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Figure 1: A general block
diagram of a simple funar
lander program. It can be
seen that a lunar lander
program basically breaks
down into a number of
updating routines. These
updating routines aqre con-
tinuously repeated until
the funar fander has
reached the surface.
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There are quite a few lunar landing pro-
grams available nowadays: some for pocket
calculators, others using graphic displays.
The one | wrote for my KIM-1, based on the
MOS Technology 6502 microprocessor, illus-
trates many of the technigues needed to
develop the program.

The KIM-1 comes with a six digit LED
display, which can be accessed by the user. |
used the first four digits to represent the
craft’s altitude, and optionally, the fuel
remaining. The last two digits, which are
slightly separated from the rest of the
display, are used for rate of descent. Both
values change continually as the craft moves.

The KIM-1 keyboard is used as the pilot's
control panel. Thrust is set by pressing
controls 1 10 9. A value of 1 is minimum
thrust, and the craft's rate of descent will
increase due to gravity. Nine is maximum
thrust, which slows the rate of descent
sharply. In addition to power control, the
pilot can elect to view either current alti-
tude, by pressing A, or remaining fuel, by
pressing F.

The Equations of Motion

The crafi, of course, moves in accordance
with the forces acting upon it: thrust and
gravity., A physics textbook shows some
rather formidable equations. However, they
can be boiled down to the following simple
procedure:



Every 0.01 second,
add 0.01 of the acceleration to the

velocity;

add 0.01 of the velocity to the alti-
Lude;

subtract 0.01 of the thrust from the
fuel.

The acceleration is set equal to thrust minus
gravity, and gravity is set al the constant
value 5.

The time period of 0.01 s is arbitrary.
Since KIM can operate in decimal modec,
dividing by 100 becomes an clementary
operation. Everything would work just as
well if it were done in any other small time
increment,

Figure 1 shows an clementary block
diagram of the program. After sctting the
initial flight values, we settle into three main
jobs: updating the fiight, lighting the dis-
play, and detecting input from the pilot.

Setting Initial Values

An interesting flight can be obtained by
starting the lunar module at a height of
4,500 feet with 800 pounds of fuel. That's
more than sufficient fuel for a safe fanding,
but not enough 10 allow for prolonged
hovering.

It's not difficult to set all the initial
values by programming them individually.
However, a faster method is to set them all
together in memory and use a loop to
initialize all of them. This is what | did as
shown in listing 1 on hexadecimal lines 0000
o 0007.

Updating the Flight

Every 0.01 s we must update our rate of
descent, altitude and fuel. As previously
indicated, we have 10 add 0.01 of various
values into the totals. We can accomplish
this guite easily by using a gimmick. Instead
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
rate of ascent directly into the six digit
number; and the division by 100 happens
automatically. For display purposes, of
course, we drop the last two digits, so that
we're back to height in feet. Using the same
technigue on the other parameters, we find
that the updating job becomes relatively
gasy.

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

Text, listing continued on page 132

Listing 1: An example lunar funder program written for the KiM-1
microprocessor that uses the flowchuart of figure | us a base. The input and
owlput of this program is handfed by routines that are inherent to the KIM-{
system. The data display is seen on the keypad and LED display of the KiM-}
assembly.  This display continuously shows the rate of descent, and on
command wifl display either the amount of fuel left, or the altitude of the
craft. Keys | twough 9 are used to input thrust commands, while key A
chooses the altitude display mode and the F key chooses the fuel display
mode. All the numbers in this listing are in hexadecimal unless otherwise
stated.

Address Op Operand Label Mnemonic Commentary

0000 A2 OC GO LDX =0C

0002 BS B8 LP1 LDA INIT,X T .

0004 a5 E2 STA ALT,X 2 initiatize values;

0006 CA DEX

0007 10 F9 BPL LP1

0009 A2 @5 CALC LDX =05 X:=05;

oo A0 1 RECAL LDY =01 Y:=01;

000D F8 SED set decimal mode;

000DE 18 CLC clear carry;

000F B5 E2 DIGIT LDA ALT, X

0011 7% E4 ADC ALT+2,X } add each digit;

0013 95 EZ2 STA ALT X

00156 CA DEX

0016 88 DEY } set up next digit;

0017 10 FB BPL DIGIT

0019 B E5 LDA ALT+3,X

Qo1B 10 02 BPL INCR

001D A9 99 LDA =99

0D1F 7% EZ2 INCR ADC ALT X

0021 95 E2 STA ALT,X

0023 CA DEX counter:=counter - 1;

0024 10 E5 BPL RECAL if counter positive go to
RECAL;

0026 AS  E2 LDA ALT else check if altitude is
positive;

0028 10 0B BPL UP if altitude positive go to UP;

00zA A9 00 LDA =00 else altitude:=00;

002C A2 02 LDX =02 X:=02

002E 95 EZ2 [n]8] STA ALT,X

0030 a5 ES8 STA TH2,% N

0032 CA DEX else turn off engine;

0033 10 F9 BPL DD

0035 38 up SEC set carry;

0036 A5 ED LDA FUEL+2

0038 EE EA SBC THRUST .

003A 85 ED STA FUEL+2 update fuel,

003C A2 01 LDX =01

003€ Bs EB LP2 LDA FUEL,X

0040 ES 00 SBC =00

0042 85 EB STA FUEL,X check if fuel left;

0044 ca DEX

0045 10 F7 BPL LP2

0047 BO 0OC BCS TANK if fuel left go to TANK;

0049 A9 Q0 LDA =00

004B A2 03 LDX =03

Q04D 95 EA LP3 STA THRUST,X else turn off engine;

004F CA DEX

0050 10 FB BPL LP3

0052 20 AAQC JSR THRSET go to THRSET;

0055 A5 EE TANK LDA MODE A:=display mode;

0057 D0 0A BNE SHOFL if mode not 00 go to
SHOFL;

83298 ﬁg Eg ::SQ 2}:¥+1 } AX:=location of altitude;

005D FO 08 BEQ ST } ST

005F DO 08 BNE ST gotosT

0061 FO AB LINK BEQ CALC

0063 A5 EB SHOFL LDA FUEL A:=FUEL;

0065 A6 EC LDX FUEL+1 X:=FUELH1;

0087 85 FB ST STA POINTH . K

0069 8 FA STX POINTL | disptay values;

0068 A5 Eb LDA VEL A:=velocity sign;

006D 30 08 BMI DOWN if sign negative go to DOWN:;

006F A5 EB LDA VELH1 A:=/velacity/;

0071 FO 07 BEQFLY .

0073 DO 05 BNE FLY } goto FLY;

007% 38 DOWN SEC

0076 A9 Q0 LDA =00 } velocity:=/velocity/;

0078 ES E6 SBC VEL+1
















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

displays of console famps, or the
temporary frames of similar video
regdouts. 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
caich 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 15 obsolete
(Teletype Corp no longer manufactures
parts), but:

® [t's a rude, ugly mechanical mon-
strosity next to LED readouts, shiny
microprocessor cabinelry, and solid-
state keyboards.

® [t's a veritable assauit of clanking,
grinding, and roaring among the silent
flash of panel fights, 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 smefl of new program-
ming books and operating manuals,

® [t 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 15 hardcopy page printer will
cost between $35 and $100 depending on
your resourcefulness, and fuck.

different speeds simply by changing gears.

Waords Per Data
Minute Rate
60 45 bps
66 80 bps
75 57 bps
100 75 bps

Characters Bit Stop Operations
Pear Second Pulse Width Pulsa Width Per Minute
6 22 ms 31 ms 368
6.6 20 ms 30 ms 400
7.5 18 ms 25 ms 460
10 13.5ms 19 ms 600
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Speed Up the uP Design Process,”
EDN, April 20 1976, pages 63-72.]

What Kinds of Baudot Machines are
Available?

Perhaps the best way to answer the
question of what's around is to catalogue
each machine briefly, starting with the Tele-
type Corp models and following with units
by other manufacturers such as Klein-
schmidt, Creed, etc. in these descriptions,
I've included photographs 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 all Madel
12s had been removed from service by the
1940’s, which makes it a real antique. The
unit consisted of a Baudot 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

This series of Baudot paper tape readers
and punches were manufactured beginning
in 1925, with about 57,000 Model 14s of all
types 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 parallel 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.












Having a

with Your Computer

Steve Ciarcia
POB 582
Glastonbury CT 06033

What you are about to read is a lrue
story. The names haven’t been changed to
protect the innocent because, frankly, 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 children who had
played noisily in front of my house all
summer had been removed conveniently to
schools well out of earshot. There was just a
slight 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 solitude stimulate
the mind. Through your consciousness race
thoughts of all kinds of inventions which
haven't even been thought of yet. But you
resign yourself 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
BASIC. | didn't intend it for any particular
purpose, just relaxation. | assembled it and
placed it in my shop with my other modest
pleasures and plinked away on the keyboard
occasionally. [t was more the challenge of
getting the computer up and running than
writing exotic programs to keep an inven-
tory of the kitchen cupboards, or calculate
Lthe surface area of the family car. | put
together a CRT and cassette mass storage
system and was contenl just generating
peripherals. Then | made a mistake! | told
someone that | had a computer!

While at lunch one day and after a few
martinis, | let it slip to a group of fellow
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workers | knew a lot about microprocessors.
This was not unusual - the conversation
often gravitated to such topics because we
all worked for a large compuler manu-
facturer. Working with computers and own-
ing one is a completely different situation
though. IUs just ha-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 lo 2 times 2 in BASIC on a home
computer. 1t’s absolutely crazy — but Lhen
again, I'm an engineer, not a psychiatrist,

One member of the group, Ralph, con-
tinued to quiz me about what | had said. He
knew from past experience that when it
came to hardware, | wasn’t an idle conver-
sationalist. Since he asked and | was in an
exceptionally happy and unguarded mood
after a good lunch with pleasanl company, |
told him that | knew aboul microprocessors
because | had one. Well, the cat was out of
the bag.

“Waiter! Bring my [riend here another
martini!” he shouted as his interest began to
heighten.

I'm sure everyone knows or has worked
with a character like Ralph. He’s a miid
mannered suburban family man whose goal
is to own the world. It's not an idle fantasy,
but rather a calculated approach to life - all
of it dollar signs. The day 1o day moods of
pecople 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, Ralph is the wise philosopher
who has a kind expression of optimism far






When | reached the area of my work
bench with the tray of biscuits and coliee, |
glanced at the CRT. My blackjack program
wdas no longer on the screen, but rather a
simple little program which took daily stock
quotes and compuled weekly and monthly
averages.

“I was only gone a hall hour,” |
exclaimed.

“Oh? Yeah, [ learned BASIC when | was
in Australia building an oil relinery one
time. It was the same lime that | got into the
foreign stock markels, There's not much else
to do down there, you know.” He had a
broad smile on his face which was an
obvious result of having mastered the com-
puter so easily, and he took the coffee and
biscuits.  He  pounded  the  keyboard,
champed biscuits down in one gulp, slurped
noisily, and shuffled papers madly while his
head continually bobbed up and down look-
ing at the CRT.

“I think I can really do something with
this system, | want a little time to study the
instructions some more, then I'd like (o
come over and discuss some businesss appli-
cations with you.” This scemed 1o be a
reasonable request and | agreed, but before
he could leave, we had 1o make « copy of his
program on cassetle tape.

“Gee, | only have this one cassette which
has the blackjack on i, but | suppose we can
use it. | can always load it by hand. It only
took a half an hour.” | sighed and inserted
my cassette and hit the record button. Out
go games, relaxation, pleasure in come
the stock market, aggression, vlcers, Oh well,
it's only a cassetle tape and a lousy com-
puter game.

“Wow, Raiph, it's aimast 12:30, It's been
a tong night. Glad you could come over.
Study up and maybe we'll get 10 do it again
soon.” | nearly choked on the last comment.
Actually, I'm really not that bitter and
warped. | really like Rulph, and he means
well. But to be on the sale side, I'll buy a
halfl-dozen cassetles lomorrow,

The saga continues . . .

Two nights later, Ralph came over again
with the same enthusiasm and more notes
and papers. Ralph had a {funny look in his
eyes and his bald spot was unusually pink,
but | didn't pursue il. It was probably
coming in from the cool night gir 1o the
warm house. The greetings and salutations
were hardly over when Ralph had sat down
in front of the computer and announced
that he was ready Lo go. | asked i{ he wanted
me to load his stock program which we had
put on Lhe casselte from the previous ses-
sion, but he protested that was child’s play
and he was really ready (o program now. In
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fact, he had written a lot ot it zady and
opened one of his notebooks to show me
five solid pages of BASIC programming.

“And that's just to enter the player
slatistics and post s, he exclaimed,
delighted that he ;omplished so much
in so little time and indicating as subtly as
possible that this was just the beginning.

“Statistics? Post position? For what?"” |
asked.

“For jai-alai, of course!”” he exclaimed
and I immedi  ly Kknew that the odd look
and pink bald spot had nothing 1o do with
the cool night air. “We enter the players'
stalistics, their post positions, and all their
previous performance records, the computer
does a little mathematical hocus-pocus and
plays the game and predicts the winners,”
He could hardly hold still as he was describ-
ing this mind-boggling scheme to me. "And
when we add the betting section 1o the
program, it will tell exactly how much to bet
on the trifectas, perfectas, and quinellas.
And . ..”

“Hold it! You mecan you are going o
wrile a2 game program ¢ my blackjack
program?” | asked. A game program was
only natural as far as | was concerned. | was
a true nongambler and never bet on anything
but a sure thing. Even then, it wasn’t really a
bet because the things | would place a wager
on cntailed no risk and I'd be an idiot not
taking a chance. Such things were betting
that my salary this week was the same as st
week, or with the gas station attendant that
the car needed a quart of oil (I checked it
before going to the gas stalion), or that it
would snow in Conneclicul this winter, |
have never been to a horse track, dog track,
betting parlor, pool parlor, Las Vegas,
church bingo game, or even bought . raille
lickel. Sometimes | think | lead a protected
life.

“Hell no! | mean a program Lo play and
bet real money at the jai-alai {ronton here in
Hartford!” he exclaimed almost jumping ol
his seat. There was a point at which |
wondered whether | should fear for my life
and considered calling my dog, but alfec-
tionale Scottish  Terriers don't seem Lo
demand the same respect as Doberman
Pincers.

"This is only a 10K system. We don't
have enough memory Lo do a program like
that,” | rebutted, hoping to clip this crazy
proposal in the bud.

“‘Oh, don't worry about that. We'll add
some more memory. | figure it will take
about 24 K and of course, we'll eventually
need some sort of hard copy device .. .”

“OK..OK.. go program something while |
think about it,” | said in a resigned sigh. |












! didn’t want any more
cassctic storage criticism,
but telling Ralph about my
depleting bank account
would have fallen on deaf
cars.

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

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

The next four evenings | diligently
worked at improving the system and increas-
ing the memory. The leaves were piling up
around the front door and | knew | should
be raking them or putting antifreeze in the
cars, or something. | hadn't picked the ripe
tomatocs from the garden before last night’s
freeze, but now | don’t have to worry about
them anymore. | 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
saying, ““l remember you. Wasn't | married
to you some time ago?” | just didn’t have the
time to cxplain because Ralph was on his
way over and | wanted to show him all the
improvements, so | patted the dog and
descended the stairs into the workshop,

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

“OK, are we ready to go?" asked Ralph
as he came into view while descending the
stairs. ‘I hope you don’t mind — | invited
Walt along to help me debug the software.
He's a genius when it comes to
programming.”

Ralph was quite correct; Walt was indeed
a software genius. Walt is one of those truly
helpful people who continually goes out of
his way Lo accommodate everyone. Working
with 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 diligently working on something
important, and if someone asks for his help,
he drops everything, solves the other per-
son’s problem, then returns to his own task.
Some interesting situations have evolved
when he’s interrupted by five different
peopie each asking for his help. | suppose
that's the price of genius. | just chuckled to
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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,” | 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 | could find. | didn't
want any more cassette storage criticism, but
telling Ralph about my depleting bank
account would have fallen on deaf ears. |
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
everything for you,” | said as 1 cleared off
the desk. “Can | get anyone a drink or
something?"”

“I’d like a beer if you have one,’
Walt.

“I'll 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 |
would have a favorable reaction to his
request. | used to work at my bench and
occasionally kick a ball around the cellar 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. | wenl upstairs
to prepare refreshments and invited the dog
to follow, hoping to placate him with a fresh
baked biscuit.

My wife walked into the kitchen and
being the understanding soul that she is,
asked me if | could possibly light a fire in
the fireplace and use the den for whatever it
was that | did downstairs.

?

said






[ smiled from ear to ear
and thought of the coup |
was about to perpetrate.

During the next two days,
| worked at a feverish pace,
stringing wire and soldering
components.

and were apparently unaware of the preced-
ing “fiasco’” when Ralph said, 'l hope your
evening was as productive as ours. Walt
figured oul the bugs but it will take a few
more sessions Lo incorporate the revisions,
That's quite a system you've got there. You
must really enjoy it.”

1 didn’t get mad, | just looked tired. Even
the dog decided he couldn’t take anymore
and went to lie down in front of the fire.
“Well Raiph, it will be nice to see the
program work so you can spend all your
time at the jai-alai fronton."”

“I’'m looking forward Lo that too. Bul we
still have a lot of work. Day after tomorrow
evening is a good night for me. My wife may
not be home, so | might bring the kids., Do
you like kids?’’ he asked.

“Kids are fine. It's their paren..." |
started as he interrupted.

“Great. Walt and 1 will see you then,”
was his final pronouncement as he stepped
out ol the door; but on the way to the car,
he turned long enough to yell, ""Hey, some-
one left this big mess on your front lawn,
but if you pile enough lcaves over it, nobody
will know.”

“Thanks, Ralph.” | just closed the door,
closed my eyes, and leaned against the wall,
| judged that | didn’t have much time before
they were coming again, so | had better get
to work on the communication link to the
den.

During the next two days, | worked at a
feverish pace, stringing wire and soldering
components. | stuffed the three wires
through the hole in the den window, ran the
wires down the side of the house to the first
floor level, and then drilled a hole through
the outside wall into the garage. | had to go
through the back and out the front of a
garden tool cabinet in the garage, but my
wife wouldn’t notice that she couldn’t open
the door any more until spring — I'd just use
my skill saw and make a new opening for
her.

Stringing the wire through the garage was
easy. | just hung it across the ceiling and
looped it through the garage door springs for
support. [t was only when | started chopping
a hole through the concrete wall into the
basement that | got upsct. Some idiot put a
layer of sheet metal in the center of the
concrete and the drill bits wouldn’t even
penelrate it; but this turned out to be no
match for a cold chisel and a five pound
hammer. The hole did turn out to be a bit
larger than | intended, but 1 always wanted
to install one of those little doors where a
dog lets himself in and out.

| quickly attached the twisted pair to the
line receiver in the shop. The unit down-
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stairs consisted of the receiver section of
a UART (universal asynchronous receiverf
transmitter) while the box in the den con-
tained the transmitter and line driver. A
keyboard is plugged in upstairs, and when a
key is pressed, the ASCIl keyboard data is
serialized and sent to the receivers down-
stairs where it is reconverted to parallel for
the computer. | chalked up the $40 it cost
to build this interface to experience for the
sake of family harmony. The $175 for
another keyboard and another TV monitor
was a bit harder to take.

Ralph, Walt and whoever eise was coming
over would be there soon. | decided on a
lark to try to type in the blackjack program
before they came and busily attached the
keyboard. When | was through, 1 took the
tape containing their oldest revision of jai
alai and recorded my blackjack back on it
... just in case. When | was done, | loaded
their latest program version and ran up to
the den to check that all was working
correctly. The screen was brightly lit with
the BASIC operating system indicating Lhat
the video link worked properly. Data entry
on the keyboard also proved successful and |
felt like a new man. | smiled from ear Lo ear
and thought of the coup | was aboul lo
perpetrate, | made myself a Tangucray
martini, sat by the fireplace and awaited the
arrival of my honored guests.

It wasn’t long before Ralph and his two
kids were at the door with Walt closely
behind. 1 hadn't even closed the door before
the dog and the children were off chasing
each other through the house. ""Are all kids
like this?" | asked.

“Only happy ones,” answered Ralph. 'S¢
do you want to come downstairs and see
how this works?" he inquired.

