of 
logic and numbering characteristics of 
instruction sets, etc. $7. 50. 

Volume 2 is a much thicker (895 

How to Buy and Use 
Minicomputers and Microcomputers 
by Will iam Barden . People have often 
asked us where to turn to get an 
introductory book abou t computers 
for personal use. One excellent place 
to start is How to Buy and Use 
Minicomputers and Microcomputers, 
William Barden Jr's instant summary 
of the small computer revolu t ion, 
published by Howard Sams in mid 
1976. This is one of the first books 
of the "general introduction to 
computers" genre to be published 
with an emphasis towards the small 
computer and personal comput ing as 
it is being practiced these days. the 
book, written for the novice as well 
as the expert , surveys the techn ical 
details of the field in nine chapters 
and 10 appendices . Th is book is light 
(but essential) reading for the experi 
enced computer person, and worthy 
of serious. concentrated perusal by 
the novice. $9.95. 

Check payment method : 
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page) detailed volume which complements 
the information i n the first vo lume. This is 
the volume which fills in many of the details 
left out of the conceptual treatment in 
Volume 1. Here you'll find 19 detailed 
chapters on the engineering and logical 
specifications of products made by 16 
different manufacturers, Including in many 
cases reprints from the manufacturers' 
documentation as well as new materials 
provided by the author. Published in 1976, 
it even includes such processors as the 
MicroNOVA by Data General and the Texas 
Instruments TMS-9900 as well as the older 8 
and 16 bit machines. Organi zatio n is by 
design type, and where parts of several 
manufacturers were intended for a given 
processor design such as the 8080, these are 
grouped into a single chapter . $ 12.50 

_ _ Computer Power And Human 
Reason by Joseph Weizenbaum. Thi s 
book is one which shou ld be 
purchased or read for several reasons. 
I f you're presently a programmer by 
trade or skill, you'l l see a philosophy 
of computer use and abuse pro
pounded. I t's genuinely interesting, 
and definite ly p rovocative if you 
reference the storm of letters, coun 
ter letters and counter counter letters 
which th is book produced in the 
Association for Computing Machi n 
ery's SIGART newsletters during 
1976. If you're a novice to the field, 
the tutorial and explanatory chapters 
of this book, which are aimed at the 
layman, will serve as an excell ent 
background source wh ich is also 
eminently readable. Th is includes an 
excellent and low level explanation 
of what an algorithm is, and how 
computers go about executing effec
tive algorithms. $5.95 softbound. 
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personal computer and its uses throughout 
the book Imperial Earth is a most in spiring 
input which designers of personal com puters 
would do wel l to ex plore. • 

A CHALLENGE . . . The Logical Squelch, 
a Noncommercial Product 

Occasional, functiona l specifications of 
neat ideas can be fu n. Here is one wh ich was 
dreamed up by yours truly and Judy Havey 
wh ile preparing the Ap ri l issue. We both love 
to listen to classical music FM radio stations 
whi le working, principally WGBH and 
WCR B out of Boston MA. What we were 
talking about was the fact that whi le we 
certai nly appreciate the fact that advertisi ng 
supports the co mmercial radi o station 
WC RB, we sometimes get just a bit tired of 
hearing the same commercial or announce· 
ment over and over again. So, l said to 
myself, wouldn't it be a neat hack to 
develop an audio input processor backed up 
by an Al algorithm which has the fo llowing 
characteristics: 

• 	 Co ntinuous digitization of the signal 
and characterization of the past "n" 
mil liseconds by a 
co nstants refl ecting 
digitized . 

• 	 A manua l switch 
"catching" various 

set of numerical 
the signa l being 

input used for 
unwa nted signals 

and storing the empirical parameters 
for the previous time period (goal: 
perhaps 16 to 128 bytes characterizing 
a segment of the signa l with a high 
probability of uniq ueness) . 

• 	 A mon itoring algorit hm wh ich seeks a 
match between stored signal parameter 
sets and the incoming pattern, perhaps 
with a "criticality" parameter which 
adjusts a fudge factor tolerance on the 
match . Whe n a match is found, the 
"sq uelch" signal is given to the output 
leve l control peripheral. 

• 	 A level control peripheral which is 
either ful l "on" or in a squelched 
state, with a timing oneshot used to 
stretch the squelch period over an 
adj ustable time of a half to two 
minutes or so. 

In this simp lest conception, no attempt is 
made at fancy word recognition, or recogni
tion or voice characteristics of anno un cers. 
Such embellishments would of course be 
most desirable, but who knows what is 
possible until it is tried? Who'l l be the first 
to build this logical squelch device and write 
it up as an art icle for perusal of our other 
readers? .. . CH 

MULLEN COMPUTER BOARDS 
BOX 6214, HAYWARD, CA 94545 

• 8 fast reed re lays respond to an 8 bit word: Feed 
~ the relay a ssociated with its b it a " 1" and it close s, give it 
,_. o "O" and it ope ns. Also, 8 opto-isol ators accept a n 8 b it 
~ word from the outside world a nd se nd it to yo ur com· 
• puter fo r handshaking or furthe r contro l purposes. 
'-.. Especially suited for model railroad, burgl a r ala rm, 
~ audio switching, ha m radio, music synthesizer, and auto 
-
lft 
JI' 

mated displa y applications, this board goes whereve r 
you need a gene ral purpose 1 / 0 switchi ng gizmo. 

We're proud of the des ign work a nd qual ity put into 
-n
Q 

this applications-oriented periphera l; and with it, you 
con take core of that 1 / 0 gap in your system. 

Availoble in kit fo rm only. Ca lifornia moi l o rd ers: I 

¥r·~~·~~E •AVAILABLE IY M~ 
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meant it to hr ... 

Pa.taa1HC 

ln\el EnOll'llMtlN;J 


CJCM:• Fla Kil 


ISO nNC m1n1mum ; d>! 80 nMC. 
220 " .. qi. 206 " 

o · DI 35 " 

70  02 85 .. 

Note fheM ••• the .tetual c:k>Cit • •"•tOfms al lhe 

8080 H ~Od..,c.ecl by • Paru1U(: Ef\QU\'99flAO 

Cloe~f'1•Kll 

~ 

YOUR ALTAIR* 8800 

can't run well without 


a correct , rel iable 

C.P.U. c lock. 

APARASITtC 

ENGINEERING 


clock fix ki t is 

guaranteed to 


produce¢ 1 andq,2 

ctock pulses, that 


meet Intel's 

specifications for the 


8080. Installs easi ly on 
your Alta ir " 8800 or 
8800a C.P.U. board. 

- 8ANKAMERtCARD 

postpaid in the U.S.A. ff
only $15 

PARASITIC ENGINEERING 

PO BOX6314 ALBANY CA 94706 

·Altai r is a·trademark of MITS Inc. 
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EYTE's Eits 

At tenti on Educat ion Use rs 

The fiftee nth annu al co nve nt ion of 
the Associa t io n for Edu ca t ional Data 
Syste ms wil l be he ld Apri l 25-29 1977 a t 
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the Green Oak s Inn, Fort Worth TX. For 
further in formation co ntact Alton R 
Godd ard, publ icity chairman, at AEDS 
National Headq uarters, 1201 16th St 
NW, Washington DC 20036, (202) 
833-4100. • 

Catalog of Computer Sup plies Av;i ila ble 

A new c,1t alog fro m Digi ta l Equip· 
me nt Corpora t ion , " Su pp lies and Acces· 
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This Bit was supplied • 
by Chuck Adams at • 
Texas A&M University , • 

sorics," pictures a nd describes 200 re· 
placeme nt and e nhancement items for 
use with Dig it, I periphera l equipment, 
including media for disk a nd magnetic 
tape drives; paper supplies, ribbons and 
baske ts for printe r . plotters, termin al , 
paper tape and ca rd readers ; termi nal 
s tands, cha irs, tables and oth er con· 
ven ience accessories. The 56 page co lor 
catalog inc ludes o rder bl anks a nd is 
ava il ab le from Commun ication s Se rvices, 
44 4 Whitney St , Northboro MA 01 732. • 

The Grapevine 's Latest Go blet of 
Divine Ju ice 

According to the volcano o f rumors 
and other p rema ture enthusias ms, ) irn 
Warren of Dr Dobb's jou rna l or Com
puter Calisthenics and Orthodont ia (PCC 
Box 3 10, Me nlo Pa rk CA) in a public 
utterance at a Home brew Compu tcr 
Club meet ing Janu a ry 19, there are some 
goodies in th e wor ks from Zilog. Dr 
Dobb himself (ali as Jim War ren) says 
that relia ble reports indicate th e Z-200 is 
Zilog's nex t produc t, a hi gh level 
language stack machine whi ch directl y 
executes PASCAL construc ts as its 
machine level language. It remains to be 
seen whe th er this part icular con coction 
is grounded in reality or the result o f 
severa l stages o f qu ite non linea r 
amplifica tion. • 

Two Computers in Every Home, 
Motherhood, Pi zza, Apple Pi e, et a l 

The latest word we hear is tha t a firm 
with the name Compu ter Sh ac k, Lied up 
in some nebulous way with the people 
who bring yo u ano ther kind o f elec 
tro nics orie nted Shack, is pl anning to 
double or q u adr u p le the pre ent number 
of compu ter stores in existence through 
a nationwide fra nchise program (see Jd
ve rtise men ts in BYTE, as we ll as an ad 
which has run in Computen vorld seve r<1\ 
times). He re 's one of the peopl e respon· 
sib le, Ed Faber, president of Computer 
Shack Inc, located a t 14860 Wic ks Blvd, 
San Leandro CA 94577. • 
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ROM Programs Bege t ROM 
Programs ... 

BYTE on how to program these chips, 
which wil l be seen more and more 
frequen tl y in person a l comp u Lin g c irc les 
over the nexl half year or o. The 
s ign ifican ce of the Tl a nnouncement i 
tha t it marks en t ry of a lterna 1c sources 
into a market which in 1he pasl l1as been 
characte ri zed by high initi al produc tion 
pr ices. At BYTE , we pa id near ly $1 00 
for a 2708 seve ra l mont hs ago (q uant ity 
one, from a distrib u tor). As T l and al l 
the res t of the new 2 708 sources co m
pete the ir way down the " learn ing 
curve," we can exp ec t to sec 1hcse p rices 
drop if past h isto ry is any cl ue. Don ' t be 
surprise d if the cos t of a comp le tely 
filling a Crome mco BYT ES aver bo a rd 
with 2 708s (8 K wortl1 in 8 chips) has 
dropped lo abou t $400 within one year. 
Locally progra mma ble E ROM parts are 
quite useful ro have around for stor ing 

frequently used programs; so the more 
vendors there are, the better the pros 
pects for a reasonab le price.• 

This new programmer for 2704 and 
2708 memory parts is an examp le of the 
creat ive use of a microprocessor to 
engineer a system which has fea tures 
which would be difficul t if not impos
sible to achieve previously . The system is 
a microprocessor controlled programmer 
which allows the use r to crea te, ed it and 
manipulate data in a bu ffe r memory 
usi ng an RS-232 or 20 mA curre n t loop 
(Te lc1ype) term inal interface. In a 
hypo thetical computer s tore PROM pro· 
gramming center, th is programmer with 
its interactive comma nd seq uences 
would be co nnected to a term inal or one 
of the demonstrat ion computers of the 
store, so that custome rs coul d ed it and 
try ou t progra ms before com mitting 
them to PROM . One can co nce ive of the 
re tai l store selli ng time on the program
mer a l X$ per hour, wit l1 X set lo 
amortize t11 e cos t of th is $850 device 
and its terminal in a reasonable time . 
And of course the industrial and com 
merciJI firms who design produc ts with 
microprocessor will find th is de vice a 
most useful piece of equipme nt for the 
microprocessor design a nd prod uction 
facili ty. The company wh ich ma kes this 
dev ice is Shepardson Microsystems Inc, 
20823 Stevens Creek Blvd, Bl dg C4- H, 
Cupert ino CA 95014. Accord ing 10 the 
press release, new produc ts whi ch 
include a multiple socket version of this 
programmer and addi tional programmers 
wit h similar feat ures o rien ted towards 
bipolar PR.OM products arc due soon.• 

Finally, We' ll Get a Low Enough 
Price for the 2708 

Texas Instruments has rece ntl y an
nounced its entry in to the 27 08 EROM 
market with the TMS2708 J L part. T his 
is an 8 bi t by 1 K memory part with 
450 ns access. time, static operation and 
TTL com pati b ility, in a 24 p in package 
which will plug right into ma ny mic ro
processor app lica tions. We 've go t an 
art icle coming u p in a future issue of 

From 	Sweden : 
L YS-16 

Goran Peterson, of AB Acro-Te law 
Ate w, Box 125, S-642 00 Flen , Sweden, 
sends us a flier on a new small comp uter 
prod uct whic h his comp any has intro· 
duced . The product is th e L YS-1 6, 
designed by tl1e Computer Society of the 
Linkopi ng Technic al High Schoo l in 
Sweden, and ava ilable either in ki t form 
or as a fini hed produc t. The techni cal 
specific atio ns of thi s produ ct incl ude: 

• Memory ad dress space for up to 
64 K bytes. 

• 256 byte miniatu re operating 
sys tem including a 1200 bps ser ia l 
in te rface for audio recorders. 

• television interface (wh ich obvi 
ously must be designed for the 
local power li ne freq uencies). 

The first deliveries are scheduled for 
the sp ri ng of 1977, and the price is listed 

141 



New and Used 

Electronic Surplus 

• CRT Terminals 
• Peripherals 
• Electronic Assemblies 
• Components 

Tape Dr ives - None 

Higher than $1195 

Keyboards 

Components - Power 

Transistors, Diodes, Resistors, Capacitors 
Integrated Circuits - from 

10 Cents 
Equipment Cabinets 

Transformers 

Send for a free catalog or 

Call toll free 800 258-1036 
in NH 603 885-3 705 

Come to our Showroom 

VOLUME AND INSTITUTIONAL DISCOUNTS AVAILABLE 

W<tRLDWIDE ELECTRONICS INC. 
10 Flagstone Drive, Hudson, New Hampshire 03051 
Send my free catalog to 

NAME : 

I'm especially interested in: 
D NEW 0 TERMINALS 
D USED D PERIPHERALS 
DAS IS 0 COMPONENTS 

0 ASSEMBLIES 
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as 5900 Sw Crw (based on foreign 
excl1ange rates quoted in 1he December 
15 1976 edition of Lhc Woll S1tee1 
j ournal , this is equivalent to abou1 
$1357 in US currency). According Lo the 
flier, the co mpany has about 180 
emp loyees and plans Lo offer a floppy 
disk option in the near future as well. • 

Micro Cosmos PLEASE 

Robert Tripp, publisher of The 
Computerist, has announced a package 
of software for the KIM· I system which 
he's selling for $10. According to his 
announceme nt , the feat ures of this pack
age, distributed on a KfM·l casse11e, 
include: 

• 	 timer routines with 1 ms accu 
racy. 

• 	 a clock program displa)•ing hou rs, 
minutes and seconds. 

• 	 an adding machine program wirh 
six digit addition / ubtraction. 

• 	 a decimal to hexadecimal (and 
vice versa) conversion routine. 

• 	 a drunk res1 program. 
• 	 and a much longer list of gim· 

micks and programs .. .. 

He even claims Lo have a "high level 
language" as part of the package, and 
that the whole set of programs is 
designed to run in an unmodified Kl M 
with minimum memory. The package is 
to be dist ri bu 1ed with comple te source 
listings, operating ins1ructions for the 
demonstration programs, and instruc
tions on how to write programs in the 
PLEASE high level form. 

Wr ite Micro Cosmo , 210 Danie l 
Webster Hwy S, South Nashua H 
03060. • 

New Hobby ist System 
Supports Timesha ring 

The SIXTEEN/8, a new personal 
computer announced by Western Digi1al 
Corp and The Computer Mart or Orange 
County CA , is the first personal system 
to our knowledge which supports ful l 
scale limcsh aring with multiple termina ls 
and active jobs. The ystem offers an 
instru c tion se L sim ilar 10 1he Digital 
Equipment Corp LSI-I I, bu1 comes as 
two fully assembled cards wh ict1 p lug 
into an Altair or IMSA I backp lane and 
permit the use of existing memory and 
peripherals. The price of 1he system with 
software is $1295, and lhc so u rce code 
for all sofl w<1rc is avai lable on fl oppy 
disk for the cost of distribution. 

The S IXTEEN/8 hardware, micro 
code and sof tware were developed by 
Dick Wilcox, a Western Digital employee 
heavily involved in dcve lopmenl or the 
LSI- I I. The new macl1inc's microcode 
implements essen ti a lly th e PDP- I I in
struction set as see n from the assembly 
language leve l, including 1he f/o,1ting 
po int oplion; but the instruction en· 
coding is different and severa l PDP-1 1 
instruc1ions have been om i!led in order 
LO discourage 1he use of proprietary DEC 
software. A number of ins1ructions h.i ve 



been added which considerably cnh,111 ce 
the power o f 1hc SIXTEEN /8: these 
include short immedidte mode, multiple 
bi1 shi ft, .ind block move in tructions; 
L:ible indexed jump Jncl subroutine c.111 
instruc1 ions; "load clfective add ress"; 
,ind ins1ructions 10 save and re lore 
regis1crs on the stack. Typical ins1ruc 
tion cxccu1ion Limes for 1l1e SI XTEEN/8 
range I rom 3 to I 0 µs. 

To perrnil the use of exis1ing 8 bit 
microprocessor memory and peripher.1ls, 
the PDP· I I peripheral addressing truc
1Ure w.1s revamped to uppon 8080 1yle 
10 lramfcrs, .ind ex1crn ,1I demultiplexing 
logic involving some 70 TTL chips was 
added to interface a 16 bit processor 10 
an 8 bi1 bus. The SIXTEEN/ 8 .ilso 
supporl~ 16 bit memory, vectored int er
rupt , and multiple OMA ports. 

Thl' oltware for the SIXTEEN/8 w,1s 
developed by Di ck Wi lcox over a period 
ol 4 1/"2 yc.1rs on a PDP-11 /40 in his 
back bcd1oom and lus been sold 10 a 
number ol large commcrci I users. The 
ba ic opcr.1ti ng system suppom floppy 
disk spJce management and a mul1i-user 
file y tcm; multiple in1erac1ive termi
nals, e.1ch of which rna con trol evcral 
concurren1 ly running jobs, and segrncn
1ation .in d overlay loading for u er pro· 
grams. Operating sys1em calls support 
device independent 10 for all programs 
and device . User wri l len drivers or 
spcdal purpose devices .ire easi ly ad ded 
to the sys1c111 . Th e timesharing faci liti es 
do not, however, include virtual memory 
management or wapping to floppy disk; 
nor is memory prote lion provided at 
pre ent. 

Progr.1m development soflware in
cludes J text editor, a macro assembler, .1 

lin~agc editor which combi nes separately 
assembled programs, and a symbolic 
debugger which permits run lime ref
ere nce> to source code names. A power
ful BA IC compiler (not qui te finished 
at the 1imc of thi · writing in mid
);inuMy) upport <1 wide range of 
BASI C. l,1nguage le.11u rcs , I I dig it 
no,11ing-point precision, and interactive 
or b,1td1 e ecution with speeds c>li
matcd ;11 18-20 times tl1dt of MITS 8 K 
BAS IC. An 8080 cross .1ssembler is ,i lso 
provided with 1he sys1cm. Other soft 
wMc includes " line print spooler .rnd ,1 

CRT b.1 cd job 1a1u monitor. The 
cn1irc sou rce code occupies abou1 two 
do1cn fully loaded floppy disks. 

Use of 1hc sys tem is likely to require 
substantia l amounts ol main memory . 
The basic opcr.11ing sy Lem occup ic I 0 
to 11 K by tes, and the BAS IC co mpile r 
requires 12 K bytes; .1 prilCtical sy tcm 
for .i single usc1 migh t we ll include 211 K 
to 32 K by te of memory. 

Although the fc,11urcs described lor 
this S\' Stern seem qui1e incredible, the 
SIXTEE /8 was demonstrated recentl y 
to members of the Homcbrew Computer 
Club in Santa Clara CA and appears to 
be a reality. Deliverie should be under
No'I by 1he time this no1e is published . 
Also planned for later in1roduc1ion is a 
complete package using 16 bi1 memory 
and a self-contained floppy disk drive, 
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Your Mail Order Computer Shop... 

IMSAI BOBO kit with 22 slots (limited quantity) .. ..... $599.00 
TDL Z-BO ZPU (the one with Iull software available now) 242.00 
Edge Connectors and guides for IMSAI each . . . . . . . . . 4.25 
Edge Connectors and guides lor IMSAI 10 for . . . . . . . 40.00 
Seals Bk RAM kit with 500 ns chips . . . . . . . . . . . . . . . . . 225.00 
Seals Bk RAM kit with 250 ns chips . . . . . . . . . . . . . . . . . 260.00 
North Star complete M icro-Disk System kit . . . . . . . . . 599.00 

WE TAKE 
MASTER CHARGE OR BANKAMERICARD 

For phone and mall orders... IAN MAWIRIWD 
IAdd 4% or TOT AL ORDER for service charge) llll:lm -

TERMS: Shipping charges - S10. per CPU or large units,Sl .50 per it, 
$2. mmimum perorder. 

Provided stock Is available, we will ship Immediately for payment by 
cashie rs check or money order. 
Allow 3 weeks lor personal checks to clear. New York State residents 
add appropriate sates lax. 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

For the best prices available on: 
IMSAI • TDL • NORTH STAR • POLYMORPHIC 


NATIONAL MULTIPLEX • SEALS ELECTRONICS 


CALL: (315) 637·6208 
WRITE: P.O. Box 71 •Fayetteville, N.Y. 13066 

~ Boards DO Something 
CL2400 

Real Time Clock 

S98-Kit S135-Assembled 

If your system needs to know what time ii is, our CL2400 is 
the board lor you . The present time in hours. minutes , and 
seconds is always availab le for input . and is continuously 
updated by the highly accurate 60 Hz power li ne frequency . 
Need periodic interrupts? The CL2400 can do that. too . at any 
of 6 rates . Refere nce manual with BASIC and assembly 
language software examples included. 

PC3200 
Power Control System 

PC3232 S299-Kl l $360- Assm . 
PC3216 S189-Kil $240-Assm . 

PC3202 $39 .50-Kit S52-Assm . 

If your system needs on/off control of lights , motors , 
appliances , etc .• our PC3200 System components are for 
you . Control boards allow one 1/0 port to control 32 (PC3232) 
or 16 (PC3216) external Power Control Units , such as the 
PC3202 which co ntrols 120 VAC loads to 400 Watts . Optically 
isolated . low voltage . current-limited control lines are 
standard in this growing product line . 

P.O. Box 516 
La Canada , CA 91011 

" Real World Electronics " (213) 790-7957 

http:Progr.1m


controller, and power su pply. Inquiries K<llcll a, # 10, Orange CA 92667, (714) 
abou t the SIXT EEN/8 should be ad· 633- 1222, or to your local Western 
dressed to The Computer Mart, 625 W Digita l represen tative. - Daniel Fylstra 

Attention Floppy Users ... 

Here's a Power Supply Module for You 


Suprosc yo u decide to build a flo r py 
interface, such as the one Ken Welles 
described in February BYTE. One of the 
fac tors yo u 'I I have to cons ider i th e 
power supply for the flopp y itse lf. This 
key component is not part of the price 
of the b, l'C drive, but genera ll y is in· 
el uded if yo u buy a commerc ial lloppy 
in terface package. If yo u have the right 
vo ltages and spare current capac ity si t· 
t ing around in some o ther uppl y of 
your system, there is no problem, but 
where do you go if yo u don't have ii 

proper supp ly? 

One p lace is .1 company ca lled Power 
One In c, 531 Dawson Dr, Camarillo CA 
930 I 0. These peop le have a new "D isk 
Drive Series" of power suppl ics for use 
in single and d ual drive flo ppy di sk 
memory systems. The product is aimed 
a t the OEM (Origi nal Equ ip m en t Manu· 
facturer) ystems house which puts to· 

ge thcr custom produc ts using floppies 
and ot her subsystems. 

These supplies will a lso prove to be a 
good item for comp u ter stores to carr\• 
to augment independe n t h« nd l ing of 
flopp y disk component lines .ind inter· 
faces. Retai lers should f ind the 2 year 
fac tory war rant y a use ful selling point 
a long wi th ove rl oad and overvol tage 
protection. For individuals dealing direct 
and prepa id, the I to 9 un it prices range 
from $69.95 to $ 120 depending upon 
model. If yo u 're interested, write for Lil e 
brochure on the disk drive series, Models 
CP-162, CP-205 and CP-206. • 

The IMSAI Hard Copy Option 

This new $399 (kit, or $549 
.1sscmbled) pr inter interfaces to an 8 b it 
paral lel ou1put port. It is a selfco ntained 
unit w ith case, ca ble , power suppl y, 
timing, control and d1araclcr genera t ion 
logic. The interface is lhrough a para lle l 
cable so it should be qu ite easy to install 
through .111y paral le l inte rface board. The 
type fo 111 is a s tdndard 64 char.1ctcr 
ASC II subse t , with the option of print

ing double si£c chilracters for head ings. 
The controlle r fcdtures autom ,11ic line 
wrapar9und so that output lin es greater 
th an 44 characters in length Jre printed 
on two or more li nes with no software 
tricks. Since it is an impact printer it Cdn 
be used with mu ltip le copy fo r ms using 
ca rbon or NCR paper. Fo r furt her infor· 
mation on the IMSA I Printer, wri te IO 

IM S Associate In c, 14860 Wicks Blvd, 
San Lea ndro CA 94577. • 

WHEN? WHAT? 
//l'C; !i / ' 1.10 1 ;\/_ l/{/;/i 'I" · llcl RVll': I /I E & SCJFTll' ·llU. 