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

“Sure. That sounds QK 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 kids can't have furniture like
this,”" continued Ralph as he threw his
briefcase on the velour covered Louis XV
chair next to the fireplace.

| looked at him and stated, "I don’t have
any children, remember?”' Just then, a Lennis
ball whizzed by with two kids and a dog in
hot pursuit. Usually the dog wasn’t even
allowed on the oriental rug, but who was 1
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the table of X and Y valucs. Starting with
the first X, which has the value of T, and for
ten other X values spaced at five times the X
increment, cleven Y values are calculated by
calls 1o the subroutine at line 1000. In Tiny
BASIC, PRINT statements are abbreviated
“PR." The PRINT statements at lines 210
and 215 print the heading and the PRINT
statement al line 230 prints the X and Y
valucs. The (F statement at line 250 con-
linues the loop until the eleventh X and Y
vajues are calculated and printed.

Lines 310 through 590 generate the
graph. The PRINT statements at lines 310 to
340 print the heading. Line 320 prints three
values of Y. U is the value of Y at the origin,
U+ 25 Wis the value of Y at the midpoint
of the Y axis, and U + 50 % W is the greatest
value of Y plotted. The subroutine call at
line 360 brings in a value for Y which is
scaled and rounded up at line 365. Lines 370
through 500 print the X value, the X axis,
and a “<” or "+ 10 indicate the value of Y.
If the scaled value of Y is less than zero, the
IF statement at line 370 causcs 4 jump Lo
the PRINT statement at line 490 where a
carct is printed on the X axis to indicate that
the value of Y is below the lower limit of the
Y oaxis. I the scaled value of Y equals zero,
the IF statement at line 375 causes o jump
to line 500 where a plus sign is printed on
o A axds. 1 the sealed value of Y is greater
than zero, the PRINT at line 380 prints the
value of X and an exclamation mark for the

Listing 1: Tiny BASIC listing for a plot routine using a function, The
equation to be plotted is in the subroutine located at fines 1000 through
1999. The routine has the ability to print three types of outpuis. If a vulte of
1 is input only the function to be plotted is printed. If a value of 2 s 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 1010, The X increment is always 5
times the input increment value. If a value of 3 is input the program reqtiests
the X,Y origins and increments. The output consists of the equation to be
plotted and the graph.

X axis. The semicolon at this PRINT state-
ment causes the next PRINT statement Lo
write on the same line without any spacing.
If the scaled value of Y is greater than 50 the
PRINT at line 400 closes this line and causes
the next PRINT statement to start printing
at the beginning of the next line. If the
scaled value of Y is between 1 and 50 the
statements on lines 430 through 470 cause a
plus sign to be printed Y spaces above the X
axis. The statements at lines 510 and 520
increment X and continue the loop until the
last (S1st) vatues of X and Y are computed
and plotted.

The example of listings 2 and 3 are for
the cubic equation:

3
v =4 3x? e 2x

Listing 2a is the table of values Tor X and
Y starting at X cqual to 50 with an X
increment ol 2. The jump to negative values
of Y (at X equal 1o 40) and the exceptional
values of Y at X equals 50 and —40 are due
1o computations exceeding the range of Tiny
BASIC. Listing 2b is the same table with the
first term rearranged. This keeps the value of
Y within the range of precision for variables
for a larger range of X. Listing 3 is the plot
of the equation with the starting value of X
equal to - 25, the X increment equal to 1,
and the starting value of Y and the Y
increment cqual Lo 100 and 4, respectively,
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Listing 2a: The 2 command has been read telling the program to request a
value for the X origin and increment, A table of X and Y values for the
function of line 1010 js also oulput. In this example the X origin is —50 and
the X increment is 5%2. For the X values of —50, —40, 40 and 50 the

* Y

T incorrect Y value is given. This is because the value that is computed is
-a1 a3yt outside the range of the Tiny BASIC's capabilities. After looking at this table
=11 - . .
o o the origins of the program can be changed so that values capable of being
3 o used are generated, Another use of the table is to determine the values of the
' o Y axis
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A small program change in lines 1000 to
1999 allows discontinuous functions to be
gencrated and plotted as in listing 4. These
lines are the ones that contain the function
to be plotted. Instcad of using a simple
expression, conditions are set up to deter-
mine the starting Y value of the graph on
line 1060, the upper and lower limits be-
tween which the graph will oscillate on lines
1020 and 1000, and the risetime and fall-
time of the graph on lines 1040 and 1051,
By examining lines 1000 to 1999 in listing 4
it can be seen that the graph is independent
of X but is a function of its own previous
value.

If you want to usc the entire graphing
routine as a subroutine you may want to
renumber cach line. Be sure that there are no
statement  number conflicts  with  your
routines and that all GOTO, GOSUB, and
LIST statements are properly changed. As an
alternative you can use stalement numbers
from 2000 through 32767 and put a “GOTO
(first linc number of your routine)” at
stalement number 1.

You will notice that no unnecessary
blanks are included within cach stalement.
This makes it slightly more difficult to read
the program but does conserve space. Each
blank requires a byte of storage. At an
average of 2 blanks per line, this saves 90
bytes. As shown in listing 1, the program
requires about 650 bytes of programmable
memory storage.

The USR instruction allows a Tiny
BASIC program access to machine language

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

36

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

D=USR(P,L,A)
where P is the address of the machine
language subroutine, L is a variable passed
through the X and Y processor registers,
and A is a variable passed through the
processor’s accumulator. Upon exiting from
such a user subroutine and returning to Tiny
BASIC, the high order eight 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 values are in
decimal.

Two subroutines addressable by the USR
function are included in Tiny BASIC. These
are the PEEK and POKE routines. The
PEEK routine reads the byte at location L,
converts this byte to its decimal equivalent
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
the TIM version are decimal addresses P =
4116 for PEEK and P = 4120 for POKE. For
the 6800 thesc 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).

TN 2. =9, 2

1A4) REM [HE EJTIIN [D 9E 20 JHiZd 1S
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The port data is loaded into D. Set L to the
decimal port address, P to the POKE ad-
dress, A to the value to be transferred and
cxecute

D=USR(P,L,A).

This causes the value of A to be written into
the port,

By using the PB7 pin on a 6530, very
accurate pulses from two microseconds to
about a quarter of a second in width can be
gencraled directly from Tiny BASIC. If L is
set 1o the base address of the 6530 timer,
then the addresses L+12, L+13, L+14 and
L+15 determine a factor by which A is
multiplied to get the pulse widih, These
factors are:

Address Pulse Width
L+12 1*A
L+13 8*A
L+14 64 * A
L+15 1024 * A

If the 6502 is using a one megahertz clock,
executing the line

D=USR {536, L +13,216)

Listing 3: The plot of the cubic equation whose table of values is shown in
figure 2a. The graduations on the Y axis ure from —100 to +100. A caret is
found on the X axis from the values of —25 to —5. This mark indicates that
the paoint on the graph is less than the Y origin, in other words (s less thun
—100 for this example. If the value of Y is equal to O, a plus sign, +, will be
printed on the X axis. If the value of Y is greuter than 0, un exclumation
point, | will be printed on the X uxis, and u plus sign will be printed ai the
value.

causcs a pulse of width 1728 us ( 8 * 216 ) to
be generated at PB7. PB7 must be set up as
an input (not outpul) and the 6530 timer
must be dedicated Lo this function.

To return o the TIM monitor the Tiny
BASIC program should cxecute this sc-
quence of slatements:

D= USR [ 536,0,0)
D= USR { 536, 1,96)
D=USR{0)

The first instruction loads 00, the 6502 BRK
software interrupt instruction, into location
0000. The second instruction in the above se-
quence loads 96, 60 hexadecimal, the 6502
RTS return from subroutine instruction,
into location 0001. The last instruction
causes Tiny BASIC (o jump to thc sub-
routine at 0000 where the instruction exc-
cuted by the 6502 causes the TIM monitor
to take over. To return to Tiny BASIC, just
have the TIM monitor execute the instruc-
tion at 0001 by typing “G" aL the console.
If the sequence of instructions above was
executed from a Tiny BASIC program by
preceding cach instruction with a line num-
ber and commanding RUN, the next instruc-
tion in the user’s Tiny BASIC program will
be execuled when returning from the TIM
monitor,

Saving and reloading programs (rom pa-
per tape or magnetic tape is casy with Tiny
BASIC if you have a debugged version of the
interpreter. The procedure is Lo save the
program by typing LIST, turning on the
paper tapc punch, and pressing the RE-
TURN key on the Teletype. To reload the
program press LINE FEED, load the paper
tape into the tape reader and turn the reader
on. The LINE FEED command suppresses
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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 which
count when modulating or demodulating the
data is what makes this trick of 1200 bps
recording with the AC-30 possible. 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 ACIA, and for an entire character
transmitied by a suitable algorithm in the
asynchronous data format at 1200 bps. For
300 bps transmissions, a logical 0 bit in the
Lape 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 thal
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 coming back into the
demodulator are smooth sine wave ap-
proximations (see figure 1A for the 300 bps
version).  In the 1200 bps version, we
eliminate most of the redundancy from the
redundant Manchester code by using only
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 | phase encoding method (see Ira
Rampil and Jack Bremier’s article in March
1977 BYTE, page 38), a 2400bps rate
would be possible 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 whal is seen in figure 1, |
set out to make an interface which would
drive the AC-30 at 1200 bps. Since | am a
software person at heart, and since | wanted
to allow the possibility of cventually dis-
pensing with the asynchronous communica-
tions format by means of a new program
design, | decided Lo leave out the UART or
ACIA chips and make a simple hardware
interface for a programmed data format
driven by inlerrupts.

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 gencrated, both as the
4800 Hz clock source for output through
the AC-30 and to synchronize data 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 well, | chose 1o use a separate
timing source driving the processor’s non-
maskable interrupt (NMI) line as the means
of synchronizing the software to the time
base, On output, the NMI line would have Lo
be driven by a 4800 Hz clock source; on
input the NMI fine would have to be driven
by the derived clock provided by the AC-30,

The output clock source is a simple 555
oscillator, 1C9 in figure 2. This was set up
with a variable resistor and a timing capac-
itor such that 4800 Hz was well within the

300 bps signal, The time ordered sequence of data starts with a "start” bit followed by several data bits. The waveforms of C and
D show a complete character transmission at 1200 bps both as fiftered audio (C) and redundant Manchester | encoded digital
data (D). Above B and D are shown verbal descriptions of the data being transferred. Noted below signals B and D are the values
of the variables ST30 and BITC during output operations (see listing 1 and procedure 6).
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The logic includes address decoding for

C-30 intertace.

rdware needed to add this general purpose high speed A
the addresses in listing 1 and table 1, latched output from location 160 for control and data transmission purposes, drivers and

receivers for RS-232 lines, an oscillator time base for output interrupts,

Figure 2: The ha

as well as interrupt control logic and an open collector

, the bus pins should be allocated to the

system

For those who use a commercial 6800

equivalent backplane pins of your system, and address decoding should be altered to fit your system.

driver for the nonmaskable interrupt line.

The names used in

commercial products are usually similar to the Motorola documentation lrom which this system was designed.
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tuning range. The .01 puF disk ceramic ca-
pacitor C2 which | 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 previcus 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
tned 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. | used a simple interrupt driven pro-
gram in the processor Lo count the number
of processor cycles between clock interrupts
since | don't trust my oscilloscope’s calibra-
tion and don’t have a frequency counter, but
do have a crystal controlled processor clock.

Listing 1: An assembly of the AC-30 inter-
face routines. The origin of this assembly
was chosen urbitrarity us hexadecimal 2000
to simplify relocation. In oactual use, the
roulines were assembled to end up ul the
top of the previous code [fimits for
the author’s IMP 6800 monitor and text
editor programs. (IMP, which resides in write
protected memory at locations 1000 to
1FFF, 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 [, and MILI 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
NMI (and other interrupts) vector to jump
instructions in programmable memory in the
first 12 bytes of address space.

Number Type +5W GND —12V +12V
1C1 74154 24 72
1C2 7402 14 7
1C3 7430 14 7
1C4 7400 14 7
1C5 7404 14 7
1C6 7410 14 7
1C7 7401 14 7
1C8 7400 14 7
1C8 555 84 1
1C10 DmB833 18 8
1C11 BmMB833 18 8
ez 51489 14 7
1013 D51488 — 7 1 14
1C14 74100 24 7
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Masking the Unmaskable

Driving the NMI line for interrupts has
one potential problem with a 6800 pro-
cessor: The hardware of the microprocessor
itself has no way to turn off the source of
the interrupts. When | am not using the tape
interface, | don't want to have any inter-
rupts. When 1 am listening to input data, |
don't want interrupts from the output clock,
When [ am recording the data, | don't want
any spurious interrupts from the input clock
logic of the AC-30. Thus some switching and
masking logic is in order.

In figure 2, IC1, IC2 and IC3 are used
together to decode several addresses by
combining sclection of the address with
VMA (valid memory address) and the pro-
cessor's ®9 signal. Three of these addresses,
hexadecimal 0161, 0162 and 1063, are not
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implemented as actual memory locations at Listing 1, continued:
all. Instead, the address selection cutputs of
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some olher processor, you'll probably have a
different set of 10 addresses. Modification of
the address selection logic (and the software

S . . Table 1: Summary of the addresses and commands used in programming the
of listing 1) will probably be required.

AC-30 interface of figure 1.

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

input from the four RS-232 receivers of 1C12 is available in the low order bits
of data referenced at location 160. The low order bit, bit 0, is assigned to
the AC-30 by wiring IC12 pin 13 to the pin identified as **To Computer’s
RS-232 Input” in the AC-30 wiring diagram. High order bits are grounded
to define unused logical zero inputs.

Qutput from the four RS-232 drivers of 1C13 is available in the low order bits

of data written to location 160. The low order bit, bit 0, is assigned to the
AC-30 by wiring IC13 pin 11 to the pin identified as “To Computer’s

The rest of the circuit in figure 2 consists
of the output latch and RS-232 [evel shifting
buffers associated with address 0160,
Writing data to location 0160 sets the value
contdined in the 8 bit 74100 laich, 1C14.
The Tour high order bits of this latch are
used to drive the AC-30's motor control

lines directly as TTL signal levels. {Sce table
I for a listing of command codes corre-
sponding 1o the wiring of figure 2.) The low
order Tour bits are wired to a DS1488 line
driver necded to convert TTL levels to
RS-232 levels. The low order bit drives the
RS-232 output to the AC-30, with the
remaining three lines available but unused at
present. | at some later date it becomes
necessary Lo program a communications
interface Lo some other RS-232 device, this
hardware now lies recady and waiting in my
system. The latch is writlen by combining
the processar's RW line (inverted) with the
address selection signal 1o generate a clock
pulse.

For inputs from the external world, the
bus interface gates simply listen to data lines
when the address is sclected. The low order
[our bits ol an input word are defined by the

RS-232 Qutput” in the AC-30 wiring diagram.

The high order bits are used to control the two motor control flip flops of the
AC-30. Forcing the RS-232 output to remain at logical 1 {the negative
RS-232 state), the following command codes are used (hexadecimal}:

EF = Turn on output motor
DF = Turn off output motor
BF = Turn on read motor
7F = Turn off read motor

All codes assume negative going
pulses activate commands (see
AC-30 documentation for
settings of the options).

When setting data in the low order bits, the high order data sent to location
160 should be masked by a logical sum {OR) with hexadecimal FOQ.

Hexadecimal Address 161, symbol “ACGO’’ in listing 1:

Any reference to this address turns on the 4800 Hz NMI interrupt source,

Hexadecimal Address 162, symbol “ACGO+1"* in listing 1:

Any reference to this address turns on the NMI interrupt source derived from
the tape data via the receiver section of the AC-30.

Hexadecimal Address 163, symbol “ACOF” in listing 1:

Any reference to this address turns off all NMI sources in this interface, as
does a system reset.
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Figure 3: The finite state
machine for input. The in-
put decoding is performed
by a ‘“finite state ma-
chine” implemented in
software. The state of the
input decoder is set by the
choice of NMI 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] for
complete details. This in-
put  state  machine s
initialized by the OPEN
routine and it is termi-
nated when interrupls are
turned off by the CLOSE

routine,
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four RS-232 compatibic input lines which are
converted to TTL levels by the DS1489
receiver circuit, [C12, The low order bit is
committed to the AC-30’s RS-232 output
line by wiring of the cable, leaving the other
three low order bits open for later use with
an RS-232 terminal as noted above. The high
order inputl bits are presently wired Lo
ground, but if il ever becomes necessary to
add a single bit TTL level inpul port to the
computer, these bits can be committed to
that use by wiring them o a suitable
cxternal connector.

With the Hardware Defined,
Software Follows Suit

The intent of this whole exercise is 1o
provide a set of routines for writing and
reading data from the AC-30 within the
context of my existing monitor and text
editor program, IMP 6800 (‘“‘the Interactive
Manipulator Program”). This monitor pro-
vides a general 10 control structure which
accesses detail byte data transfer and control
routines for any given 1O unit. When an 1O
logical unit is sclected by an appropriate
command, the control structure references
the detail 10 routines by looking up their
addresses in a pointer table keyed by the
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logical unit identification. The contral struc-
ture of the monitor is not the subject of this
article, but its effect is felt in the require-
ment of five generic 10 routines which must
be written to interface any given unit such as
the AC-30:

OPEN: initialization of (O operations is
performed by calling an OPEN pro-
cedure; the monitor data item FLAG
determines whether the unit will be
opened for input or oulput processing.

WRITE: when output is required, WRITE
is called each time a byte of datais Lo
be transferred from the address in
pointer MEM to the peripheral.

READ: for input to memory, READ is
called each time a byte of data is (o be
transferred from the peripheral 1o the
address in pointer MEM.

VERIFY: to check the accuracy of
crucial files, a form of the read opera-
tion called 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, the
CLOSE routine is used to turn off the
peripheral after making sure detail
transmission operations are done.

The choice of these five generic 1O operations
for any given 10 unit is a fairly typical
practice when implementing the systems
software of a computer. [t is particularly
helpful when implementing new interfaces:
The control structure of my monitor is
thoroughly dcbugged alrecady, so when |
wrote the new routines and they bombed
the first time around {as often happens) |
knew for surc where the problem was.

Specifying the 10 Qperations

The details of the 10 operations for the
AC-30 arc shown in this article in two forms,
One form is listing 1, a detailed set of code
implemented for the 6800 and assembled
using Jack Emmerichs’ assembler program.
The second form in which the 10 operations
are given is in a higher level “pscudo code”
form as eight self contained procedures,
These procedures are writlen from the
assembly as a form of detailed commentary
on the algorithm, and can be used by owners
of the other processors as a starting point
for coding new versions of the routines.

In the notation of the programs in the
procedures, square brackets [| are used to
enclose extended commentary and opera-
tions defined in words, Variable names and
labels are the same as those used in listing 1.
With a few minor exceptions the procedures



Procedure 1. OPEN rowtines. The OPEN roulfnies are used 1o set up output or
input operations, depending upon the state of FLAG, a variable which should
be set to Q for input, nonzere {example: hexadecimal FF as in listing 1) for
ouwlput. Output OPEN operations consist of turning on the molor, then
recording o leader (using the output interrup! of procedure 5), then
initializing the interrupt handler for output operations. An input OPEN
consists of turning on the input motor, then waiting ¢ halt a second before
inftializing the input interrupt which scans for the asyvirchronous data format
used hy this software. On feaving the OPEN routines, the software which uses
this 10 discipline can proceed to the details of byte by byte data transfer
using WRITE, READ or VERIFY.

Entry U20OP [1200 bps data rate initialization] ;
RATE :=4 [interrupts per bit] ;
Goto 1.5;
Entry U10OP [300 bps data rate initialization] ;
RATE := 16 [interrums per bit] ;
HALF := RATE / 2 [set up half bit period valuel ;
if FLAG = output value then do [an output open procedure] ;
[turn on the AC-30 output motor] ;
DELA 50000 [set up oulput wrile delay count for 10 seconcls| ;
DAT S'FFFF' [initialize data output buffer to null datal ;
NXDA S'FFFF' [initialize next data as null data] ;
ST30 RATE;
BITC = RATE;
NMIY [nonmaskable interrupt vector] = laddress of output open interrupt service routine, procedure 5] ;
[clear "“open done” flag, the accumulator];
[turn on output 4800 Hz interrupt source]
Wait until end of leader |after DE LA count is exhausted| ;
return;
end;
else do [an input open procedurel] ;
lturn on the AC-30 input motor] ;
BITY [data ready {lagl = 0,
wait 0.5 seconds;
NMIV [nonmaskable interrupt vector] - [address of input start bit search, U111] ;
lturn on input ~4800 Hz tape derived interrupt sourcel;
return;
end;
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Procedure 2: The WRITE routine. This routine must be preceded by an
ottpil OPEN operation whicl initializes the interrupt service of procedire 0.
It can be called over and over again until the dula to be written is exhausted.
Fach WRITE calf transiers one byte from the location addressed by variable
MEM to the output fife. The sofiware which uses WRITE is responsible for
incrementing and keeping track of MEM when a block of duta is being

wiritten.