Ct• m:rl1l lfr,i,tist rc.uia11 - S-l ,UO ( S 1urle11r S 2.UO I/ .)di<'~·· S:! .UU 1it•r .t/ W f 

Al'ri/ J O/Muy 1, 1'177 

&egimriH,'( tH 10:00 i.1.m . 

EX /11/lffS /J /Sl'/.:I I'S · 'l'l iC:HNIC:.·11. ·1:·11. KS · CCJNTFSTS 

HCJM/i C:(),lll'l Tnw.; l'RIZ/iS . ,\/,181 '1'.-tC'fl"R /illS If()( J /'/IS 

S1wcidf 11!/W C.:m1/N1·Ht"t' cm C:v11.1·1111w, mul /lp /j/1." 
.~ppllr11tie11r uj .\lfrrv c. ,,,,,r,,h·r ~ ' 

For further information: 

WHERE? 

'/'Ub\ 'Hi.Y ST.-ITliC<JLUX;1; 

1<0111t~) I 

Tre11 ro11 , .\'c•t1•}1•Ht'.V 

609· 77 /.2.JS] 

l t'ril<'' T/Ui.V-/'<>N C:< Mll ' t Tl!R l ·ESTll": I L 
Tr('lltou S 1~1t• Colh~~t· 
Tr.-1111.m . .\.1. ] . 08625 
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Computer Stores in Canada - How many are there? 

Man y stores have opened in Can ada 
within the last year or so . Seven stores 
are known to us , and there are probably 
quite a few more which we do no t know 
about. We would appreciate o ur readers 
telling us abo ut stores no t listed here. 

Pacinc Com puter Sto re 

4509-4511 Ru per t S t 

Vanco uver BC V5R 2J4 

(604 ) 438-3281 

The Computer Place 

186 Queen St W 

Toronto O NT M5V 1 Zl 

(416) 598-0262 

focus Scientific 

160 Elgin St 

Ottawa ON T K2 P 2C4 

(6 13) 236-7767 

Computer Mas ter Systems Ltd 

69 Gloucester St 

Toronto O NT M4Y 1 LB 

(416) 924-9789 

First Canadia n Computer Store Ltd 

44 El ington Ave 

Toro nto ONT M4 R 1A1 

(416) 482-8080 

Computer Hobby Sho p 

4812 16th St SW 

Calgary ALBE RTA T2T 4] 5 

(403) 243-6776 

The Comp uter Shop 

3515 18th St SW 

Ca lgary ALBE RTA 

(403) 243-0301 • 

The Great 
1 1p£1t1ATl~R4i

International 
I 

Math On Keys 

Book 
From Texas Instruments 

Do you need a numerical a lgorithm for calculating exchange 
rates in a hotel on a foreign t rip? Or f iguring those 
mysterious "points" when facin g the sanct imonious charisma 
of a ban ker at mortgage arra ngement time? This book is a 
compendiu m of simple explanations and step by step 
procedu res for accompl ishing nume rical so lutions to 
numerous commonly encountered situations in dai ly life . 
Each entry is characterized by a sta tement of the p roblem, 
including the el ements of theory requi red , a nd the keystrokes 
needed to solve the problem on an algebraic ent ry calculato r. 
This is an invaluable sourcebook of information for the 
person who is inclined to manipulate numbers. $4 .95, plus 35 
cents postage. 

Send now to : 
BITS, Inc. Master Charge and 

70 Main Street BankAmericard Welcome. 
Peterborough N H 03458 

Please all ow six weeks for delivery . 

~~Tl Subscriptions 

Since our subscriptions have increased so greatly, we have decided to use a subscription ·service. This 
new service will make it possible to serve you better and faster. 

According to theory, any systems transition is supposed to be smooth. However, if there should be 
some unexpected and unplanned problems, please bear with us dur ing this transition period. 

Please address all subscription correspondence to 

BYTE Subscriptions 
PO Box 361 
Arlington MA 02174 
(617) 646-4329 
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Want to help your club reach out to the 
nearly 200 computer groups around the 
country and the world, share information, 
newsletters and valuable organizational 
experience? That's what this column is here 
for. We'd like nothing more than to help 
your group benefit from the attention it will 
receive from a writeup in a magazine that 's 
widely read by people like you. People who 
are forming groups are invited to send details 
or questions. New clubs are especially 
welcome. We ask the more established to put 
us on their mailing lists. All correspondence 
should be addressed to Peter Travisano, 
BYTE, 70 Main St, Peterborough NH 03458. 

Persona l Systems - San Di ego 

Computer Society 


It's always a pleasu re to sec a job wel l 
done and the S1tn Diego Computer Society's 
publication Personal Systems doe its job 
well on a monthly bas is. There's plenty here 
for the thoughtful hobbyist to read through, 
think about and exper iment with. Dr Lance 
Leventhal 's first rate series, "The Micro
Towcr" is always a treat, and th ere arc 
plenty of other goodies. A recent issue 
carr ied what looked to be an interesting 
program in F-8 machine code ca lled 
Mastermind - a game of code breaking 
which wil l probably tanta lize and challenge 
the best of us. Someone fina lly did it, the 
article many of us wanted to sec, but were 
afraid to ask for, "The Complete and Utter 
Idiot's Guide to Computer Programming," a 
repri nt from a recent issue of the Homcbrcw 
Computer Club's news letter . This should 
save a lot of aggravation for people just 
breaking into computers. 

Of interest to anyone with the ability to 
get there is the West Coast Computer Faire 
to be held Apri l 15 through 17 1977 at the 
San Francisco Civic Center. According to 
Personal Systems, the Faire is expected to 
draw from 7000 Lo I 0,000 people. There 
will be 50 to 100 tutoria ls, an exposition of 
homebrewed, exotic, and low cost systems, 
components, and you name it, along with 
commerc ial exhib it . In short, il promises to 
be an incredib le exper ience for those in ter
ested in computers. 
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If you'd I ike to fi nd out more about th e 
San Diego Computer Society, drop a note to 
POB 9988, San Diego CA 92109. 

Computer Harn? Check out AMRAD 

The Amateur Radio Research and Devel 
opment Corporation is by, of, and for those 
people who are the vanguard in their hobby, 
ham radio. Speeding up radio communica
t ions often means the employment of 
computers. AMRAD is making an attempt at 
organizi ng a regular newsletter which cou ld 
conceivab ly be a boon to people of similar 
interests. If it's going to work, they'll need 
your support. Contact Amateur Radio 
Research and DevelopmenL Corporation, 
1524 Springvale Av, Mclean VA 22101. 

Trenton Computer Festival 

Trenton NJ, the place where it a ll began 
for amateur computer festivals, is about Lo 
do it aga in on April 31 and May 1 1977 at 
Trenton State College, Rt 31 , Trenton NJ. It 
looks like this is going to be a good sized fair 
with 30 speakers, up to 90 demonstrators 
and an outdoor flea market. Forums are 
planned on microcomputers for home, radio 
amateurs, education and medicine , consumer 
app li cations of microprocessors, computer 
music, robots, graphics, speech synthesis, 
estab lishing amate ur computer standards and 
a computer club convention. 

Sponsors include a ' number of groups: 
Amateur Computer Group of New Jerscy, 
Philadelphia Area Computer Society, 
Trenton State College Digital Computer 
Society, Insti tu te of Electriciil and Elec
tronic Engineers - Princeton Section and 
the Department of Engineering Technology, 
Trenton State College. 

It is expected that attendance will exceed 
3,000. There will be amate u1· computing 
contests and awards, a Saturday night 
awards banquet, programming copying ser
vice, forum aud io cassette copying service, 
free bus service between hotels and motels 
and Fest, activities for wives and kids, and 
free parki ng for up to 4,000 cars. 

For more informat ion write Trenton 
Computer Festival, Trenton State College, 
Trenton NJ 08625. 

Societe d' lnformatique Amateur du Quebec 

Computer buffs in Quebec will be glad LO 

hear of the formation of Lhc first French 
speaking computer club, Societe d'lnfor
matique Amateur du Quebec. Hobbyists 
from everywhere in the province are invited 
to get in touch with Ricardo Talbot at 
(418) 522-3349 during the day or (418) 



522-4872 at night. Correspondence 
should be directed to him through !R ISCO 
du Qu ebec Inc , 376 du Roi , Suite 304, 
Quebec PQ 2W6. SIAQ looks forward to 
relations with all cl ubs in Canada or the US 
willing to forward their newsletter. 
Bon chance. 

South Florida Computer Group 

We came acrnss this ingenious little ditty 
in volume I #9 of the South Florida 
Computer Group 's newsletter reprinted from 
"Flol"ida Skip" and thought we'd pass it on 
to yo u. 

Xvx n though my typwwri txr is an old 
mod xi, it works quitx wxl I xcxpt for onx 
kxy. Thxrx arx 46 kxys that function wxll 
xnough, but just onx kxy not working 
makxs thx diffx rxncx. 

Somxtimxs it sxxms to mx that our 
grnup is somxwhat likx my typxwritxr, not 
all thx kxys arx working propxrly. You may 
say, "Wx ll, I am only onx pxrson. It won't 
makx that much diffxrxncx." But you sxx, 
for the group to bx xffxc tivx nxxd s thx 
act ivx partic ipati on of xvxry pxr on. 

So thx next timx you think you arx only 
onx pxrson and that your xffort is not 
nxxdxd, rxrnxmbxr my typxwritxr and say 
Lo yoursxlf, " I am a kxy pxrson and nxxdxd 
vxry much'" 

Those people in the Fort Lauderdale 
Miami area shou ld look into the advantage 
of joining the South Florida Computer Club, 
410 NW 1'17 St, Miami FL 33168, 
(305) 685-'1218. 

Tulsa Computer Society 

Some infor mation on a going co mputer 
gro up in Tu lsa has found its way to this 
desk. The Tulsa Computer Society has been 
in existence for nearly a year, meeting the 
last Tuesday of each month . Write: Tulsa 
Computer Society, POB 1133, Tulsa OK 
74101 or call jerry Hensh aw at (918) 
836-7364. 

North Central Ohio 

We' re always glad to mention new clubs 
in these pages and the North Central Oh io 
Computer Club is no exception; it 's an 
org, nization for hackers in the Mansfie ld OH 
a1·ea. For details contact Bil l Hicks, 
618 Tea kwood Ct, Galio n OH, (419) 
468-7477 (home) or (416) 468-8975 (work) . 

SMUG in Sacramento 

The newsleuer of the Sacramento 
Microcomputer Users Group (SMUG ), Push 

and Pop, is up and ru nning aga in after a 
yea r's ab ence . In it is news of an informal 
forum for hobbyists to share information, 
successes and mistakes. Neophytes are 
invited to come in and learn from veterans 
so they won 't have to reinvent the wheel. 
Most meetings include speakers and a 
" Random Access" period in which ind ivid
uals ca n obtain personal information and 
help from others in the group. Get in touch 
with SMUG at POB 161513, Sacramento, 
CA95816. 

Stony Broo k NY 

We've just received word that a new 
grou p of hobbyists has formed on the 
camp us of the State University of New York 
at Stony Brook. The Stony Brook 
Home-Brew Computer Club is an informal 
group, both hardware and software oriented. 
Members have their own systems and the use 
of the school computer to experiment with . 
To learn more about the Sto ny Brook 
Home-Brew Computer Club wr ite to Ludwig 
Braun, Professor of Engi neer in g, State 
Univers ity of NY at Stony Brook, Sto ny Conducted by 
Brook NY 11794.• Peter T ravisano 

1702A MANUAL EPROM PROGRAMMER 
Features hex keypad, two 
d igit hex address and two 
d igit hex data d isplay. Con
trols include load, clear, go! 
(step), key/copy, data in/ 
data out, and coun ter up/ 
down. Profile card includes 
high voltage pulse regulator , 
timing, 8 bi t address and 8 
bit data drivers/receivers. Two 6 W ' x 9" stacked cards with 
spacers. Allows programming in 20 minutes - copying in 
5 minutes. Requires +5, -9, and +80 volts. 
ASSEMBLED . . .. .. . ... . . .. .. . .. . . ....... . S299.95 
KIT ....... . .. ........ . .. .... . .. . .. . .. .. . '$189.95 

NOW 
The best of two worlds .. . use our 1702 EP ROM programmer 
as a manual data/address entry programmer ... or connect it 
to your processor. 
IMSAl / ALTA I R computer interface (requires 3 output ports, 
+ 1 inpu t port) and software . . . .. . .. .... . ...... $49.95 
Briefcase unit with power supp lies and interface connectors 
(assembled and tested only) . . . .. ... . .. .... ... $599.95 

ANNOUNCING 
Our NEW 16K Byte Pseudo-Static, IMSAl/ALT A IR compat
ible RAM. Single card slot . Uses less power than equivalent 
low power RAM. All memory chips socketed. Uses all prime, 
factory fresh ICs. High quality, two-s ided, through-hole
plated circuit board. Crystal controlled, tota lly invisible 
refresh system requi res NO software management. Just plug 
it in and use li ke STATIC memory. 
Complete kit .. . . .... ... . . . . . ... . . . . . ...... $349.95 
Assembled, tested, and burned in .. . .. .... .. . .. $549.95 

ASSOCIATED ELECTRONICS 
12444 Lambert Circ le • Garden Grove, CA 92641 

(714) 539-0735 
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THE AUDIO AMATEUR is a quarterly for the enthusiast who enjoys hands-on work 

in building or custom iz ing his audio equipment, or technical savvy about his hi fi gear . 

TYPICAL ARTICLES: Octave equalizers, Transmission line loudspeakers with 8" to 2.4" 

drivers, Electrostatic speakers with a 900 Watt direct drive amplifier, Mixers, 

preamps, parametric equalizers, stock equip~ent modifications for Heath and many 

Dynoco units. Completely tested circuits, construct ion aids , etched circuit boards, parts 

sources . 

READERS SAY: "A hit here at WLWT Television . .. provided several useful ideas for our 

engineers" " .. . Cannot praise you enough for your understanding of just what it is audio 

enthusiasts with limited know-how yearn to do . " "As an audio technician I have found 

TAA one of the best sources for technical help in the audio field ... " Craig 

Stark of Stero Review says : "Those interests of the 'home constructor' The 

Audio Amateur serves are ...absolutely top quality. The magazine is, I thnk, the only 

American publication devoted to the really serious audiophile constructor." 

DEPT.B P.O . BOX 176 
PETERBOROUGH, 
N .H. 03.458 U.S.A. 

0 Check here for free prospectus. 
O I enclose $9.00 for .4 quarterly iss •Jes . 
O I enclose $25 .00 for twelve issues . 

NAME _ _ _______ ______________________ 

ADDRESS-~~~~------~~~~--~~~---~~-~-~ 

CITY ______________ STATE _____ ZIP CODE___ ___ 

Please allow six weeks for delivery. Rates above ore fo r the U.S.A. only. Rates for other 
areas available on request. 



continued from page 59 

Blondeficld. Tlie mechanics of the sys
tem are the major problem for cxperi· 
mcnLcrs now in robotic . Remember that 
we're talk ing aboµt prelim inary, very 
basic devices. The problem for cxperi· 
mcnters i that it's no fun a t a ll to work 
with systems that don't do any th ing, 
don't move <1bout ,nd fend for them· 
selves even in a primi tive way . IL is 
cxtraordinuily difficult to design and 
build a rel iable "vcl1 icle," even a wheeled 
device witl1ou t reachi ng mem
bers . .. and th;it's a requ irement if the 
work is real ly to deal with robo tics a nd 
not only conventiona l electronics. 

That's where our effort is beginning 
- with the mechanics, to wh ich an .1 rray 
of se nsory .ind judgemen tal circui try 
may be fitted. Circuit design is proceed
ing in paralle l, of course, bu t the 
mechan ica l ystc m is of par;1 moun t 
importance in the short haul. · 

Without dwelling on the matter here, 
we have so me unusual reso u rces in Lhe 
areas both of mech,inics and circui try. 
We expect to produce d sa tisfactory 
sys tem - schedule indeterminate, cost 
indcccrminate. We do hope to issue short 
reports tha t may be of interest to yo ur 
readers, not o nly those deali ng with 
microcompu tcr systems spec ifical ly. 

Glenn R Norri s, Pres id e nt 
U11i1ed S ta tes Robo t ics Socie ty 

POB 26484 
Alb uquerq ue NM 87102 

Mr Norris sent along copies of appli
cation forms for USRS, whic/1 is Cl 

nonprofit organi/.ation for the robot 
builder. The dues are S12 per annum. 

T/1e point about mechanics depends 
upon ho111 you l'icw the problem. In my 
poi11t o/ 11iew, I see Cl readily co11struc
tible solution to the problem of making 
the walking robot rkvice mechanically, 
fir t implemented as a test bed with 
model aircruft sen10 , later with stronger 
111eclw11isms for a more practical device. 
I see the dynamic control of a moving 
mechanism as a really fun software 
challenge wit/1 e/emenlS of real time 

control, artificial intelligence techniques 
and applications of microprocessor in tel
ligence. 

Th e mec/10nico/ problem is a difficult 
one when you change the contex l from 
that of my "tinkerer's" poilll or view to 
the poirll of view of rh e production 
engineer who wants to mass-produce a 
r<!liable de11ice, where rl'liable is defined 
in a manner imilar to Detroit's defini
tion of a reliable car: u neighborhood 
specialist can fix the product without 
totally redesigning it. . . . CH• 

CRT 

Terminals 

• 	 Includes: 

12" CRT; 64-key keyboard; line driver/receiv· 
er; power suppl y; plastic cover and bezel 

• 	 TTL input levels; 12.5MHz video bandwidth 

• 	 A high qual ity un it ; ideal for microcomputer 
applicat ions 

• 	 Fully assembled, not a k it 

• 	 Only $195 in single unit quantit ies 

(FOB Hampton , Va .; no COD) 


WYlE CONIPUIER PRODUCl'S 
3200 Magruder Blvd . 


Hampton , Va. 23666 (804) 838-0122 


UPSIDE DOWN DA TA ANYONE ? 
1'm certain ly not a computer expert; 

however, a very interesting and confusing 
aspec t of the computer compatibi lity 
has come to my auen t ion. I understand 
,1 lot of time .incl effort has gone into 
setting up a sta ndard formal for da ta 
exchange; however, Lherc seems to be 
some confus ion in defi n i ti ons, especially 
for ne wco m ers like myse lf and appar
ently olhers: defini ti on of marks a nd 
spaces, 0 and Is, etc, a t true logic leve ls 
for users and experimen ters. 

COl\lPUTER£lllttt YOUllt <@> ao•Pvr•• •••11
T.V. CAMERA & DISPLAY~ FAST SCAN SYSTEM INTERFACES FOR ALTAIR/IMSAI 

ePLAY GAMES & LET YOUR COMPUTER eTEACH YOUR COMPUTER TO READ, eLET YOUR COMPUTER MAKE DECISIONS 
SEE THE BOARD DO SURVEILLANCE . ETC. BASED ON VISUAL INPUT 

COMPUTERTOMONITOR I - - - - - - - - - - - - - - 
TO COMPUTER INTERFACE TO COMPUTE A INTERFACE 
SLOW SCAN T.V . CAMERA FAST SCAN r.v. CAMERA 

•NTEnFAce O SLOW SCAN INTERFACE 	 5295I 
Cl FAST SCAN INTERFACE 	 545

Maximum Honl001ill Resolution 230 115 115 

Mil:iumum Ver11c.31 Ae~olu11on 212 106 106 
 I 	g g~~,~~6~~6~e~~~~i-,.~~ 1~1~~~;e~~TERFACE ~;~MaJC 1mum Grev ScalL' 16 16 16 
Max im um Conversion Tim• 5 sec . 1/30 sec . l/60SC'C' I 	g ~i:°'i.~ ~~gN~~6~Ec6~0~~~f1~~ ~~ Minimum Memory Aecau.remenu • <SK <8K <BK 

OSC ILL OSCOPE/PLOTT ER DISPLAY tor random 4096 pon"HS or 682 hnc 
 I 0 SEND MORE INFORMATION 
scgmenlS w11h 4K RAM, tReQu1res 150 Khl bandwidth osc1lloscooc . I 

A.nv T .V. camera can be used. 1 Enclosed is my ch eck/money o rder fo r: $ __
1 	 Name : _________________All equipment fully assembled and documented. Allow up 10 90 days for del111cry . 

'Not for mal'trnum reso1u11on 
 I 	 Address: _________________ 

Ci ty :_________State _ ___Zip _ _
ENVIRONMENTAL INTERFACESr.. J1I c:ht!'C\. \ o r 


moni:v o rDP'\ I P P.O. Box 18011 Cleveland . Oh io 44118 (216 ) 371 -8482 I Ohio re sid en ts p lease add 5.5% sale s ta x. t hank you. 

I 
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I have (built) a 6800 based micro 
with a Bit Boffe r 10 interface. A friend 
of mine has a SWT PC 6800 with an 
AC30 SWT c;assette interfac;c. There the 
prob le m starts! T hese similar computers 
will not talk to each other, pe riod ! We 
tried excha nging tapes, tyi ng the IOs 
toge th er, you name it; garbage, bu t no 
data. Both systems are configured for 
300 bps Kansas City s tandard ? We 
checked c lock Lim ing, amplitude, phase, 
etc, and eve n looked at the data coming 
off both interfac;es with a scope and the 
data ap peared to be perfect. Both sys
tems would record and play bac k thei r 
own tapes 100%. Finally a ray o f light: 
Listening to th e tapes, the 0 and 1 

freque ncies were different. Solution: 
Invert the data. 

That's right. Turn it upside down , 
and now they work. Seems like tl1e 
standard is not so standard. So for all the 
others out there who do n't have all Ll1e 
fac il ities to fin d out why the system 
doesn't work properly, and you can' t 
read the 8 K BAS IC or Friends' tapes, I 
wou ld like to offer an easy fix so Bit 
Boffers can Lalk to AC30s, etc. 

Two mod ifi cations arc required: 
Either run a ll the data through an 
inverter, ie: TTL, CMOS, etc, before the 
Bit Bo ffer 111adul a1or to make a tape the 
AC30 can read or vice versa. To read 
rece ive data mod ify either the Boffer or 
AC30 by adding a lead lo the Q or Q 
output o n the 4013 tha t was not pre· 
viously used, on th e data out IC in 

either. If you use a double pole switc;h 
on this and the origina l line, yo u can 
read either pola rity dat a just by throw· 
ing the witch. 

I would like to co ngratulate you on a 
very fine magazine. IL carr ies more infor· 
ma t io n than most assembly and user 
manuals o f most companies in th e elec
tronics business . 

I person ally d islike 1he term 
"hacker." I've been in th e business of 
trying to upgrade electronics technicians 
for 30 years and nonprofessio nal names 
like hacker lower, rather than raise, the 
status o f people with e nough sk ill Lo 
build and run a comp uter. 

I prcsentl\' am wr it ing an artic le on 
my unique 6800 system, complete with 
pic tures, and I hope to submit it LO you 
in the nea r future for possib le publica
tion in BYTE. I (we) would like 10 see 
more articles on 6800 software. I've run 
all the programs pub lished in BYTE on 
my system a nd sure hope to see more . 
Keep up the good work. 

War ren V Bel l CET 
Service Manager, RCA Produ cts 

Solid Sta te Electron ics 
Nl 604 Smith St 

Spokane WA 99207 

The data sl ill co11for111s 10 the 
standard. You 're complaining about a 
detail of 1he way the tape recorder is 
wired, or designed, which defi11i1ely doe 
11ary from recorder /0 recorder. It's a 
mailer of which side of the output 

speaker is connected 10 which conwct of 
the speolwr jock. One \VO)' yields on 
inverted signal, the other yields a normal 
signal. Don Gunter, of STM Sy tems, 
dropped by our office 10 show off ome 
of the latest odditiom 10 811 B \' and one 
of his remarks in passing was 1/Jot STM 
hos t wo different cords for plugging in/O 
cassette drives when using their audio 
in terface. If one cord doesn '1 worl?, 1hey 
re commend using the other cord which 
swi1ches the con tacts 011 the miniawre 
phone plug which goes into the speol?er 
jock of the recorder. This reflects your 
problem, which will be a problem for 
any cape in terface to audio recorders, 
and may 11ory from uni t to unit of the 
ame model recorder! • 

Some letters to BYTE are 
technical in nature and are 
best served by some form of 
response. We wi II try to 
answer as many such letters as 
possible. If you have a puzzle 
concerning some aspect of the 
personal computing field, 
write down a clear statement 
of your question and send II 
to: 

Ask BYTE 
Byte Publications Inc 
70 Main St 
Peterborough NH 03458. 

We will publish names and 
addresses of Indiv iduals 
making Inquiries unless you 
specifically request us to omit 
the reference.• 

First Come 

First Served 

Back Issues of BYTE 

About 600 July, 400 Aug., 1,000 
Sept.. 50 Oct., 200 Nov. and 100 
Dec. 1976 issues of BYTE. Orders 
will be filled on a first come first 
served basis until the supply is 
exhausted; we will partial ship and 
return any monies in excess. 
Readers please send $1 .75 for each 
issue; this includes postage and 
handling. 

The Computer Place 
1B6 Queen St. W 
Toronto M5V 121 Focus Scientific 
416- 59B-0262 160 Elgin St. 

Ottawa K2P 2C4 
613- 236-7767 

Dealers pfease inquire 
416-598-0262 

._..COMPUTER 
PROGRAMMING 

COURSE 
Free descrip1 ion and out lin e o f 
Modu -Lcarn TM Home Srudy 
Course in microcompu ter p ro 
gramm ing. Hundreds o f pages o f 
tex t with examples , problems, 
and solutions. Prepared by pro 
fess ional design engineers using 
the best software design tech · 
n1ques from structured program· 
ming and praciical experience 
wi1l1 microcomputers. Presen ted 
in a modular sequence of 10 
lessons oriented for the new 
programmer . Ex tens ive re ference 
malerial you will use long a fter 
you become an accomplished 
microcompu1er software designer . 
Much o f the in formation in the 
course has been ava il ab le only 
tl1rough cosily semi nars . Now 
you can purchase 1his comp lete 
home s tudy course for unde r 
$50.00. Send for free descriptive 
brocl1urc now. 

LOGICAL 

SERVICES INC:ORPORATEO 

711 Stierlin Rel, Mountarn View, 
CA 94043 1415) 965·8365 

THE PROM SETTER 

READ/WRITE 


1702A a nd 2708 
ALTAIRll MSAI COMPATIBLE 

NO EXTERNAL POWER . UPPLY 

LET YOUR COMPUTER 

DO IT ALL 


SOPTWARE I CLUDED 
Doub les as a n 8 Bil Pa rall e l lt O 

KIT COMPLETE $165 

ASSEMBLED $245 


DELIVEllY LESS TH I\ GO DA YS 

SZERLIP ENTERPRISES 
HARBOR CITY. CA. 90710 
Calif. Res. Add 6'%, Sales Tax 
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THE 

COMPUTER CORNER 

Lower Hudson Valley 
Southern Connecticu t 

• IMSAI 8080 
•POLY-88 
•Teletype supplies 
•Ful l li ne of magazines 

•Processor Tech 
• Compure r BookSeNice 
•Magnetic tapes & disks 
•Brain Games & Puzzl es 

THE COMPUTER CORNER 

White Plains Mall 


200 Hamilton Avenue 

White Plains, N. Y. 10601 


Tel: (914) 949-DATA 


Hou rs: 

10- 6 Daily & Saturday 


10-9 Thursday 


CANADIANS! 
Eliminate the Customs Hassles. 
Save Money and get Canadian 
Warranties on IMSAI and S-100 
compatible products. 

IMSAI 8080 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 A 
Cybernetics ~ 
Box 1448, Calgary, Alta. T2P 2H9 


Phone (403) 283-8076 

TWX 610-821 -1883 


YOU 'VE SEE N THI S PRI NTE R 

AT TWICE T HE PR ICE 


NOW ONLY $276.00 * 

NEW! NOT USEDI COMPLETE! 


EXPANDOR PRINTER 
• Operates at 1 0 CPS 
• Pr in ts 80 positions wide - 10 CPI 
• Pin feed platen included 
• 8 Bi t parallel in terface included 
• 64 Character ASC 11 code set 

P.S. It's compa1lble with the 

PortaCom .I 


Cover optional at $29 .50 

• Pa. residents add 6 % sales tax 


CHECK ...MONEY OROER ... BANK 

AMERICARD... MASTERCHARGE 


EXPANDORINCORPORATED 

Dept. 11 1, 612 Beatt y Road, 


Monroevi l le, Pa. 15146 

T elephone : (41 2) 373-0300 


1JJ8 !WI IUTIQrr •~ ir .. 5'1-llC' 700 
Coltr91' P.t•~ M•1\l't~1td 10140 

JOINT VENTURE 

GROUP OEM BUYS 
IMSA! 111.1m1 ~ •1'!> b .1 5..~i;.•n 1 lJh.'C1 u ri.1•. _ _ 1~ 'Ml OFF UST 
rEC·9!1>D·SS·Ui:, 16 IHI 11!1"! ) 11111..mP. '.l7 l;11l 110. 
h,1r1h\.OI ' mul l !1 t ll\I 1Ju l ll' ll "l 1 IH/\_ !O m,1 Ot ns 1:•?. A 
n11t•!11Hl l '\ h ~'.11 1 o;. $21'9 00 
rec ~-32KB .Jli< t•~t • ".1 1t11•r1ic11y S649 oo 
TEC 9900 PP 1 11~ .-,. ,•1 'l>1 l"I JI~ 5'29 00 
SPHER E: hi. h .1-.'i<"r1· 1 11~ "'"''· ___l0' OFF LIST 

CROMEMCO ~ •h b I 1 1D" OFF UST 
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CHASSIS, SYSTEMS 
For Motorola 02 Kit 

• 	 Provisions for 15 cards 
• 	 Motorola Compatible Bus 
• 	 15A @ SV, ± 12V at 1A Power 

Supply 
• 	 Tape controls for 2 tape 

recorders 
• 	 Monitor programs for TTY or 

RS232 
• 	 Memory Boards. Video Ter

minal. etc. 

M Systems 

PO Box 208 


Bergenfield , N.J. 07621 

Dealers Inquiries Welcome 


HTC 88P kit $138 
write today for specs 

Homestead Technologies Corp. 
891 Briarcli ff Rd . NE Suite B-11 
A t lanta, Georgia 30306 

dealers please inquire 

http:01qi1.11
http:h,1r1h\.OI


Personal Computing 

It's happening at the Dallas Convention Center 

Big Plans for "Big D" 
Innovation and relevance are key words for the 1977 Nati onal Computer Conference, the 
first NCC ever held in the Southwest and the year's largest gathering anywhere of data 
processing users, computer professionals and computer hobbyists. More than 25,000 peo
ple are expected to gather in Dallas fo r a conference program of more than 100 sessions 
and the year's largest display of computer hardware, software, systems and services- plus 
the first National Programming Contest and a series of outstand ing Professional Seminars. 

Largest Computer Exhibits Ever 
More than 250 major hardware and software companies will pack more than 1, 100 booths 
into the Dallas Convention Center's modern 200,000-square-foot main hall. And addition
al space for the Personal Computing Fair & Exposition is on the next level for a totally 
separate exhibit by commercial producers of Personal Computing hardware and software. 
For information on exhibiting in either area, please contact Ms. Carol Sturgeon, manager, 
conference operations, Nat ional Computer Conference, 210 Summit Ave., Montvale , N. J. 
07645, 201/391-9810. 

Headquarters Hotel 
Personal Computing headquarters for the 77NCC will be at the Holiday Inn in downtown 
Dallas. Low-cost housing also will be available at Southern Methodist University. Fill in 
the coupon for information abou t NCC's Deluxe Travel Service, which can take care of all 
of your travel and housing reservations for you in one neat package. Or, contact 77NCC, 
c/o American Federation of Information Processing Societies, Inc., 210 Summit Ave., 
Montvale, N. J. 07645, 201 /391 -9810. 

r----------------, 
For More Information! 
To: 	 77NCC 

c/o AF IPS 
210 Su mm i i AYc. 
Mun cv,llc, N.J. 07645 

Yes, I .am Ycry in tcrcs1ccl In ttic 77NCC ;, nd 1hc Pc-rsorul Com1>u ci ng f<1l r & 
Expmitlo11. Pl e.llt kttp me in formed aboul 1he conference prngram , e.x hiblu 
and .1H rel;.,tcd r1c:fiv i1 i~s .ind cvenu , :md please send me informa tion .lbout : 

0 Ex hibiting my pcn.011.il C'umpute r synem 

0 E)l hlbi1ing my c:omp;my's commerci.11 produc1.1./SC'rvir::cs 

D P~· rsonill Compuclng fair & Exposition events 

0 Thr:! ri rsl N111il)n111 l ~rogr.1mmlng Con1~s 1 
D Profession.iii Sc-mlnilrs 

D NCC's Oelu:ice Tr.wel Scrvier:! 

0 Low-ctiSI housing al SM U 

D /\ nd , 1 'd likt: 10 rt'C:civc your b i-mon th ly new5lc11er, NCC ROUND UP! 

Nillme: _______ TI 1lc : _____ 

Compimy/school: ____________ 

Street.address: ____ _ _ ______ 

Ci1 y1 slate, ZIP rnde: ----------

(II 

L----------------~ 

http:commerci.11
http:pcn.011.il


Goes National 

during the 1977 NCC, June 13-16 

Personal Computing Fair & Exposition 
The fast-growing field of Personal Computing will share the national spotlight in June, 
when the 77NCC will recognize the dynamic growth and promise of the field with the 
Personal Computing Fair & Exposi t ion. In addition to the commercial exhibits of Personal 
Computing manufacturers, dynamic displays and demonstrations of non-commercial indi
vidual and group-owned projects will be featured at the Dallas Convention Center. The 
success of other hobbyists can give you new ideas for your own systems, "how-to" tips 
and dozens of clever solutions to everyone's problems. You might even find a joint-venture 
partner with a kindred spirit. More than 100 non-commercial small computing systems 
are expected, featuring hardware and/or sof tware implementations, games, recreation, 
music, art, amateur radio, scientific, miscellaneous and general applications. Prizes and 
awards will be given in all categories. 

Personal Computing Program 
Two full days of panel sessions on June 15 and 16 will provide an in-depth look at 
Personal Computing : Past, Present and Future; The Future of Retail Computer Stores; 
Hardware of the Computer "Hobby" Market; and Personal Computing Software. Leaders 
in the Personal Computing movement will appear on each of the panels to let you know 
the latest developments in the field, point out trends you'll need to be aware of-and an
swer your questions. 

Special Interest Sessions 
In addition to the panel sessions, special interest groups will be able to gather informally 
for "how-to" programs on building a kit, debugging software, using assembly language, 
1/0 interfaces, cassettes and disks, software standards and so on, into the night. If the spe
cial interest group you want is not organized when you get there, we'll do our best to help 
you get one started! 

National Club Congress 
Is a national personal computing association needed? If it is, what does it do, how does it 
do it, and who does it? To find out what's happening-pro and con-club reps from across 
the nation will gather to exchange ideas and discuss issues related to club activities and pro
grams. Make certain your club sends an official delegate who can speak for you and vote 
vis-a-vis a national organization, establishment of national hardware/software standards, 
a national program library and interchange, educational seminars, meetings, ad infinitum. 

1977 NATIONAL COMPUTER CONFERENCE 
Dallas Convention Cen ter • June 13-16 



Continued from page 17 

Photo 5: A view with 
cover lifted of the author's 
Kleinschmidt Model 
TT- 76A (military nomen
clature). This machine is a 
paper tape punch and 
reade r only, wh ich 
actually types characters 
on the tape. Like the 
Kleinschmidt in photo 4, 
this unit contains a loop 
power supply. 

ranges from $100 to $1200, typically $400. 

Teletype Model 33 

This light duty eight leve l ASCII machine 
(see photo 3) is extremely popular in mini
computer ci rcles, and could be called "the 
standard Teletype." It is widely sold with 
new computer ystems. More than 600,000 
Model 33s have been sold. New Teletype 
Corp prices are: 33 RO, $649; 33 KSR, 
$765; 33 ASR, $1090; a used ASR ty pical ly 
runs $700. 

Teletype Model 35 

A heavy duty version or the light duty 
ASCII Model 33 AS R. New price is $3800. 

Teletype Model 37 

A heavy duty, 150 words per minute 
ASCII machine with a ful l 255 graphic 
character et. Other feat ures include soft
ware tab stop set, half line spaci ng, forward 
and reverse, etc. 

Teletype Model 38 

Another light duty machine, same as 
Model 33 but accepts standa r·d computer 
fo rms. Has upper and lower case printing 
and two color ribbon capabilities. 

Teletype Model 40 

The latest ASCII Teletype Corp machine 
includes a lin e printer, keyboard, CRT dis
play, etc. The high speed line printer with 
this set is an 80 or 132 column, 300 lines per 
minute, heavy duty unit. Prices in the $1400 
to $2000 range. 

Kleinschmidt 

Kleinschmidt machines were manufac
tured during the 1930s, 1940s, and 1950s in 
direct competition with the Teletype Corp, 
and more recently by the Smith Corona 
Marchant Corp of Dearborn Ml. This line of 
devices includes the fo llowing: page printer 
and keyboards (TI-117), paper tape reader 
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the m icrocomputer

' ················ ]~
:-_:-.-_- : : ::: : __ _ 

an introduction to 

reality 

now· in canada : 
imsai 


processor 


cromemco 


tdl 

anJ morl' 


The Computer Place 
186 Queen St. W 
Toronto M5V 1Zl 
416- 598-0262 Focus Scientific 

160 Elgin St. 
Ottawa K2P 2C4 
613-236-7767 

32 K 

PERSONAL 

MINICOMPUTER 

SYSTEMS. 

32 K CPU , 
Two CRTs, 
And Two 
Floppy Di sk 
Drives With 
262 K Bytes 
Each . 

For Detai ls: 
ABBOTT COMPUTER CO. 
57 Gregory Street 
Marblehead MA 0 1945 
6 l 7-63 I -8903 

' 

LOGIC 
DESIGN 
INC 

QUALITY Supp o rt for 
those who wish to dig deeply 
into digital design . 

Breadboarding System, text
book on logic desig n, and 
complete schematics for an 
elegant CPU that will run the 
POPS instruction set .. $1 095 

132 IC's ..... . ....... $ 87 


TTY Interface ........ $ 20 


Memory . . . . . . . . . . . . . $ 26/k 

BOX 3991, UNIV. STATION 

LARAMIE, WY 82071 


(307) 742-7977 


8080 Interactive DEBUG 
NOW AVAILABLE: A real-time pro
gram debugger for all 8080 processors. 
Debug your code in one- tenth the time 
it takes by hand . This is not a simulator 
but a real-time programming aid that 
until now was only available on mini & 
macro computers. And it FITS IN SK! 

FEATURES: 

*Six 1/0 modes-Mneumonic, single & 
double byte numeric, ascii, or dis 
placed mneumonic & numeric. 

*Four user-<lefined breakpoints . 
*Relocatable to anywhere in memory.
*User-<:onuolled number base-binary,
octal, hex; any rad.ix from 2 to 36. 

*Command~ for displaying & modify
ing all registers-including PSW & SP. 

*search command with masking.
*Block memory move & fill. 
*On-line calculator/ex(>ression eval'. 
*Displacement register for examing

relocatable code. 

DEBUG 8080 To Order: 

(J) Specify : CUTS cassette $30 
or Paper Tape $40 
or Manual Alonet $10 

or Descriptive brochure S J 
(2) Your hardware: Altair, lmsai, Sol,.. . 
<3>Send to: Ba_y Area Tirn!Share 

P.0.Box 2298 
Berkeley, CA 94702 

trefundable on purchase of program 

Pictured above is the new OP·80A 
High Speed Paper Tape Reader from 
OAE. This unit has no moving parts , 
will read punched tape as fast as you 
can pull it through (0·5,000 c.p.s .), 
and costs only $74.50 KIT, $95.00 
ASSEMBLED & TESTED. It in
cludes a precision optical sensor ar
ray. high speed data buffers . and all 
required handshake logic to interface 
with any uP parallel 1/ 0 port . 

To order. send check or money order 
(include $2.50 shipping/ handling) to 
Ol iver Audio Engineering. 7330 
Laure l Canyon Blvd . . No . Holly 
wood , CA 91605. or call our 24 hr . 
M/ C-B/ A order li ne : (213) 765-8080 

THE BETTER 

BUG T RAP 


The Better Bug Trap is an 

Altair/ IMSAI plug-compatible 

board that extends system capa 
bilities to facilitate software 
debugging and real-time proces 
sing. Capabilities include interval 
timer, real-time clock , watchdog 
timer, processor slowdown, and 
clock with variable rates . Four 
hardware breakpoint addresses 
al low you to stop processing or 
generate an interrupt at a break· 
point without mod ifying exist
ing software . The board services 
its interrupt with a CALL 
instruction to ANY memory 
address you choose. All capabil i
ties may be set by software or 
front panel. Write for free 
literature. 
$ 180 assembled, tested, com
plete documentation, software. 

MI CRONI CS, INC. 

PO Box 3514 


Greenville, N.C. 27834 




(a) 

Photo 6: Two views of the 
Creed 75 unit. In (a), the 
unit is sHown with the 
cover in place as it might 
be seen in use. In the 
second view (b) the cover 
has been removed, and the 
paper tape supply drawer 
opened for inspection. 

(b) 

and punch sets {TT-179) or a set designated 
the TT-100, wh ich includes a page printer, 
keyboard, table and power suppl y. These 
units arc fair ly common although not in as 
pl en ti ful upply as their Teletype counter
parts. As with Teletype Corp, many o th er 
Kleinschmidt co nfigu ations were manu
factured for the mil itary und er various 
nomenclatures such as TT-65, TT-98, 
TT-271, etc. For exam pl e, a Model TT-24 is 
a 100 word per minute KSR machine. Photo 
4 shows a Kleinschmidt Model 150 KSR, 
which is typical of this li ne. My personal 
typing paper ta pe reader and punch set is 
labeled · " TT-76A/GGC" and is shown in 
photo 5. Price range, $20 to $150. 

Lorenz 

A German company wh ich, like Klein
schmidt, has manufactured Mod el 15 KSRs 
and ·15 AS Rs. These machines are relatively 
rare in the US . 

Mite 

This New Haven CT company has manu
factured small Baudot page printer and 
keyboard machines for use in submari nes 
and by the US Marine Corps. This device is 
relatively rare on th e su rplus market. 

Creed Model 75 Teletypewriter 

ITT Creed is the Engli sh cou nterpart of 
Teletype Corp. This company manufactured 
several hundred spec ial Creed Model 75 

teletypewriters for Spiegel in Chicago in the 
early 1960s, which were eventually passed 
on to a company named Wilcox Enterpri ses 
in Naperville IL. 

The basic unit shown in photo 6 
consists of a page printer, keyboard and 
paper tape punch, but no paper tape reader. 
This machine uses a Baudot code at 'IO 
characters per second. Some cl i ffere nces 
from American machines are that th e key
board and printer are mechanically linked, 
ie: no loop upply is needed for local , 
typewriter like operation . The pr·inter is run 
by activat ing a 24 voe solenoid for space 
and another one for mark; thus there is no 
current loop . 

The keyboard output consi ts o f five 
parallel bits and o ne strobe bit to indicdte 
ch aracter ready, although it can be rewired 
for serial operatio n. 

Also availab le from Wilcox Enterpri ses 
ar-e interface kits, programs, and er·asable, 
programmable, read only memories which 
adapt the machine for use with 8008 and 
8080 systems. 

What Characteristics Should 
I Look For? 

Once you've found a Baudot machine and 
are think ing about whether or not lo bu~ i\, 
two items are of key importance besides 
gene ral mechanical co ndi tion; th es are 
mach inc speed and character type . 

Basically these units were supp lied with 
three different kinds of character sets: com
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Lompufer marl 

r/ew Yorh 

LONG ISLAND 


Computer leasing available. 


I MSAI, SWTPCo, Digital Group 

Processor Tech , Apple, OSI 


TDL·Z·80, Seals, Cromemco, 

Veras, Tarbel l, Oliver 


Magazines , books, chips, 
sockets, connectors, terminals. 

1rs ALL HERE WAITING FOR YOU 

FRIENDLY ADVICE TOO 

New York City 
314 5th Ave. 
{32nd St l 
New York 10001 
212-279-1048 Long Island 
Tues. - Sat. 2072 Front St 
9:30 - 6 :00 East Meadow NY 
Thurs.  9 :00 516 794-0510 

FREE 

Complete listing of all fea
ture articles appearing in 
Volume I of BYTE
September, 1975 thru De
cember 1976. Indexed for 
easy reference. Includes all 
errata. 

To get yours, send a $.24 
stamped self addressed en 
velope to: 

BYTE Index 

70 Main Street 


Peterborough NH 03458 


NEW IN 

PHOENIX 

Bits & Bytes 

COMPUTER SHOP 

6819-C N. 21 st Ave . 

Phoenix, Az. 85015 

(602) 242-2507 

Featuring: 

EPA Micro-68 System 
M icro Term·Act 1 Keyboard 
V ideo Monitors 
Books, Magazines 

INVENTORY 

PROGRAM 

For IMSAI with TTY for Hord 
Copy output--Up to 112 olphobet
ic Files. Single user license 
$259 . 00 without hordwore-- $59.00 
with hordwore & BK minimum mem
ory 

For POL Y88 for instant Video Dis
ploy of Inventory informoti on . 

FORMS PROGRAM for Invoicing 

ond generol µ urpose Forms work. 


ACCOUNTING-Generol Ledger 
for IMSAI with TTY -memory orient
ed.. Avoilable April 15 

UniWrite Minicomputer Account
ing - Payroll- Forms Progroms with 
or with out CA L Sl -2 Hardware. 

COMPUTER 
SH op 11111111 603-473-2323 

Rt . 168, Union, N. H. 03887 

AMPLIFIER 

5·100 BUS 

CS A I 
SYNlHESIS· BY· RULE 


SOFTWARE 


t 

SPEAK " KAAMPYUTAOLKER" 

MODEL CT-1 SYNTHESIZER 395.00 
CSRl SOFTWARE SYSTEM 35.00 
DEMONSTRATION CASSETIE 2.95 

WRITE FOR INFORMAll\IE LITERATURE 

COMPUTALKER CONSULTANTS 
P.O. BOX 1951 , DEPT. B, 

SANTA MONICA, CA 90406 
circle reodet n1.1moer 1110 

PHILADELPHIA 

COMPUTER MART 


features 

IMSAI 


the digital group 

Poly 88 


TDL 

"SEALS" 


National Multiplex 


Personal 
Computer 
Corporation 

Phone : 
(215) 647-8463 
FRAZER MALL 


Rt. 30 & 352 

Frazer, PA 19355 


http:hordwore--$59.00


SUPPLIERS OF BAUDOT EQUIPMENT 

Among the companies which advertise tele
printers in the various amateur radio magazines, 
computer journals and other "surplus" advertising 
spots are the fo llowing : 

Goodman, 5454 S Shore Dr, Chicago I L 60615, 
(312) 752-1000. 

Teletypewriter Communications Specialists 
(Van's Electronics), 550 Springfield Av, 
Berkely Heights NJ 07922, (201) 464-5310. 

Andy Electronics Co Inc, 6319 Long Dr, 
Houston TX 77087, (713) 641-0576. 

Typetronics, POB 8873, Ft Lauderdale FL 
33310, (305) 583-1340. 

Lawrence R Pfleger, 532 W Wilson St "'"1, 
Madison WI 53703, (608) 255-2935. 

Atlantic Surplus Sales, 3730 Nautilus Av, 
Brooklyn NY 11224, 1212) 372-0349. 

Henry Holder, (817) 429-3021. 
Don C Dando, Rt 4, POB 454, Liberty MO 

64068. 
BVE Enterprises, POB 73, Paramus NJ 07652. 
Alltronics-Howard Co, POB 19, Boston MA 

02101, (617) 742-0048 
Wilcox Enterprises, 25W178 39th St, Napervill e 

IL 60540, (312) 420-8601 

This list was cul led from the publications circa 
July 1976. No inventory or prices are listed since 
as one supplier (Goodman) put it in a conversation, 
"I have hundreds of 15s and 19s now, but they 
sometimes move slow, or sometimes fast, and I 
could sel l 'em all tomorrow." In each case, where 
available, a phone number is listed so that t he 
latest availability can be checked. 

mercial, weather and stock market. Table l 
lists the characters which cor·respond to 
particular 5 bit Baudot inputs. Note that in 
all three cases, the letters, lower case, are the 
same, but the figures, upper case, are dif
ferent; in fact some of them are downright 
strange! 

Obviously the most desirab le character 
set for microprocessor use is th e commerci al 
or communications group, but don't let a 
stock market or weirdo weather font stop 
you! Replacement commercia l keys are 
available for $0.50 to $1 each from most of 
the sources listed. 

There are four printing speeds associated 
with these old machines, those being 60, 66, 
75 and 100 words per minute . Table 2 
summarizes the data ra tes, bit pulse widths, 
character speeds, etc, for each of the four 
speeds. More about how to increase machine 
speeds later. • 

Nex't Month: Baudot tele
printer information con: 
tinues with a discussion of 
interfacing techniques and 
problems. 

DO I HAVE 10 TILlKIL crBYTE 
YOU A6AJN? IT ALLMAVIS 5f&AN WHEN G~FA 
JP01'11D 1HE SHARK-· 

WWLL ...WHAT 
DO YOU E~FECT 
IN ACAOOON??I? 

I STAND BACK' SIR! 
Il\. ~Vt. YOU! 

YSEL CHIP. M~. 

FLOCK Gaf AWA'i 

~y mHND!NG 
HE WAS APENflSf. 

OK,01<· ·· • 

158 



PAPER TAPE 
EQUIPMENT 

• G.E. TERMINET 300 
• 8 LEVEL PAPER TAPE 
• 120 CPS OPTICAL READER 
• 35 CPS TAPE PUNCH 
•MANUALS INCLUDED 
• MOUNTED IN DESK WITH 

DRIVE ELECTRONICS & 
POWER SUPPLY 

• S-1 00 INTERFACE INFOR· 
MATION SUPPLIED 

•ALL UNITS ELECTRICAL· 
LY COMPLETE & SERVICE· 
ABLE. 