20 Wait until BITC [bit count] is equal to zero;

2.1 DAT 12 byte output field] ~ NXDA |next output, compuled by previous call] ;

2.2 BITC :- 11 |1 start, 8 data, 2 stop bits minimum] ;

2.3 NXDA = $'FFOO' | IBMEM! [move data at MEM into new output string along with null trailing bits| ;
2.4 N¥DA = [arithmetic left shift of NXDA];

2.5 return;

Procedure 3. The READ routine. This routine must be preceded by an inptit
OPEN operation lo initialize the input interrupt service procedures. [t is
called over and over again until enough data has been transferred. Each
READ coll transfers one byte from the tape into the location addressed by
variable MEM. The software which uses READ is responsible for incrementing
and keeping track of the address in MEM, and for determining frow flong a
block of data is being read. READ coordinates operation with the {nput
interrupt service routines through the varigble BITV which is used as a flag.

3.0 Wait until BITY = $'FF' [synchronize with llag set by interrupt service| ;
31 [@MEM]} = DAT [maove input byte from bulier to address in pointer MEM] ;
32 return;
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Procedure 4: The VERIFY routine. This routinne works exactly like READ
with one exception: Instead of dumping the input data into memory at
focation MEM, it compares the input data to the data in memory and
increments the error counter ERRS if there fs any difference. As with READ
and WRITE, the software which calls VERIFY is responsible for incrementing
MEM and keeping track of the data being checked.

Wait until BITY = $'FF’ [synchronize with flag set by interrupt service] ;

b
M=

return;

Procedure 5: The output OPEN interrtpt 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 DELA 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 MNMIV = [address of output data transfer interrupt service, CY30] ;
5.1.1 BITV =1;

5.1.2 [signal end of output leader delay] ;

5.2 return from interrupt;

Procedure 6: Oulput data transfer interrupt service. This routine, which is
initialized as the interrupt service routine at the end of the OPEN procedure,
does the detail work of transferring data to the AC-30Q from the computer,
The variable ST30 is used to count down the interrupts within each output
bit fsee figure 1), and the variable BITC is used to count the number of bits in
a character being transmitled. BITC is ulso used as the flag to signal to
WRITE that a character is done, so its counting down is halted atf zero by
line 6.4, Whenever g bit is completed, the count of interrupts per bit is
reinitialized in variable ST30. The varigble BITC is reinitialized by WRITE
when a new output word has been defined. Data is right shifted out the fow
order bit of a 2 byte field called DAT in this procedure, identified as DATL
and DATR in listing 1.

[output data bit] := BITV [latest bit value] ;

ST30 [output waveform state] := ST30-1;

if §T30 is not zero then return from interrupt;

BITY [next bit value] '= [tow order bil of 2 byte output field DAT] ;
DAT := [2 byte arithmetic right shift of DAT];

if BITC greater than zero then BITC = BITC - 1;

ST30 := RATE [number of interrupts per bit transmitted] ;

return from interrupt;

ODOOHOOD
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follow the logic of the various sections of
listing 1, but the order of the procedures
differs. Listing | reflects the order in which
the routines were actually written, while the
procedures are numbered in an aesthetically
nicer arrangement.

In interfacing to the monitor, the anly
difference between 300 bps and 1200 bps is
in the definition of the number of interrupts
per bit, a value which is delined in Lhe OPEN
procedure lor each data rate. Thus there are
two entry points in the OPEN procedure,
corresponding 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 logical
unit designations, although the names used
only reflect unit 1.
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if {(@MEM) not equal to DAT then ERRS := ERRS 1 1 [count the differences] ;

Using Interrupts

All the 1O implemented in this approach
uses the interrupl from the AC-30 or the
oscillator of |C9 to time operations, Thus
there are three interrupt service routines
specified, as procedures 5, 6 and 7. The
oulput 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 ol the leader. The normal
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. 1t also counts bits and signals the
WRITE procedure that it is ready for the
nexl character. Figure 1 shows the progres-
sion of values of ST30 and BITC during
output.

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
stale should be extracted from the pro-
cedurcs. The input interrupt algorithm [lirst
enters a start bil search state of procedure
7.0; when the start bit is found, it is verified
in the second state of procedure 7.1 by
checking to make sure that it remains low
for half of a bit period {marked by counting
down the value in variable HALF). When the
starl bit is verified, the data transfer stale is
entered and a total of eight bits are shifted
into Lhe input buffer DATL. After eight bits
arc shifted, the algorithm enters the stop bit
state of procedure 7.3 for one bit period,
where a flag is altered to signal that data is
ready. Within 1.5 bit times of the flag
change, the READ or VERIFY routine must
transfer the data from DATL Lo its destina-
tion in memory or an alternate buffer area.
This timing requirement of 1.25 ms for
1200 bps data or 5 ms {or 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 slate is executed.
The time tolerance can be increased to a full
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



of the software is far from perfect. [t might
even be called a bit “inelegant.”’ Any good
programmer will see some rather obvious
heles in the system: | really don't need four
seconds worth of interrecord gap after data
is written at 300 bps. Similarly, for input
operations, | should have allowed the motor
to remain on for a period of time equal 1o
the null period which would have becn
generated by the output CLOSE operation
for the same block. Given manual manipula-
lion of tape position using the mechanical
position counter, this CLOSE algorithm is
adequate. But if you intend to do tape to
tape editing with two cassette drives and
motor control, you'll probably want to
improve the CLOSE algorithm to allow more
reliable clectronic positioning via motor
control.

Does It Work?
Yes, but 1200 bps Is Still Too Slow!

Since getling the software described here
into the state seen in listing 1 and patching it
into my monitor program Deccember 26
1976, this software has becen my main mass
storage 10 method. In a month of intense
use, | have yet to drop a bit (although while
testing | had to experiment to find the right
casselte recorder volume level range on
playback). My homcbrew system has re-
cently grown to 24 K of programmable
memory with 12 K Dbytes of text cditor
string area, 4 K bytes for fack Emmerichs’
assembler program (see April and May 1977
BYTEs), 4 K bytes for assembler output
strings, and 4 K bytes for my monitor
and lext editor programs. | have found this
new 1200 bps data rate to be an indis-
pensable time-saver compared to my older
hardware method which ran at about
200 bps. Since the software described here
works at 300 bps as well as at 1200 bps, |
can now load and write cassettes using the
physical format of the Kansas City standard.
This of course finally achieves the real
purpose of buying the AC-30.

With this interface | can load the as-
sembler pragram in 50 seconds, and com-
pletely define the text editor string area in
about 150 seconds. It has really speeded up
the software development operations which
are the real joy of a computer applied Lo
personal needs and goals.

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

Procedwre 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 ACIA 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 stute of procedure 7.2. Finally, one stop bit time is marked by
procedire 7.3 and the receipt of data is communicated to READ or VERIFY
by changing the state of BITV. Then the start bit search resumes. See figure 3
for a state diagram of this process.

[start bit search interrupt service, U111]:

.0 If input data line is zero then do:
0.0 ST30 := HALF [set up delay for a hatf bit's worth of interrupts] ;
0. NMIV = [address of start bit verification interrupt service] ;
0.2 end;
1 return from interrupt;
fstart bit verification interrupt service, U112} :
If input data line is not zero then do [false start logicl ;

] NMIV := [address of input start bit search, U111] ;

1 return from interrupt;

2 end;

ST30 := 5730 - 1 [count down HALF bit times) ;
if ST30 := RATE;

.0 ST30 := RATE:

1 BITC =8 [initialize one byte’s worth of bits] ;

2 MMIV = [address of input bit read interrupt service, U113] ;
3 end;

return from interrupt;
[Input bit read interrupt service, U113]:
ST30 := ST30- 1 {count down RATE states per bit] ;
if ST30 = 0 then do [sample bit and shift into data word] ;
ST30 := RATE [set up for next bit];
8ITC :=BITC- 1 [count down the bits];
if BITC = 0 then NMIV := [address of stop bit interrupt service, U114] ;
DATL = [right rotate of DATL with carry defined by input bit value) ;
end;
return from interrupt;
[Stop bit interrupt service, U114] :
ST30 := ST30-1;
if ST30 = O then do [restart start bit search] ;
NMIV = [address of start bit search, UT11];
BITV |dala ready flag for input] = $'FF’ [indicate data ready] ;
end;
return from interrupt;
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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 for some comments about the design of this routine,
which could be improved considerably.

if FLAG = putput value then do [an output procedure] ;
Wait until BITC (bit count] is equal to zero;
DAT := NXDAT [transfer last character to output field] ;
[write 1200 null hits by letting output interrupts run] ;
[turn off AC-30 motor control] ;
[turn off output interrupt source] ;
[wait 0.5 seconds for motor to turn off] ;
end;
else do [an input close procedure] ;
[turm of f input interrupt source] ;
[turn off AC-30 motor control] ;
[wait 0.5 seconds] ;
end;
return;

Mo LbDpoooDDOD
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capability in the lorm of an clectronically
controlled file system with 2 miilion bytes
on ling, 40,000 bps data transfer rate and
43 second maximum access time 10 any
given block of data. But for the next six
months or so, | anticipate frequent and
reliable use of this 1200 bps modification to
the AC-30% purposc in life.m
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Artificial Intelligence:

What Is It?

Richard L Rosenbaum
61-04 Little Neck Pkwy
Littte Neck NY 11362
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a} A typical nim board set up. b} A typical first move.

Decimal Binary Decimal Binary
15 1111 15 1111
15 7 3 0011
12 1100 12 1100

¢} Unsafe second move. d) Safe second mave.

Decimal Binary Decimal Binary
1 0001 1 0001
4 0100 0 0000
0 0000 o] 0000

el Last move-1. f) Winning move.

Figure 1 One version of the gume of nim starts with three piles ot 13

vownters as shown in figure la. Players luke lums removing any number of

counters, ul least one, from any one pile. The player who tukes the last
counter foses, In the case illustrated in figure 1b the first player took three
from the fast pite. Figures Tc and d illustrate some technigues used in
developing an infallible play of nim. The first step is to represent the number
of counters in each pile in binary. Then you must determine the number of 1s
in each binury column. If the number is odd, us in figure Ic, then you are in
an unsafe position. You should make your move so us to leqve un even
number of [s in each column as shown in tigure Id. This is known as a safe
position. A point is eventually reeched, as in figure le, where there are only
two pifes left and onfy one of them has more thun one counter. The winning
strategy is 1o take all of the counters from the pile with more than one. This
causes the vther person (o take the lust counter, as showr in figure 11, Using
these methods, un unbeatable gume of nim can be developed.
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If you are a typical compuler hobbyist,
you have probably spent {or will spend) a
fair amount of time playing games  com-
puter games, that is. Perhaps vou hawe
writlten compulter programs to play space
war, backgammon, even chess. What tech-
nigues are used in programming compulter
games, particularly those requiring “intel-
ligent" decisions by the machine? The answer
1o this guestion is in the realm of artificial
intefligence.

Perhaps you are lrying Lo program o
MICroprocessor 1o recognize o interprel
signals from a video camera, or would like 1o
automatically  translate Morse  code (0
printed characters. Both of these problems
congern artificial intelligence, specifically in
the field of pattern recognition.

What is artificial intelligence? Far iha
matter, what is intelligence? These questions
can casily fcad ws into a philosophical
debate, but that is not the purpose ol this
discussion. My interest is how artificial
intelligence, Mrequently relerred 1o as Al can
help us solve problems such as those jusl
outlined. What these problems have in com-
mon s the substitution ol a computer
{artificial mechanism) Tor what are ordi-
narily human  tasks  (generally assumed 1o
require intelligence). So for the sake of
expediency, let's define artificial intelligence
ds the mimicking of human behavior and
decision making by computer.

Today, work in artificial intelligence is
divided into a number of areas. Two of them
have been mentioned: game playing and
pattern recognition. Others include general-
ized problem solving, natural language com-
prehension and translation, and robotics.
These will be examined in order.

Game Playing Programs

It is probable that once the beginning
computer hobbyist learns basic programming
fundamentals, the first attempt at a big
program will be an entertaining one. How
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Figure 2. This is the begin-
ning of a game lree for the
game of nim as discussed
inn figure 1. Onfy a few of
the branches are shown for
the sake of clarity. Using
this version of the game
there are 45 different ways
to pluy the game!

many of us, once we have BASIC up and
running, quickly type in our copy of Star
Trek? We all have some 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 time, energy levels, scores and other
parameters. The only decision to be made is
generally, “Which way do | 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.

Artificial intelligence techniques are re-
quired, however, for the automation of most
traditional multiple player games. These
range from the simple binary strategy of nim
(sec figure 1) to the complexities of chess.
The case of nim illustrates one extreme of an
intelligent program: the perfect player. The
game is simple enough to develop a fast
technigue to determine the best move. Such
is not the casc in chess. The important point
here is that both chess and nim are deter-
ministic; ie: if you have enough time, you
can go through every possibility that can
arise. However, with games as complex
as chess, a program would take a tremendous
amount of time to check all the possible
moves. This is where artificial intelligence
technigues come 1o the rescue.

Let us examinc how a human player
makes decisions in a game such as chess. This
technique, saying, ‘‘How would | do i1?", is
invaluable in artificial intelligence work.
Obviously, we do nol go through every
possibility. What we do instead is to make
trial moves and evaluate the board situation
at that point. If the situation is too dan-
gerous, we discard that possibility and check
others until we make a decision.

(15} (15) (14)

(15) {15) (13) sesesve (1) {15) {15}

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
evaluation 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 (o playing 4 game
than just evaluating positions. We must
generate Lrial moves in some orderly fashion,
The most efficient way to do this is 1o make
a tree of possible moves as shown in figure 2
for example. This figure is called a tree
because of the way it resembles an upside
down trec with branches.

As can be seen, trees can rapidly expand
as they grow downward. The tree shown in
figure 2 has 1.2 x 1056 branches. With the
limited memory space of a typical micropro-
cessor, we muslt find some way 10 minimize
its size. One way is o copy the human
player, and not expand any branches that do
not look promising, ie: do not have a high
evaluation. Other aspects of artificial intel-
ligence concern optimization of the evalua-
tion, spceding up Lree generation, and mini-
mizing other memory requirements, Often,

{15) {15) (15)

{0} {18) (15}

{15) (15) (13)

{15) (15) (12) eveees (1) (15) {14)
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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 Technology’s Subsystem “B™
puts together the major system elements you need
to get your Altair or IMSA] up and running.

You get both RAM and PROM memory.,
parallel, serial, cassette and video display inter-
[aces, and software. Software includes a boot-
strap loader program so you can load any
Processor Technology CUTS (“Byte/Kansas
City™) 1200 BAUD cassette tapes. Stanclardized
subroutines in ROM. similar to those in a Sol
personality module. are used by many Processor
Technology software packages to improve
program efficiency. You'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 modules
as listed below. 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
EPROM 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 guaranteed
compatibility with all Processor Technology
software and hardware products.

Subsystem Model | B70 B110 B190

Total memory
provided (bytes) 7168 11264 | 19456

Display 1/0 VDM-1 | VDM-1 | VDM-1
Parallel, Serial 1/0| 3P+S | 3P+S | 3P+S
Tape Cassette I/O| CUTS | CUTS | CUTS
Memory 4KRA | 8KRA | 16KRA
Price $594 5730 $964

NOTE: The GPM module with both RAM and PROM

is included FREE in all the above subsystems. The GPM kit
is 3129 il purchased separately.

The ALS-8/ROM chip set is $159. Sim-| & TXT-2/ROM
add-on set is 360 and requires both GPM and ALS-8/ROM.

1
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|
1 want Subsystem "B" to get my Altair or |
IMSAI up and running. I

[1 Enclosed is a check for $ I want:
California residents add 6% sales tax.
Nu shipping charge. [1B70at 594 |
O Mastercharge # L1 B1O at $730
tinclude Interbank No. and C1 B190 xt 5964

expiration datel

(J Send more information

Namw

Address I
Ciy State Zip

E Eghag_,lggy

6200 Hollis Streel, Box B
Emeryville, CA 9400K i415) 652-8080
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SENTENCE

NOUN PHRASE

THIS GAME

IS PLAYED

Figure 3: A syntactic analysis of the sentence, "'This game is played by two
people on the computer,” This particulor parse of the sentence, resolving the
sentence into its components, means that two people are engaged in playing a
game that somehow involves the use of the computer (the adverb use of the
phrase “on the computer’ to modify “is plaved").

VERB PHRASE

VERB

PREPOSITIONAL PHRASE (ADVERB USE)

PREPOSITIONAL PHRASE {(ADVERB USE)

BY TWO PEOPLE

one only stores a small local region of the
tree at any one time, using rules to generate
additional segments.

Pattern Recognition

The influence of computer aided pattern
recognition is affecting us more cach day.
Our checks have funny digits printed on
them, grocery items have strange stripes; you
also might have run into forms that required
you to write characters exactly as indicaled.
A portion of artificial intelligence concerns
itsell with these tasks.

Pattern recognition is generally a problem
of classification. We have either a single item
which we wish to describe as having certain
characteristics, or we have a group of objects
which we wish 1o break into subgroups. The
principal problem is determining if a parti-
cular object is in a certain class of objects.
Hence, the ficld extends beyond merely
recognizing characters on a piece of paper.
Potentially, artificial intelligence techniques
could help classify medical prablems based
upon symptoms, the field of computer aided
diagnosis long found in science fiction litera-
ture.

Unfortunately, much of the work in this
field involves higher mathematics which are
beyond the scope of this article. However,
some elementary principles may help you
conduclt some investigations, perhaps in
computer analysis of video signals. A funda-
mental technique is to break your recogni-
tion problem into the simplest subproblems
possible. For instance, consider the problem
of analyzing faces. One would have 10
generale  parameters for subclassifications
such as color of eyes, hair, etc. In this way,
cach face is assigned a set of basic values, a
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prerequisite to make

comparisons,

of any atlempt

Problem Solving

Problem solving may appear to cover
everything under the sun but within artificial
intelligence it refers to a specific set of tasks.
In artificial intelligence, 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 1o get there,
Game playing is actually a subset of this, in
that the initial 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 geometry?) and the
operations are the various axioms.

There have Dbeen many attempts 1o
develop general methads for these types of
problems. In fact, an early one was called
GPS, General Problem Solver. The authors
of this program, A Newell, H Simon, and |
Shaw, developed many of the techniques in
this field. The simplest one was a brute force
method, similar to our discussion of check-
ing every possible move in a chess game.
They called this the “British Museum algo-
rithm” in reference to the facl that a
monkey placed in front of a typewriter will
eventually write all the books in the British
Museum. So much for that idea!

Of all the work done, the most popular
idea was embodied in a program called the
Fortran Deductive System. This program
would take the initial and goal states, and
develop a set of differences. [t then would
methodically apply the various operations in
an attempt to reach the goal. The difference
it had from the brute force approach was
that it knew which operations affected






Figure 4: Another parse of

the sentence of ligure 3.
Fhis  particedor  parse s
evalualed s meuning that

rwo people are on top of

the compuier fudjective
use of “on the computer”)
uridd are engaged in pluying

d game. Both the pase of

-

figure 3 and his one are
valid and  demonstrute o
mafor  ditticulty  that s
encottered when Iryving
to wse compuier evafug-
tion of English or other
natural languages.

SENTENCE

NOUN PHRASE

I

THIS GAME VERB

e

IS PLAYED

which differences, By the way, any tech-
nique that “intelligently™ reduces a problem
in complexity so thal computation time is
reduced is called a heuristic,

Natural Language Processing

In the carly days of modern computers,
the carly 50s, one of the great optimistic
hopes was to have aulomalic machine trans-
lation of text. It was thought that all you
would have 1o do is have enough memory Lo
store a dictionary. Today there are not many
knowledgeable people who would make such
a boast.