•SOME HARDWARE MAY BE 
MISSING OR DAMAGED 
(FEET, COVERS, DRAWER 
SLIDES, ETC.) 

•SHIPPING WT. 250 LB. 

$250.00 F.O.B .. Ft. Worth 
+$15.00 CRATING CHARGE 

Tex. Res. Add 5% Tax 

•	 For [DETAILED] INFOR· 
MATION WRITE: 

PAN DELTA 
P.O. Box 14069 
Ft. Worth, TX 76117 

AS LOW AS $8.95 

CONVERT ANY TV 
TO A HIGH QUALITY MONITOR 

TRVM-1 Hi -Resolution $19.95 
Transformer isolated sets Q.!!!y, 

HCVM ·1 Hi -Resolution $23.95 
For EITHER transformer isolated 
sets 0 R "HOT" chassis type sets. 

RFVM-1 RF Modu lator SB.95 
Ch. 2 thru 5. Any TV source. 

SHIPPING & HANDLING, ADD $1. 

VAMP INC. 
P.O. Box 29315 
Los Angeles, Calif. 90021 
DEALER 1 QUIRY WELCOME 

ELECTRONICS SALE 

• Edwards horns 1.5v • 9v 1.99 
• AA battery holder holds 3 .84 
" 2N6563 PNP high gain .30 
• 2N5525 NPN gen. pur. .24 
* 2N5225 NPN .24 
4 2N5061 SCR .8 amps .98 
• 2N404 PNP .39 

Siliconix E270 P-chan FET .89 
* MPF102 N·chan FET .89 
' HP 5082 red leds .35 
• CLT2140phototransistors 1.15 
• IN5225 3.3v zeners .24 
• IN4001 diodes .07 
• 1 mfd Elect. 50v cap. .10 
• 5 mfd Elect. 16v cap. .14 
* 50 mfd Elect. 1 Ov cap. .16 
• 22 mid tantalum cap. .24 
• DPDT n/c momentary sw. 1 .49 
• Prism 1 /4 x 1 /4 x 90 deg. glass .50 

Screws 1 /4 #4 pan head .98/c 
* Trimmer Res. 500k ceramic 1.25 
* Trimmer Res. 200 ohm .40 
* Resistors 1 /4 watt (sta te va l.) .03 

LIBAU. Inc . 7 Lakeside Dr. 
Andover, Connecticut 06232 

LI LLIPUTE'S 
COMPUTER MART, INC. 

NEWEST CH I CAGOLAND 

AND MIDWEST DEALER OF 

IMSAI , SWTPC, APPLE, VEC

TOR 1, TDL, Z- 80, TARBELL, 

SANYO CRTS, KEYBOARDS : 

WE GOT 'EM. 

FULL LINE OF IC, Manua ls & 

Books with HARDWARE & 

SOFTWARE BACK UP & SER

VICE. 


ASK US ABOUT THE NEWEST 

MICROCOMPUTER THE GUL· 

LIVER 1 at OUR STORE, NOW! 


LI LLIPUTE'S 

4446 OAKTON ST 

SKOKIE IL 60076 


Phone (31~ - 674-1383 

Ask for ED CURTIS Mgr. 

U. S. ROBOTICS 
Makers of fine robols since 1982. 
announce lhe nexl bes1 lhing in 1977 

lhe 

AUTO - ANSWER 

MODEM 


• originate/ answei swilch mea ns your micro can 
answer calls from other computers or 
lerminals. 
Build your own tim esharing service. 

(make your hobby pay) 
Sia~ a soflware exchange. 
Enjoy a new dimension In games: 
man / machine le ams in ballle l 

• lully assembled and 1es1ed. 

• I03 1ype. runs 0-600 baud. 

• lnlerfm wilh RS232, 20ma and TIL. 

• digllal modem. cryslal conlrolled. 

• 90·day fu ll warran1y. 

• optional $25/ yr mainlenance contract 

• 1 O·day modem·back·money·back guaranlee. 


Send $1 0 5 (shipping. handling and 
Illinois sales tax included) 10 

U. S. ROBOTICS. INC. · 
Box 5502 

Chicago. IL 60680 

Phone : 312·528·9045 




Continued from page 111 address bus and uses 2 input and 4 output 
leads for control. Time multiplexing of the 
TTL compatible data bus allows control 
information, 14 bit addresses, and data to be 
transmitted between external memory and 
the CPU. 

By use of the " Interrupt" control line, 
normal program flow can be interrupted to 
allow servicing of slow 10 periphera l devices, 
while also executing the main program. The 
"Ready" comm and Iine can be used to 
synchronize the 8008 to the memory cyc le 
time, al lowing any type or any speed mem
ory to be used. The "State" and "SYNC" 
outputs will indicate the sta te of th e proc
essor at any time during the instruction 
cycle. 

The CPU contains six 8 bi t data registers, 
an 8 bit accumulator, two 8 bit temporary 
registers, four flag bits, and an 8 bit parallel 
binary ari t hmetic logic un it (ALU). A mem
ory stack containing a 14 bit program 

counter (PC) and seven 14 bit words is used 
to store program and subroutine addresses. 
This allows up to seven levels of subroutines 
to be nested while the 14 bit addresses 
pe1·mi t direct addressing of up to 16 K, 8 bit 
bytes of memory. This addressing capacity 
can be indefinitely expanded through mem
ory bank switching using 10 instructions. 

The instruction set consists of 48 data 
oriented instructions as shown in table 1. 
Most instructions are single byte instructions 
while immediate data instructions require 
two bytes and jump instructions utilize three 
bytes. With a 500 kHz clock, nonmemory 
referencing instructions are executed in 20 
microseconds. 

Being a f irst generation microprocessor, 
the 8008 is slow and has limited capabilities 
and features. The availability and low price, 
on the other hand, make the 8008 a good 
starting point for some home built computer 
systems. • 

Information and diagrams courtesy of 

Intel Corporation, from their MCS-8™ 

User 's Manual. 

PROM: Space for 2K bytes , 1702A. Store 
bootstrap loaders and monitors. 
RAM: 1K bytes, 2102LIPC, 450 ns, low 
power . NO NEED TO RELOCATE STACK 
WHEN ADDING MEMORY. 
CIRCUITRY: Replaces memory write logic 
on ALTA IR™ and lmsal front panels. 
REGULATORS: Two regulators. No need for 
regulated power supply. 
JUMP-ON-RESET: PROM program execu
tion starts at any locat ion In memory without 
interfering with programs in any other por
tion of memory . 
S-100 BUS; +8 and -16 VDC; P/C BOARD 
SOLDER MASKED BOTH SIDES WITH 
PLATED THROUGH HOLES; ALL SOCKETS 
INCLUDED . 
OPTIONAL FIRMWARE: 512 byte monitor 
for use with Tarbell tape interface on 2, 
1702A PROMs . 
PROM/RAM KIT WITHOUT PROMS $ 89 
+OPTION A - SIO Rev . 1or3 P + S $129 
+OPTION B - 2 SIO (MITS) $129 
+OPTION C - SIO 2 (IMSAI) $129 
+OPTION D- Poly Video Interface $159 

(Includes Video Driver) 
Californ ia residents please add 6% tax . 
IMMEDIATE DELIVERY FROM FACTORY 
ORYOURLOCALCOMPUTERSTORE . 

T .M . 

___,__ro=t c:=t.i?t-ic inc. 


160 



Programming Puzzle: 

An 8080 Bug in the 	Stack 

Bruce A Dolan 
2331 Cathedral Av NW 
Washington DC 20008 

Instead of coding a subroutine call fo l	 With these two subroutines avai lable, 
lowed im mediately by a subroutine return, 	 the most probable use is to prntect inte r

mediate results while a subroutine is invoked 
(for 10, for example) . These might be used 
in ide another SL1broutine, as follows, taking 
adva ntage of the JMP trick mentioned above: CALL SUB RX 


RET 
 SUBRX: CALL SVREG ;SAVEALL 

one could write 

)MP GTREG ;RESTORE ALL AND RETURN 

JMP SUB RX 
This doesn't work. Why not?• 

to save one byte of program storage space 
and avoid unnecessary stack manipulations. fAnswer in next month's 8 YTEJ 
But this practice has a price to be paid in 
fr ustrations; read on. 

Here are two subroutines that wi ll first 
save, and then restore all of the working 
processor registers and flags for the 8080. 
They are useful a housekeeping functions 
on entry and return from ubroutines, to 
preserve register contents: 

SVREG : SHLD TEMP ;HOLD H ,L FOR NOW 
XTHL ;PUSH H,L. GET RET ADDR 
PUSH PSW 
PUSH B 
PUSH D 
PUSH H ;PUSH THE RETURN ADDR 
LHLD TEMP ;RESTORE H,L 
RET 
; 

GT REG : POP H ;GET RETURN ADDR 
POP D 
POP B 
POP PSW 
XTHL ;RECOVER H ,L . PUSH RET ADDR 
RET 

The first of these (SVREG) pushes all 
registers and flags onto the stack, and the 
second puts them all back. It is assumed that 
between "CALL SVREG" and " CALL 
GTREG" the stack has no net changes, so 
that the value of the stack pointer and the 
contents of the stack are th e same for 
"CALL GTREG" as when "SVREG" 
finished . (The double register TEMP is 
located anywhere in programmable memory, 
and has no use outside of SVREG .) 

.,. --------------. 

I ' I ADM·3A 
~ 

I
I 
I 

IN KIT $82500 
I 

FORM 	 I 
I I 

• All equlpmenr II 	 F.O.B. Danas. Texas 

I 	 • Terms - Cheek or 
money order With I 
order

I 	 • Delivery In 30 days I 
I 	 • cusromer should I 

conract Lear·Slegler•:r~~1;::~~~ce II 90 days

I 	 • service contract I 
available 

II 
• BQ CHARACTERS/LINE • 75·19,200 BAUDI • 24 LINES/SCREEN • FULL & HALF DUPLEX I 
• ADDRESSABLE CURSUR • ODD/EVEN/NO PARITY 
• 9, 10, OR 11 BIT WORDS • RS232 INTERFACE ORI 	 I20 ma CURRENT LOOP 

I 
 GET COMPLETE DETAILS WITH A DIRECT CALL: 
 I 

I ,,.., c~Pft~i";~~;,~~ : 
I 
I e quipme nt brokers I 
I 930 N. BELTLINE • IRVING, TEXAS 75061 ' 

'""'~-------------" 

161 



PAPERBYTES™ 

Forum 


A READER'S R ES UL TS OF 

MAKING SOME TESTS . •. 


read wilh in1crcs1 the three articles 
on bar code soft ware in th e Dece mber 
'1976 issue o f BYTE. While awaiting 
arrival of my Dig ital Group system, I 
decided to tinker with a simple way or 
reading the sample codes presented by 
Banks in hi s ar t icle /poge 12 / . 

First , I t ried 1he examples sugges ted 
by Merkowitz /poge 77/. A su itabl y 
small lens proved ve ry difficult to secure 
- however, one was fou nd. The foca l 
length was somcwl1 a t long and alignm e nt 
was quite critical. Examples 2a and 2b 
on page 78 were bo1h co nstru c ted. Both 
visib le light <lnd infrared detectors were 
used. Also, LED and incandescen t 
sources were tried. The incandescent 
source with the infrared photoda rlington 
detec to r proved to be the mos t se nsitive. 
The persistent d iffic ult y with the mech a 
nics o f the lens system led to fu rthe r 
tinkering. The spl i t fibe r optics of 
figu re ·1, page 77, was tri ed but con · 
siruction of a homemade spli t fiber optic 
gu ide was tedious and lacki ng in adc· 
q uate sensitivity upon comp letion. 

Next a pinhole lens was tried but 
again adjustment proved diffic u lt. 
However, this did lead Lo the fina l probe 
that seems to provide a suitab le a lt er
native for the homebrewer to the com
merc.ial probe. Instead of a le ns , a linea r 
apertu re was used. The slit was iust rhe 
width of the 0 bar in figu re 4e on 
page 17 . 

Two semicircles of shi m brass we re 
soldered to the end of lhin wall 1 c m 
inside diameter brass tubing to provide 
the slit aperture. After blackening t he 
inside of the tubing with ca rbon black, 
an infrared detector and incandescent 
lamp were mounted inside a 1.5 cm 
length of the tubing right over the slit. A 
slightly sma ller d ia meter 12 cm length o f 
tubing was then press fitted over the 
detector , lamp and slit assembly with the 
wires running up out of the end of the 
tubing handle. 

Tests were run on the samp les pro
vided in figure 4 of Banks' art icle which 
proved to be prom isi ng. The response of 
the detector was monitored on an osc il
loscope while making repea ted passes 
over each samp le. Samples 4c and 4c 
were read with case, givi ng approxi · 
ma tely 0.4 V peak to peak deflection . 
Noise as ob ervcd on the scope was 
minimal both during bar code scanning 
and passes over sections of white page. 
Handli ng of the homemade probe was 
not difficult, one only having to make 
sure the slil was parallel to 1he code 
elements and that the probe remained 

perpend icul ar 10 the page. Sampl e 4a 
a ppe ared to be scanned relia bly but 
respo nse was greatly reduced on the 
oscil loscope. Sa mples 4 b ,111d 4d did not 
reproduce well , hav ing pr,1ct ic,illy all 
blac k print in areas of h igh I densi ty. 

One proble m encountered ,i ftcr a 
grc.11 m,my passes of th va rious probes 
was tha t the paper bega n to wear .ind th e 
codes beca me scra tched. Even so, th e 

li ght ly fl a t tened sine w.1vcs ge nerate d 
by the probe re mai ned intact. Ot timum 
cl ispl;1y was ach ieved w ith a scanning 
speed of 5 to 15 cm per seco nd. 

I am in agreement wi th Mr Ban ks 
1h,1t .i need fo r be tt er and chc,1 pe r 
so f tware dissemi na t ion exis ts. I support 
adoption of the bar graph encoding 
method a nd urge acce ptance of samp le 
4c 0 11 page ·17 as a standard . Certai nl y 
this simp le investiga tion demons trates 
th a t a means of reading such a code need 
no t be a n obstacle to lhc home com· 
pu ter hobbyis t. 

Ri ck Bourgeoi MD WA5EVH 
POB 2746 

Lafayette LA 70502 

BACK LIGHTED SCANNING? 

I have read your a rt ic les 0 11 ba r coded 
information tra nsfer with interes t. Might 
the cons truc tion o f the document 
read ing device be si mplified if the docu
ment were bac kl igh ted by a light table or 
such? (This would re quire that no 
pr inting cxi ton the doc um en t's reverse 
side.) Th e "lens" could simp ly be a pin 
hole, as the ligh t sourci ng problem 
would have been elim ina ted. The crit ical 
angle of the reading d evice (due to 
reflections off of the in k and paper) 
would a lso be gone. 

Jonat han L Bondy 
Ketro n Inc 

Val ley Forge Executive Mal l 
530 E Swedesford Rd 

Wayne PA 19087 

Th e suggestion to bac!?light the paper 
hos been made by several readers. For 
mogoLine published and printed pro
grams, the main disadvantage is lack of 
use of the back side of the paper. 

Use of a source and sensor array such 
os the Texos Instrumen ts TIL-139 port 
with on ex ternal imaging slit looks like a 
very promising and inexpensive scanner 
for the front side of the paper. This 
device, described on pages 7 6 7 and 7 68 
of the Tl Optoe lectronics Data Book for 
Design Engineers (availab le from BITS 
In c I. hos CJ source LED ond receiver 
phototransistor mounted in 11 plastic 
housing with on adjustment slo t f or 
positioning re lative to the image being 
scanned. 

BYTE ON TO THE (NO N ) 
BITter END 

R garding the "M.ichi nc Readable 
Publi hing Standard" in November 1976 
BYTE: Yea tea m , go go go . If you c.111 
mJke thi s work you wil l h.1ve .1dvancecl 
person. I comp ut ing J t led 1 2 o r 3 ligh1 
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decades. Th e idea o bei ng able to 
publish m ach ine reada bl e sof tware on 
the pr in ted page is , in my (,ind a few of 
m y friends') opinion , the bigges t thing to 
l1it. tl1e hobby computer scene since 1he 
Al lai r 8800 .ind BYTE 111 ;1gaLi ne. 

Of 1he forma ts presen ted, I per
sona ll\' prefe r forn1a t 2 an d think <l 
fra me fo rm a l is m andatory. the equal 
spaci ng or Lh c da t;i bi ts to assist manu ;1 I 
reading or the data should be conside red 
when your final forma t se lec 1ion is 
m ade. A frame format is required 10 
keep the d.11a in managea ble c l1 unks ,in d 
to fac ilitate error detection. Some con· 
ce rns and suggest ions I have are as 
follows: 

I. 	 Be sure 10 give compl e te plans (o r 
maybe manuf<lcture a ki1) for th e 
reading w,incl with easily ob ta in · 
able p.irts. A single +5 V suppl y 
requireme nt would be n ice, 100. 

2. 	 Possib ly inc lu de visu.11 gui de 
m.irk on the edges of t l1 e p ;1ges 
or between frame li nes to dcmark 
d;11a by tes as ,111 ,1i d to m.111u al 
reading. 

You've got 1hc BYTE on a grea t idea, 
don't let go. BYTE on to the (non) 
BITier and glor ious encl. 

J Sco tt Willi a ms 
POB 932 

Belling ham WA 98225 

NOT ALL REACTIONS ARE 

FAVORABLE, WITNESS TH IS: 


As one wh o is d eeply involved in 
home com puling <Ind who has been 
reading BYTE since issue r t, I am 
moved to voice my complai n ts about th e 
garbage you 'vc been including in several 
recent issues. G arbage tl1 a t serves on ly to 
was te val uable space! 

What's th is fexpletive deleted J a bout 
"Machine Read able Printed Software ?" 
Is thi s supposed to be h umor ? I hope so. 
My M6800 computer is very br ighl, but 
it h as never spent one ce nt for BYTE or 
anything else. People bu y things and 
people read BYTE , but ge t 100 heavily 
into "machine readable printed soft· 
ware" and you will have to depend on 
machi nes to purchase BYTE - people 
won ' t! T he "BYTE standard" for mag
netic tape data recordi ng was widel y 
accepted because we needed such a 
standard. Not one of the computer 
hobby ists I k now feel s a n1• need whatso· 
ever for a standard on mach ine re adable 
printed software. Perhaps it is a r1 idea 
whose time has not ye t (and m ay never) 
come. Try pri nting software in the form 
of source list ings; tl1ey are peopl e read· 
ab le - and people arc the ones who 
spend money . If you wi h to se ll 
mac hine reacl;1 bl e sof1ware, may I sug
ges t th at you use " jjYTE standard" 
ca settc and/or pdpcr L~pe. 

Happy Comr>uling! 

/unintelligible signowre / 
C hattanooga T N 

To each his (or her ?) own opinion. • 
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Mec1op1oc•1~r1 T1mtb.»l!tCRYSTALS 
TV Gt1rnu Puc 111 cm Crv111h 

frt!q1.1e11~ CAH P11<:11 F1• (jlolGrlCV C•w P11 t.t" 

1 OOOMlh HC6fHC33 4 .!)5 13.000 MH1 HC18 '1.95 
2.000Mll1 HC61HC33 5 ,8'5 14,31818MH1 HC18 "1 . ~s 
2097lG2MU1 HCG 18.000MHI HC18 • 95 
4.000MH1 HC18 4.9S l(J.ODOM Ht HC18 1$.95 
S.000 MH1 UC19 4.0S 32.000MHI HCl8 '1 .95 
6.000 MHt HC18 • .95 IOOK c HCJJ 129S
10.ooor..uh HC18 ... 3579.4~ Kc HCl8 i1.9S 

24S16MH1 ... 

WIREWRAP SOCKETS . GOLD 
14 Pin WW 1 htHI _Jo 

14 Pin WW 2 loel _JJ 
14 P'" WW 3 l1"11tl .37 
16 Pin WW 1 tovol .31 
16 Pm WW 2 llmi1 .34 
16 Pi'n WW 3 le11e l .JS
is Pin WW l lirwcl .GO 
24 Pin WW l l11wel .70 
24 Pln WIN 2 le11el .75 
24 Pin WW 3 li!!wel .85 
40 Pm WW 3 lcwcl 1.25 

EDGE CARO CONNECTORS 
IMSA 1 SIOO W\'V .250.. Row Spacm9 
IMSA1 SlOOST .250" Row$p;u:ing 
Al1<ur S100 W\\I Win Wr~p 
All.itu S100 ST Sold1r1a1I 

SS .00 
5.00 
5.50 
5.25 

D-SUBMIN CONNECTORS 
RS·23225 Pin M;1 l1 P;u1 No. 0825P 
RS-23225 Pin Female Pan No . DB25S . 
RS 232 Plnou: Hood 101 11 bove 

S'.l .50 
3.95 
.75 
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2708 PRIME ONLY $49.95 
Build Vou 1Own MONITOR 

Now in S1ock - NEW 

M3000 · 100 12·inch display module $229.00 
M2000 · 155 9·inch display module $208.00 
' Add Sl0.00 Shipping 

MOTOROLA Exo1dm, ME K6800DI 
an d MEK68000 2 Compatib ll! Modules 

9601 16 Slot mother boi.l rd · Inc . Conn. $175.00 
9602 16 SIOl card nge 19'" rack mount S 72.00 
96 10 Utllity Protot;rping Bo.,rd S 36.00 
9615 4K Ep1om Module l1702AI S350.00 
9620 Porollo l 1/0 Module S375 .00 
9626 8K S101ic Ram Module S350.00 
9650 8 Channel Duplex An sy n 110 S390.00 

All assem bled and 1ested . No t Ki ts 
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DEPT: B•584 COMMONWEALTH AVENUE• BOSTON, MA• 02215 • 617-261-2701 •V ISIT US : 9-9 WEEKDAYS; 9-6 SATURDAYS 

ONE DAY SHIPMENT 

PERIPHERALS FOR 


MICROSYSTEMS 

...,. ~ , - ALL a n ASR 3 3 i s a n d M 0 RE! 

RS232 INTERFACE, QUIET OPERATION, 
1 10 CPS PRINTER, BUILT-IN PAPER 

J1 TAPE READER/PUNCH, ELECTRIC TVPE
WR 1TER KEYBOARD WITH ADDITIONAL 
10 KEY NUMERIC PAO, YOUR CHOICE OF 

-~ 

. 

, ·
. 
~ G 

$950 FRICTION OR SPROCKET FEED, LIGHTED 
PLATEN AREA FOR EASY READING, 
STANDARD PAPER AND TAPE, SUPPORTED 

+ SH IPP ING 1 5 I b BV OLIVETTI . 

TALLY T132 
7 x 8 DOT MATRIX IMPACT 

11PR INTER HAS A SINGLE Ii 

LI NE DYNAH IC MEMORY ANO $450 
A UNIVERSAL INTERFACE TO 
ACCEPT PARALLEL DATA, FORMS + SHIPPING 150 lb 
TO 14-7/8 IN. WIDE, SIMPLE PR INTING MECHAN ISM 
USES 132 SOLENO ID HAMMERS ANO TWO STEPPER MOTORS
FOR 100 LPM, 132 COLUMNS, 64 CHARACTERS 

DIGITRONICS D507 $95 + 400 lb 
• • • • • SHIPPING 

PAPER TAPE READER, HEAVY DUTY PS, 3 MUFFIN FANS, 
POWER CONTROL PANEL, CIRCUIT BOARDS, RELAYS IN CABINET
KDI ADTROL AR 21 $95 + $25 

- • • • SH IPP ING 
ELECTRO OPTICAL PAPER TAPE READER WITH 110V PS, STEP
PER MOTOR, 250 CHAR/SEC, FAN IN TAB LE TOP HOUSING 

IBM 731 I 1.0 WRITER $ + s2s 
/~ 750 SHIPPING 

8-!"PLATEN, PINFD,EBCDIC,U/L CASE,OUAL CLR RIBBON, 1158 

KITS* HIGHLIGHTS FROM OUR * 
WIDE SELECTION 

IMSAI 8080 MICROKITS LEAR SIEGLER ADM-3A 
80BOA KI T 5 SLOT , . ..... SS99 ' W / Cursor Control 
B080A KIT 22 SLOT .... .. 65 1 

12111 • CRT4K MEMORY KIT.......... 139 

' -,,... • 2lt LN X 80 CHARP I C- 8 FR IOR ITY INTERePT 125 

SEklAL l/t KIT ...... ... 125 " ~ • RS232 $~ • 20 mA LOOP 875PROM 4->12 ~1 1. . ... .... 165 
UCR I - I KIT .. ..... .. .. .. 59 
 ICOM MICROFLOPPIES 
CAB LE A KI T.... .. .. .... 18 
 PLUG COKPAT IBLE 'FOR: 

STAllOARO I NPUT/OUT IN TER
 1100 Bus ... FD2411 . .. .. $1095 
FACES, M..WAL S, SOCKH SETS S I NGLE DR I VE FD2402 •.. •. . I 649 

I COM FLOfP I lS:SWTPC 6800 
FF)6-I FRUGAL •••. •• ..•• $ 1 195

• )12 BYTE'S of R~ ~- -~ Ff )6-2 DUAL F RUGAL ..... I ~95 
)60-58 BLT;INTFC Ao8 o .. 300 

• RS 232 or 20 mA 
• SERIA L IHTERfACE 

S l ]I PO\.IER SUPPLY ... 250• 4K or RAH $395 _ ,,... 
FO J60- 2-S DU AL SY STE K••• ]000 


4K HEP! S100 

HPA .... 145 KIM:l6 s o 2 ....... . ....... s H S 


KI M-2 4K............. .. .. 179 


MP[ .. . llt,95 HPD .. .. . .. 35 

HPC. • . • 40 MPS.. .. .. . S ltO 


KI M-) ~K .... . ..... .. .. .. . 289 
MNU A LS PACKAG E....... .. . 15
HPM.... 65 MPF..... .. )0 

HPP.... J S HPM,,..... 35 TARBEL L AUDIO CA SS ETTE K I T 120 

MPS.. .. J) MPL ....... Jo 

HPHb . . 14. SO HP Ab ..... 14. 50 INTERSIL INTERCEPfJR·. sz81 

HPCb ,MPSb,MPLb,EACH •.• 9. 50 I ZK RAH ... ...... ....... 1 45 

CONN ECTOR SETS MPU/HEH l. >v • ROM/ PROM BOAR D •••..•. .. ]4.65 

CONllECTOR sns ltHE RF. 2 
 YOU ADD MEMORY CHIPS 

4KBA ... • 5 GT61..... 99 SER I AL 1/0 .... . .. . .... . 81.SO 

AC)O AUD IO INTERFACE .. 79-SO 
 AUD I O VISUAL BOARD.: ... 125 

P..0 PR I N TE~. • . • • • • • . • 2SO 

CT I 02\ TERHlrlAL KI T. . 215 SCAMP Kil ... . ...... ..... m 


FRO H NATIONAL SEMICONDUCTORCTP 15.50 CTS ...... 39.95 
KE YBOARD K I T ........... 95
ALL 'SwlP l'. tJ: l lTS ARE KI TS 

VI t:; W(i hJ..1 PI N CO Ntf.Et TOR SKOKE SI GNAL BROADCASTING, 

HEAVY DUTY S 3 16K R~K .. ..... .. ... . . . . 595 


SPECIAL DISCOUNTS! 