The problem with writing a translating
syslem is Lhe immense complexity of natural
language. English, for example, is full of
potential ambiguitics. Does “"Time flies!”
mean a comment about how lime is going by
quickly, or docs it mean a command that we
should start chasing flies with a stopwatch?
One .can think of hundreds of such
sentences,

A related problem is natural language
comprehension. Wouldn't it be nice if we
could converse with our processors in
English instead of BASIC or assembly lan-
guage? Unfortunately, the same problems
are faced in this task. One way to alleviate
the problem is Lo limit our speaking vocabu-
lary. Monitors often do this to an extreme,
limiting us 1o specifics such as examine and
deposil. The most successtul approach for
larger  syslems  involves synlax  directed
methods. This means that cach sentence is
broken down until its meaning is under-

VERB PHRASE

PREPOSITIONAL PHRASE {ADVERB USE}

N\

stood. This method has a “hopefully it will
work" attilude about it. Figures 3 and 4
illustrate this technique, showing how a
single sentence can be broken down into
different meanings. These methods are also
applied 10 the design of computer languages,
their interpreters, and compilers,

Robotics

This subject is last for good reason. The
design of robots is largely based upon the
preceding topics. For vision, if it is capable
of it, a robot would use pattern recognilion
techniques. For performing tasks, problem
solving is involved. Robotics is an applica-
tion of artificial intelligence to hardware of
mechanical systems as a control clement.

Conclusion

Artificial intelligence probably offers
something for cvery programmer . . . cer-
Lainly if vou like to play games. But there are
other aspects that are just briefly touched
upen here. If we are building a large library
ol information, perhaps we would like 1o use
an English-like inquiry system. The computer
directed medical diagnosis could be ex-
tended 1o auto maintenance, or even com-
puler repair. Whenever you want some of
your thinking done for you, automate it
with artificial intelligence.m
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Have you written Software

for your

Altair
Computer?

The Altair 8800 computer was the first micro
produced for the general public and remamns 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 apph-
cations has truly turned the dream of the affordable
computer into a reality.

Yet the machine itself, remarkable as it 1s. repre-
sents only the beginning. The right Software,
tallored to meet a user’'s specific requirements, is
a vital part of any computer system. MITS wants
to insure that Altair 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. lts 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 royalties to the originators of all soft-
ware accepted into the ASDC hbrary. If you have
written business, industrial or commercial use
software for the Altair 8800, ASDC wants to hear
from you. It s the aim of the ASDC to stimulate
and reward creativity in producing useful software
that makes those dreams of "computers for everyone”
come true. The ASDC will select only software that
measures up to i1ts high standards for system
design, coding and documentation. The software
will then be further documented and distnb-
uted through Altair Computer Cen-
ters around the country.

For more information

on how to submit scftware to
the ASDC, ask your Local
Altair Com puter Center for an
ASDC Software Submirttal

or contact the ALTAIR
WARE DISTRIBUTION
COMPANY.

Packet
SOFT

A subsidiary of MITS

A

ALTAIR SOFTWARE DISTRIBUTION COMPANY
3330 Peachtree Road. Suite 343 Attanta, Georgia 30326 404-231-2308

see next page for a hsting of Altarr Compuler Centors



Ask BYTE

MORE ROBOT REACTIONS

In reading your January 1977 issue |
noticed a letter from Dean Blondefield
[page 140], asking about books about
building your own robot.

In the December 1976 issue of Scien-
tific Americen {in the "Book Review'
section) a review may be found of a
book entitled Buitd Your Own Working
Robot by David L Heiserman, Tab
Books, Biue Ridge Summit PA.

From Lhe description in the review
this would appear to satisfy at least some
of Mr Blondefield’s interest.

R S Schlaifer
1500 Roellin
South Pasadena CA 91030s

ROBOT LITERATURE RESOURCES

| would like 1o pass along 1o Dean
Blondefield of your |anuary 1277 “Ask
BYTE" column, page 140, and any olher
interested BYTE readers, the few
“bytes’’ of information | have con-
cerning robots.

There have indeed been too few
articles and books published aboul my
(avarite subject of robots, as the editor
claims, A few of the few were: Popufar
Etectronics, December 1958, Janvary
1959, and Popufar Electronics, March
1962, The robeots described by these
articles were very primitive in nature but
would be useful to someonc starting out
because they clearly demonstrate simple
cause and efiect situations, and provide a
mechanical test bed for Turther experi-
ments. A series of manuals on hoime
construction of robots was published by
a company called Eleciric Brain Eniter-
prises, in Utah, about 1960. The first of
these manuals, Rebots f, is dedicated
largely te the mechanical problems
which the home builder may encounter.
| never received the additional manuals
in the series 50 | have no idea what they
conidined in the way of informaltion.

The lalest work to come across my
desk is Buittd Your Own Working Robot,
by David L Heiserman, published by Tab
Books, Blue Ridge Summit PA 17214,
This book of 234 pages published in
April 1976 is by far the best | have ever
read on the subject. | can recommend it
to anyone with a clear conscience.

I firmly believe that in less than 20
years, for about the same price a5 a
middle sized car, you will be able Lo
purchase a machine 1o do most ol your
housework. In less than ten years you
will be able to purchase, for aboul
$1,500 of 1oday’s dollars, a primitive
robol Lawnmower,

To Mr Blondefield, and to anyone ¢lse
who has ambitiens lo build the Homo
Robotus, | would only give this small bil
of adwice: Man evolved on this planet
one step ail a lime: Evolve your robol
the same way, First model a simple

lewer order creature, then perhaps a
robot mouse or dog. Divide the big
project into many small anes, each with
its own well defined goal so that you can
watch your creation evolve and grow as
you add ecach new ability or funciion.
Man did not reach his present level in
one jump or one day — neither will the
Homo Robotus.

To the stafl of BYTE: Thank you for
an excellent publication,

lames F Ward
3121 Chestnut Rd
Carrollton TX 75006

Thunks for un exceflent letter. The
Tub book on robots, Build Your Own
Working Robot by David L Heisermun, is
good as {ur us it goes und is an excelient
sotirce of fdeas. It is just Hw starting
point, however, wod untedutes frery
sfightfv] the advent of microprocessors
as flexible control cofements for the
pracltical experimeater. |1 is available
through our book service, BITS Inc.|w

MORE ON ROBOTS
... FROM THE "UNITED STATES
ROBOTICS SOCIETY”

We were much interested to see the
letter in the January 1977 BYTE {page
740/, from Mr Blondefield in Hayward,
sceking a robotics organization maore
concerned  with individual effort that
with  institutional  and  “industrial®
robots,

As you will realize, we are engaged
chiefly in a search, w1 the moment, lor
methods, hardware and expericnce 1hat
will clarily the stawus of robotics. We are
persuaded Trom some years ol work in
closely related fields 1hat the keys to
rebotics Lo development ol machines
that have behavioral characienstics like
those ol animals, making many ol the
same judgements in the same ways —
have alrexdy been discovered and thal it
is eonly necessary 1o apply a diversity ol
ideas in . single working system to ciedte
& 'robot’ of considerable capability.

We don't expect overnight success in
the search. Probably some decades ol
activity are ahead ol us before robots of
true scicnce fiction capability arg avail-
able, bur for the 1ime being we'd be
dazzled by an artilicial system with the
behavioral characteristics and apparent
intelligence at an anl newer mind  an
approach to human behavior, [1's 4 long
hard rowad.

When the United States Robotics
Sociely was formed last summuer, we had
no idea whether or not as My as a
dosen people would  be  dntorested
enough Lo participate, bul we have taken
the necessary steps Lo become a tormal
nonprolit corporation, set up carclully
by lawyers Lo achieve a Federal tax
exemption when we have the resources
Lo pursue L.

Here's o point, by Lthe way, on which
we lake dssue  wilth your reply Lo Mr

Continued on page 149
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Editor’s Note:

At the present time
(fanuary 1977) Jack Em-
merichs' assembler, de-
scribed here and in the
second part which foflows
next month, is my princi-
pal means of gssembling
programs for my home-
brew 6800 based system.
f've very 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
miiitiprocessing 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 this intoxicating
efixir. ... CH

IO routine which rececives seurce code from
an input device, and wriles listings and
gencrated code to outpul devices,

The last level in this structure is shown
here as a generalized error handling routine
that flags and describes any ambiguities or
errors in the source code. This can be
described as a general service routine, and
may be invoked lrom any function detecling
an crror.

Several aspecls of this project required
the addition of new functions or moedifica-
tions to existing functlions within this struc-
ture, and will be treated here in some detail.
The most severe functional changes were the
result of requiring the source program Lo be
processed completely in one pass.

The problem of making the assembler a
onc pass type in general is: What is 10 be
done when the incoming code references a
symbol that is not yetl in the symbol table
but may be delined later on? This is known
as a forward reference and is quite likely to
occur in almost all programs of nontrivial
length.

The solution 1o this problem will reguire
coordination between the assembler program
and a loader program. The loader is run as a
separate operation that converts Lthe object
code devcloped by the assembler into an
executable program in memory. In this case,
the assembler will generate one, two or three
bytes ol object code Tor cach line of source
cade. 1t will also generate the address in
memory where these bytes are Lo be loaded.
When a  lTorward  relerence  is made,
“dummy’ code will be generated instead ol
the normal object code. This dummy code is
simply an address or oflsel with a value of
zero. The address of where the final address
is 10 be loaded will be generated and saved in
a Lable. When the relerence is later resofved,
the correct object code must be generated
with an address which will cause it 1o
overlay 1he original dummy code putting in
the correct value. [T several references have
been made 1o « symbol by the Lime its value
is resolved, several sets ol addresses and
patches to the dummy code must be de-
veloped. The opcode which is developed and
put oul with the dummy code will never be
changed, The operand will be the dummy
value to be patched. The loader required Lo
properly handle this type of generated code
will be shown in detail next month. {Such a
loader program is effectively a second
“gssembly" pass; however, by making the
output routine include a loader and using
extra memory as we've done with fack’s
assembler, the entire process can be carrfed
out within memory nearly instantly ... CHJ

Before considering the functions needed
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to achieve the generation of dummy code
and later patches, two specific problems
must be considered: What kind of opcodes
and addressing formats must be handled, and
how are expressions containing a forward
reference handled?

First, consider the relationship between
opcodes and addressing modes. For the
M6800, opcodes are one byte in length, and
may vary with the accumulator or mode of
addressing being used, The operand may be a
once or two byte address value which is a di-
rect reference to a location in the first 256
positions of memory (zero through 255}, an
extended reference to  any  position in
memory, an offset from the index register,
or an offset refative to the address of the
next instruction. It may also be one or two
bytes of data immediately following the
opcode. As the incoming instruction con-
taining the forward reference is being proc-
essed, the addressing mode being used is
usually well defined and indicates a unique
opcode and instruction length. This is not
the case, however, when Lhe insiruction
making a forward reference is not relative,
immediate, or indexed. It can then be either
direct {one byte) or extended {(two bytes).
The difference  depends  entirely  upon
whiether the final resolved address is greater
than 255 or not, and at this point the
address value is not known. Therefore, |
established the following convention: When
no addressing mode is specified in a forward
reference,  extended  addressing  will  be
assumed singe it can refer Lo any position in
memory. Some elficiency may be Jost by
nol allowing the shorter form ol addressing
here, but most forward references are not (o
locations in the first 256 locations anyway,
so the restriction is not a severe one. [ Using
un equate (EQU psendo operution} to detine
G page zero address ahead of its first use
neatly sofves the problem when using the
assembler ... CHf

The second problem is the handling of
arithmetic expressions containing a forward
reference. It will require a solution buill
upon the logic developed so far, and will
require additional coordination between the
assembler and the loader. If the loader
combines overlaying code with whatever s
already in memory instead of using it as a
replacement, the dummy code can be used
Lo contain part of the infermation necded Lo
resolve such an expression. This requires thal
the loader clears memory before starting ine
loading process and can correctly combine
all single and double byte values. An expres-
sion with a Torward reference is best illus-
trated by an example.

To load accumulator A with the address



ol live less than the sum of Y and Z (both
unhnown at this point} in table 1, the
tollowing code could be used:

EXAVMPLET LDAA TABLEI+Y+Z -5

The expression (TABLEI+Y+Z 3} s
evdluated as lar as it can be, and the value of
(TABLE! 5) is put out as the dummy code.
When Y and Z are resolved {in any order),
they are cach put oul as & correcting value.
The loader then combines all three values
{TABLE1 5, Y and Z} to arrive at the final
value. IT the loader simply adds cach correc-
tion 16 what is currently in memory, a
certain amount of caution is required when
using the minus sign { ) or symbols with a
negative value. A further consideration is
that the assembler can only check the range
ol relative or indexed offsets for each
occurrence of dummy or correcting code.
When these are combined by the loader,
they may exceed allowable offset ranges. It
is up to the programmer 1o sce that they do
not exceed the limits. Since the require-
ments for handling forward references have
been examined, and methods of achieving
these requirements have been developed, the
first mew functions required by Lhis assem-
blur can now be considered.

The Tirst major change is a new functional
requirement. A routine is needed 1o record
all pending forward references in a table.
The table must contain a pointer to the
symbol that was referenced, the address in
the source program where the reference
occurred and dummy code was generated,
and the type of reference that was made
{one byle or two, absolute or relative). Each
time the routine is invoked, 4 new entry is
added 1o the table. 1T the table is full, an
crronr condition is raised. The table size was
arbitrarily sct at 25, which has proven to be
more than sufficient if the source program is
properly organized. [in writing a new
version of my monitor and text editor
program (about 1500 source statements)
with fack's assembler this has proved to be
the case... CH/ The Set Forward Refer-
ence routine has the logical structure shown
in listing 1. Note that in this structured
programming notation there is only one
logical entrance and one logical exit from
each function. The logical exit {return) may
have several physical locations, however, to
reduce the amount of code used. [ The use of
structured pseudocode such as that shown in
listing 1 for program design was discussed in
the article “Programming for the Beginner"
by Ronald Herman published in the fune

Set Forward Reference

(start at beginning of forward reference table}
DO UNTIL {past end of table)
IF (current slot is an empty slot) THEN
{store pointer to symbol in symbol table)
{store current address}
(store type of reference)
{return)
ELSE
(lincrement to next slot in table)
ENDIF
ENDO
{signal error since forward reference table is full)
{return)

Listing 1: Set Forward Reference Routine.
This routine is called once for euch reference
to a symbol that is not resolved in the sym-
bol tuble und is not being used us a label.

functional requirement. A routine is needed
Lo generate the correcting object code when
the value of an item in the new table is
resolved. This routine must scarch the entire
forward reference table for pointers to the
newly resolved symbol and generate a cor-
recting reference for cach. The address at
which the dummy code was generated is
retrieved from the table and used as the
location for the correcting reference. If the
previous reference was a relative instruction,
the difference between the previous address
and the resolved address is calculated and a
single byte is put oul. If the previous
reference required a one byte address (in-
dexed or immediate one byte), one byle is
generated. I it required a two byle address
(extended or immediate two byte), two are
generated. As each correcting item is com-
plete, its position in the forward reference

Resolve Forward References

{start at beginning of forward reference table)
DO UNTIL (end of table)
IF {this reference to symbol table = current symb) THEN
(save current address)
{current address = address from forward reference table}
IF {relative addressing) THEN
{calculate relative offset)
o {write 1t out)
ELSE
IF (two bytes required) THEN
(write out symbol's high byte)
ELSE
ENDIF
{write out symbol’s low byte)
ENDIF
(clear tabie position for future use)
(restore current address)
ELSE
ENDIF
{increment to next table position}
ENDDO

{return)

1976 BYTE, page 22.}

The second major change is another new

Listing 2: Resohe Forward Reference Routine. This routine is executed euch
time a symbol flugged us unresolved in the symbol table is used as o label.

63



table is cleared for futurc use. Therefore, a
spurce program ray have as many forward
references as it needs, but the number of
forward references pending at any one lime
is limited by the size of the table. If any
pointers to the symbol table are found at the
end of the assembly, the undefined symbols
are printed as potential errors. The Resolve
Forward Reference routine has the logical
structure shown in listing 2.

The third major change is a functional
modification. A routine has alrcady been
defined to maintain the symbol table, but
now it will also be required to recognize
symbols that are unresolved, and to de-
termine when the new functions developed
above must be called. The first time an
unresolved symbol is used, it will not be
found in the symbol table, so it must be
entered into the next available slot. If there
is no available slot, a symbol table full error
condition is raised. Set Forward Reference
will then be called and a zero address
returncd. Additional references to  this
symbol will now be found in the table.
Because each is flagged as unresolved in the
symbol table, Set Forward Refercnce is

again called and a zero address is returned. If

Maintain Symbol Table

{start at beginning of symbol! table)
DO UNTIL (past end of table}

IF {current symbol = incoming symbol) THEN
IF {incoming symbo! is a label) THEN
IF (table address = zero) THEN
(load symbol into table)
{set symbols to be resolved condition}
. (return table address)
ELSE
(signal error, duplicate symbal definition)
{return)
ENDIF
ELSE
IF {table address = zero) THEN
{call SET FORWARD ADDRESS)
{return zero value)
ELSE
{return table address)
ENDIF
ENDIF
ELSE
IF {current table slot is an empty space) THEN
{load symbol into table)
{F {incoming symbo! is alabet) THEN
{return current address)
ELSE
{call SET FORWARD REFERENCE)
{return zero value)
ENDIF
ELSE
{increment to next slot in symbol tabie)
ENDIF

the symbo! is used as a label, the current
address is entered into the symbol table and
returned as the label’s value. Resolve For-
ward Reference cannot be called at this time
because the current instruction may modify
the value of the symbol just resolved by
equating it to a user defined value. Resolve
Forward Reference must be called after the
current line ol source code has been com-
pletely processed. Now if another label for
this symbol is encountered, a duplicale label
error condition is raised.

To avoid using a separate byte ol memory
for the unresolved flag for each symbol in
the symbol table, a zero address is used 1o
indicate an unresolved symbol. This allows a
zero value to be normally returoned for such
symbols as required by the above logic. The
only ¢ffect this will have on source code
programming is that a label at location zero
cannol be resolved. Therelore, a symbol
should not be defined at or equated to sero.
Each reference 1o it would add an entry 1o
the forward reference table and soon {ill it
up. Instead, a decimal value of sero should
be used. The Maintain Symbol Table routine
now has the logical structure shown in listing
3.

These functional modifications enable the
assembler to completely process a source
program in one pass. At this point, the
functional requirements for processing with
only one 10 interface can be considered.

Logically, cach program to be assembled
has three basic sets of data to be handled:
the source code used as input to the assem-
bler, the object code developed by Lhe
assembler, and a program listing showing the
object code that is generated for cach line of
source code. Physically, an 10 interface is
usually used Lo read and write data 1o or
from one external device. The problem of
handling three logical sets of data on one
physical device has been solved by com-
bining the generated object code with the
listing. This reduces the data handling re-
quirements to one input {ile {source code),
and one output file {the combined listing)
which the single interface can casily handle.
The generated abject code and its associated
address that the loader uses are already
produced on the left side of the listing as
shown in listing 4. Therefore, it is only
necessary 1o provide a way lor the loader to
directly read the listing 10 find the data that

. ENDIF il needs.

ENDDO . R .

{signal error, symbal table full) How the listing is made available o the
{return) loader  will vary with different physical

confligurations, and there are untimited vari-
ations in possible hardware arrangements for
small systems. This assembler was initially
wrilten to run on an ASR model Teletype

Listing 3: Process Symbol Tuble Routine, This routine is called each time a
symbol is used. If the symbol has a resolved value it is returned to the calling
module, otherwise a zero value is relurned.
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Sample Listing

LOCN B1 B2 B3
0001 CE 00 20

0004 BF 00 >LOOP CLR
0006 08 > INX
0007 8C 00 30 > CPX
000A 26 FB > BNE
with both tape reader and 1ape punch

control characters enabled, A permanent
machine readable copy of the listing can be
produced on paper tape during the onc pass
operation. The listing, however, must be
modified to enable the loader 1o find the
required dala when reading this tape.

In the 4 K version of this assembler, items
that the loader needs can be surrounded by
special nonprinting characters that can be
recognized while scanning the listing, This
isolates the needed items from source code,
headings, comments and other cxtraneous
items, These characters must not appear in
any other context within the listing, so
control characters {which are not valid as-
sembler input) are the most logical choice.
To the loader, then, the listing shown in
listing 4a would appear as shown in list-
ing 4b wherce the *(* and ‘)’ represent non-
printing characters used to signify the start
ol an address, and the end of any bytes to
load respectively, The high level form of the
logical structure for a loader which would be
able (o use such a listing is shown in
listing 5.

The combined assembly listing is pro-
duced by starting each line of source code in
the middle ol the page. The carriage return
at the end of cach line returns the current
print position to the front of the line. The
generated code s then printed in front of
the source code. Before prompting for the
next line of soutce code, a line feed is issued
to position the paper for the next line. The
resull is most interesting to watch on the
Teletype since one normally expects a line
fecd at the beginning or end of a line. The
loader recognition charactlers are combined
with “punch on’ and *‘punch off” charac-
ters to keep all unwanted items off the
object tape,

There are 10 timing considerations worth
mentioning Lthat apply regardless of a sys-

=CLEAR LDX

=TBL LOAD IXWITH START OF TBL
X CLEAR TBL LOCATION

INCR TO NXT TABLE POSN
END OF TABLE?

IF NOT, DO IT AGAIN

=TBL+LENGTH
LOOP

tem’s configuration. If the input is coming
from a tape file, input operations must stop
to allow the generated code to be put out
because the Motorola MIKBUG 10 routines
cannot support concurrent input and out-
put. If stopping the input is not 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 terminal, and the
gencrated object code can be copied from
the combined listing and loaded, again by
hand. In this case, no intermediate files are
required at all!

The functional changes necessary to allow
the assembler to operate with only one 10
interface are handied as modifications to the
existing 10 routine to enable 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 functional modifications to ac-
commodate our requirements that the as-
sembler operate in one pass, and that it use
only one 10 interface. The final requirement
which will modify some of the original
functions is that it run in only 4K of
memory.

The first thing to do is to look at all the
functions available in existing M6800 assem-
blers and climinate alternate ways of accom-
plishing things. In a tiny assembler, alter-
nates are usually expendable overhead. For
example, operands for the A and B accuimu-
lators may optionally be separated from the
mnemonic instructions in 8 K assemblers
(for example, LDA 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 B2 B3

{0001 CE 00 20} >CLEAR LDX
(0004 6F 00 > LOOP CLR
(0008 08) > INX
{0007 8C 00 300 = CPX
{000A 26 F8) > BNE

=TBL LOAD IX WITH START OF TBL
X CLEAR TBL LOCATION

INCR TO NXT TABLE POSN
END OF TABLE?

IF NOT, DO IT AGAIN

=TBL+LENGTH
LOOP
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Listing 4a: Combined list-
ing as seen by the user.
The generated code shown
under the headings Bi, B2,
and B3 are to be looded
starting at the address
shown under LOCN. This
was generated at BYTE
using fack's assembler as
modified for Carl Helmers®
homebrew system,

Listing 4b: Combined fist-
ing as seen by the louder.
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.



The Final Assembler Structure. This is a detailed structure diagram of the assembler as it was actually written.

Figure 3
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data in decimal, hexadecimal, octal or binary
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 simplify parsing rou-
tines. Other such redundancies can be
eliminated whenever a significant amount of
cade is needed to support multiple ways of
doing the same thing.

The next area where space can be con-
served is in Lable structure optimization. The
largest table is the symbol table, so symbol
size has been reduced from six characters to
lour. The first three and the last one
character of a label of any size over four are
combined as the character string entered
into the table. This matches the four charac-
ter size of the mnemonic¢ plus accumulator
instruction mentioned above, and the four
character lormat of a hexadecimal address.
The inpul routines may therefore be built
dround 4 standard four character format.
Instead of using a binary scarch in the
operand translation table, a hash index into
the opcode table based on the mnemonic's
first letter is used. [See Terry Dolhoft’s

article on hashing techniques on page 18 of

fancary 1977 BYTE.] This keeps the num-
her ol table entries scarched to an average of
4.5 per opcode, and reduces the length of
the stored mnemonic. By combining this
access method with routines making use of
the M6HBOO's opcode structure, all of the 114
four character mnemonic instruction and
assembler directives can be kept in a table
keyved by 79 two character strings.

The next darca where space can be con-
served is in the simplification of complex
routines at the possible cost of some efli-
ciency or function, Because the symbol table
in this assembler is smaller than those in full
scale assemblers, and because we've gol a
dedicated personal machine to work with,
complex hashing routines can be dropped in
lavor of a simple sequential search which
burns a4 bit of computation time. Many
complex crror detection routines have been
simplified to catch the most common occur-
rences ol a problem. All physical 10 opera-
Lions are accomplished through the Motorola
MIKBUG monitor  rather  than  through
uniquely writien routines,

L oader Structure

DO UNTIL lend of listing)
DO UNTIL {character read is a ‘()
{read character!}
IF {character s null) THEN
{stop)
ELSE
ENDIF
ENDDO
{read address into index)
DO UNTIL {character read is a ‘}*)
{read character}
iF {character is a blank} THEN
tread a byte from twao hex characters)
{add wncoming byte to indexed address)
IF fearry bit is set) THEN
tincrement byte beyond indexed address)

ELSE
ENDIF
{increment index)
ELSE
ENDIF
ENDDQ
ENDDO
{stop!

Listing 5: Logical structure for a directed loader capable of processing the
Iisting shown in listing 4b. See listing next month for the implementation of a
foader bused in part on this structure.

The final method used to save space is 1o
simply climinate {unctions that are of
limited use and require significant code to
implement. There is no provision for multi-
plication or division in the expressions with-
in an instruction's operand. Multiple ad-
ditions or subtractions are possible, however,
and can olten be wsed where multiplication
and division are usually Tound. Therc are no
provisions for naming programs or for select-
ing uptions in generating the combined
listing. Some crror checking, such as invalid
address or byte overflow, has been com-
pletely eliminated. The code generated s as
compact as possible (o Tit in small machinces,
but is not relocatable. I it is desired in
another location, it must be reassembled.

The result of all this compaction effort is
an assembler whose basic executable code
fits within 2170 bytes, and will run com-
pletety within 4096 bytes of programmable
memory with 4 symbol table capacity of
200 symbols. Modifications have been made
to almost all of the existing funclions to
accomplish the above changes. This com-
pletes the Tunctlionat additions and modifica-
tions required for the assembler defined by
the project specifications as shown in figure
3m
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San Francisco Bay Area — Where It All Started — Has [ts First Home Computing Convention

7,000 to 10,000 People
I 100 Conference Presentations
200 Commercial & Homebrew Exhibits
Two Banquets with Outstanding Speakers
Special-Interest Social Centers
Publication of Proceedings Being Planned

in Northern California’s Largest Convention Facility, San Francisco's Civic Auditorium

e Speech Synthesis Using Home Computers ® Optical Scanning for Inexpensive Program & Data Input
» Computers & Amateur Radio ¢ Floppy Disc Systems for Home Computers
» Computer Games: Alphanumeric & Graphic ¢ Hardware & Software Standards for Personal Systems
» Personal Computers for the Physically Handicapped e Seminars for Club Leaders, Editors, Organizers, etc.
o Computers & Systems for Small Businesses e Personal Computers in Education (associated with a
e Tutorials for Hardware Novices & Software Novices University of California short-course)
-~ AND MUCH MORE ——

Banqguets to he Held in San Francisco’s St. Francis Hotel
Fascinating Speakers will Discuss the Past, Present. & Future

¢ Computer-Driven & Computer-Assisted Music Systems ¢ Microprogrammable Microprocessors for Hobbyists '

® Frederik Pohl, Science Fiction Writer; ® Henry Tropp, Mathematician, and Principal
Lecturer to NASA, American Astronautical Investigator for History of Computers
Society, New York Academy of Sciences, Project jointly sponsored by the
World Future Society, etec. Smithsonian Institution & AFIPS
Robhats You Can Make for Fun & Profit The 1940's: The FIRST Personal Computing Era
¢ John Whitney, Pioneer Computer Film Maker, ® Ted Nelson, Author & Fantast, Director
Computer graphics experimenter under grants Xanadu Electronic Literary Network,
from NEA, Guggenheim Foundation, & 1BM Lecturer at Swarthmore College
Digital Pyrorechnics: The Computer in Visual Arts Those Unforgettabie Next Two Years

©)77-1-12a by Computer Faire
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LNy UVl ALL 18 DUDLAILD —

¢ 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

o Pre-registration details for the Faire
(reduced admission for those who pre-register)

¢ Details of the Proceedings expected to be published

e Articles about the homebrew exhibits

¢ Weather information, & tourist trivia regarding
San Francisco

» Listings of the commercial exhibitors

s AND, just to make it interesting:

— “Hot news”, & raging rumors from *‘Silicon Valley”

(the San Francisco Bay Area)
— Product announcements, equipment descriptions,
hardware & software news, etc.

» Ihe two largest amateur compuler groups:
Homebrew Computer Club
Southern California Computer Society (SCCS)
s Both Bay Area Chapters of the Association 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.
s University of California’s Lawrence Hall of Science
s People’s Computer Company (PCC)
* Community Computer Center
» Bay Area Microcomputer Users Group (BAMUG)
» Professional & Technical Consultants Assn (PATCA)
» Amateur Research Center
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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 front, opposite the
left breast pocket. The lettering might read
TELETYPE
ASR 33
or
SOUTHWEST
CT-1024
or even
CROMEMCO
TV DAZZLER
Actually, a colorful dot pattern could be
used for the Dazzler, without any lettering.
Or different shapes of thin plastic could
be used to more readily identify various
peripherals, such as one in the shape of a
television screen, for video oulput, lettered
with something like
SONY
CVM-115
Or a bit of black plastic, shaped like a
Philips cassette, to show you use cassette
storage, perhaps lettered with the name of
the cassette deck you're using. For floppy
disk, a circular picce 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
identify the maker of your computer, in
addition to the shoulder patch, for faster
face-to-face identification at club meetings.
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Name Tags

Name tags are often used in the Army.
The CHU version is a dead MPU 1C, withoul
pins, with your name lettered on it, worn
above the Peripheral Pins over where the
right breast pocket would be if lab jackets
had onec. {Dan Meyer, head of Southwest
Technical, wore a 6800 MPU IC on his shirt
at Persona! Computing 76 in Atlantic City
last fall, with DAN and SWTPC lettered on
it, partly inspiring this article.)

Data Decorations

The area above the left breast pocket is
reserved for Data Decorations, which are for
meritorious action above and beyond the
call of duty. There's the black-and-blue
ribbon for those who successfully fought the
“Battle of the 66 Wires” on the original
Altair 8800, and the very rare blue, grey and
brown ribbon worn by that gallant handful
of pioneers who captured Hill 680, only to
losc it when it was retaken.

There are also software decorations,
although this area is somewhat amorphous,
since what is a difficult feat for one-hobbyist
might be a snap for another, just as in
hardware achievements. It's up to cach
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,
or Tiny BASIC, etc.

If a ribbon refers to a numbered piece of
equipment, the resistor color code can be
used for the ribbon colars, such as blue, grey
and brown for the 680. Cryptic types can
simply wear a 680 ohm resistor, attached to
Vectorboard.

Scratch Built and Homebrew

There are some situations nol covered so
far. 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, Motorcla,
Zilog, etc. Or again, by a computer store
chain.

For the real hard-core scratch builder,
who scorns microprocessors as the easy way
out and designs his or her own processor
from TTL or ECL integrated circuits, a
“homebrew” patch could be designed,
perhaps on the style of a mountaineer's stii,
or witch’s cauldron.

Far Out

For the hobbyist who is reafly into
computers, and especially vice versa, the



WE HAVE IT.

THEY DON'T.

SOFTWARE

DOS

Disk Operating System *Device management and
executive scheduling *Directoried file manage-
ment system *Sequential and indexed random
file structure *Full support of all languages.
utilities, and peripherals.

FORTRAN IV

ANSI FORTRAN compiler *Double precision
real and complex arithmetic *Non zero based
arrays *reentrant subroutines *Random file
[/0 *ISA process control. real time, and multi-
tasking extensions *Chaining, swapping, and over-
lays *Commercial subroutine package.

MACRO ASSEMBLER

Relocatable code generation *Macros *Dynamic
instruction definitions *Conditional assembly.

EDITOR

Character or line oriented *String operations
for search, search and replace *Store and exe-
cute command strings *Multiple files open
concurrently.

HARDWARE

CPU

Micro NOVA® 16 bit processor *Real time clock
*Hardware multiply and divide *Power fail auto
restart *8K bytes RAM *9 slot chassis with
front panel and power supply. (optional 18 slot
chassis)

ASYNCHRONOUS SERIAL INTERFACE

Strap selectable data., parity, and stop bits
*Modem control signals *Data rate strappable
from 50 to 19,200 baud *EIA-RS232C or 20ma
interface.

DEBUG ROM

Examine, deposit. control of memory and inter-
nal CPU registers and status *Breakpoints
for monitoring running programs *Auto program
load.

DISK
2 diskette drives per controller *315K bytes
per diskette *31.5K bytes per second transfer
rate.

EXPANSION

Memory expansion in 8K and 16K byte increments
up to 64K bytes *General purpose interfaces
for custom applications *9 slot 1/0 expansion
chassis.

DISK SYSTEM

*CPU with 40K bytes RAM *Dual diskette *Asynchronous serial interface
*CRT terminal *Debug ROM *DOS *FORTRAN IV *Macro Assembler *Editor
*Utilities and support programs *Complete documentation set. $8400

Other systems available from $2700
All hardware is fully assembled and tested.
Support is available from service centers
around the country. Prices and specifications
subject to change without notice.

[~
>
If you are serious about computing, call or write

today. BPI Inc.. 2205 East Broadway. Suite 6.
Tucson. Arizona 83719 (602) 326-6975
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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 the shoulder
blades.

For the lunatic fringe, therc’s the com-
puterized CHU, or COMCHU, with a SC/MP
or other small buard in one of the side
pockets, controlling the flashing of LEDs
and other devices inside insignia or pins or
whatever, producing a Christmas tree effect.
CAUTION: 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, but again, they
would only clutter up the CHU. There's the
fourragére, a braided cord worn around the
left shoulder scam as a unil decoration.
There's the Combat Infantry Badge, worn
above the ribbons over 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
else, 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, cagles and stars. They look good,
but not when mixed with enlisted persons’
stripes. For thosc who insist, such insignia
might be used Lo indicate rank or seniority
in a camputer club.

Other Jackets

The hawks among us may prefer a mili-
tary jacket, to go along with the military
insignia, rather than a lab jacket. The caleh
is that a Gl jacket is apt to cosl more, and
isn’t as easily and widely available. And it
looks rather odd if worn with civilian
trousers. If you want to go whole hog and
wear uniform trousers and jackel, along wilh
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 Replica Models copy of a .45
automatic, with a light pen cleverly built
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 hats, almost any Lype of headgear
would look odd with a CHU. However,
continuing in the military vein, there is one
item that might appeal to the same lunatic
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fringe type who has a COMCHU, and espe-
cially to Lhose who prefer a Gl jacket and
trousers.

A copy of an Army plastic helmet liner
could be made of the same material used in
PC boards, printed wiring could be applied,
and the wholc thing turped into something
like the battery powered Intersil Intercept
Jr, with keyboard on top, display in front,
and balteries in the rear. The curved surfaces
might be too much of a challenge to a PC
board dcsigner, so perhaps some of the
curves might have Lo flattencd. This would
make the CHO (Computer Helmet, Official)
look even more futuristic and science
fictionish. The full uniform CHU/CHO
combination would be enough to stop a
digital clock, as well as get you in trouble if
worn autdoors.

Belt Buckles and Tie Pins

The CHU is meant only for wearing to
computer club meetings or to compuler
conventions, as it's a little oo odd to wear
in public. However, there are several ways of
letting pcople know you’re a compulernik,
without the CHU. And they can be worn
with the CHU, 100.

If there’s enough demand for them, belt
buckle equivalents of the maker's shoulder
paiches could be offercd by MITS, Poly-
morphic, OS], etc. These can be either the
flat laminated plastic multicolored type, or
cast metal bas relief. Or the belt buckle
could be a2 miniature 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 Dazzier
would be a natural for a multicolored
mini-photo laminated belt buckle.

Tie pins offer a varicty of possibilitics.
Perhaps a miniature Continental Specialties
LP-1 Logic Probe, or an 8080 processor, or a
DB-25 connector, Or, once again, a mini-
ature of a front panel or a PC board.

The CHU Counter

Although maker’s patches are perhaps
best supplicd by 1ihe 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 counler, or
CHU shelf, displaying the various stripes,
decorations and pins. The best display would
be a CHU in maximum configuration, with
jacket, full sct of stripes, chestful of pins,
and a bouquet of decorations.m
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Early Indications of Technology

in Roman Military Arts

or

Plexitus

Sometimes an individual is about to bring
about an invention which could change the
world, but is never noticed. We often say
that this man was born before his time.
Omnius Plexitus, legate of the XIlI legion,
was such a man. Stationed with his legion in
the rough country which later became
Bulgaria, he improvised in order to survive.

Genius struck like lightning one day as he
watched his artillery crews practicing. One
of the pieces of semi-portable Roman siege
equipment was called the onager or ass,
because of its kick; this was a sort of huge
crossbow which fired a heavy bolt or arrow
perhaps six fect long. During this particular
practice session, the cable release mechanism
became stuck and a legionnaire climbed atop
the device to free il. Free it he did, but only
after he was astride the bolt to obtain
leverage. Arrow and man sailed out as one
across the treetops. History does not record
the fate of this early pioneer, but this is the
first historical incident of a man going aloft
on an unpowered, heavier than air con-
trivance. This observation was not forgotten
by Plexitus.

Plexitus was faced with supply problems
in the hilly terrain 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. Plexitus
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solved this problem by attaching food to the
lightened anager bolts and having these fired
at the isolated detachments of his legion.
This was moderately successful since his
casualties were light and the process spurred
other developments. Unfortunately the fact
that he had fired upon his own men was
used later during his court-martial in Rome.

This Idea Has a Lot of Impact

Plexitus reasoned that such a bolt should
be able to carry a man, but the major
difficulty 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 flight of the missite.
There was basically no limitation upon
payload size; he merely built a bigger
crossbow.! He had an onager scaled up and
one was built concurrent with his attempts
at aiming.

The first man known to fly was an aide to
Plexitus, Dominic Idiotus. Idiotus (from
whence comes the common technical term)
was apparently offered a transfer if he would
agree to attempt a (light in the Plexitus
machine. In July of 248 BC he mounted the
bolt and was propelled 280 vards into a local

1During the supply operation early in the 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 bolis. A few
scholars trace the roots of the word “payload* to
this event.



swamp, from which he returned dirty but
smiling, Exit Idiotus.

During the fail of 248, the machine was
refined and experimentation continued.
Plexitus found that most of the variables
affecting his machine were products appcar-
ing in powers of one or more. (This in itself
is a major accomplishment considering the
state of instrumentation with which he had
to contend. 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
attemplts. One of his men complained in a
letter of all the chicken the men were forced
to consume.?) Anyone who has ever
alltempted 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
upen orders from their squad leaders. Primi-
tive, bul it worked.

Unfortunately, the calculation took over

2Some believe that later Roman soothsayers who
attempted to predict the future by looking at the
intestines of freshly slain chickens were attempt-
ing to reproduce the actions of Plexitus’ com-
putier, but were working from garbled, word-of-
mouth reports.

eight days because of its complexity 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 calculation 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
34 acres 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,

3ln standing all 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 had 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 walter, so he would begin the day
with the complement of the number which the
field had held at closing time the night before.
Plexitus outlawed the scuffling with the toes
once he found the reason for his rather curious
answers. Even good things had their problems.
Some say that the water was not the reason for
Plexitus outlawing this practice, rather it was
traced to a comment made by a centurion who
had a villa near Actium. This individual observed
that this looked like an efficient way of plowing 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. Therc
are even some who suggest that Pampeii was
attempting to use one of the Plexitus facil-
ities during the later Roman civil wars; even
this group is splintered with one faction
saying that he never got it warking. The
other faction suggests that in fact he did,
since he lost the battle and the war to
Caesar.