ON KITS & ASSEMBLED UNITS 

SAVE UP TO 20% OFF KIT PRICE WHEN A PERIPHERAL IS 
PURCHASED AT THE SAME TIME . 

PERIPHERAL PRICE OVER $900  20%oFF KIT 

PERIPHERAL PRICE OVER $250 10% OFF KIT 

PERIPHERAL PRICE OVER $95 - 5%oFF KIT 

GREEN PHOSPHOR $150 
+25VIDEO MONITOR SHIPPING 

STANDARD lV PTO P COMPOSITE VIDEO INPUT, 

16 MHz BAND WIDTH, RASTER SCAN 12x12x13" 

WITH POWER SUPPLY, VIDEO AMPLIFIER, DRIVING CIRCUITRY 

VENT ILAT ION MUFFIN FANS, 7x9" HOR IZONTAL VIEWING, 

CAPABLE OF 24 LINES x 80 CHAR. , ANT IGLARE !-" ETCHED 

GRAOl!NT DENSITY FACE PLATE, P39 GREEN PHOSPHOR, ON/ 

OFF BRIGHTNESS CONTROLS, 115Vac, 60 W ... TRULY A 

COMMERCIAL UNIT BUILT TO WORK IN A DEMANDING ENVIRONMENT. 

DATAPOINT 3300 200 " 

- ~ ,~;~ • 

. ,,0-

PRINTs:5 

..,._ 

THERMAL PRINTER 
PARALLEL PRINTER WITH ADDITIONAL Cl·RCUIT 

BOARDS TO PROVIDE SERIAL INTERFACE, 

UP TO 30 CPS, 100Vac PS USES WIDELY AVA.ILA~LE SHIPPING 

NCR PAPER, 96 CH, AS'CI I, Bo COL, CRT COMPATIBLE 5x7 · 

DOT MATRIX, SOLi D STATE WI TH LESS THAN 25 HOV ING PARTS.
DATAPOINT CONSOLE PRINTER 

. 
BOTH UNIVAC ANO SINGER BUILT THESE 
PRINTER MECHANISMS WHICH OPERATE AT 
30 CPS FROM A ROTATING WHEEL. 65 CHAR. 
USES STANDARD FORM FEED PAPER. PINWHEE L 
IS INTERCHANGEABLE.~395 +SHIPPING 285 l b. 
UNIVAC 0769-06 PRI NTE~ MECHANISM ONLY ... $195 
INCLUDES MOTOR/PRINT WHEEL +SHIPPING 751b. 

KLEINSCHMIDT 311 ••••• $250 _;Hi~p:~G
TlllS 30 CH/SEC DRUM PRINTER SITS IN A SOUND-PROOF 
EN CLOSURE . 64 CHAR, PARALLEL INPUT , 80 CHAR/LN 

TECHTRAN 410Q••••• ••• $595;H~~p:~G 
TAPE CASSETTE DRIVE. CAN RUN DIRECTLY FROM TERMINAL 

INDEPENDENT OF CPU. FULL EDIT CAPABILITY. 


TO ORDER EQUIPMENT 
1.ENC LOSE CHECK FOR FULL PRICE PLUS SHIPPING CHARGES 

(KITS - ADD $5 IF UNDER $100; $10 IF OVER) 

BANKAMERICARO & MASTERCHARGE ACCEPTED 

SEND CARD NUMBER, EXPIRATION DATE, INTERBANK# 


2.CLEARLY IDENTIFY SHIPPING ADDRESS 
J.OESCRIBE ITEM BY MODEL NUMBER 

ALL MERCHANDISE WARRANTEED 

WRITE FOR OUR CATALOGUE 
INCLUDES DESCRIPTIONS OF OUR COMPLETE LINE OF s1 
KITS & UNITS, REVIEWS OF OVER 150 BOOKS, LIST 
OF NEW & SURPLUS PARTS AND ARTICLES 
"ALL ABOUT PERSONAL COHPUT~RS" 



_ ~·~~·~ 
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THE SC/MP $ 95.00AT 
SC/MP, 1he Microprocessor kit from Nat ional 
Semiconductor includes everything you need to 
build a compl etely func t ional mtcroprocessor 
svstem - fea 1uring f he Na1ional SC/MP micro · 
processor - the low cost m icroprocessor for 
every appl ica11on : Text Systems and Instrument 
Con1rol ; Machine Tool Control; Small Business 
Mach ines: Word Processi ng SySlems: Educational 
Sys1ems; Mul1 iprocessor Systems; Proces Con· 
tro l lers ; Term ina l Control : Laboratory lnswru· 
mentation: Soph ist icated Games; Auromot ive 
Coniroller and Appl iance Controller' 

The ki1, nearly packaged with all the com· 
ponenu and l i1era1 ure you need. in a looseleat 
binder, includes: The SC/MP Microprocessor 
- a single-chip Centra l Processing Unit 1n a 40· 
p in, dual in-line package Fea1ures sta t ic opera t ions. fortv·six ins.t rue · 
tion 1vpes; single·byre and double·byr e. so ftware controll ed in1errup1 
structure . bu ilt 1n senal 1npu1/output pons; bidi rec t iona l 8 ·b1t T RI 
STATER bus, parrallel da1a/por1 and la1ched 12·bll TR l·STATER 
addre'5 port . ROM - 512 bytes IB·b1ts/bv1e) of pre·Progrnmmed Read· 
Only ·Memory coniaoning K ITBUG-a moni tor and debugging program 
to assis t in 1he development of your appl ica tion progr ams, K ITBUG 
pro vedes ieletypewr 1te inp u1/ou1pu1 routin es and allows exam1na11on. 
modiricaoon , and con t ro ll ed execut ion ot your programs. RAM -256 
bytes of sta1ic read /write memory for sto rage o f your appl 1ca11on 
programs. Transfer< of data 10 and from RAM are control led hy SC/MP 
and KITBUG . Telet ypewrtt er lnterlacl including buffet and doive 
capahif llY for a 20 MA current loop interface . Voltoge Regula tor 
Darn 8uUer - prov1d1ng 1n1erface be tween memory and b1duec11onal 
daaa ltncs . All the lite rature you need , including schematics and pro 
gram mmg manuals. T iming Crystal - p roviding 1.000 MH L tim ing 
signal. Plus a ll the passive components and c1rcut1 board wnh 72 pm 
edge connec to r tequoed to bu ild and interconr,ec1 your m1crop1ocessor 
svs1em w ith ex ter na l hardware . 

ASC II KEYBOARD 


(Reg. S58.85) $53.00 
This 63 key ASCII Encoded Keyboard kit was designed and manufactured 

by Electronics Warehouse Inc. Features: single 5 volt D.C. supply, utilizing 
only TIL logic e lements (no MOS devices to blow),TIL drive capability (each 
of the eight bits of ASC 11 output will drive the equivalent of ten standard TIL 
inputs without external buffer drivers). de-bouncing , upper and lower case 
fully ASCII , 8 bi t parallel output. 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. contro l, shift-lock. shift·(2 keys). here-is, 
control-release. 
Kit includes: 63 key keyboard. P.C. board , all required components and as

sembly manual with ASCII code list. 

Optiona l: 1. Pari ty bit - add $1 .00 Aluminum enclosure l6 39.

2. Serial output - add $2.00 
Note: II you already have this teletype keyboard you can have the kit without 
it for $36.00 (reg. $39.85). Dealer inqu ires invited. 

National's new Keyboard Ki t now gives There is a hole pattern for additional inte

SC/MP Kit users a low-cost inpul/output grated circuits on the SC/MP Kit PC card. 
capability. This new kit replaces the Tele By following the simple instructions in the 
type• normally required by the SC/MP Kit SC/MP Keyboard Kit users manual, one 

and allows users to evaluate the SC/MP can add bu ffers, decoders, drivers, multi

CPU and to develop a variety of application plexers. etc. Simply replace the Kit Bug 

software. ROM (supplied in the SC/MP Kit) with the 
new SCMPKB ROM, connect the pre

The heart of SC/MP Keyboard Kit is a ROM assembled Keyboard cable connector to 

firmware package (512 bytes) ca lled the kit card, and you are ready to go! 

SCMPKB. The SCMPKB ROM replaces the 
" Kit Bug" ROM originally supplied with the National's Keyboard Kit comes complete 

SC/MP Kit and allows the effective use of with manual, all required integrated circuits, 

$ 95.. 

This is a great kit for engineers and com the hexadecimal keyboard, to execute resistors. keyboard display cable con
panies who don't have access to a Teletype. programs, to examine or modi fy the con nector assembly,wire wrap connectors, 
It is a low-cost teaching, learning, and tents of memory and the SC/MP registers, precut wires-even a hand-held wire wrap 
developing tool for hobbyists, professors. and to monitor program performance. tool. 
students. and electronics entrepreneurs of 
all levels. 

SWITCHES 

1O Position rotary switch 
by oak manuf. $1 .00 per 4 

8 position, 1 off switch in T05 can 

$.69 2 for $1.00 

ROCKER SWITCH 

SPST normally open contact rating 6A 250VAC 

sofder s .50 ea $2.00 per 6 

MINIATURE TOGGLE SWITCH 

SPST P.C. MOUNT $.99 


MINIMUM ORDER $5.00 


Shipping & Handling: 


KEYBOARD or SC/MP - $3.00 + $.50 Insurance 


all others - $1 .00 


California residents add 6% sales tax. 


ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 

REDONDO BEACH, CA. 90278 
TEL (213) 376-8005 

WRITE FOR FREE CATALOG 

You are invited to visit our store at the above address 
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I World's Lowest I 


I 

I 
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I 

I MEMORIES 

Rams 

I 2102 

~102-1 


I 
roms 

82S23/S123 

I 
 TTL 


I 

I 
I 
I 

7400 

7402 

7403 

7404 

7407 

7410 

7420 

7427 


I 
I 

7438 

7440 

7441 


I 
I 
I 
I 
I 7445 


7447 

7450 

7451 

7473 

7474 

7475 

7480 


I 
I 7493 


7495 

'/ 41 07 


I 

74109 

741 16 


I 

74123 

74141 


I 

74145 

74150 

74151 


I 


IC Prices 
* SPECIAL PRICES * 

HIGH SPEED74152 .90 

74155 .60 
 74HOO .20 

74157 .60 
 74H01 .20 
1.50 * 74160 .75 
 74H04 .20
1.70 
74161 .75 * 74H10 .20 


74 H11 .20 
1.95 * 
74163 .75 * 74H40 .20 

74165 .80' 74H51 .20 


.12 * 74173 1.25 74H52 .20 
.14 
 74174 .75 
 74H74 .40 


.14 * 74175 .75 * 74H1 03 .50 


.16 * 74177 .70 
 74H1 06 .50
.20 
 74180 .80 


.12 * LOW POWER74181 1.50 

.12 * SCHOTTKY 

.25 
 74191 .85 
 74LSOO .29 

74192 .70 * 74LS02 .29 

74193 .70 * 74LS08 .29 


.20 * 74194 .85 
 74LS10 .29 


.12 * 74198 1.25 74LS27 .30 


.65 * 9602 .50 * 74LS73 .45 

9300 .75 
 74LS75 .65 
.60 

9312 .70 
 74LS151 1.1 0

.75 

74LS153 1.10 .14 


SCHOTT KY 74LS157 1.10 
.14 * 74LS161 1.50 * 74$01 .25 
.28 


74LS163 1.50 74$02 .25 
.28 

74LS164 1.5074$37 .40 
.40 
 74LS17474538 .60 
 1.1 0 * .40 * 74LS175 1.50 74$85 2.00 
74LS193 1.5074$113 .80 
.50 
 74LS221 1.50 *74S139 1.50 .49 

74LS251 1.50 74$140 .50 
.29 

74LS253 1.5074$153 2.50 .30 

74LS257 1.50 74S172 4.50 1.50 
74LS258 1.50 74$174 2.05 .45 * 

74S175 2.05 * CMOS.BO * 
74S181 4 .50 .75 
 4001 .16 * 
74$197 2.20 .60 * 4002 .16 

745257 1.50.60 
 4006 .90 


I 

I 

I 

I 


4007 .16 

4008 .10 I 

4011 .16* 

4012 .16* 
 I 

4013 .30* 

4015 .80 
 I 

4016 .35* 

4019 .70 
 I 

4020 .90 

4021 .95 
 I 

4023 .16* I 

4025 .20* 

4027 .40 
 I 

4028 .60 

4030 .35 
 I 

4040 .95 

4042 .60 
 I 

4043 .75 

4044 .70 
 I 

4049 .35 * 

4050 .35* 
 I 

4066 .65 

4068 .35 
 I 

4071 .1 6 
 I 

4073 .16 

4075 .16 
 I 

4516 .85 

4528 .75 
 I 


I
LI NEARS 
NE536T 2.75 I
NE555V .43 

NE556A .90 
 I
1456V .75 

1458V .52 
 I
566V 1.25 
567V 1.35 
540l 2.00 I 


I
Order Minimum $10.00. Add $1 00 shipping and hand/mg charge per order California residents add 6°0 sales 
tax. All orders shipp ed First Class wirhm 24 hours I I 

Order the famous Iasis 6 volume Programmed Learning Course " Mic rocompute r Design is a Snap" for I I
$99.50 and receive a specia l $10.00 credi t on any group of IC 's . 

I I
Satis faction 100% guaranteed . C.0 .D. Orders : Phone (day or n ight) 408/354-1448 

PO BOX 25428

I I 

I ELTRON I 


Sunnyvale, CA 94087 
L Free catalog-Just send us you r name and address---------------------- J 



@IDIB®OD 
BILL GODBOUT ELECTRONICS 

BOX 2355. OAKLAND AIRPORT. CA 94614 

w~?rr~ ITifJ)~llil~fnl~ ~ ~~~~ ~©rr 
lnlll<C~ =ll©©ll~llfnl~ ~<qllUJlljpffi~lfl)lt 000 

V[(lf(Q)~ = fi»~ll~ ~lnl<ell©~lUJW~~ 
TERMS : Add 50C to orders under $10; over $10 add 57.. for ~~:r~ i~:: :~ tshc;seewsbc~~ t ~~~~ e~~:~o!~ r:':~ 
shipping & handling . BankAmericard8 /Mas terchargc": ca 11 
(415) 562 - 0636, 24 hours . Cal res add tax. No CODs. Has prov isions for card guides, conncc-
Thank you very much for your patronage.. tors, etc. on the inside. Avai Iable in···························"'= b l ack o r computer blue w ith white fron t 

~ I pane I ; sh I pped unassemb I ed. 
I #VPS -1 7-17U S.Sl"H, 17.SB"ll , 17. l"D 

Now you have a choicc -$pccify wire O@@I $79 . 2S 
wrap pins (illus trated) or solder ~~. #VP7-17-17U 7.26"H, 17.58" 11 , 17.l"D 
tail with .250" row r@Dr.-Jjl S84 . DO 

1\ltuir periphe rals. Rf'(J'~rc;;;t act same Sile as IMSAI microco.,,put er. c~r,1 
Ing . For IMSA! anJ I? U'\Jl:VP9·17· 17U 9.0 l "H, 17 .SB"ll , 21.6"0 or 

~ire wr>p port • l.S~~\.S . S96 .SO ·.& 
S-~OOWh' , Solder-. r,:::;l@fNl~("C?t;=::\c:;?@rci) ••••••••••••~•••••••••••••••••••• 
r u11 part , s- 1oosr. ~ U'\JU'\..11.S~ U lnll I .E--== ~-

•s-1oos1 is ideal for ~ fie/~llr' l lUll- - $ /iijJjliij]j iiCf~rrJ!jg) ~ · WE STOCK MANY I-~ ~= ;;o,...;;="'ll- =- :  -·= :r.: -
the ~':'~=~:~:r~..!-~-~~~!n~::_~~-!~~-~ VECTOR PRODUCTS I :  - · c-:" - ~ : "-= " ~ -
-----------------------------~------~~------.--E\· 10/$1 .95 ASSORTF.O VALUES_ We pickcJ u11 rt

Mu[JI CONDUCTOR WIRE l-7 have a .11mitedul~u1.an0ntdluty Orf I batch.of brand new, American nwdc, trimrBCr 
• high quali.ty • m .. C cto I caps tn assorted st}' lc.s and valuc.s. House 

flat c~ble. Unfortunately we II numbered, so "''c 'rc not sure of the exact 
20 conductor (#2S stranded wire) 20 f t/$5 _95 couldn t ge~ as '!'uch .as we II valucs---and until ~c get them all tested 
26 conducto::" (~28 stranded wire) 20 ft/$7.50 wanted, so 1f you re inter- II out, we're selling assortment s a t a siipcr 
2S conclucror (Q24 stranded •are) 20 ft/$9.95 ested, get your_order in sooJ . I bargain. Lowest value caps go from 2_8 pF; 
3 4 conductor (1/28 stranded wi::-e) 20 ft/$9.95 Subject to prio. sale. I highcsc vitlue caps from 50-60 pl'. Ltd qty _ 

·····---------------------------------------- '--------------------

GIVE YOUR CPU A FRIEND : A HOME FOR PROGRAMS AND ROUTINES. 

Our basic ECONOROM board is 4K X 8 worth of eraseab l e ROM, which 
you can program with any program or routine you wan t (or have us 
program it for you) . Similar features and same quality as our 
ECONORAM-- and also very low poliler : SV@li;A, -12V@l50 ma . lfo 
offer several options : 

BASIC ECONOROM BOARD (4KX8) . .. . .. . .. . ........... . . .. .... $179.95 
SMALLER ECONOROM BOARD (2K X 8) ..................... •• .... $135. 00 
BIGGER ECOllOROM BOARD (SK X 8: ho l ds SK BASIC) ... ... ...... $269. 95 

8080 SOFTWARE BOARD (this is our 4K board, programmed with edit
or, assembler, and monitor routines for the 8080 . .. a valuable 
firsr step if you're trying to get away from machine language 
prog ranuning. In f o package availab le t hat describes t he function 
of all $2.95 (refundable with order) ... . ....... ..... ..... $189.95 

ALSO AVAILABLE ASSEMBLED , TESTED. AND WARRANTED FOR ONE YEAR FOR 
$129 . 95 . DISCOUNTS ON ALL KITS AVA ii.ABLE FOR GROUP PURCHASES . 

25 PIN RS-2JZ 
CONNECTORS : sub-
mini 0 type. 

Male pl ug with 
plastic hood, 
part #OS25P 
.......... SJ. 9S 

Female jack, 
port #D B2SS 
... . .... . . SJ . 95 

-------------1j~~ ~1~1~ 
7,11.soo so. 36 741.S 139 I. 38 
1.11.so1 ll. 36 7.tlS I55 I. 38 
74L<)02 0. 36 741.5157 l. 25 
7.1LS04 0.H 7.1LS!60 1.85 
7·11.508 0. 38 741.S l 61 1. 85 
741.510 0.36 741.5162 1.85 
741.SI I 0 . 38 7.11.s 163 I.SS 
741.S l 'I 1.38 7,11.s 1us 1.87 
7.11.s20 0.36 74 1.S 169 I. 87 
741-'i 2 I 0.38 74 1.S I 7•1 I . 38 
7-11522 0. 38 741.Sl 75 I. 35 
74 l.S27 0. 38 741.5221 I. 38 
711L.$ 30 0. 36 7.iLS21IO I . 88 
7·11-1)32 0 . 38 74I.S 2S7 I . 25 
i 4 l.S37 0 . 53 741.5258 I. 38 
741538 0. 53 7'11.5273 :? . 25 
741542 I. 25 741.5283 1. 20 
741574 0. 56 74 l-5367 I. 00 
741-'>75 0.85 741.5368 I. 00 
741.SIO!) 0.60 741..5377 I. s~ 
741.51 2:1 2 . 50 1 •11..c;;_;,s I. 38 

741.51 25 0. 75 SI l.S9S I. Li 
741.5126 0. 75 SI LS96 I. 13 
7.11.s 1,:;2 I. 50 s11597 I. Li 
7.11.S13S I. 38 811-5~R 1. 13 



MICROPROCESSOR COMPONENTS 


DISPLAY LED'S RAM 'S CPU'S 


8008 -1 	 8 Bit CPU $17 .95 
(18 Pin) (P MOS) 
8080A 8 Bi t CPU 24.95 
(40 Pin) (2us) (NMOS) 

8080 SUPPORT DEVICES 

82 12 8 BIT s 4.25 
1/0 Po rt 

82 14 Prior ity 8 95 
lnterupt Contro l 

8216 Bi-Directional 4.25 
Bus Drive r 

8224 Clock 8.00 
Ge nerator 

8255 Programmab le 12.00 
Perip heral Interface 

ROM 'S 


74S387 	 1024 Bi t s 2.50 
Programmab le 

MM5230 2048 Bit 1.95 
DM8796 4096 Bi t 10.00 

PROM'S 


82S23 	 32 x 8 Open s 3.00 
Co llector (Schottky) 

1702 A 	 2048 Bit 5.00 
(5 12 x 4) (1us) 
Erasable and 
Electrica lly 
Reprog rammable 

1702AL 	 2048 Bit 7.00 
(512 x 4) (LO-PWR) 
(1us) Erasable 
and Electrical ly 
Reprogrammab le 

2708 	 8192 Bit 40.00 
(1024 x 8) 
Erasab le and 
Electrica lly 
Reprogrammable 

8223 	 32 x 8 Ope n 3.50 
Collector 

SHIFT REGISTER'S 


MM 506N Dua l s .89 
100 Static 

P-2405 1024 4.95 
Dynamic 

N25 18B Hex 32 Bit 3.95 
N2533V 1024 Stat ic 3.95 
MM 5013N 1024 Bit 2.00 

Accumulator 
Dynamic 

MM 5017N Dua l 2.00 
500/512 
Dynamic 

MM5058 1024 x 1 2.50 
Static 

TMS3002LR Dual 50 3.00 
Stat ic 

TMS3 132NC Dual 144 2.00 
Static 

CALCULATOR CHIPS 


MM5736 6 Digit Cal. $ 1.25 

CT500 1 12 Digit Ca l. 1.75 


With Spec ifica ri~ns 

21L02 

1101 
1103 

2101 

2102 

2102-1 

2107B 

2107B -4 

21078 -6 

3107 

3107A 

4050N L 

5261 

5262 

5280 

7489 
8599 

Static 
256 x 1 Static 
1024 x 1 
Dynamic 
256 x 1 
Static (1us) 
1024 x 1 
Static (1us) 
1024 x 1 
Static (500NS) 
4096 x 1 
Dynam ic (200NS) 
4096 x 1 
Dynamic (270NS) 
4096 x 1 
Dynamic (350NS) 
256 x 1 
Static (80NS) 
256 x 1 
Static (60NS) 
4096 x 1 
Dynamic (300NS) 
1024 x 1 
Dynamic (400NS) 
2048 x 1 
Dynamic (365NS) 
4096 x 1 
Dynamic (200NS) 
16 x 4 Static 

16 x 4 Stat ic 


N8T20 

N8T26 

N8T97 

1488 

1489 

D3207A 

C-3404 

P-3408A 

P-4201 

MM-5320 

MM-5369 

MC-6850L 
DM8130N 

DM8 131 N 

1024 x 1 $1.58 
Type Polarity 

MAN-4 Commo n Cathode1.00 
ILD -74 	 Logic Drive 1.50 

Opto-lsolator 
DL-707 Common Anode3.00 
DL-747 Common Anode (Jumbo) 
TIL -113 Opt o Coup ler 1.50 
TIL -302 	 Common Anode 

(LORR DEC) 1.65 

6.50 TTL PRODUCT 
5.00 

7400 
4.50 7401 

7402 
2.95 7403 

7404 
3.50 7405 

7406 
4.00 7407 

7408 
3.00 7409 

7410 
3 00 7411 

7412 
4.00 7413 

7414 
1.50 7416 
1.50 7417 

7420 
7422MISC. OTHER 7423

COMPONENTS 7425 
7426 
7427

Bi-Direc- $4 .00 7428
tional One Sho t 7429
Quad Bus 3.25 7430
Driver/ Receiver 7432
Tri-S tate 1.45 7433
Hex Buffer 7437
RS232 Quad 1.25 7438
Line Driver 7439
RS232 Quad 1.25 7440
Line Receiver 
Quad 2.50 
81-Polor to LINEARMOS Level 
Shifte r/Drive r 
6 Bi t Lat ch 3.95 LM308 N(8) 
12NS Ou tput LM3 11N(8) 
Delay LM318N(8) 
Hex Sense 6.75 LM324N 
Amp lifier W/La tch LM339N 
Clock 4.95 LM380N 
Generator LM381N 
T.V. Camera 6.00 NE555V 
Sync. Gene rator NE566V 
Osci llato r 2.00 NE567V 
Pre-scaler NE723CN 
Asynchronous NE739N 
Ten Bi t 2.25 NE741CH 
Comparator NE741CN 
6 Bit 2.00 NE 1458CN 
Comparato r NE3900N 

.14 

.20 

.20 

.20 

.20 

.20 

.39 

.39 

.20 

.24 

.20 

.20 

.24 

.35 

.70 
33 
.33 
.20 
.50 
.28 
.24 
.24 
.24 
.40 
40 

.20 

.28 

.34 

.28 
28 

.36 

.20 

744 1 
7442 
7443 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7479 
7480 
7482 
7483 
7485 
7486 
7488 
7489 
7490 
749 1 
7492 
7493 
7494 
7495 

.85 7496 .65 

.44 7497 2.00 
1.20 74100 1.25 

89 74107 76 
.87 74109 .35 
.69 74110 .50 
.81 74116 2 00 
.20 74120 1.25 
.20 74 121 .34 
.20 74122 .39 
.20 74 123 .50 
.20 74 125 .45 
.20 74 126 .45 
.23 74128 .65 
.26 74 132 95 
.29 74136 .50 
.39 7414 1 .80 
.31 74142 4.00 

1.50 	 74143 3.00 
.69 74144 4.00 
.72 74145 .70 
.75 74147 2.50 
.90 74148 1.75 
.25 74150 1.00 

3.50 7415 1 .70 
1.50 	 74153 .70 
.39 74154 .90 
.65 74155 .70 
.39 74156 .90 
.39 74157 70 
.70 74158 1.75 
.50 74159 2.25 

HGT. 
.187 
(8 Pin) 
(8 Pin) 
.300 
.60 
(6 Pin) 

Price 
s .75 

1.00 
1.25 
2.00 
2.00 

.27 1.00 

Micro Power Op Amp 
Hi -Performance Voll . Comp . 
Precision Hi-Speed Op Amp 
Quad 741 Op Amp 
Quad Comparator 
2 Wall Audio Powe r Amp 
Low Noise Power Amp 
Time r 
Functio n Ge nera tor 
Tone Gene rator 
Voltage Regu lator 
Dual Hi-Pe rl . Op Amp 
Compensated Op Amp 
Compensated Op Amp 
Dual Comp Op Amp 
Quad Amp 

74 160 .86 
74 161 .62 
74162 1.00 
74163 .76 
74164 .80 
74165 .90 
74166 1.00 
74167 3.00 
74170 2 00 
74172 9.72 
74173 1.25 
74174 .85 
74175 .75 
74 176 .85 
74177 .85 
74 180 .75 
7418 1 2.00 
74 182 .90 
741 84 1.65 
74 185 1 30 
74186 5.00 
74190 1.00 
7419 1 .65 
74 192 .85 
74 193 .85 
74 194 1.20 
741 95 .55 
74196 .80 
74198 1.50 
74199 1.75 
74200 3.50 
74279 1.75 

s .75 
.95 

1.95 
1.00 
.75 
.60 

1.95 
.60 

2.00 
2.00 

.50 
1.00 
.45 
.35 
.65 
.45 

"{ . 

BAN KAlilEA 100D. JADE Co 
ELECTRONICS DISTAi BUTION 

NEW LOCATION •
5351 W. 144th ST., LAWNDALE, CA 90260 

TERMS: 

Add $1.00 for shipping plus $.85 if COD Phone (213) 679 -3313 
Cal ifornia Residenls add 6% Salas Tax 

$20 minimum on BofA & 
0 

M.C. Retail Store Opens Feb ruary 21. 1977 
Orders from Foreign countries add appropriate pos tage Hrs. 9 -7 MON.-FRI. ; 9 -5 SAT.: 12-5 SUN. 

http:Bi-Direc-$4.00


SPECIAL • 
u1rm 

Kl 
lOO It~ 

.:(Ill 11"".,., 

-

25h . mm . S1-25 
SPECIFY COLOR 

14 
lG 
29 
n 
1s 
18 
JO 
l3 
4:!ii 

7400N TTL WIRE WRAP CENTERl=AIRCHIL..CJ TECHNOLOGY KITS l=AIRCHIL..D 
Srt74!19"' 25 -WRAP TOOL-BW ·630 
SNUtiOH U SK1'1s.IN I 00 01,:ns PHOTO UMYS 

srm10N .cs S!U.1S-!i.!I gig 
 ,,.,.mooot OS Ht;11Com1";1"1Cll~O.~ 5100 nJ>l'IO.le t!~t~Rl'Ml(l'At1ri B<nery Oll!raled 1s.1e CJ 
S~Unrt l'J SU1J I~ 99 rt-.:000, OS H.Cf\CGIMICll A.nQat D>Q •I I 00 n®"&i IZ flff!Wlll C11cr RtMSt1 ~rir 

HOBBY
• 

• 

· ti AWG Solld Wfr• • 5" Lono 
• .SO (wi"I X-6D lhiOh) lM7 Tft111d 
· I AMP @ U Vall · 1 AMP ~ o IOVoll 

1·9 IO·Uti 
P\rtl!Oft.Pust\011 :!iilJ .:g 
Ullr!Nl/yllpm W 1., 
Hour-~rCJosCll S9 .t9 

CLIPLITE 8/S1 .49 
LED MOUNTING svsm.1 

Lse wilh XC5S6 LEDS 
50M1y Colo:• - Rf'll C.-Ull k':t'n' 't~,, 	

• We19h• 014l Y 11 OuncesSlilWJu J7 Sim mN 99 n,;oo,:i1 3~; tU;'!Clll"lllOt1t•1ncctnt1 ;:, n~.oo"::- Rt':itdNt nriu ~~ '"" Wraps 30 AWG W11e ontrisrm 7.:.11 31 sm.uiSQt., us nKIXJO..I o !I tti;:n Comni:n CHnou 091 '"' 
sm.uw so SN741GHi1 911 nliOOM 0 8 H.gh Comlf!C:G 4l'laJf Dot ? 00 COUl'L£RS S1andard DIP Soc~elS 10 .25 mcJ1)"" stm ''" 32 SN14 1&J>, 99 --------- -------! nK!IJ50 trttnt1M f'1111J11V0Jll4Cou~~ 

Com~1e1e with bulll ·in bil i!nd sleeveSU141BN S 00 SN741ij.tN I 10 D.r HIGH DIU'lAY AJIRAYS n ,,oos, Dil•""utllfl (}sll11 Co1111IN '"' 
stmat1t' 50 SH7~ 16SN 1 10 fll'.OOH1 n1ll)Yll ]l1D•u1tCfocld)Spl.iy iOO t--------------'"' -· 

SN14152.N 98 SN1066ti I 25 
 ni.:001 1 7• Hout 4 Ditin OOd. DnrUv e oa lilos c.c. ocx cu1cu1rs 111"1t11e not ~1 
SH7..8JN 70 SNf4 167N S.50 · -------lf-,-- PS- -------1 n<D<IJD 	 , .. _____ ___ _z_________•..... 	 0··~,c~~";',""'"c"'"' --w=1_R_E WA_A_P_K_l_T _ W_K __ w 
SNHS.SN ag SNU l'tt:lti 2 10 

SN1""'6N 3!1 srm.1nN lti 
 '00 

5Jf141~r 70 Stm~~ 3 so SH1.C11Jll I !iO ~=~~ ~oMi~l~~~oumll' :: mo.soi 
0~·~c::~~~~~;:•t1Btn WRAP• STRIP• UNWRAP - ~ .,~ft.

SN74 16N n SN,4!9N 2 ~9 s~mm.t. I 2S nM>On 10ll0 t.!01;1111.nqCL:n 100 n ~ O.tfC11Jr•.tlJtl<tMCl11t• CirM ~00 • Tool forJOAWGWire ' 
StnJ. Ufj :ni f.N7.i!JC\'~ 45 S.'117.CI™ gg 
sim,MJN 21 srm'llrn iS sw.a 11&. 90 lt--n-""'-"-'-'-''-"-"'--''° - "" - '-- n ..o.:03 O.rt"C:~,·~c~:~.""'Ji~;~~l !l 00 • Roll or 50 Ft White or Blue 30 AWG W11 e · ~" --"-• ·-' - - ""' '-"---1 
~.14.?i-N ll $.H14nH 4'11 SN741111'. 90 
sm-1n11 41J S~U9JJI 4'9 SN701GW 99 n.:croo s1tnt:!~~~~=,~~ i(KJ n ~ flir~":,~~co~!~t!~J.1g;~:!,:. r.ao • 50pcs each1 ". 2', 3'' &4' llmo rhs- 1,; 

m.:DOJ1 !I Round lrr.n. Photo rrinwon 1co tflc""' 1 r cM ru 1 ~1 pre·slrippeel wh 11e wire @ 
SN105N '19 SHUM~ 19 SN14 112'H .% 
SNm16N Z9 SN74!16H 99 SH 7.C 1$'N r 95 

SNJ.i23 N l1 Slf749<1 N 19 SIH-1181P1i 'lo(9 

~;:; ~;,=.~~~~=e;'~ :: ms $11.95 	 d 
~f4'21ff 31 SH'491N 4 00 SH7.!.185N 2 '10 -' '~ '"~~;..._~~· ·· ~ ".flSNU~ 41 SNUIOOH 1 00 SH1"116H 15.00 •r---------------..:...."~'~;.....~ '~·""' '~-------.;.:.: --------,,,------------· 
SNU.. " s.•·a.i1om 3! SIH4181N s 00 ,.,,, WIRE WRAP TOOL WSU-30... 
SN7<1l2N l 1 Sim 1:n" :; Sll74 IUU l 9S WRAP• STRIP • UNWRAP-$5.95,,... ~. Vt •-===Rec IQSI .... - -£111 
SNlUIN 17 WW• SO $.U1<11911i 1 25 
SN70lN 11 s~mmH' 39 SN7 419DN I 19 

GrtM tSl 	 'Cllt WIRE WRAP WIRE - 30 AWG 
S~14l9N 1~ S!l7.!.1 25 r• 60 SNH192N fi 
$..W.i..teef is s.t.11•1 26..-.i 60 sumiru 19 

~:'!." a: DISCRETE LEDS ~::: 50h . Sl.95 100h. S2.9S 100011 SI S_()() 
SN7«11il 11 SN74132N 1 09 5N7419'Ji 12S 2®.. tl• 11s · tJ1 1IO'" du - While • Yell1>w · Red • Green - Blue • Black 
SN1U2N Sf SW41 36 1r ~ SH7419Sff 75 xcn ftN 10$1 ~CS26 Red IOSI ..~~ Ard lOSI 
SN1U3N JS Stm 1.11 N , 15 srm 196N 1 2S XU? (i!f!C!I Ht ~S76 Ciltt."I lSI ~w r"tt'I IS1 
SN7«4N lS SN 7.t U2N 4 00 f.N7·U9m IS XC22 V Ml )'.(~ Ytllelw 4 5 1 XCS)( Vtflow I SI 
SN7·U~N 1S SN1-4143N 4.~ Stm UMIN 1 IS CUTTER CRIMPER TOOL (CS -8)xcn o...,.. .1 •s1 xcm 01'"9(' <I'S• J.CS!J(i 0.:.110~ : s1 
SNWG:t Ill SH7" 144N • SD SN74l99hl I 7S S5L '12 " ' 4 S• KCS26 CINI "'SI xcssi Ot<il 'SI • Pl101 Nosa iseHilled·]aw1 
SNlU1~ 60 SW41•5ff I IS SHU200fl S S'll SPECIAL• - XC556 Red 100/$8.00 1000/$60.00 -	 • Scissors Act1on CumnoS!r74461f 79 srm 1.1m 2» SN742'19tl !JO 
StmSiDrl 2fl SH7.c USH 2' DO Slt7.C2StN 1.11 • 6 Boll Cullers 14-40. 5-40 , 6-32 . B-32. 
SW.. Slff l7 SNIO~N 1 00 SH1.t~s.IH 6 00 DISPLAY LEDS 	 10 -32. 10·241"'"'' 11111 
SNU5Jlw 'U SN141S1N 11 5rJU28!iN 600 • Cump S1at1MS 17mm Aulo - 22 -20 toTYPE POLAIUfY Kl rms.•msm ...a Stm1SlH 99 St4U 361N rs 12·XO01ec1.Jt,1.lill1 C011til(t11 .i.l!Oo.)f ~:' . ..., r:•'-'1 .ia C111n1w111 c,..,, Ot •.Jr 

'~:1i ) . ·0u1r.u=1. OD I ~ r::.:,.i11u C••··nu<1M~1!r: • Up .f ront W1r! CuttingMANV OTl<EAS AVAllABLE ON REQUEST 
20%. Otsctiun11o• 100 Combkit<I 7400's r,!A.'l .1 Corf<'r1a" C..moct ·~1100 tk:-01 Col!WTIOn Atlod~ ud • SC1SS01sAct1on Slnpplnq tNo. 22-20 lo Ne 101 

t.u.r1.1 CUlnrnnnC..11100> ouo.i tmm1onC111lck» lTlO • Cump Stations - 1ns:utaced ~2w·2Q 10CD-IDOO ~ iJC(Wf 15 ~tAN ~ t.ofmlon I.root !ff '"' 100 11> (l( i1J:' C.011.,.11111 A11111PCMOS "" ..Ct).1001 2S 1.l(IDU M 
:J,Uj 7ti Comml:i11 AntliW ~·"" Dl ~2S Cf!rtHIOI f .nw.a1 !J(KI .... 12-10 elocq 

C04~ 2S t:OAOlS I 85 14QGtl 65 MAll7Y Col111M11"'1oll.. ~l!ov. .J:lQ tCi5o Ol 7H Cccnmcir1Anodr 000 Aclual Size • 8Y4' length"'"" 1511 	 $8.50C:0'l).tl) 2.t5 14C.JOO 6S M~tlS~ fb"'l11"111~ot91t'tft Dl .· ~ · WM>Ul!AfJIIJo' cO.l 1~CTl<IJD6 "" ""' ,.ca.-oo; 25 OO~G-t2' 1 9:1 1.c(;Al 2JS MA!lG.I f"Q11~1;\"1UJf'!nl ~:vt IJ') n~ ·:.o C1T1•1TD11C•~11I•• too '! .:? 
t.l.:.-'fH C.lll'ft1M11CJl"'IOO• Ol l'lB (.11f'111rnrl(J '"l!lo! 11n soCOJ009 5'3 C04D.U 1 SQ ;.:t; ' l!IO 

Cu-aDll) S') CQ.IO-l6 2!.11 ;.s.c;r4 115 ,,, ,.M,;,.uv tllf'nll'lH:.~11,t:i• f ',);j) C.11···i (1 .,. '~ ;!ICo.:till ~ C1HU..:7 1 ~S i.;(;OO:, J 00 "" '"' 	 Permacel Electrica l TapeUA!J&,:: COi" llll (J~!! \; t~A 1f'U ~ H,!&'.JJ Cl.:1flll•I tllt'-'t 500 llJDr.o.:ci1~ 15 C.Om.l! ~'9 NC9Sll 200 f,\4', liilO 1.1:1 .:.• ~ Cl-'J'?' j ..~ .. c f.'n..!;' ' • ~ t ~ w1111IX &6tl tl011i1J • Allv.ealhef • NOl tmPOrl 
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B. 5V Power Supply $14.95 -------SP-E-Cl-AL_R_E_O_UE_S_TE_D_IT_E_M_S------t • 'OOZE" euuon 
• 100'.. Solid Stale

l.10061P llO na ft2S11!i J)H GUI 
MC40 f61' 1f.U l61 l lO ttM.S1S 6IO 5811 '"",., ,,.. Jill • Large Red Led Oosplay 1.6" hogl•J'°'"" _,,Mt US&J JIO 110 MK!i0140 M(;1.i05L ] • AM/PM lnd1ca1or 
MCUSQ' 11!4 MC1.$S71 1750 19~ L0110l0111 ~OOlfl • Seconds 01Splay •I louch ol bullon,,, '°'"" 	 ""' "'' 
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Integrated Circuits 
Applications & Experiments 

8UG800K I &11 ·Basocconcepts ol TTLLog1c  over90 
expomuenls S17.00/S•I 

BUGSODK Ila • lnirOlluces UART - reoommendeO 
lor RITT enllluslasl SS.OD/book 

8UGBOOK Ill • Explo1os 8080 chop -1nlr0lluces 

555 TIMER APPLICATIONS SOURCE800K WITH 
EXPERIMENTS - OVOI 100 design lechno ques S6.95/book 

lnlrOlluctory Oller  all 5 boOltS 1wonh S43.95J 
SPECIAL - S39.95 

CONTINENTAL SPECIALTIES 

t.laok 80 Mlc•ocompUler S15.00/book 
CASE ONLY (111ducfe5 riardwil•e. mooo.11no brxiet and bt1e1J S6 .50 

PROTO BOARD 6 

S15.95 


16' 1ono x 4·· wod•I 


eI ' 

"• 

E•tienmentor 300 s 9 91 
Exsie11menlof GOO $10 !IS 

$9.95 Per Kit 
pr in1ed circu it lloarJames PL 5V 1A Supply 

T!!l!i,...•:it.PL4JJrO nlPQ .,..t1~..;:i;>o¥1.~t110llll' w l"ll 
t M3!1'krl"'Ju!..t:.!rt :~1UD•1r.""'ilQhll l .l.r.t? Ql(!,j"~l.l!i 

ELECTRONICS 
1021-A HOWARD AVE .. SAN CARLOS . CA. 94070 ~n1 1i \\'t. If)' m 1?'11•.t n1m•n u~ r ~Po.. :ir ~~·~ 

f"• "l~~r~~ '{tlun«tt ~lttl~ ti.J1,.1_'1J)f- "1<&i!lr11a UI! rurii: ... .11..PHONE ORDERS WE LCO ME - (415) 592-8097 
"'"" S9.95 Per KitAll Alh'ltti1ad Prlcas GGOd Tiuv April 

Olher CS Proto Bouds 
PBIOO · 4.5" ~ 6" S 19.95 
PBIOI - 5.8" '4.5' 29.95 
P8102 - 7'" x 4.5" 39.95 
PB103 • g·· x 6" 59 95 
PBHM - 9.s·· '8 79.95 
PB203 · 9.75 x 61> '2" 75.00 
P8203A - 9 75 x 61? '2\, 120 00I 

·1· 
tjf",I'. 

0 •J I I~ > 

. •JI•<;, 

Sl9.95 ll?W System Con1101te1 · Bus Driver 
4 95 MC6BOOL 8 Doi MPU 

15.95 MC61l?OL Peupll ln1e1lace Adapl" 
6.95 MC6BIOAPI 128' 8 $1;Jl1c RAM 

10.95 MC6830L7 1024 x 8 B•I ROM 
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The Unique Microprocessing System 
•mt e.L'C"&0.\4 

Fully 
Bullored and 

('1 ~k--Stoal!oc 
l)\t.\ 

PROTOCLIPS 

QT l'jpt • ll11tu •nlu 
OT fl!lS 
Of fll.llW~·~B "" '''° 
Qt .J.75 '10 IODO '"' 
01 -liB Ol.t•).11111 
01...JSS ]54J 150 "' ,.,DI 158 tr\n$ln;i 
01 -ISS ... 
QT 125 ];$ 
01 ... .,'"' "' ,,, JE803 PROBE 
Df.i'S 300"' 

TV ANTENNA SWITCH

f .. 
?" 

LOGIC ANALYZER KIT 

Troublesho ot <my 
typo 01 digil•I 
sys'e m induding 
M!c1ocomputeis 
!lll(llJIOc1 u:::. °"""'w: . 
K eiwo aM 1nt1 lltjlt~f 

LA100 KIT sm.ao 
• More than SCI db isolation 
• Switches 300 ohm lo 

300 ol•m 
• Switches 75 chm 

10 JOO ohm 
• Rf coax ccnnectin-a cable 

11611 .I willl RCA phono 
plyes 

$6.95 

CB MOBiLE MONiTOR 
• Otl -on volume cc.n11ol ·· Hea r the hfghway ac1 ton·· 
• lnlernal mounl antenna 
• 9·Yoll battery powered 
• Portable  attaches 10 v.sor 
• 2J-Cltannel operal\on 
• Long range 1ecep11on 

IB•llery nol Included) 
Ar:lual Size - 4·· • 3" • 111 

• Br-on 6 ~~ED Ot,P'itl' 
• l .itn ID~ flll!IUIH 59 59 jt"t(l!NI\ 

• Cir,UJ Comr~fO T~ne Bm 
• "'Utt~tl•J!Cl'IH flOl!f 

l'l"!lft Sm~ heRI - $)1_1 & T~1011 
.. SLlt.t5 l215 • 90 1.:. 1 1CM11CHI 
• USe'iilPtrni11~ 

Kit - S39 .95 
Assembled - S49.95 
Heavy Duly Carry CaseS5.95 

Trlslalable 

Addms and 

Dall Buses 


FULLY 

ASSEMBLED 


' $279.95 
Slop Walch Chip Only 172051 $19.95 

$259.95 t-------------------!
<D limeband ...$269.95 

.. . ....__... , ....."""" i.:..--...... _.-1,·.c-:......... 


s 89.95 DIGITAL ALARM CLOCK $16.95 
• 2~ · HDu' Alarm 

Panalron!cs 

S10.95 
35.00 
15.00 
6.00 


18 00 


5 149 
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1ttl:i "' 

11~!~ 
S 995 
'~~ ,.. 
~ r.ci.., 
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DIGITAL QUARTZ CAR CLOCK 


Kil: S29.95 
Ass!mbled: S39.9S 

l;t Ill }I I"* 

115 VAC 

DIGITAL CLOCK KIT - 3112 INCH DIGITS 
4 DIGIT KIT S49.95 4 DIGIT ASSEMBLEO $59.95 
6 DIGIT KIT $69.95 6 DIGIT ASSEMBLED S79.95 

(Mr,V:• I l 11"tro ~1•1111 t ~~01 G' Ct"1
111~r~<.•n "'<-~it u•.f' a~ ..... 11 '!cl 1t1r. 1""1rr um 
""IO'~"'·'•ftl'll .llCI l'tll'fll'tlllftlt\1n 

11111; ,t,1r,t;.1~ t r11i• 1e,i.1w""" C\u•11 
.1H11Jrl 1•1 01• • ctQ~ :6 'io.;n tlO 
it Jr~ 1(1 PC l!Plllh \' ~ \ Bn .MW l:i' 
,11•t 1 ~q~m rotntti·<\lclr tllUI~ 

D•l.t.U.:).&.'S ..11, o.t • '1 

IZo ;•J1<0lfl1 MOO( 


JE700 CLOCK 
l llt Jf~llDnJlo>wtOtJ.119-...MI 
~•~e1~ ttiQttW.t-. 1.111o1 ll'lfllAl"°.t 
Wt..... J'l-1"11Ut.rd 1UlnUIU'W' ¥1 1tho!-l 

llltMKlf'IJ,lllft , -;?1, •1 ltllti11/nJ 
J.V.N fll"Qll~1Qtul'lltS11rMJ!Xrl ,llt;ll.llt 
MM$)1 1 O~I) 

$17.95 

JOYSTICK 
lhast jO)'!iliCkS '4!illllltl IOul • 

potentiometers. t:NI Varf re· 
s1sunce p1opo111onal 10 ltle 
lflgle ot lhe sttek Slt11dy me'411 
cons11uc11on wHn p1u11cs 
COT11PQMl'IU Ot'lly .flt Ult R'IOQ • 

ble)otnl Ptl1~11o•ef:ectroruc 
gill11t!S iiOO 111S11L1T11mtat1011 

*5K Pots $6. 95 
*1 OOK Pols $7. 95 

• IJI J~& 

-===:-.1 
• .: 01 l:i~ 

http:J'l-1"11Ut.rd
http:E3R.loMB!u.10
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http:Li'\�''.JP


IC Sockets, while they last .. . 
8Pin 10/$1.00 

14 Pin 10/$1.25 
16Pin 10/$1.50 
18 Pin 10/$1.75 
14 Pin IC connector 10/$1.25 

comnuter disniax terminal 

This display terminal has an integral controller, B/W cathode ray tube and keyboard. The system has a serial 1/0 interface 
for communication and an 1/0 interface for a printer 

DISPLAY (P/N 4802-1 095-501) 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 (PIN 4802-1115-501) FEATURES: 

•Reed switch technology 

• 54 data keys 
• 28 special keys detachable with cable 

LOG IC UNIT (P/N 4802-1157-502) FEATURES : 

• 1024 by 6 bit core memory 
•Printer 1/0 interface 
•Communication 1/0 interface 

POWER : 115V, 50/60 Hz, 500Watts 

WEIGH T : 210 lbs. (including logic unit, keyboard, 
display and cables.) 