During this time the Xl 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 field all day as he does carrying a
shield and sword. About the time Plexitus
had lost half of the province under his
command, he was finally able to complete a
sccond 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 quite successful
and he won this battle. The retreat of the
enemy resulted from the complele surprise
of this airborne tactic; whether these
Bulgarians werc concerned over being
flanked by legionnaires or were fearful of
being flatiened during their descent is not
known. It is difficult to obtain information
concerning the injuries which his men
sustained during this airborne operation
since about this time a series ol rebellions
broke out amid the tradition bound ranks of
his command. These were unsuccessful, but
they weakened still more his battle strength.

Plexitus Was an Exponent of
Calculating With Logs

Lack of manpower caused by attrition as
well as commitments required to hold the
battle lines forced Plexitus Lo impirovise
again. He moved from the biological com-
puter concept {an example of a kind of
reverse evolution, but Plexilus had distrac-
tions) Lo the physical by evelving a slide rule
using two large logs with a lattencd flace
apiece. This is an early example of miniatur-
ization since only 40 or so men were
required to operate it. This freed up many
individuals flor fighting and yet allowed the
calculations to conlinue on predicling
impact points. Plexitus proceeded wilh his
work despite distractions from outside his
camp (since the Bulgarians were active again)
as well as those from wilhin. Some say that
Plexitus could have gone much Turther
except for the actions of the men who
operated his slide rule. These operators
would, 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 combat and throw it inio the
cnemy lines. Some account for this as being
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the direct result 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 Plexitus, much
time was lost. There are rumors among some
scholars of this period who trace the
battering ram to these acts, but this cannot
be supported; we only know that Roman
numerals were not normally carved in them,
at least not one to a million.*

The Last Days of Plexitus

Plexitus, because of overwhelming odds,
had now lost nearly all of the province
which he had been sent to manage and was
now with his back against the sea. He then
launched his most extensive airborne opera-
tion against the Bulgarians, firing over half a
thousand men across the enemy lines, fully
armed. The effectiveness of this attack
cannot be determined since those who had
been air launched, after regrouping, rebelled
and joincd the Bulgarians.

At this point, the Legions XV and XVII
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 units. 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 only after there had been a
malfunction in his machine.5.6

Later, he fled Rome and joined the
Carthaginians and became involved in arming
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 able to overwhelm that of
the Carthaginians which had been under
Plexitus’ direct control, a fleet equipped
with a number of advanced weapons. But ne
onc can say. The last mention of him is
ambiguous. Some say that he was altempting
man-powered flight as opposed Lo his earlier
attempts, since the reference is quile definite
in its description of his being covered with
feathers. Critics say that he had just been
tarred.m

4Un(ortunately Plexitus never stumbled onto
scientific notation., Multiplying twao 5 or & digit
numbers together must have resulted in an
impressive pile of sawdust.

5Ol.hers say that this was not the case: his
legionnaires wanted him to attempt to flee — via
his machine —and he wasstopped by the legate af
the XV who demanded his surrender.

6His contributions were largely forgotten at ms
trial. The only other reference ever made to his
innovation was about three vears after his trial
when someone suggested that the Plexitus flying
machine should be used as a punishment for cases
not serious enough to warrant erucifixion.
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- See for yourself the reasons why:

1. MICROPROCESSORS: New Directions

for Designers by Edward A. Torrero, #5777-6, paper,
1975, 144 pp., 8% 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, ilius., $12.95.

10. PATTERN RECOGNITION b,
M. Bongard, #9165, cloth, 1970, 256 pp.,
6 x 9illus.. $14.90.

11. DIGITAL SIGNAL ANALYSIS by
Samuel D. Steamns, #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% x 11, illus., $9.95.

16. DIGITAL EXPERIMENTS by
Richard E. Gasperini, #5713-X, paper, 1976, 192pp.,
8% x 11, illus.. $8.95.

FWrite for 15-day examination copies of any of these books! —

At the end of 15 days, please remit payment
plus postage and handling, or retum the
books and owe nothing. Prices subject to
change without notice. If payment

accompanies order, we pay postage and
handling. QOutside USA, cash must
accompany order — include $2.00 per book
for shipping and handling.

Hayden Book Company, Inc.
50 Essex Street, Rochelle Park, New Jersey 07662
phone: (201) 843-0550




cluding @ RESET bution o nitiatize the
syslem, conlinuous or single step opera-
lion, and displays ol various information
in LED devices. A prolotyping area
meastiing 6 by 4 inches {15 by 10 um)
dllows the user 10 adapi 1his svslem on a
custom basis,

RCA Solid Stale is localed al Route
202, Somerville NJ 08876, and as noled
dbove, this kit is available for $249
direct or rom vour nearesl RCA dis-
tributor, It's probably aone of the best
ways 1o Like advantage ot the 1802
inslruction arvhiteciure in @ homebrew
computer project.e

Some Information on Refreshing
Dynamic Memaories 1s Available
from Texas Instruments

Texas Instruments has published a 12
page application summary bulletin en-
titled futroduction to Retreshiing Ti 4 K
Oyvanamic RAMs. Bulletin MOSA3 intro-
duces relresh principles and their imple-
mentation. {t alse compares slatic and
dynamic RAMs in terms of speed, power
consumption, refresh requirements, rela-
tive costs and power supply require-
menis. Various kinds of simple refresh
circuitry  are outlined and block dia-
grammued, inctuding transparent, cycle
steal and burst methods. Hackers and
homebrewers looking for engineering in-
formation on use of dynamic memories
should write 1o Texas Instruments Ing,
Inquiry Answering Service, POB 5012,
M/S 308, Dailas TX 75222, Artention:
Bulletin MOSA3 Literature.w

Don Tarbel’s New Prototyping Board . . .

Here is yet another product for the
At bos, Do Tarbell, Turhel Elee-
tronics, T AMiraleste Do =100, Miraleslie
CA 90732 has just announced this new
proloty ping board for use with Altair
and compdlible computers suoh ay the
IMSAL 8080, Sol, Poly 88, ele. The
Boared is designed with interleaved powey
and ground Tor the standard logic vol-
Lages, and Bas 4 position tor a4 3V
reauliton [lower right side of the photo),
The bourd s intended tor use with point
to point solder connections, wirewrap,
or any Lombination. The board  will
deeeptl 33 1 pin integrated sockets, os
smaller counts at 16, 18, 24 and d0 pin
soLhets plugged into its paltern ol pies
drilledd heles. The price is $28 pes
bouaid,w
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“DISCOVer

TERMINAL SYSTEMS DIVISION - DAYTON
DAYTON, OHIO

Come and join Terminal Systems Division - Dayton. Qur
Engineering Staff is a leader in the design and
implementation of Financial Terminal Systermns. We have
much to offer you — a career opportunity, a quality
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 offer outstanding communities with excellent
housing, educational facilities, and cultural activities.

PROGRAMMER /SYSTEMS ANALYST

Knowledge in the area of microprocessors and
minicomputers based on realtime operating systems.
Participate in the design and implementation of mini and

micro based realtime operating systems in a distributive
network.

SOFTWARE SYSTEMS DESIGN

Provide technical expertise and leadership in the areas of
realtime terminal control and batch operating systems.

Analysts for state-of-the-art design in terminal operating
systems and to provide technical leadership in software
architecture.

SYSTEMS ENGINEERS

Requires the development of concepts and specifications
for new systems for financial terminal systems.

Requires the ability to analyze and participate 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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That is frightening in itself. What is wrong
with science fiction that something so tech-
nological 4s a revolution in computers could
go unheralded? Are science fiction writers
lnsing their touch? Is technology developing
too fast for them to keep up?

An overview of modern science fiction,
however, indicates that this gap scems to be
a strange, localized thing. In other areas of
human knowledge, science fiction is still
riding high on the far edge of the barely
possible. Interstellar ramijets, galactic core
explosions, Kerr black holes, gene grafting,
just about any conjecture of physics, cos-
mology, biology or whatever, is likely to be
found in a2 modern science fiction story.

Particularly in physics, some stories have
come oul in the science {iction magazines
before the original research on which they
were based has even made it Lo the profes-
sional journals. Science fiction can still make
its claim Lo be the literature of ideas.

But, Allred Bester's excellent novel, The
Computer Connection, has a room sized
malevolent compuler trying to take over the
world. Roger Zelazny's “Home Is The
Hangman,”" which has just won the Hugo
award for the best science (iction novella of
1975, has the main character hunting down
a possibly murderous robot, before the
robot can find his creators. [saac Asimov’s
“The Bicenlennial Man" follows a robot,
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Sada axay %

Future shock holds no
terror for science fiction
readers.



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 butler, in his life-
long quest to become a human being.

Now, these are good stories, some of the
best of the past couple of years. But the
computers and robots in them are no more

If a writer knows humans sophisticated than those in science fiction
well enough, hefshe can stories of twenty years ago.

second guess the human Science fiction has had its stereotypes.
race and look like a pretty The two computer types constantly used are

cither the huge device, something that would
have been a good university computer back
in the sixties, except for its disconcerting
tendency to chuckle evilly when no one is
Jlooking, and the robot. The robot, more-
over, usually has some kind of magical (ie:
Asimov's positronic) brain that is rcally
nothing morc than technological handwaving
on the author’s part to let him have a human
brain sized computer inside a human looking
robot body.

The real shame is that these stercotypes
haven’t changed in the twenty ycars that
they have been used. A reader of BYTE can
sit down with one of today's science fiction
books and rest his/her reading arm on top
of alogic machine considerably more sophis-
ticated than anything he/she is likely to en-
counter in the pages of the book. Il is a
shame, il for no other reason than some
otherwise good stories are going to be un-
palatable to a lot of personal computer
owners. This mental gap in science fiction
writing really shows up in some places.
Can you imagine what Spock would have

fair prophet. Such is the
way of the game.

The personal computer is done if there had been a microprocessor
here now, with a potential in his tricorder as there should have been?

to open up society to pri- The more one thinks about it, the clearer
vate initiative in a manner it becomes that science fiction writers are
almost unprecedented in really behind schedule when it comes to

computers; actually behind the times, when
they should be well ahecad. 1t is a4 blank spot
in scicnce fiction, and it has been there tor
years. IL might have stayed blank for many
more years if it hadn’t been for the inven-
tion of the microprocessor. The only people
who can notice that blank spot are those
who know better. In other words, only you
and | and the pcople we talk to.

But there are signs that the writers are
waking up. | think the pocketl calculators

history, and nobody wrote
a story predicting it. Are
science  fiction  writers
losing their crystal balls?
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caught us all off guard. Poof! There it was, a
gadget with major sociological implications
in everybody’s pocket, and nobody had
really predicted it. | can remember only one
old story that used pocket calculalors, and
even  then, they were finely machined,
motorized slide rules. The story was good,
though. it explored what a world would be
like if cverybody had forgotien that math
could be done in onc's head. IF the story had
come out only five years ago, it would have
been hailed as a prime example of the
predictive value of science fiction, But no
modern story had cven considered Lthe con-
cepl.

That was a shock for the writers; and
signs that this stagnation is breaking up are
starting to appear in print. But why was thal
mental block there at all, and why has il
persisted for so long? Was it just a fluke?

I don't think so. I'll tell you why.

A quick look at all of the compulter
stories that have come out since compulers
and science fiction writers discovered each
other back in the forties will show one
dominant theme: artificial intelligence.

A writer of fiction stories has 1o be
concerned with people. Even a gadget story
is only a story inasmuch as il affects people,
For a writer to write anything worth read-
ing, hefshe has to consider the characters
above all else. When the intelligent com-
puter first appeared on the science fiction
scene, cverybody took the concept to
heart.

The intelligent computer made a beauti-
ful character, from the storyteller’s point of
view. The full range of personalities, from
purely logical to insanely demonical, were all
available for use, «nd all essentially believ-
able. Believability is a prime quality in
science liction. It has to be there if the story
is going to be any good. And anyone can
belicve a computer with a bad case of
misprogramming.

And so the compulter became part of the
stable of characters available for a science
fiction writer, right up there with human
beings, mythological creatures, and aliens
from the planet—_ . [The symbolic
name of your favorite mythical planet is a
parameter to be supplied by the user of a
science fiction writing program.| A com-
puter was a character. The concept became
so fixed that writers forgot that real com-
puters exist because they are beautiful tools.
And while science fiction writers told their
tales of pensive robots and planet killing
Berserker machines from some war lost long
ago and light centuries away, the macro-
computers begat minicomputers, and minis
begat micros. Out of the same labs came the



pockel calculators, which jumped out on the
marketl and gave us alf a little taste of future
shock.

The shock has done some good. Some of
the better writers are already into the swing
of things. Take two examples: You must
read The Mote In God's Eye by Larry Niven
and Jerry Pournelle, and I/mperial Earth by
Arthur C Clarke. In both of these novels
everyone  has o pocket computer. These
gadgels are pocket sized with large memories
and very casy 1o program. They can store
Lext, graphics, and sound, occasionally tying
into larger computers by radio, thus serving
as diary, ltbrary, calculator, and who knows
what clse. This pocket computer is such a
logical development that you can bet that
other writers will pick up on the idea. Here
is a beautiful tool in science fiction, and not
a hint ol an cvil chuckle out of it.

Here is another example: Shockwuve
Rider, by John Brunner, extrapolates a
world where any computer can be reached
and programmed from any telephone, {This
is an extrapolation?) In this future world,
the programming genius with the right pass-
word is like the one eyved man in the country
of the blind. What can be forbidden to the
man who can change his identity, profession,
and financial status, with just a couple of

hours Lapping louchtones on his phone?
Shades of stories we've read about in
Computerworlfd! In  this story, Brunner
introduced the concept of a4 tapeworm 1o
the science fliction readership.

A lapeworm is a software life form. [t
lives in memory space, eating processor time.
And they exist, ['ve seen them. So have you
il you've watched a program blow up, using
& video display as a window inlo your
memory  space. 've walched about five
naturally occuring species in a friend’s 8080.
I you are doubtiul that they are alive, go
back and reread the definition of life and
think again.

Exciling things are starting to happen as
science liction takes another look at com-
puters and what they can do. But only you
can determine how last these stories can
come out. You can't wake up a writer if you
haven't met him/her. So put on your BYTE
tee-shirt and go to the next science fiction
convention and meet the people. Talk about
your machines.

The compuler as 4 beautiful characier
will never go away; you can be sure of that.
But the beautiful tool is here, and all it takes
is lor science fiction wrilers 1o realize il
Then, finally, you might see an Altair on
Arcturus [

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,

6800 OWNERS UNITE!

FREE YOURSELVES FROM THE BONDAGE OF SLOW CASSETTE I/0.
LOUDLY PROCLAIM YOUR SUPERIORITY OVER YOUR 8080 NEIGHBORS
AND THE Z-80 SUBCULTURE. JOIN THE BFD-68 REVOLUTION.

Our Basic Floppy Disc System (BFD-68) must, in all mod-
esty, be called superb. It comes completely assembled
with a disc controller that is plug compatible with the
SWTPC 6800. The cabinet and power supply are capable
of handiing 3 Shugart Mini-Floppy Drives. One drive is
included in the basic system price of $795 and other
drives may be added easily at any time for $390. Or, you
may save money by ordering a dual or triple drive sys-
tem initially. The price for the BFD-68-2 is $1169 and for
the BFD-68-3 triple drive system $1539.

Remembering that we are prone to understatement, we
must say that while the BFD-68 hardware is superb, the
software is even better. Qur Disc Operating System pro-
vides the following advaniages over most other systems,

* ANY NUMBER OF FILES MAY BE OPEN (IN USE} AT
ONE TIME

e THE NUMBER OF FILES AND SIZE OF FILES IS LIM-
ITED ONLY BY THE SIZE OF THE DISC

* MERGING FILES REQUIRE NO EXTRA DISC SPACE
* NO WAITING FOR THE DISC TO RE-PACK
¢ | ONGER DISC LIFE — MORE EVEN DISC WEAR

SKEPTICAL? SEE IT, THEN BELIEVE IT. Our
products are on display at the following dealers

COMPUTER MART OF
NEW YORK, INC.

314 Filth Avenue

New York, NY 10001

BYTE SHOP OF COLUMBIA
2018 Green Street
Columbia, South Carolina 29205

THE MILWAUKEE COMPUTER
STORE

6916 W. North Avenue
Milwaukee, W1 53213

COMPUTER RESOURCES
Chausee de Charleros, 80
1060 Brussels — Belgium

COMPUTER WORKSHOP
174 \ield Road
London SW10 9AG — England

A-VID ELECTRONICS
1655 East 28th Sireet
Long Beach, CA 90806

MICROCOMPUTER
SYSTEMS, INC.

144 §. Dale Mabry Avenue
Tamga, FL 33609

DATA DOMAIN

111 S. College Avenue
Bloamington, IN 47401
THE COMPUTER
WORKSHOP, INC.
5709 Fredrick Avenue
Rockviile, MD 20852

COMPUTER WAREHOUSE
STORE

584 Commonweallh Avenue
Boslon, MA 02215

COME SEE US AT THE COMPUTER FAIR IN
SAN FRANCISCO APRIL 16 & 17 IN BOOTH
519. BRING YOUR BANKAMERICARD OR
MASTERCHARGE CARD.

SMOKE SIGNAL BROADCASTING

P.0. Box 2017, Hollywood, CA 90028
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Figure 1 Using memory mapped 10 ports. In small systems, where little memory address space is committed to programmuble
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 fOLT computers address the Mini-O receiver’s eight bits of input data. There is one hitch with this form of
{0 address decoding: Since the low order address bits AQ to Al are not used, all addresses from hexadecimal 8000 to 8FFF are
equivalent in this particular case. In the logic of figure 3, a similar ambiguity of addressing finds hexadecimal 8000 to OFFF
treated identically as the output analog value latch.

With the phase locked concept thus de-
scribed as a primer for the software tracking
system to be presented, 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 KIM-1 processor by
MOS Technology; the programs shown in
listings 1 and 2 will work with any 6502
processor based system by using appropriate
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monitor service routine calls in place of
JOLT's TIM monitor calls.

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 expensive
luxury — especially when one realizes the
simplicity inherent in a memory mapped
input latch.

The memory mapped input circuitry is
illustrated in figure 1. As used with the
microcomputer interface described by Ralph


http:i--__.;.;.in

Burhans last month (sce figure 7 in part 2 of
this series), the memory mapped input hard-
ware consists ol a NOR gate, inverler and a
tristate latch. The NOR gate and inverter are
used to decode the four most significant
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 interrupl service
routine software. When the microcomputer
receives the 40 Hz TRQ from the Mini-O
interface, the service routing needs only Lo
say  "load accumulator with data from
memory location 8XXX" (o accept the new
Omega phase dala. Note thal since the IRQ
is a level sensitive inpul the IRQ signal must
be conditioned into a short pulse so that it is
nol serviced more than once. It is necessary
to add the circuitry in figure 2 1o figure 7 of
part 2 to obtain this IRQ pulse.

Since only the four most signilicant
address bits are decoded in the memory
mapped input port, any attempt Lo address
the 4 K locations encompassed by 8XXX

FROM G9 CGUTPUT OF 4040
[FIGURE 7, PART 2 OF THIS SERIES)

|
: {40 Hz)

1
T

4045
ld?K
TCQ CLOCK INPUT OF 4508 LATCH-

{FIGURE 7, PART 2 OF THIS SERIES
AND FIGURE | OF THIS ARTICLE}

20us  PULSE

220pF

(=)

TG 8502

Figure 2: Since the 1RQ signal of the microprocessor is a level sensitive one, it
is necessary 1o shorten the puise out of the Omega receiver shown in lfust
month’s article. A method appropriate for noncritical applications is use of an
RC time deluy. This RC delay developed by a 200 pF cupucitor and 47 &
resistor provides o pulse width of approximately 20 us on the IRQ fine. in
dpplications  where critical  timing is  imvolved, this method is not
recommentded.

will result in enabling the Omega inpul latch.
In effect, 4 K bytes of polential 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 liberal use ol memory space is of
WRITE
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Figure 3: An oulput interfuce mupped to memory locations 9000 to 9F FF (hexudecimal). This
is u simple 8 bit output port which drives a 6 bit digital 1o anuiog conversion using a weigliled
network of resistors. When the Mini-O proyrams of listing | and 2 store dulq at memory
focations in the uddress range decoded by ihis port, it will be lutched ond appear as an
equivalent voltuge at the output juck. This interface is one simple way to drive a sirip chart
recorder monitoring the results of the Omega signal processing.
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[
I3 !
STATION
1 1 cyeLe @ RE’AQSE
L — IPH
/ SET UP
/ FOR NEXT

PRINT CYCLE

This is the flowchart of
the program found in list-

r

|PREVIOUSLY |

IPRINTED |
THIS CYCLE

—_————

RETURN FROM
INTERRUPT

i
} @ TMSLCTR | YES > °L°E"I‘AE YES
O | ! *
I "o
l @ OLDENAB=0
] (PREVENT
| @ SECOND
| SMAPLL PRINTING)
{ DISABLE
RETURN FROM RO
| INTERRUPT
\ ®
\ \
\ Se—— s SELECTED PHASE | ANLGPORT
~ DISPLAYED AS SELECTED
\\ AN ANALOG VOLTAGE PHASE ;
~—— e ———— \
~ I
N | @ PRINT
\ CURRENT
. |
; ¥
0 ] TMSLCTRN, NO
| I <87
| ! YES
( man ) | /

PRINT
| / PRINT CARRIAGE
| / SPACE RETURN,

_L & LINE FEED
e ————e
¥ 7 \WTERRUPT BREAKS THIS
ONE INSTRUCTION LOOP \
TEMPORARILY, DOES I1TS
PROCESSING AND RETURNS |
| TMSLCTR:»
| TMSLCTR+I;
|
Figure 4: The design of an 0x
interrupt  driven Omega |
data processing program. |
|

ing 1, which implements
the  software  memory
atded phase locked loop al-
gorithm. The circled num-
bers are referenced in list-
ing 1 by notations to the
left of the address column.

~

no consequence in a small system. Further-
more if memory space becomes a valuable
commodity, a thrifty alternative is to simply
decode more address bits. The additional
hardware required is a NOR gate, NAND
gate and inverters.

The memory mapped output technique is
very similar to the inpul scheme just de-
scribed, and it is illustrated in figure 3.
Again, the four most significant bits of the
address bus are decoded and used to clock a
latch which latches up the datz on the data
bus. The only differences lrom the input
circuitry are the NANDing of the decoder
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output with the microprocessor “‘write"
signal, and the data bus latch does not need
to be a tristate device. The outputs of the
latch are converted from digital to analog
using a resistor network. This analog output
can be used to drive a chart recorder or
meter indicator.

Interrupt Service Routine

When the Omega data samples are entered
into the microcomputer from the Mini-O
interface (one sample every 25 ms), they are
contaminated with noise and require fil-
tering in order to extract a good estimate of




Station -

Table 1: SMAPLL filtered Omega Phase
Date. This is a sample of the Teletvpe
printout of the program in listing 1. Each
line of the table is the result of one
10 second frame of Omega phase data com-
pared to the internagl clock. The phuse
differences are printed as two hexadecimal
digits for each time stot, corresponding to a
6 bit number. Note that the data in the
columns lettered A,BE,F und H is quite
random due to the low strength of the
signials. However, the datu in time slots C,D
and G can be seen to be quite systematic: It
increases in value as @ phase difference
between the internal clock and the incoming
signal. By laking pairs of these well-defined
Station  measurements and forming dif-
ferenices such as C-D, G-C or G-D, the result
s g relatively constant vafue of the line of
position phase difference esiimate for that
station pair. For example, forming the dif-
ferences between station pairs G and C
yields a fairly constant difference 12 average
over these 24 measurements. (The mean
sguare deviation is 3.) These observations
were made at 10.2 RHz at 14:20 EDT fuly
19 71976.

the true phase. This is the function of the
software version of a memory aided phase
locked loop: This closed loop digital filter
accepts the neisy phase measurements and
provides averaging so that its cutput is a
better estimate of the true phase.

The data format presented by the Mini-O
interface is aiso shown in figure 1. O the
eight bits in each data byte, two are control
flags and six are phase data. The most
significant bit, D7, 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 D6 flag is also controlled
by the Mini-O timing hardware, and it is
forced high by the Mini-O when the A time
slot occurs. Bits DS 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 filtering to
the phase data bits {assuming the control
bits indicated good data). Note that the
microprocessor could be busily performing
any main routine when it is interrupted: In
our example the main program will be a
simple idling loop, but it could conceivably
be a more general program of use in the
vehicle being navigated. A flowchart for the
interrupt service routing appears in figure 4.

A B C D E F G H

27 21 2F 29 13 2¢ 3¢ Lo
27 21 2C 23 19 2C 2o lE
29 2! 31 2C¢ OF 2D 33 I~F
2A 22 34 2C 0OF 30 335 1D
27 22 35 2L 13 32 3a 1D

26 37 22 12 33 00 1C
24 32 31 1 37 00 1A
25 33 11 7 24 1C

23 33 OF 33 09 1T
32 35 0C 35 23C Iz
04 37 09 37 11 =20
07 37 02 35 13 20
34 04 35 15 29
3% 39 3D 2a 14 1E
27 3C 13 29 17 1IE

& 0 an
(W]
w2

[\
o
RN — PP I

[Se RN IO B LV BV R S I (0]
VRO ReOeU
o O W w4
]
O

24 0% 3C 13 33 19 1C
23 0D 3> 14 237 13 19
2A 21 9 37 15 35 16 Ia
23 23 0F 31 14 35 16 19
26 23 OF 01 11 34 13 18
2% 23 12 02 11 33 IC 16

23 21 14 33 17 32 20 1¢é
28 21 14 05 15 2D 22 14
2D LF 14 34 la 2p 21 la

From this chart it can be seen that the
routine must also output a filtered data
word at the end of each time 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 cbtaining an
analog voltage to drive a chart recorder.

Tracking Loop Software

If the D7 control bit indicales 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 Lhe
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 this 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

0000
0003

0005
0007

0009
000A
000C
QO0E
ao10
0010
0011

0013

0015
0017

0019
001A
001B
001D
0010
001F
0020

0022
0024
0026
0027

0029
002A
002C
002E
0030
0032
0033
0435

0037
00349
003A
003c
003D
003E
0040
0042
0044

0046

0048
004B
an40
Q04F
0051

0052

0054

0057
0059
005C
00SE
Q060
0062
0065
0068
0068
006D
006E
006E

Hex Code

AD 00
10 44

A2 80
86 EO

10 04
AC 01
84 E1

23 3F
86 D6
AB E1
B5 D7

85 D7
A5 D6

gEs D7

10 19
A5 D7

€5 D6

A9 D6
85 3A
AD F6
85 37

A5 EO
10 20
A0 00
84 €0

A5 DB
8D 00

Ab D7

A5 E1
Cc9 08
10 06
20 B8A
4C 6B
2 77
E6 E1

4C BE

80

00

90

72

72
00
73

00

Commentary

Load data byte from phase measurement input;
If high order bit zero then go print measurement;

OLDENB := ‘10000000 [set old enable flag] ;

If this is reference time slot
then set the
time slot counter to 1;

PHASE := [bits 0 to 5 of input {low order}] ;
OLDPHREF (TMSLCTR!}

PHIREF := OLDPHREF {TMSLCTRI}/4;
loop below

DIFF (in accumulator) := PHASE — PHIREF;
If DIFF > 0 then go check range, positive;

DIFF (in accumulator) := PHIREF — PHASE;

Patch INC,X opcode

into increment or decrement switch location;
Patch DEC,X opcode

into increment or decrement switch location;
Begin sequence to test and increment;

1f | DIFF | > 32 then go to IDSWZ;
Decrement or increment OLDPHREF {TMSLCTR);

Increment or decrement OLDPHREF [TMSLCTRI;

Patch DEC,X opcode

into increment or decrement switeh location;
Patch INC,X opcode

into decrement or increment switch location;
Go 10 test and increment sequence;

If previous enable flag was 0 then skip printing;

OLDENB := [reset to prevent double printout] ;
[mask off interrupts] ;

[analog port output = selected OLDPHREF];
Print current reference phase

using JOLT's TIM hexadecimal routine;

If TMSLCTR < 8
then type space and increment TMSLCTR;
Print carriage return, line feed with TIM;

Print space using TIM routine;
TMSLCTR := TMSLCTR + 1 [onward to next station| ;

Label Op Operands
START LDA IPHASE
BPL PMEAS
LDX =380
STX OLDENB
ASL
BPL SMAPLL
LDY #1
STY TMSLCTR
* Begin software memory aided phase locked loop algorithm details
SMAPLL LSR
AND 233F
STA PHASE
LDX TMSLCTR
LDA X
LSR
LSR
STAA PHIREF
* This adjusts for 4 increments or decrements in
LDA PHASE
CLC
SBC PHIREF
BPL CKGT32P
LDA PHIREF
CLC
SBC PHASE
TAY
LDA ={NC,X
STA 1DSW2
LLDA =DEC X
STA IDSW1
INCTST TYA
CMmp =32
BPL IDSW2
IDSW1 DEC or INC
KTl
iDSW2 INC or DEC
RTI
CKGT32P TAY
LDA =DEC,X
STA IDSW2
LDA =INC,X
STA pswi1
Jmp INCTST
PMEAS LDA OLPENB
BPL DONE
LDY =0
STY OLDENB
SEl
LDA OLDPHREF (4)
STA ANLGPORT
LDA PHIREF
JSR WROB
L.DA TMSLCTR
CmMmp =8
BPL SPCES!
JSR CRLF
Jmp INCIT
SPCESI JSR SPACE
INCIT INC TMSLCTR
DONE RTI

MAIN

MAIN

Symbols: (other than labels)

Wait for next interrupt from Mini-O hardware;

main routine is an endless loop interrupted on occasion . . .

00D6 PHASE temporary storage of 6 bit phase value
0oD7 OLDPHREF origin for indexed references to old reference phase
00D7 PHIREF current 6 bit reference phase derived from table reference

00D8

OLDPHREF data values, indexed by TMSLCTR values 1 to 8

00DF

O0EO OLDENB fiag (values hexadecimal 80 or QD)

00E1 TMSLCTR current station index, 1 to 8 for stations A through H
8000 IPHASE input phase and flag data port from Mini-O pearipheral
9000 ANLGPORT 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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Listing 1. The Mini-Q
processing program. This
routine  implements a
software memory aided
phase locked loop. The bulk
of the code is an interrupt
response rottine, starting
at address 0000. Before
entering the program, the
IRQ interrupt vector of
the JOLT or KIM-1 system
must be set to point to
location 0 and IRQ must
be enabled. The entry
point is an endless loop at
location O06E.

put, performs the loop filtering. The length
of this counter determines how much inte-
gration is provided by the SMAPLL routine,
and it also sets the tracking speed of the
loop. The proper choice of loop counter
length is the result of an important engineer-
ing design tradeoff: If the loop counter is
made Loo long, the noise cancelling charac-
teristic will be enhanced but the tracking
speed will be too slow to adequately track
the signal. On the other hand, if the loop
counler is made too short the loop tracking
speed will be increased at the expense of
desirable noise filtering.

The six most significant bits of the loop
counter make up the filtered reference phase
which is used to measure the next incoming
phasc word. It is also stored at the end of
cach time slol so that it can be used to
preset the loop at the beginning of the
particular time slol ten seconds later; hence,
the term “memory aided” phase locked
loop. During the 625 ms gap following each
time slot, this reference or “locked” phase
can be sent to bath the Teletype printer and
analog chart recorder 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 slot) can be subtracted to form the
phase differences which define lines of posi-
tion {LOPs} on an Omega map. Of course,
this too can be cutput to a recording device.

Software and Output Options

The SMAPLL interrupt service routine
listing for a 6502 system is given as listing 1.
Omega and other VLF signals are of interest
to time frequency scientists and lab experi-
menlers because of the frequency stability
of the wransmitted signal. When these signals
are referenced against a receiving system's

SMAPLL

PHIREF: =
OLDPHREF
(TMSLCTR)
/4,
DIFE:
PHASE -
PHIREF
DIFF >0 >3
?
NO
DIFF: =
PHIREF-
PHASE
IDSWI: = IDSW!i: =
P ?ggaEZMENT INCREMENT
;e IDSW2:» ~
// INCREMENT DECREMENT, N

INCREMENT DECREMENT]

PHASE

|

|

|

|

|

1

1

|

: PHASE e
|
L

DECREMENT

INCREMENT

PHASE

b c e e n~e

END
SMAPLL

|
1
]
|
]
3
1
PHASE :
I
1
-

Figure 5: The detail design of the software implementation of a memory
agided phase locked loop. The circled numbers here refer to listing 1. 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 oscillator can be
calibrated and adjusted to cesium atomic
clock accuracy by this technique (since the
Omega signals are locked to a cesium ref-
erence at each transmitter). Table 2 illus-
trates this method of clock offset determina-
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tion and the program of listing 1 was used to
obtain this outlput.

Another common usc of Omega signals is
that of position fixing. In order to obtain a
position fix, the phase differences of two
station pairs {lwo LOPs) are plotted as an
intersccting grid on a map and their inter-
seclion defines Lhe receiver's position. This
technique is suitable for use by small boat

D E F G H
25 23 29 39 0A
29 1E 2F 3s 04
2B 1D 30 3F 0u
2L 13 33 C5 00
F 13 34 04 Q7
23 13 34 3C 05
35 12 35 12 233
33 11 34 14 05
3% 22 37 15 21
3C 13 30 13 3D
30 16 3% 1= 3F
Jl 12 3F 1o 37
J3 153 01 21 J2 |
J5 17 24 25 23
07 23 01 24 32
Jii 23 30 25 01
o 22 30 2.4 338
JF 2% 3A 27 20
1l 27 35 31 23
18 27 25 35 33
15 2% 32 235 3)
12 23 2% 32 27
15 27 2% 25 02
It 25 20 3F 34
IF 3.0 2% 92 33
23 3Rn 2 2390 132 o
24 33 2D J4 34 2
23 GO 3% 0% 34 5
25 02 32 Jo 24 o
21 01 37 24 34 g
25 3F 2% )3 3% w
33 32 3. Ja 25 8
34 22 37 )0 4o
3% C3 17 o0 24
3.4 32 35 11 34
3T 0% 35 12 23
37 G5 23 11 34
493 24 13 33
05 0% 25 14 32
33 03 34 17 320
0% 1g 27 L &F |
JF 12 20 1C 2!
OF 12 2n 1a 2F
15 15 2, 1F 32
15 15 29 1C 30
1C 15 27 15 2F
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operators or backpackers. In order to plot a
line of position, the segment of the program
in listing 2 must be substituted into listing |
beginning at location 0052. The LOP output
obtained with this program and plolied 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 ina JOLT
microcomputer side by side with an all
hardware Omega sensor and processor. The
lines of position outpuls of bolh systems
were plotted on a dual trace Rustrak chart
recorder in our lab. This 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 similar manner to Lhe 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 airborne navigators need position
data in a more suitable form {such as
cross-track error, miles-to-ge, ctc). Develop-
ment of the necessary navigation software to
enable the accomplishment ol these lasks
with an inexpensive, commerically available

One Omega Cycle time

k Off -
Clock Offset Time to Change Onc Cycle

N

1/10200 seconds
290 seconds

n

09.80% 102
2.90 X 102

3.38 X 1077

Table 2: Local clock offset determination,
By measuring the amount of time needed for
phuse to change one complete cycle, reflative
to the local clock, it is possible to meastire
the difference between vour focal clock
reference and the Cesium atomic clocks used
to calibrate the Omega system at its world
wide network of stations. The calculution is
shown here, along with data taken from
10.2 kHz stations at 10:30 EDT july 20
1976, This is one way (o achieve the
witimate in personal measurement of time
using your computer and an Omego receiver.






Microprocessor Update: 8 0 0 8

Robert Baker For the newcomer to the microcomputer
15 Windsor Dr world, the 8008 was one of the first 8 bit
VoD T ™" I8 Je—o INTERRUPT Atco NJ 08004 microprocessors to be developed. Figure 1
D7 oe—si2 17 fe—o READY shows the pin assignment of the 18 pin
Dp oe—3 ypg S :' dual-in-line package while figure 2 shows a
Ef’ © 2 8008 :: SYZNC block diagram of the central processor unit
T (- o o p———t0 R R
ot o; c—slG 13b—eoso (CPU). Typical prices for the 8008 CPU are
Dp oe—sl7 12 f—wo s YsTate currently under $20.
Dy ce—ai8 If—>es2 Figure 1: The pinouts of The 8008 is a single chip, MOS, 8 bit CPU
Do o3 1 ® Vee the Intel 8008 processor. that communicates over an 8 bit data and
Figure 2: Internal organization of the 8008 processor. 00-07 BIDIRECTIONAL
DATA BUS
BUFFER
(8 BIT) {8BIT)
INTERNAL DATA BUS INTERNAL DATA BUS
| A f\ (‘ ﬂ LY
TEMP. REG. TEMP REG INSTRUCTION STACK ACCUMULATOR
REGISTER (8) MULTIPLEXER (8)
o. (8 b, (8)
FLAG PROGRAM COUNTER B
FLIP-FLOPS (14 ) REG  (8)
T LEVEL NO.1 E <
INSTRUCTION (14) o REG (8)
ARITHMETIC DECODER o | LEVEL NO.2 0 o}
b%?]l_c AND w t14) &c‘ REG  (B8)
MACHINE
(aLwy p— CYCLE g LEVEL NO. 3 5 E
ENCODING & (14} > REG (8]
x [ LEVEL NO. 4 ¥ H
(8) g 114} REG (B}
W LEVEL NO. S L
0ra) REG ta}
LEVEL NO.& SCRATCH PAD
014}
LEVEL NO 7
(14)
TIMING AND ADDRESS STACK
& CONTROL
FOWER [~ 4 _gy >
SUPPLIES +5v
STATUS INT READY SYNC CLOCKS
50 51 S2 INT READY SYNC g1 g2
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MIRNIMUM INSTRUCYION CODE
MNEMONIC STATES Dy Dg DgDyDy OOy Dy DESCRIPTION OF OPEAATION
REQUIRED
iy, {5) 11 DDO S % 5 |Loadindax register ry with the content of index register 1o,
YEHL 18 71 DDOD 1 1 1 [Load indax register r with tha coment aof memary registar M,
LMr in 1 1 1 11 S 5 5 | Load memary mpister M with the content of indax register .
B L oo boo 1o Load index registar r with deta 8 _ . _ 8.
BB a B R 8 8es
LMl 19 o0 111 VY0 | ad memory registar M with data B . . B,
a8 n a B8 B 8 8
INr 18t 3] D DD 0 0 0 |increment the content of index ragipier ¢ {t # Al
DCr (51 [T+ ] DDOD 0 0 1 |Decramant the content of index ragister r (r d A),
A i Group |
The resilt of the ALL instructions atfect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop.
ADr [E] 10 00D S § $ | Add the content of index register +, memory register M, or dsta
ADM I8! 1.0 000 1_1 1 ] B...8tothe sccumulator. An overtiow (carry) sets the carry
AD| 8 [ ] c oo 18 0 | niptiop.
8 B B B8 8 B B 8
ACr L] 10 20 & 5 § | Add the content of index register 1, memory register M, or deta
ACM (8} 10 0 01 1 11 B ... B to the accumulntor with carry, An overtlow (carry)
ACI [£:)] [s 3] [ | 1 0 0 | satsthe corry fip-flop,
B B 8 B B B 8 8
Sk §-3] 1.0 010 S S5 5 | Subtroct the content of index register 1, memory register M, or
SUM 18) 10 9 10 1 1 1 ldateB .. B tromthe sccumulercr. An undertiow borrow)
s [:]] 00 010 1 0 0 |[so15vhe carry fhip-tlop,
B B 8 B B 8 8 B
S6r [} 1 0 Qo 1 1 € S S | Subtract the content ol index register r, memary registsr M, or data
SEM 18) 10 0 1 1 1 1 1 [dastafl, .. B Irom the accumulsior with borrow. An underflow
a1 [}:1] o0 o111 1 0 O |(botrow] sats 1he carey Hip-Hop.
B B 8 B B a8se
MiNIMUM INSTRUCTION CODE
MNEMONIC STATES | D,Dg DgDa0; DD, DESCRIPTION OF OPERATION
REQUIRED
ND¢ (51 10 100 5 8 S | Compute the logical AND of the content of index register r,
NDM ] 0 100 1 1 1 | memary registes M, or data 8 . . . B with the accumulator,
NOI {e 00 100 100
BB B 8 B B 8 H
XHr {5 10 1.0 1 S $ S | Compute the EXCLUSIVE OR of the content of index register
XAM 18] 10 101 1 1_1 | r, memary regisier M, or data B . . . B with the accumulator.
XRI 8) o0 10 100
8 B B B B8 B B B
QRr 1)) 1.0 1.1 0 $§ 5 S | Compute the INCLUSIVE OR of the content of indox register
DRM 8) 1.0 1.1 0 1 3 1 f, mOmMOry register m, or data B , . . B with the accumulator .
OR! -} 00 110 100
B B 6 8 B B 8 B
CPr 5] 1.0 111 S § 5 | Compare the cantent of index register r, memory register M,
CPM {81 10 111 1 1 ' jordstaB...B with the accumulator, The content of the
<Pl [1:1] 00 LR | 1 D 0| accumulstor is unchanged.
BB BB 8 B B B
ALC (3] 0 0 000 0 1 0 | Rotate the content of the feft,
RRLC 5 o0 0 a1 0 1 0 | Rotate the content of the accumulator right,
HAL, (5] o IR"] 0 1 0 0 1 0 | Rotata the content of the accumulstor left through the corry.
AAR 5 o 0 o 11 0 7 O | Roiate the content ol the accumulator right through the carry, _
Frogram Counter and Stasck Control Instructions
18] gap an 01 X X X 1 0 0| Unconditionslly jump to memory sddress 83 ... B3Bg ... Ba.