FOB LYNN MASS (you pay shipping) 

Check with order please. 


-..;:.;:.::.~~ c:.::.:::21oc:::;;:;:::>~ 

~· c.:;:::: c::::::l- l=:i.>c::=:. a:c:ca: ,
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c:::=>c:::a::wcm:::D~.~-Clllml!' 
~acm'l~c:mmcm:l!D>
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Here is a real deal in a PC module 6x5 sockets (30) . List 
price over $50 each, most by AUGAT. Some pre-wired. 
New, unused boxed, 14 or 16 pin, 5 x 6 sockets. $ 15.00 
each or 2 for $25, state your choice 14 or 16 pin. 

$180.00 
External l ogic & power pack not shown. "AS IS" 
4 way cursor control, graphics display. 

The story : These are unused terminals made for airport 
ticketi ng & seat assignment. After several years of 
storage they requ i re tinkering t o 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 GUNS 

Used wire wrap guns, re leased due 

to facto ry closu re. Various mfgrs, 

some Ingersol Rand, electric or air. 


No co llets. State choice. 

Cost over $ 100.00 each 


Our price only $15.00 each. 


.. 
shown actual size 

SOLAR CELLS 
Designed for t he space program, these are the highly 
efficient si l icon high output cells. Used for powering 
equipment, charging batteries. Made by Ion Physics 
Corp . Each with spec sheet. 
Si ze .394 x .788" 65 mA, .43 V $1.25 12/$12.00 
Size .788 x .788" 125 mA, .43 V $1.60 12/$15.00 

• 
Please add sh ipp ing cost on above. Minimum order $10 

FREE CATALOG SP-9 NOW READY 
P.O. Box 62, E. Lynn, Massachusetts 01904 

http:12/$15.00
http:12/$12.00
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THE PROKO PTA- II PAPER TAPE READER 

KIT... .................... . 554 

To use the PTR -11 ASSEMBLED........ . $64 

Just connect to a standard parallel input port 


+SVDC 	 STROBE LINE 
• 	 GROUND WHICH CAN BE 


EIGHT-TTL BUFFERED EITHER A PULSE 

DATA LINES OR A TTL LEVEL 


I ---------------------·TOP QUALITY $28 
I 

~~~~y ~ ~V~~A : 
POWER 	 I 
TRANSFORMER . c 18 voe I 

FOR ' 40V I 

IMSAl/ALTAIR (Prom programming) I 


INCLUDE APPROX SHIPPING I 

LIMITED QUANTITY 20 LBS I 


--------------------~the ~roko : 

~~~'."c~·";~:~":.':.'.'!"~-:. electronics shoppe 1 


The Proko Paper Tape Reader: A manually operated reader, reads 9-level 1Japer 1a1l e into:~~h~·~~5~1;rsd~~~,~it1 439 marsh s1. I1 any parallel input 1>ort. Just sup1>ly a light source. grab the tape and pull Iorder . Pr1c;:e, t.ubjcc• 10 san lu is obispo, ca. 93401 I 

=~w=o:;::::___--B~f.~~~!!_1-------'------------------------------- 
KITS BY ~ C~"""""' 

• JUST IN: * 	 I 64 x 16 VIDEO BOARD Altair plug compatible display 
2102Al-4 • FULL SP EED MEMORY (500ns) I 4Kx8 Slallc Memories 1 32 x 16 or 64 x 16 switch selectable. Composite and 

I MB·1 MK-8 board, 1usec 2102 or eq. PC Board . .... 522 I parallel video ports. upper and lower case wilh software.Nearly 1/3 le« power consuinption Jt : (NOT FO R 5-100 BUSS) I Kil .......... .. .. ... ............ .. ........... 5179.95of even a 21 L02A 
• I i 8800 or IMSAI com atible Switched address I Pc boord.......:.............. ......................... ...... ...... ........535


I MB 2 ~ta r P I SP -1 5yntheS1zer l>oard. Computer con rrole<J wave
:'t 2.00 EACH 32 FOR 1.80 EACH Jt I and wart cycles. PC Board......525 I forms 9 ~ctaves 1 vrms Y,% distort ion includes high 


- - - - - - - - - - - - - - - - - - - - - --4 MB-4 Improved MB·2 designed for 8K "piggy&back" I level music language. 
82806 2.00 82S126 3.50 74C200 5.50 I wllhou1 cutting traces. PC Board .... .. .. .. .. ... ... S30 I KIL.........................................................................5250. 
82807 2.00 825129 3.50 8573 4.50 I Kit 4K _ usec.. .. .s129_ Kit 8 K _ usec..... Allair c~mpalable mother board. Room for 15 connec5 95 5 5199 182S11 2.00 825130 3.95 8574 5.50 I 	 I tors 11 x 11 \0'' (wfo connectors)......$45 
82S12 2.00 828131 3.95 8575 4.50 I MB-3 1702A's Eroms, Allair 8800 & lmsai 8080 co.,,pat- Wilh 15 conneclors ......$110.00

182817 2.00 745206 2.10 8576 4.50 I ible Switched address & wait cycles. 2K may be ex- . 

82523 2.50 748412 4.00 8577 3.50 panded to 4K. Kit less Proms.....S65 2K Kil... .. $145 1 Al~air extender board (wfo connectors) ......$9.50 

82S123 3.00 748301 3.50 8578 4 oo I 4K Kil... ...$225 I W1lh ~/w conneclor.......$13.50 .
,__________________ ...;. ___, 	 1100 Pm spec WW or Solder1a1l bolh flt lMSAI or SSM 

7400 ,16 7473 35 74164 1.10 I MB· & PC Bd............. .. ............................535 Mother Bd $5.00 ea 10/$44 


7401 16 7474 .35 74 165 1.10 I MB·6A 8Kx8 Switched address and wait assignmen1s.l-M~;;;5--------------;5~0-4 7416
7402 .21 7 75 50 6 1. 

25 I Memory protection is switchable for 256. 512. lK, 2K , 4K I 1702A' EROM 510.00;:g! . :~ ;:~~ ;g ~::;~ ~- ~g I and 8~ 91L02A .5 usec rams. Allair 8800 & IMSAI I 'programming send hex list 5.00 
7405 .24 7483 70 74174 1.95 I compatible. With battery power option I AY5-10t3UART 56.95 
7406 20 7485 .90 74t75 .95 I Kil.. .....5250 Assembled & lested......5290 I 2513 prime spec. upper or 
7407 .29 7486 .40 74176 .90 II/o Boards I lowercase 11.00 
7408 .25 7489 2.00 74177 .90 1Do-2TIO for 8800. 2 ports, commilled pads for 3 more. I 8080AprlmeCPU 25.00 
7409 .25 7490 .45 74179 90 l other ad f r EROMS UART etc. I 8212pr'.melatchbuffer 4.00 
7410 .18 7491 .75 74180 .90 I , P s 0 · I 8224pnmeclockgen 5.00 
7411 .30 7492 .50 74181 2.50 1K•l... .........S47.50 PC Board only..........525 I 8228primesyscontroller 8.90 

~:~~ ;~ ;:~~ : ~g ;:::~ 1 :~~ r----------------------------------------
74 16 35 7495 .75 74185 2.20 MM1402A 1.90 2501B St .25 1101 1.25 74LSOO .40 74LOO .25 74l78 .90 
7417 35 7496 .90 74 190 1 15 MM1404A 1.90 2503V 2.00 1103 1.25 74LS01 .50 74L01 .25 74l85 1.40 
7420 20 74 100 1.00 74191 1 25 MM5006A 1.50 2504V 2.00 2101 4.50 74LS02 .40 74l02 .25 74L86 .75 
7423 .37 74107 .40 741 92 90 MM5013 2.50 2505K 2.00 2111-1 4.50 74LS03 .40 74l03 .25 74L89 3.50 
7425 30 74 109 90 74193 .90 MM5015A 1.50 2507V 1.25 2112 4.50 74LS04 .45 74L04 .30 74L90 1.50 
7426 .30 74121 .40 741 94 1.25 MM5016 1.50 2509A 2.00 2602 1.60 74LS05 .45 74L05 .40 74L91 1.50 
7427 35 74 122 .50 74195 75 MM5017 1.90 2510A 2.00 4002-1 7.50 74LS10 .40 74L06 .30 74L93 t .70

74 17430 .25 74123 70 96 l 25 MM5025 2.50 2511A 2.80 4002-2 7.50 74LS11 .50 74L08 .40 74L95 1.70
741 60 74 197 9

7432 30 25 · o MM5026 2.50 2517V 1.25 MM5260 1.00 74LS12 .55 74L09 .40 74L98 2.80 

~m H;::~~ : ·~ m: u~ ~~;g;~ ~: ~g ~;~~~ ;:~g ~~;~~~ ~:~~~~ ::~ ~:~;g :~ ~:~~;~ ;:~1.00 
7441 85 ;: ::~ 1 15 74251 1.75 MM5054 1.90 2521V 1.50 7489 ;:gg 74LS27 .45 74L26 .40 74L164 2.50 
7442 60 74147 2.35 74284 4 95 MM5055 t.90 2522V 2.00 74200 4.95 74LS30 .40 74L30 .40 74L 165 2.50 
7443 75 74148 2.00 74285 4.95 MM5056 2.80 2525V 2.80 74889 3.50 74LS42 1.50 - 74L32 .45 74L 192 1.25 
7444 75 74 150 1 00 74365 90 MM5057 2. 80 2527V 2.80 74C89 3.50 74LS55 .40 74L42 1.50 74L 193 1.20 
7445 75 74 t51 80 74367 .75 MM5058 3.50 2528V 2.80 74L89 3.50 74LS73 .65 74L51 .35 MC4044 2.25 
7446 .80 74153 90 74368 90 MM5320 5.95 2529V 2.80 8223 2.50 74LS74 .65 74L54 .45 N8264 3.50 
7447 70 74154 1.00 MH0025 2.50 MM5554 t.90 2532B 2.80 2.4576 MHZ 74LS76 .65 74L55 .35 N8263 3.50 

4 17448 80 7 t55 00 MH0026 2 95 MM5555 2.50 2533V 2.80 Crystal 8.95 74LS151 1.55 74L71 .30 N8826 2.50 

~m ~! ~m~ :~~ ~~~3°~ 5H~ MM5556 91~~2:.':~ ~:!~ ~:~~~~: ~:~~ . ~:~~~ :;; ~~3~131 ~:~~2.50 

7454 20 7416t 1 00 64 9600 	 64 each 2.25 74LS192 2.85 74L75 1.20 8T10 2.00 

7460 20 74162 150 1488 1.50 ·----------------------------------------- 
7470 .45 7d.163 1 00 1489 1.50 I For large orders please send money orde1 or cash
7472 .40 I lers check 10 avoid delays In waiting for checks to 

-----------------------· MIKOS clear. 
90 Day Guarantee on SSM Products. Kits MB-2, MB·3 I Chockormoneyorderonly. Calif. resident 6%tax. 
(2K OR 4K) . MB-4. MB-6, 10-2 video board and mother I 419 Portofino Dr. All orders postpaid in u.s. All devices tested prlorto 
board w1lh conneclors may be combined for a discount of I S C I C g O 	 sale. Money back 30 day guarantee. Sorry we can 

an ar OS, a. 4 70 not accept returned IC's thal have been soldered 10. 
10°/o in quantities of 10or more. This supercedes lhe flier I 	 510 min. order. Prices subject change wllhoul

10
of 13 Sept. 1976. 	 I Please send ror xis1or. IC & kit lbt notice. 

I 

Thin ly disguised affiliates of KO Elect ronics and Surplus. S.L.0.. CA 93401 



DALLAS, TEXAS 75228S.D. SALES co. P.O.BOX28810-G) 

THE HOTTEST SELLING KIT WE EVER PRODUCED! 
You requested it! Our first D.C. operated clock kit. Professionally 
engineered from scratch. Not a makeshift kluge as sold by others. 
Features: 

JUMBO LED CAR CLOCK 

A. Bowmar Jumbo -.5 inch LED array . 	 C\..QC'f..1' 
B. MOSTEK - 50250 - Super Clock Chip. 1'\Sf\'E.0cP..NNO 
C. On board precision crystal time base. i::.o,OOCO\)SS~~~~~o~G\ 
D. 12 or 24 Hr. Real Time Format. ~ \1" ~;:. ~" n \"' 
E. Perfect for cars, boats, vans, etc. " v 
F. P.C. Board and all parts (less case) included. 

THIS MONTH 'S SPECIALS 
AMO - 8080A $14.95 
Z-80 CPU 49 .95 
82S129 1 K PROM 2.50 

60 HZ CRYSTAL TIME BASE 
S.D. SALES EXCLUSIVE! 

$5.95 ea. i/$'\o.OO 
KIT FEATURES : 

parts and specs. 

1000 MFD 

Filter Caps


Rated 35 WVDC 

Upright style

with PC leads. 

Most popular

value for hobby

ists. Compare at 

up to $1. 19 ea. 

from franchise 

type e lectronic 

parts stores. S.D. 

Speela I 4/$1. 


At last count 

Slide Switch 
Assortment 

Our best seller. 
Includes mini· 
ature and stan
dard sizes; sin· 
gle and multl 
positlon units. 
All new, first 
name brand. Try 
one package and 
you'll
more! 

$9.95 KIT 

P.C. Board - 3.00 

AC XFMR - 1.50 


Do not confuse with Non-Alarm 

kits sold by our competition! 


Eliminate the hassle 
avoid the 5314! 


reorder 
Special 

12/$1 .00 

1702A 2K EPROM 
We te ll It like It Is. We cou ld have said 
these were factory new, but here Is the 
straight scoop. We bought a load of 
new computer gear that contained 
a quantity of 1702 A's in sockets. We 
carefu ll y removed the parts! verified 
their quality, and are offer ng them 
on one heck of a deal. First come 
first served. Satisfaction guaranteed! 
u. V. Eraseab le. 

A. 	60HZ output with accuracy comparable to a digi · 
tal watch. 

B. 	 Directly interfaces with all MOS clock chips. 
C. 	 Super low power consumption ( 1 .5 MA typ.) 
D. Uses latest MOS 17 stage divider IC. 
E. 	 Eliminates forever the problem of AC line glitches. 
F. 	 Perfect for cars, boats, campers, or even for port· 

able clocks at ham field days. 
G. Small size; can be used in existing enclosures. 
Kit includes Crystal, Driver IC, PC board, plus all neces.sary 

over 20,000 sold I 

RESISTOR 
ASSORTMENT 

'f• W 5% & 10% 
PC leads. A good
mix of values. 

200/$2. 

$6.95 ea. 4/$25 

UP YOUR COMPUTER! 
21 L02-1 1 K LOW POWER 500 NS 

STATIC RAM Time Is of the essence! 
And so Is power. Not only are our 
RAM's faster than a speeding bullet 
but they are now very low power.
We are pleased to offer prime new 
21L02- l low power and super fast 
RAM'S. Allows you to STRETCH 
your power suppl y farther and at the 
same time keep the wait light off. 

8 for $12.95 

S.D. SALES EXCLUSIVE 

$12.95 MOS6 DIGIT UP- DOWN COUNTER $12.95 

40 Pl N DIP. Everything you ever wanted In a counter chip.

Features: Direct LED segment drive, single power supply (12 

voe TYPE.). six decades up/down pre-loadable counter, 

separate pre-loadable compare regis!er with compare out· 

put , BCD and seven segment outputs, Internal scan oscilla

tor, CMOS compatible, lead ing zero blanking. lMHZ. count 

Input frequency. Very limited q uantl ty!WI TH DATA SHEET 


7400- lgc 741 l-29c 
74LS00-49c 7413-50c 
7402-19c 7416- 69c 
74LS02-49c7420-19c 
7404- 19c 7430-19c 
74L04-29c 7432- 34c 
74S04.- 44c 7437-39c 
74LS04-49c 7438-39c 
7406- 29c 7440-19c 
7408- 19c 7447- 85c 
7410-19c 7448- 85c 

745l - 19c 
7453- 19c 
7473-39c 
7474-35c 
74LS74-5gc
7475-69c 
74 76-35c 
7480-49C 
7483-95c 
7485- 95c 
7486-45c 

TT L INTEGRATED CIRCUITS 

7490-65c 74153-75c 
74LSg0-95c 74154·1.00 
7492-75c 74157- 75c 
7493- 69c 7416 l - 95c 
7495-75c 74164-1.10 
7496-89c 74165·1.10 
74121-38c 74174-95c 
74123-65c 74181·2.50 
74132-1 .70 74191-1.25 
74Sl38·1 .95 74192-1.25 
74141 -75c 74193-1.00 

74195-69c 

Disc Cap
Assortment

P.C. LEAD PC leads. AtHEAVY DUTY least 10 different 
lN4148/lN914 

DIODES 
Full Wave Bridge values. Includes 

100/$2.00 25 AMP 50 PIV .001, .01, .05, 
lN4002-lA. plus other stan· 


100 PIV 40/$1. 

$1.25 

da rd values. ~ 
60/$1.00 ~. 

SIX DIGIT ALARM CLOCK KIT 

We made a fantastic kit even better. Redesigned to take advantage of the 
latest advances in l.C. clock technology. Features: Litronix Dual %" 
displays, Mostek 50250 super clock chip, single l.C. segment driver, SCR 
digit drivers. Greatly simplified construction. More reliable and easier to 
build. Kit includes all necessary parts (except case). P.C.B. or XFM R 
optional. NEW! WITH JUMBO LED READOUTS! 

COMPUTER POWER SUPPLY 

Motorola SCA 
 A very fortu nate purchase . One of the best industrial quality REG 

2N4443 . 8 AMP 400 PIV . ULATED supplies we have seen . High performance, small size.$15.95P .C. Leads 3/$1 . Input is 120 VAC 60 HZ. Has the following regulated outputs : 
- 5VDC@800MA; -15VDC @ 1.25 AMP; -25VDC @ 180 MA. 

FAIRCHILD · TBA 641 Sold at a fraction of original cost. Do yourself a favor and order 
4W. Audio power Amp. Just NOW. We expect a quick sellout.out I In special heat sink 
DIP. One super audio IC . NEXT MONTH :$1.50 with data S.O. will have music for your ears. Watch our ads. 

FND-359 ·Led Readout 
For your lmsai or Altair 8080 Computer:.4 IN . Common Cathode. 

High effeciency. Has FND Z- 80 CPU Kit - $149. 4K Low Power Ram Kit - $89.95
70 PIN OUT. 59c 

OUR CATALOG 

is chocked full of rare parts 

bargains, deals, RAM or CPU 

kits, plus much more. Yours 


FREE! 


PRICES SHOWN SUBJECT 
TO CHANGE WITHOUT 

NOTICE . 

Call your Bankamericard or 
Master Charge order in on our 
continental United States 
toll free Watts : 

1-800-527-3460 
Texas Residents Call Collect : 

214/271 -0022 

Special Thanks to : 

Dennis, Fred, Abe, Bill , Sam, 

Hal, Tom, Alex, John, Ely, 


and Larry 


S.D. SALES CO. A 
P. 0. BOX 28810 ~ 

Dallas, Texas 75228 

Terms : Money back guarantee. 
No COD. Texas residents add 
5% sales tax. Add 5% of order 
for postage & handling. Or
ders under $10. add 75c. 
Foreign orders : US funds 
only! 

ORDERS OVER $75.00 - CHOOSE $1.00 FREE MERCHANDISE 


http:60/$1.00
http:100/$2.00
http:74193-1.00
http:74192-1.25
http:74Sl38�1.95
http:74191-1.25
http:74132-1.70
http:74181�2.50
http:74165�1.10
http:74164-1.10
http:74154�1.00
http:i/$'\o.OO


555.00 
S1.9S 
SJ.SO 

2102 ·1 1024 BT RAM . . . . . • . Sl.80 
5280 4K DYNAMIC RAM ... . $10.50 
5202A UV Pf'lOM . . . . . . ... $ 10.50 

What more 

could 


you ask for? 


'2:7UF JSV !J. S 1.00 i1 . 1UF J 5 V '1 Sl .00 !'RV 2A 2'5A 
4 7UF J!1V 5 ·.S 1.00 G BUF JSV JIS 1.00 200 .7S 2.00 
GSU F 3!.iV !J/S I no 72U F J 5V s .40 
 400 .95 3.00
IUF 3!'.V 5151 00 J3UF 35V s 40 
 600 1.20 1.75 4.002.zur :?OV SIS I ()0 ~our Gv 5151 00 

SANKEN AUDIO POWER AMPS3.3UF J5V 'liS I 00 	 HlOIJ F JSV s .50 

150\JF I SV s .so 


2N 3820 P F ET . . . ....•.. , $ .4S MMS?.03 UV PROM.... , ... , . S 10.50 Si 1010 G IO WATTS .. . ... S 7.952N 5457 N FET . . . . . . . . . $ .45 

Si 1020 G 20 WATTS ...... , .. Sl&.95
1702A UV PROM , •.. . .. , .. $ 10.75 

T IS 43 UJT • . . • . . . . . .. $ .35 
 M '/001 ALf\RM CLOCK CHI P .• SS.75 5204-4K PROM .... . ....... SI S.95 

Si 1050 G 50 WATTS . • • . .•.. S27.95ER 900 TRIGGER DIODES . 4/ $1.00MINIATURE MULTl ·TURN TR IM POTS 

2N 6028 PROG . UJT ... S .65 
 NATIONAL MOS DEVICES CCO 110 LINEAR 256 XI BIT SELF
100. 500. 2K, 10K, IOOK, 200K, 1 Mon. 
8 PIN DIP SOCKETS S .24 
 MMl402 1 ·15 MM50S7- 2.25 SCANN l"G CHARGED COUPLED 

MuLf1 .tuhN TR1M POTS S1m~ltu 10 Bowm. 
S.75 c;ich. . . . . • . • • . • . . . 3/S2.00 

14 PIN DIP SOCKETS S .25 
 DEVICE $99 00MM1 403- 1.'/5 MM5058- 2.7S
16 PIN DIP SOCKETS . . S .28 
3010 nylc J/ 16"JC5/8"x 1 1/4" ; 50, 100. 
 MMl404 - 1.75 MMS060- 2. 75 CCO 20 1 100 • 100 CHARGE 


1 K. IOK , 50K onms 
 18 PIN DIP SOCKETS • S .30 
 MMSOIJ- 2.50 MM5061 - 2.50 COUPLEO DEV ICE . S l35 00 
2• PIN DIP SOCKETS • S .40
SI ,50 ea. . . . . . . . . • . . . 3JS4 .00 MMSO I 6- 2.50 MM55S5- 4,75 

LIGHT ACTIVATED SCR·J 40 PIN DIP SOCKETS . . S .60 
 LINEAR CIRCUITSMMSO 17- 2. 70 MM5556 4.75 LM307 OP. Amp. . . , S .30
VER IPAX PC BOAR O T0-18, 200V 1 A. , S 1.75 MM505S- 2.2S MM5210 - 1.95 LM 309K SV IA R~GULATOR . S .95 

TRANSISTOR SPECIALS 


Thi~ ho3r<J is n 1/ 16" smu le 'ilthtcl p.111cr epoxy MM5056 2.25 MM5260 1.75 723 - liO ~ 40VV AFGULATOR .. S .50 

2N3585 NPN SI T0-66 ........ S .95 


board, 4 fl" x6 '.J'" DR ILLED ancf ETCHED 
30 \ /71j8 ·H1 Pti1 Op. Amo....•.• s •.31 


2N3772 NPN S• T0-3 . . . •... S 1.60 

which wi ll hold uo 10 21 smylc 14 111r1 IC's 
 TTL IC SERIES 01 8, 16, or LSI DIP IC's wllh hunci 101 
 320T 5 , 12. 15. 01 24V N EQ REG • • S 1.25 


2N.i156A PNP GE • S .75 
 7400- , 15 7442- .52 74126- .40power supply connccto1. . . S-1 .00 709C 011. Arnu, .3. .31

7•01 - .15 7445- .70 74151 - .70 2N4908 PNP So T0-3 . . . . . . • S 1.00 74 1Am 74tC OP AMP. S .31
MV 5691 YE L LOW-GREEN 7402- .15 7446- .70 74153- .652N6056 NPN Sa T0·3 Ond1n1,1on S L 70 
 710 COMPflRATOA . S .JS BIPOLAR LEO .. , ... , . . . SI 25 
 7403 - . 15 7447- ,70 74154 - 1.102NS086 PNP s; T0·92 .... . .. 4/S 1.00 CA 3047 Mt Pel. Op. Amp., • • • • . S .95
FP 100 PHOTO TRANS ••.••••• $ .50 
 7404 - .20 7448 - .70 74155- .70 2N489B PNP T0-66 ...•.•.... S .GO RED. YELLOW, GREEN OR 340T S, G, 8, 12, 15, 18. 24V POS
7405- .20 74SO- .20 741 57- .70 2N404 PNP GE T0 ·5 	 . . . . . . 5/S 1.00 REG . T0·220 . . . ...... S 1.10AMBER LARGE LED'< ..• oo. S .20 
 7406- .25 7472 - .33 74161 - .85 2NJ919 NPN s; T0-3 RF ...•.. S 1.50 MOLEX PINS .•......•. 100/$1 .00 IO I OPER. AMP. Hl PERFORM... S 75
7407 - .25 7473 - .35 74164 - .95 MPSf\ 13 NPN So T0·92 ...•• 3IS 1,00 1000/$7.SO LM 308 0f](.'i . Arnp .. L!JW Powc1 • • s 95
7408- .25 7474 - .35 74 165- 1.052NJ767 NPN SI T0-66 •...... . S .70 
 747 - DUAL 741 S .65
10 WATT ZENERS 3.9, 4.7, 5 .G. 8.2, 7409- .21 7475- .49 74173- 1.40 


18, 22. 100, 150 o' 200V ..• ••- S GO
2N2222 NPN SI TO ·I B •.....• SIS 1.00 556 - DUAL TIMER 	 . . $1.007410- .15 7476- .35 74174 - .95 

I WATT ZENERS 4.7. 5.6. IO, 12, 15, 
2N305S NPN Si T0-3 ........ S .00 
 537 - PRECISION OP. AMP ..... SI 70 
7411 - .20 7480- .35 74175- .922N3904 NPN So T0·92 . . . 5/S 1.00 LM 3900 - QUAD OP. AMP . . . . S 49
180A22V .. , . ea. S 25 
 74 12- 20 7483- .70 74176 - .75 2N3906 PNP s; T0 ·92 ....... SIS 1.00 
 LM324 OUAD741 . . . SI .SOMC6860 MODEM C>l lP. . $13.00 741 3- .45 7485- .88 74177 - .79 


7414 - .70 7486- ,JO 74180 .70

2N5296 NPN SI T0 -220 . . . • . S .50 
 560 - PHASE LOCK LOOP . • . . S2.00 
2N6109 PNP Si T0·220. . . . ..• S .55 Slllcon Power Rectifiers 56 1 - PHASE LOCK LOOP . . . 52.0074 16 - .2S 7489 	 1.85 74181 - 2. 10 2N3636 PNP SI T0-5 . . . .•. 5/S 1.00 PRV _.M._ 31) _ qA SOA I 25A 565 - PHASE LOCK LOOP .... · Sl.257417- .25 7490- .45 74190- 1.202N65 1 7 NPN T0-92 So ...••. 3/S 1.00 100 .06 .14 30 - .Bo 3. 10 
 566 FUNCTI ON GEN. . . SI 65
7420- .20 749 1- .70 7419 1- 1.20CIMOS (DIODE CLAMPED) 567 - TONE DECODER • . . SI 50 

74C02 - .22 40 15 - .95 4035- 1 I 0 


~o .Q] ...:.20- .JS 1_1s 4 .25 7425- .28 7'192- .50 74192- .85 
LM IJION FM STE:REO OEMOO.. S:;?. 757426- .25 7493- .45 74193- .8540_0_ .09_ . 2~-- .5Q._ _1.40 ~~SQ

74C I 0- .22 40 16 - .40 4042 - 78 
 8038 IC VOLTAGE CONT. DSC .• $3.90 
MCl93 1.50 4017 - 1.06 4047 - 2.00 

7427 - .30 7494 - ,70 74194- .85 GOO .11 .30 _,70 _ ___1,80_ 8.50 
LM 370 - AGC SQUELCH AM?. • Sl . 15 


4001 - .22 4018- 1.00 4049 - ,40 

7430- 20 7495- .70 74195- .75 800----:-15-- 35- .90 2.J a 10 .50 

555 - 2irs - 2 HR. TIMER . • . S .115
7432- .25 7496- .70 74196- .88 

4002 - .22 4019- 25 4050- .40 
 loo~is- 1.10 2.-is 12 so 553 OUAO TIMER • • • . S2.&0 
4006- 1.20 4020- 1.05 4055- 1.50 

7437~ 2S 74107 - .32 74257 - 1.25 
FCD 810 OPTO- ISOLATOR ...• S 80 


4007- .22 4022- 9S 4066 .80 

7438 - .25 74121 - .38 74279- .90SILICON SOLAR CELLS 

1458 DUAL OP AMP......... S GO 

4009- .42 4023- 22 4071 - .22 2%" diameter 


7440- . 16 74123- .65 75324- 1.75 
LM 300 2W AUDIO AMP•... , S .95 


4010- .42 4024- .75 4076- .70 

7441 - .8S 74125- .40 75491 - .6S 

LM 377 - 2W S1ct1~0 Audm Amp. • 52.50 
4011 - .22 4027- .40 4081 - .22 .4V at 500 ma . . .. $4.00 ea., 6/S22.50 7S492- .65 

LM 381 - STEREO PREAMP. . . SI 50 

4012- .22 4028- .88 4520- 1.16 
 MIN lf\TURE OIP SWITCHES LM 382 - DUAL AUDIO PREAMP $1 SO 
401 3 - .40 4029- 1.10 CTS·206-i1 Four SPST switches REGULATED MODULAR LM 31 1 - HI PER . COMPARATOR S .90 


4030- .22 
 m o nr. m1n1cl1fl p;ick11!10. S 1. 75
POWER SUPPLIES LM 319 - Du:JI HI Spcod Comp•.• Sl.25 
LM 339 - OUAO COMPARATOR 51.50 

MCA·SI OPTICAL LI MIT SWITCH SI .SO 
CTS·206·8 E19h1 SPSi sw11che1 in a 16
• - 15 voe AT 100ma 

pm D IP packngll S1.95115NAC INPUT , ... $27 .95 TRIACS SCR'SSVOC AT 1A 11f;VAC INPUT . S24.9S ' 

LED READOUTS 
 12 voe AT .5 AMP .. . . . . S24.9S AY·5·1013·A30K w1 ./ri'J t •• P.1r./11et .• uni · Pf!y IA lOA 2SA I.SA. GA JSA 

FND 500-.5" C.C. • . . . . . . . . Sl.75 IN 4148 PN9 141 • • • • . • .. J51S:i .OO V(llS31 UART • S6.95 100 .40 .70 1.JO .40 .50 L?OHP 7M0·,3" C.C. SI 40 

MAN·7-. 3" C.A . . • . . . • . . . . . . SUS 
 ~ .701.101:75 70 1.60~--.A. LCU MIN IATURE TOGG LE SW ITCHESSend 25l fo1 OtJ1 c<1t:tlo9 lc;Uuong 

19!L.l.JO 1.60 _2, GO- 1.00 1.20 2.20 
DL 747 . . . • . • • . . S2.50 

MTA 106 SPOT . . ...• . ... Sl.20NS 33.3 d1q, :irr:iv .•.•••. , .. . Sl JS Tr;:m5iuur,: :ind R~c11 f11:u: 
600 1.70 2.30 J.60 - - I :50- fOOMTA 206 OPDT ........•. , Sl.70
J.115 Hamp~hire SI., Qtmb11due. M,ns. 

Term&:FOBCambl1dge,Mass. 	 WESHIPOVER95%-~,SOLID STATE SALES 
~~~~d~h~~.~,~~~f~:'.,"'· P.O. BOX 748 	 OF OUR ORDERS THE1

Ordorss.oo, c~·s S20.00 	 SOMERVILLE, MASS. 02143 TEL (617) 547·4005 DAY WE RECEIVE THEM 
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• AL-C1.11 ,..., • 0 O'"A of Ritllri1ng • I Count 
• T"o Voh;i<Jr Ru•tqr'\ I 900 V "''° 1gg 9 mV 
• Up 10 's Con~11'''"°"'' '' 
• z .,, .• IOl)OM g'im 
11 AIJ!g Pal• " h° •NI Auto 2'~u 
11 S. nJlt! Pout r.1' VtH l.il)e Arlf'•r" c:r 
11 S. 1.1rnb•d 8S-r1 ~,CMOSOu 1 1>uo D••ve\ Onr L. ow Pow"" 

Sct1 0 11lo.y l o11< l 
• UM\ O n Ch111 Sv,1 t-m C14.ld , '·" E • lft n:il Clod. 
• l.Qw Po,..ei Con\u1t11111on 8 0 mW IVP.Cil l f- • !; 0 V 
• Wiil~ Suooa~ RJflf)": f q • • 4 5 v IU • 8 0 v 

MCl4433 SINGLE CHIP 3l DIGIT A/ D 
Single chip combine.i linear ond CMOS digital to bring you 
the simples! yel OVM opprooch . Requiring only 4 externa l 
pas.sivo ports, thh iubsystcm gives. you: Auto polarity, auto 
zero, single vol tage reference, 8 mW operation, ovcrronge, 
underrange signals, 25 conversions per second ond .05% ± 
I counl occurc:icy I 100 uV reso lution. 24 Pin OIP . 
MCJ4433P ...........w;oh specs .•..•• • •••••• ••• Sl9. 55 

ASR·33 

KEYBOARD 


These era SRA.NO NEW keyboards from one of the 
notions largest switch and keyboard monufocturers
nol iurplvs. A special orrongemenl wl lh the maker 
allows u ~ lo bring you these quality keyboards at 
len lhan O.E.M. cost . Avallobfe in any quantity, 
you con design them into your equipment and btt 
sure or c.onlinucd source. Individual koys can be 
eoslly replaced if domoged - you won' t wear them 
outll - 
MODEL 2129007 KB •.• . .•..•...••..•••. . •S74.95 

74C923 
CMOS key encoders provide al I the neces1ory logic ta 
rull y encode on a rra y or SPST switches. On chip 01.c· 
illo tot for scon or ~e with f?xternol clock source. Out
put is birX>ty ond is low power fT L compatible . Keybounce 
oliminal ion wi th singl~ capaci tor. Memory ho lds lost ki'.?y 
doprened . Operates on 3 lo 15 volts. 2-key rotlover. 
MH,74C922N .... • . 16 key encode, . ••••••• . . ••.•. S6.35 
74C923N 20 ~cy keyboard .• •...••••• • ••• • •• . . • .. S6.50 
Spocs for both chips •••••. • ••• . ••• . •• • ••••• • •• . •. 60c;: 

MM5865 UNIVERSAL TIMER l.C. 

A rrvly univoriol limer can be used for a )topwotch, kit 

chcm timer, oven li mcr , event tim<?r/ countcr, rally timer

----. 7 func tions, two counters, internal comporotors, on 
chip osc:illctor . t-Acmory ror rolly with toto l elapsed time . 
Con be coscodc-d---,elnctab lc reso lution- count up or down 
---s.c!ectablc modulo lot time or event count . Operotc on 
7 to 20 \lolh at about 7m~ . 


Mlo115865N ..•.• . . •.. •• . .•..•..••..•••.•••..•••.• 58.75 

Spec~ and oppllcotions. . .. . .. . ... .. ... . . ......... 60<; 


MIL RANGE 5V REGULAT0R. 

\'/er.I o U11le be1ter pcrfor;;,'ance from yoor 5V supply? 

LMl40K ~n T0-3 from confroc t concallorion brings you 

o suporior port ol the price of plastic regulator . 
LMl •IOK•••• , •• ••• . ••.•• • •• •.••• •• •. ••• ••. •. ..•• • SI .95 

LMISB9 TV VIDEO MODULATOR 

The LM1889 h designed to in1 erfocc audio, color difference , 

encl lumlnonca si9nols to the an tenna lermino ls of o TV re 

ceiver . It consish of a sound subcarri cr oscillator, chroma 

iWcorrier oscillator, quodrature chroma moduloton, ond R.F. 

osci llators and modulators for two low-VHF channels. 

The LM1889 allows video lnfo""olion from VTR's, games, 

rest equipmonl, or similar sources to be displayed on b lock 

and whHe or CDlor TV rece iver$, 

LMl889 wHh 16 poges of doto S9,95, doto only, SJ .00 


ffi~[?[fillJrn 


I 
~' 

DATA BOOKS BY NATIONAL SEMICONDUCTOR 
OIG1TAL. Coveo TTL, DTL, Tri-Slore, utc • . ••.•. SJ .95 
LINEJr.R. Covers omp lifiers, pre-amp,, op-amps , •• S4 . 25 
LINEAR APPLICATIONS VOLUME I. Dot cni of 
applica tion nole$ and technica l bdeft covering the 
vse of op-omps, regulators, phorn locked loops and 
audio orrps •• . • •..•. • .. . ••• , • •• ••• , , • • • . • • • • • • . SJ •25 
LINEAR APPLICATION S VOLUME II. Toke1 up whe<e 
Volume I left you--All 1he latesl linoor devices. 
Along with Vol I you hove a greol scorce or opp
lit:;otlon dc1la on rhe mosl widely u•Cd doviccs as well 
as new types iui; t oppoor ing • ..•• ••••• • •• • • •••. • • S3 . 25 
CMOS Gates, Fllp Flops , regis ters, etc . • . • • ... 53 .00 
VOLTAGE REGULATORS , A mu•I fo, onyone mok;ng 
a power supply . Complete theory lncludtl\g tram form
ers , fi lt ers, heo t sinks, regulotors etc. •••••••• • • • SJ.00 
MEMORY. Info on MOS and 91polor memodos, RAMS 
ROMS, PROMS end decoder/ encode., ••• . • • ••..• SJ.95 
INTERFACE. Covers pcripharol drivers, level lrons
lotors, line dri..,-er/ roceivon, memory and c lock drivers, 
serue amps, display dri ver end opto- couplen •••.• SJ . 95 
SPECIAL FUNCTIONS DATA BOOK, Conto;n, de
tai led informa tion ror 1poc:Hying and opr>lylng speei<.11 
omplf fiers, buHe rs, clod:. drl veri , ona1og switches and 
O/ A-A/D convorrer products . ... . . . ......... . .. SJ. 25 
AUDIO HANDBOOK Coniains detai led discussia(lls, 
Inc luding comp lere design porticulcin., covorin9 many 
areas or audio wi th rea l world design examples • .• SJ.25 

Plea.Ht add exho For rirsl clont R I - t € k, InC. 

- --- - - - - •-- -- - - - - --S P£C IAL-- - - - - - - - - - - - - - - - - 
0 ATA BCO KSHElf. Buy all ten oi t~a Nolional Doto 
books at one time ond save S.5 . IOJ! l • .. • .••..• SJ0 . 00 
~ All boo~' shipped ppd ln US only. Fomi9n a rdors 
please odd ~hipping ror 1.5 lb1 par bo:l") 

Wo pay su,foec ~hipping on all 

Sayg 
I'm one year o ld th is month goin' on two - thei 
£olks at Tri -Tek will be bringing you rul l growod 
vofue:1 in e lectronic ports and the latest in book:1 
ond doto. 


They've been doin i i for :1ix yeors now-------

cos-M~'S 

BACK! 


CDPl802 COSMAC IS BACK IN STOC K 111111111 
Tli o famous and very popular 1802 is here ogoin oOer o 
long dry spe l l. Thi s is the litrle 8 bit CMOS micro
proeeuor whieh sold ou t on our li rd offering. 
Spociol AMP'l ANNY bi rt hday price of S2Cl. 95 for rhe 
month of APRIL only! ! 
CDPIS02 .••. • . • •.••. . . •.•••.• • . .•.••••• . ••.•• • S29.95 
CDPl852 . .• ...•.•••. . Porolle l odopror •• . .••• ••• Sl5.95 

CDP I821 SCD • • ••••• • •••• • ••• • •• .•• •• . • • •• .. •• S24 .62 

CDP l822SCD.. ... ... . ....... ....... .. .. ...... S25.80 

CDP1824CD •••• •••• •••• • •••••••.•••••••• • • •.• SIJ.35 


COMBINATION LENS UD 

MOUNTING D£YIC£ fOR 


T tl/4 LED 


REQUIRES 
NO TOOLS 

SNA1' CL/1'LITE 

~~ 

J INSERT LED 

.vAILABLE IN TRANSPARENT RED · GREEN · AM8£R ·CLEAR & YELLOW 

CLIPLITE 

Combination lcm. and rnounting de'lice for T 1-3/4 LED. 

The CLIPLITE combine:1 tho bcnerill of tho presen t LEO 

di:1ploy panel mounti ng me thods on:! eliminates their def 

icioncl «u. ~quires no special tools and ins tolls in 6 seconds 

in . 250" hole. Simple two-step insta llation. Just snap 

CLIPUTE, insert LED. Available in transparen t red , gre~n, 


omber, cleor ond yellow. Specify colors , any mix. 


5/Sl.00, 10/ Sl.90, 20/SJ.50, 50/S7 .50 100 13 

JOV OIAC. Tiny gloss d iode for triggering SCR's and 
trlocs. Improve your firing c ircu it for more reliob le and 
repcctable opcrot ioni . At o froc lion of the O.E .M. 
pdcell DIA-0030••••••.••••••••••.••• • • • •• ••• 10/SI 

MINIATURE POWER SUPPLY 

SV, .25A, P.C. mount ing module supp li e.s. logl<:: 

vo ltage from 105-1 25VAC input , 50-400HZ. Ultro

stoble ond noi.s.e free wi th extern.ol trim eopobilit y. 

Modo by PMC. (Model MM-58L), • • , •••. • • Sl5. 95 


LINEAR CONTROL DAfA BOOK 
T, I, linear products dale end appl ications, Price includes 
shipping charge, U. S. only••..•••.••..••.•. .• • , $4.25 
Outt.ide U.S'* odd posloge for 2 lbs. 

NEW BOOK FROM NATIONAL 
MOS LSI. G iant data book filleo with spec and opps 
on Iorgo scale MOS circuits from Nalionol Semiconductor 
Corporation .Price includes shipping ln U.S. only .• . S4.25 
Outside U. S ., odd po:. tage ro.r 2 lbi. 

orde rs ovor SIO US, SIS foreign in US (unds . 
or oi' moll. Excen will be refunded. Orders 

under SlO, odd SI hand ling. Plt1me odd 50c iruuronce. iV.oster chorge and 
65'.!'.l noQth 43QO avenue. Bonk .Ame-rico cordt. welcome, (S20 minimumL Telephone orders may be ? laeed 

4LenOal €, aQ1zon a 85301 IOAM lo 5,JOPM doHy, Mon thru f,; . Coll 602-931-4528. Chock «odor 
'en1icc cord 01 ~and i;h;unp for our lotet:t flyert. pocked with new ond surp luspnone 60'1 - Q3t ·69·•• 
eleclrc:.nic componenl1, 

http:extern.ol
http:20/SJ.50
http:speei<.11
http:AL-C1.11


To get further inform;ition 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. Not only do you gain information, but our advertisers are encouraged to use the 
marketplace provided by BYTE. This helps us bring you a bigger BYTE. 

Reader Reader Reader 
Service Page Service Page Service Page 

Number Number Number Number Number Number 

232 Abbott Electronics 155 157 Electronic Warehouse 165 230 Pan Delta 159 
75 Advanced Microcomputer Products 163 56 E&L Instruments 121 63 Parasitic 131 , 133, 139 

168 Aldelco 129 102 Eltron 166 239 PCS 129 
173 Anderson Jacobson 131 241 Expander 151 PerCom Data 32 
142 Associated Electronics 147 9 Godbout 167 194 Peripheral V ision 39 

Audio Amateur 148 HAL Communications 120 105 Personal Computer Corp 157 
225 Bay Area Timeshare 155 218 Hayden Publications 86 Personal Computing Show 76 

4 BITS Inc 134. 136, 138, 145 226 Homestead Technical Corp 151 Polymorphic Systems 5 7 
149 Bits and Bytes 157 109 iCOM 114 213 Prime Radix 75 
217 BPI 73 12 IMSAI 7 24 Processor Technology 5, 27, 53 

BYTE back issues 150 60 Interface Age 119 219 RHS Marketing 98, 99 
BYTE index 157 204 International Data Systems 84 234 Rotundra Cybernetics 151 

240 Capital Equipment Brokers 161 215 Jade Company 168 26 Scelbi 51 
126 Cheaplnc151 15 James 169, 170 73 Scientific Research 28, 29 
127 Cornptek 143 130 JGM 129 27 SD Sales 173 
140 Cornputalker 157 229 Libau Inc 159 236 SEALS 91 
216 Computer Components 81 158 Lil lipute 159 169 Smoke Signal Broadcasting 97 
161 Computer Corner 151 209 Logic Design 155 59 Solid State Sales 174 
143 Computer Enterprises 143 90 Logical Services 150 29 Southwest Tech Cl I 

Computer Faire 68, 69 18 Meshna 171 99 STM Systems 85 
83 Computer Mart NY, LI 157 182 Micro GRAPHICS 129 164 Sunny Computer Stores 129 

156 Computer Place 155 196 Micronics 155 96 Synchro-Sound Enterprises 88, 89 
141 Computer Room 115 119 Midwestern Scientific Inst 122 205 Szerlip 150 
208 Computer Shack 127 57 Mikos 172 121 Tarbell 137 
237 Computer Shop (NH) 157 112 MiniTerrn 21 82 Technical Design Labs 93 
138 Computer Warehouse 164 MITS CIV, 58, 59 136 Technical Systems Consultants 135 

6 Continental Specialties 118 71 rnpi 141 192 Tee Mar 149 
202 CRC Engineering 38 233 M Systems 151 Trenton Computer Festival 144 

87 Creative Computing 112, 113 171 Mullen 139 32 Tri Tek 175 
41 Crornernco 1, 2 22 National Multiplex 83 193 US Robotics 159 

178 Cybercorn 31 NCC 152, 153 228 VAMP Inc 159 
125 DEC 33 NCR 87 221 Vector Electronics 116 
185 DAJEN Electronics 133 155 North Star Computers 117 137 Vector Graphic 23. 123, 160 

78 Digital Group 55 64 Oliver Audio Engineering 155 224 Wyle Computer Products 149 
170 ECO Clll 198 Omni 135 154 Worldwide Electronics 142 
211 Economy Terminal 159 40 OSI 11 220 Xirnedia 125 
47 Electronic Control Technology 129 147 OK Tool 77 222 Xybex 137 

• Reader service inquiries not solicited. Correspond directly with company. 

ECJME-
EYTE's Clai;uia~ Mm1ituP Eux 

On BOMB Card, 

Article No. ARTICLE 


Butterfield : KIM Goes to the Moon 
2 McNatt: A Guide to Baudot Machines: Part 1 
3 Ciarcia : Having a "Private Affair" with Your Computer 
4 Rosner: A Review of Torn Pittman's Tiny BASIC 
5 Helmers: Software Controlled 1200 bps Audio Tape Interface 
6 Rosenbaum: Artificial Intelligence: What Is It? 
7 Emmerichs: Designing the "Tiny Assembler," Part 1 
8 Gray: Establishing the CHU Dynasty 
9 Barnes: Technology in Roman Military Arts, or Plexitus 

10 Melton : Why Aren't There Any Altairs on Arcturus II? 
11 Salter: Navigation with Mini·O, Part 3 
12 Baker: Microprocessor Update: 8008 
13 Price: Microcomputer Glossary 

BOMB Exploded 

We put BYTE's Ongoing Mon itor Box on 
a postal card starting with the January issue 

PAGE in order to encourage responses. Never did 
8 we expect the BOMBslide that resulted. 

12 Peter Travisano and Gregory Spitzfaden, 
18 who shared the staggering job of totalling 
34 the voluminous j anuary responses, have 
40 emerged from the cou ntin ghouse to an· 
50 nounce that David M Allen , who wrote 
60 "Saturation Recording's Not All That 
70 Hard, " and Terry Do\lhoff, author of 
78 

"Making Hash With Tables," were so close in94 
100 the bal loting that each will receive $100 for 
110 the top award, instead of our usual first and 
124 second place division of BOMB prizes.• 

176 



Mlcromlnd Is an Incredibly flexible, 32K byte expansion boards and a mapping 
complete and expandable, hardware/ option give Mlcrom lnd expandable access 
software, general purpose cotnputer to 64 Megabytes. Utilizing software
system. You won't outgrow it controlled IfO channels, Micromlnd's 


Hardware includes an 80 key, software· 
 advanced encoding techniques load data 
definable keyboard, 1/ 0 interface board, from ordinary tape recorders at 3200 
6500A-series microprocessor (powerful bits per second. 
enough for advanced computing), a high· Micromind comes to you ready-to-use, 
detail graphics and character display factory assembled and fully tested. Among 
processor. power supply, rf modulator, microcomputers, it has the largest memory 
and connections for up to 4 tape recorders capacity and the fastest storage. You're 
plus TV or monitor. An interconnect bus 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'sµ.! 

ECD CORP. 
196 Broadway, Cambridge, Mass. 02139 
(617) 661-4400 

-provides a word processing editor, a ECJ>r-----------------------1 

I Name I 
I I
I Address-----------------~ I 
: City/ State ---------- Zip _____ I 

I
I D Fantastic! Check enclosed : $987.54. Sh1pplngpa1dbyEco I 
I D BankAmericard D Master Charge Mass.Reslden1add5!f. SalesTax I 
I II # --------- Expiration Date _ ___ _ 

I
I S~n~ure I 
IL D Send me your brochure. b I 
---------------------~-J 

Actual unretouched photographs. 

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 µ.M-65 
supplies 8K bytes of memory. Additional 

permits 15 additional microprocessors, 
parallel processing and vastly increased 
computing power. 

System software-including ECD's own 
notsoBASIC high level language, on 
advanced error-correcting tape cassettes 
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