By 8 87838 8B;8y
X X Bj B3B3 838383
15 3Fe Gor1y 0 0 CqC3 O O 0| Jumpto mamory addressB83...B382 ... B2l the condition

Bz By Bz BBz Bz 87 B Mip-flop ¢ 1s laise. Otherwise, execute the next INstruction n sequence.
X X B3B38 B3B3By

He Ber 11k o $ C4C3z O 0 D | Jumpiomemory address By ... B3B3z ... Bz the condition
By By Bz 67 87 B Bp Bp{ Hip-fiop cis true. Otherwise, executo the next instruction in saquence,
X X 838383 B3B3 By
cal 111 o X X X 11 0L dii y call the sub ine 81 memory address By . . .
Bz Bz B28;8; Bg B2 By| 8387 ... By. Sove the current address {up ons leve) in the stack).
X X By Bz 83 B3 B3 B3
CFc (9or 11} [N} 0 CqCz 0 v D | Callthe subroutine at memory arddeess B3 .. BBz .. 872 if the
By 83 By B89 By By By condition Nlip-tiop ¢ is lalse, and save the current addross {up ane
X % B3 B3 By B3 B3 B3| ievel n the stack.) Otherwise, execute The next instrucnion in sequance,
CTe f8or11] o 1 C4Ca 0 3 0| Call the subroutine at memory address 83 .. . 8382 ... B it the
Bz B2 By By By B2 Ba Bp| condiucn llip-flop ¢ is true, and save the current address {up one
X X 838383 B3 B3 B3| fovel in the stack). Otherwise, execute the next instruction in sequence.
RET iSh 0 0 X X X 1 1 1 [ Uncanditionally return {dawn one level in the stack!.
RFe (3 or B o0 0 CqC3z O 1 ) | Return {down ane leve) n the stack) if the condition flip-tap ¢ is
falsa, Otherwise, execute the next instruction in seéquence.
RT: [3 or 5] [V} 1 €C4C3 O 1 1 | Aeturn (down ane level in the stack) if the condimion flip-fiop ¢ is
wrua, Otherwise, exacuta the next instcuction in sequence,
RST 51 0 0 A AR 1 0 1 | Call the subrouting at memary address AAADQ0 (up one level in the stackl.
(nput/Outgut Instructions
NP 8t o o0 M MM Read 1he content of the slacted input pott (MMM} into the
= ——y
ouT 6] 01 R R M M M 1 [ Write the content o! the accumulatar into the solected output
pory (RAMMM, AR 4 00).
Machina {nstruction
HLT | 14) | 80 ©0 @0 0 0 %[ Enw the STOPPED staty and remain there until inteeryprsd,
HLT 1 [4] | 21 1.1 1Y J Enter the STOPPED state and remain thare until interrupted.
WOTES.
{11 855 - Sowrce Index Rogister These regsters, 1, are deuignated Alsccumulator--000),

DDD = Destination Index Ragister | B(O01), CIO10), D(011), E(100), H{YOY), LiViO)

120 Memary rogaters ars sddressad by the contents of cogisters H & L.

{31 Additional bytss of instruction are designated by BEBBBRES.

[41 X = “Con Care™,

iSh Frag MigTiaps sre detined by C4C3: corry {00-0verliow or underflow], rero (O1.result vs zoro), sign (10-MSB of resultis "1™},
parity [ULparity 15 aven),

Table 1: The instruction
set of the Initel 8008, re-
produced from Intel’s No-
vember 1973 8008 central
processor unit User's Man-
ual, pages 8 and 9.

Continved on page 160






You should subscribe to

creative compatirg
today! Here’s why —

Creative Computing will help you
decide which computer is best for
you.

Creative s no-nonsense equipment profiles arm you
with the lacts before you lalk to the vendor or dealer
Whether you're interested 1n a miccocomputer kit, a
mim. terminal, or programmable calculator, youll
find the evaluative informalion you need n Creative
Indeed one wise hardware dec)sion could save you
the cost of a hietime subscnption!

Creative Computling discusses
computer applications in non-
technical, understandable
language.

Business people who want 10 know what's gomg on
n the EDP department students who want to learn
aboul microprocessors. hobbyists Iooking tu make
goeod use of home compulers. or anyone concerned
about 1he gflect of the computer on sotiely will ing
these and many, many more mind-expanding 1opics
covered on the pages o! Crealtive

Creative Computing covers com-
puter education in depth.

Adter all that's where we got our start and s¢ we
conhnue to present four or lve major learming
activities every 1ssue |l you're a teacher Creatve
will save you hours ol preparation hme ¥ youréa
student you'll be way ahead of your ctass wdah
Creafive And f you've already gradualed you can
tone up on whal you missed

Creative Computing carries out-
standing fiction every issue.
One ol the bestways o explonng future scenanos of
computer usage s through fiction, so Crealive seeks
oul materal Irom the bes! aulbors = Isgac Asimov.
Fredenk Poh!, Arthur G Clarke lo name justatew, as
well as many olhers who are destined 1o be the best
of the next generahon

Creative Computing gives you
things to actually do with a com-
puter.

Home computer kit, mim, hmesharing lerminal —
whatever your access to compuler power, Creative
prowides thoroughly documenled programs walh
complete istings and sample runs that you can use
with mimmum eltort Games. simulations, CAl
computer art — whether education or recrealion is
your bag. you'll ind programs which you can use in
Creative.

A no-compromise policy of
editorial excellence means every
issue is of value to you.

We firmly intend 1o be around a long ime and we
believe the way 1o do thal s to publish anly material
ol the very tughesl quality We believe our readers
are among \he most astute, intelligenl, and achve
peaple in the warld You can’l allord to wasle hme
reading imprecise. opinionaled, or wordy arlicles
and you won't Iind any tn Creative.

The price is right — only $21 for 3
years.

That same $21 will buy you apairof Siar Trek walkie
talkies. s direct dialed 10 minule calls between
New York and Boston. 3 tankfulls of gas. or 10
cocktails at a Hiltan hiotel Wouldn't you rather have
18 1ssues of Creative Computing each contaimng
over BS pages of sold editarnial malerial Hincluding
advertising. over 100 pages per issue) Count the
editonal pages in any other hobbyist or spetial
interest magazine and compare it 10 Crealive Any
ather 1 year subscrphlion $8. Lifetime $300.

NO RISK GUARANTEE

You may cancel your subscrnplion at any time for
any reason and we will refund Ihe balance without

question Dawid H ARl Publisher §

Creative Computing's book
reviews are honest and timely.

We're not owned by a big book publisher to whom
we owe loyally nor do we depend upon advertising
tor gur revenue Hence, not only do our reviews pult
na punches. bul we also rank order similar books
{hke all 34 books on the BASIC language which we

FOR FASTER RESPONSE

You can phone your subscription orders to us at
(201} 366-5617 Qur lines are open from 9 am to 4 30

reviewed last year) Crealwve reviews virtually every pm EST
computer book ol inlerest (o educators, hobbyists, [ e e e e e e e e e e e e e e
and general laypeople, even including vendor
manuals and government pamphlets | SUBSCRIPTION ORDER FORM |
. N . Type Term USA Foreign
An extensive resource section will I e dual | 1-vear G B 030 :
save you time and money. 3-Year o 21 o 27 |
Every 1ssue of Crealive carnes 40 or more shont i Lifeume o300 o 400
resource reviews evaluating penodicals. booklets. | Institutional 1-Year o 15 115 |
hardware, terminals, couplers, peripherals. software | 3-Year oo 40 o 40 I
packages, argamzations. dealers, and much more 0 New u Renewal
Every enlry has a bnel descripltion. evaluation. and I I
the name, address. and phone number of the | 0 Cash. check. or M.O enclosed I
vendor You'll save valuable ime seeking out this
mfarmahon, much of which you'd possibly never I OBankAmericard Card No. :
COMe across. |
. . . . O Master Charge Expiration date J—

Creative Computing will provide | |

o g g di P t | O Ptease bill me (S1 00 bilhng fee will be added) |
hours of mind-expanding enter-
tainment, even if you don't have a ] Name |
computer. | A |
Creanve Camputing carries 10 or 12 pages ol games I fess |
and puzzles every issue. Most of the puzzies don't
need a computer or calculator 1o solve, some do. : City State Zp —— :
Naturally, the 4 or 5 new computer games (in Basic, s

: end to Crealive Computing, Depariment B-21

Fortran. and APL) in every issue reguire accessloa ' P.O. Box 789-M, Mornstown, NJ 07950 I

compuler






























Glsseified Ads

HELP: 1 need a schemalic or any other informa-
tion on a Friden 2018620, 260026 Assembly,
PCB kevhoard. | will pay for copying and a finder's
fee. Bill Seeger, POB 2744, Keester AFB MS
39834, 1601) 435-47380.

FOR SALE: New Oliveui P-101 minicomputer.
Easily programmed, permanent starage of pro-
grams on low cost magnetic cards, hard copy
printout. Current Hst price, $1695, Will sacrifice
for $995. Free delivery. Marc Seligman, 320 Bryn
Mawr Av, Bala Cynwyd PA 12004,

WANTED: Low cost new or used terminal andfor
acoustic coupler for remote wse. Write Frank
Scavo, 1811 Court 51, Syracuse NY 13208,

FOR SALE: Dual floppy disk drve sysiem.
Shugart SA 3900 nterface boards, two SA 800
disk drives, all power supplies in rack mount
cabingt. Like new fused less than 10 hoursh
Operator's manual, First check for 31,800 to clear
takes it. Also, new Remex RRK 2000 48 V paper
tape reotler, $240 and new Uchida PM-30N 48 V
paper tape punch, $300. David Crellen, 4356
Vivaracho Ct, San Diego CA 82124,

WANTED: Centronics {101, 102} Dhablo, Data-
point (2200, 11001, or HW, Hewlen-Fackard,
equivatent. NCR, Entrex, Univac, tubes, printers,
disk, diskelte drives, Wango, Wang, Kennedy,
Ampex, Pertec, DEC, tape drives, [n any condirion,
working units, scrap frames Or just spare paris.
Soliware Dawapoint or  HW, Hewletr-Packard,
gguivalent, Pat Snyder, POB 31, Franklin Square
MY 11010,

STARTING NEW CORRESPONDENCE
EXCHANGE CLUB: Would appreciale response
from you on any uselyul project with a computer,
visual or graphwe, wideo camerd interfacing to a
computer. ARy Computer printer generated pic-
Jures or posters, Star Trek, Playboy, Snoopy, Cat,
any ligure or design an paper. Jog Penora, 920
First Ay, Frankhin Square NY 11010,

FOR SALE: RM BORO PC board with documenita-
tign and edge connectar. Includes 18 MHz crystal,
8224 clock, 8228 system controlier, 8255 PLA and
2708 1 KX8 EPROM with system monitor, $120.
Also, homebrew catiniet, sloping front panel with
keyboard cutout 16 by 10 by 24 inghes fashioned
alter BUD Comp-U-Cab series with SWTPC 6300
power supply mounied ;side, $50. W T Walters,
2820 N Newell Rd, Cak Harbor WA 98277,

HELP: MNeed schematic for automatic elecinc
AE101A dala sel, used on Moded 28 KSR on the
TWX line. Wil pay for copying or oniginal, Also
Vistran 21 keyboard and main unit in gxcellent
condition for sale, $300, Tom French, 404 Lee-
ward Landing, Roswell GA 30078,
(404] 993-1508.

FOR SALE: Four Lambda regulated power sup-
plies Model LB-701FM.OV. Inpul is 208 VAC
3 phase, output is 08 VDC al up 10 300 AMPS.
Asking 5300 each. Harold W Norris, RFD =3,
Milran VT )5468.

FOR SALE: 5 low power 4 K RAM bhoards
assembled and tested by E E. I'm using 8 K boards
now and no longer need these, so they're yours lar
$100 each. S Edelman, POS 91, Ithaca NY 14850,
1607) 2721279,

SWAP. Will exchange a March 1978 1ssue of BYTE
i return for either the May 1976 or June 1378
issug in good condition. @ Kay, 460 W Clapier St,
Philadelphia PA 19144, {215]) V13-6648.

FOR SALE: Two new unused MFE 250B digital
cossele transparts (see BYTE =15, page 711 with
dawa; call, best offer. Also have Aemexpapertape
spooler with schematic, $25 plus shipping. Bug-
Book M, $10. Processor Tech's & K BASIC
manuals and 1ape, $10. Assembled Morrow BYTE
standard board, $100. Gary Alevy, 480 Clintwood
C1, Rochester NY 14620, [718] 244-1133.

WANTED: Bell 103 series data sets, answer/
originate modes; also information on real time
clock for SWTP 6800, Richard Courwney, 903 25th
St, Marion | A 52302 {319) 377-0616.

FOR SALE. Alsair 8800, working, hardly used, 1Cs
in sockets, flat cable to from panel, $440 or offer.
BYTE Shap TV typewnter, new, warking, $110 or
best afler. Dennis Feuchi, 20115 SE 5lst Aw,
Portland OR 97215  {503) 233.2648 or
1503] 644-0161 ext 6255.

FOR SALE Serwice manual for Seleciric 10 writer.
$28. R Tierney, 4944 Cass St =811, San Diego CA
92109,

FOR SALE. 2 Itel Dura 10418 (BM Selectric word
processors have buwli-in paper lape punch and
paper tape reader coded in EBCDIC not ASCII,
plugs for auxibary reader angd auxiliary punch.
Word processor control box controls word, ling,
serlence, paragraph, margin and dulomatic editon,
Have operating  manwuals  and  nterngl  logic
diagrams. Original cost agbout S7000. They have
some bugs but work. $1000, each. G Hedden
(714} 545-7888 evenings.

FOR SALE  Tolewype ASR3I with special 1ype
wheel  printing 12 characters  per  inch, 84
characters per Ling. Loaded: ¥ on, ofl canirols,
ere. Servece manuals included. Works well. $750. G
Hedden [714) 545-7888 evenings.

WAMNTED: Commumcation adapicor complete for a
Viatron system 21, David L Sammey, 817 Agathon
Dr, Evanswille [N 47712,

WANTED- MOS Technology G502  resident
assemibler or source lor same, Send any informa-
nen to Sieven O Boniy, 15232 5th Av ME, Seattle
Wa 98155 o cail [206] 774-2279 days, 364-3451
EWENINGS.

FOR SALE: A BOEQ chisassembier, written in Alar
8 K BASIC, version 3.2, Dump your prograims n
assembler lormat, 82 for paper lape sncd nstrog-
tion sheet, $.50 lor listing, Chriz Pevtus, POB B11,
Malibu CA 90255,

WANTED: May and June 1978 sues ol BYTE
magarine. Wil pay S5 lor eoch af these ssues or
will trade boe December V375, Januoy, Fetireary
or March 1975 ssues nf BYTE. Olier is epen until
1 get one of each wanted issue, John Myers, 1556
361h 51, Ggden UT 84403 (801) 389-2970,

HELP: 1 am endfvcting moecdowes, interesiing coeas
and descripupns @f wnusual projects eongermng
microcomputers  tminis wel for a (enhgoming
book. H you're mierested plepse send yoor siticle
or description, L can be in wery rough form; Il
help polish if necessary . Yow wikl be Bully crediecd
il matenal is vsed. Send all mawerial 10 P C Daws,
17 142 Ackley Av, Johnsan City NY 13720,

FOR SALE: ARP 2800 synihesizer, (ully recondi-
toned, a dieam a 31250, Firsy call gets this
beauty. Call Lee after 6 PM EST (201) 731-5958,

HELP: 1 need issues 1, 2,3, 6, 7, 8, 9,10, and
12 ol BYTE. Wil pay any reasonable price,
Send list to Alex MNovickis, B358 Park Aw,
Forestyille CA 95438,

Readers who have equipment, software or other
ftemns to buy, sall or swap should send in a clearly
typed noiice to that effect, To be considered for
publication, an advertisement should be clearly

ial, typed doublh d on plain
white paper, and include complete name and
addrass information, These notices are free of
charge and will be printed one time only on & space
awvailable basis. Insertions should be fimited to 100
words or fess. Notices can be accepted from
individuals or bana fide computer users clubs onfy.
We can engage in Bo correspono: on these and
yvour confirmation of placement is sppearance in
an issue of BYTE,

Plogse note that it may take three or four
months for an ad to appear in the magazine,®
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THE PERFECT MICROCOMPUTER
DEALERS

VeCQUOR 1

Computer Mart of New York, Inc.
314 Filth Avenue

tew York, New York 10001
212-279-1048

Computer Mart of Long Island

2072 Front Street

East Meadow, New York, Mew York 11554
516-794-0510

The Computer Marl of Mew Jersey
501 Route 27

Iselin, New Jersey

2(1-283-0600

The Computer Mart

1097 Lexinglon

Wallham, Massachusetts 02154
617-899-4540

WEST COAST

Byle Shop of Westminsler
14300 Beach Blvd.
Westminster, Ca. 92683
714-894-9131

Byte Shop

18424 Venlura Blvd.
Tarzana. Ca. 31356
213-343-3919

Byle Shop

Palm Plaza

Thousand Oaks, Ca. 91360
805-497-9595

Byte Shop
2558 5. Bascom Ave.
Campbell, Calil. 85008

Kentucky Fried Computers
2465 Fourth Street
Berkeley, Ca. 24710
415-549-0858

MIDWEST
DATA DOMAIN - the Personal Compuler Stores

IMDHANA

{Homea office)

405 S, Gollege Ave.
Bloamingion 47401
812-334-3607

¥027 Michigan Rd.
Indianapolis 46268
317-251-3139

219 Columbia
Wesl Lalayelle 47905
{Cpening early December)

ILLINOIS

{illy billy machine co., inc.)
1316 Chicago Ave.
Evanston 80201
312-328-6800

42W. Roosevell
Lombard 60148

KENTUCKY

506% Euclid Avenue
Lexington
606-233-3346

3028 Hunsinger Lane
Louisville 40220
502-456-5242
WISCONSIN

2221 E. Capilol
Shorewood 53211
414-861-2430

TEXAS

The Micro Store

634 5. Central Expressway
Richardson, Texas

TO GRAPFHCINC.

717 LAKEFIELD RD., & SUITE F
WESTLAKE VILLAGE, CA 91361


http:origin.al

David Price
3901 Victoria Ln
Midlothian VA 23113

In this article | have set down definitions
of several computer words which one s
likely to see in BYTE. | didn’t want this to
wind up being a full blown, unabridged
dictionary, so | limited the list to words that
I thought would be unfamiliar to most
“outsiders.” The computer industry has a
fascinating tendency toward the use of
abbreviations and acronyms. These words
arce printed in capital letters, and are spelled
out within parentheses.

ACR (Audio Cassette Recorder} interface: Permits
an ordinary tape recorder 1o be used to store
digital data. it is frequently used as a low cost
replacement for @ magnetic tape unit.

AD (Analog Digital) conversion: An AD converter
measures an input vollage, then outputs a digitally
encoded number corresponding to the voltage.
Alphanumeric: The set of graphic symbals con-
taining the alphabet {A-Z), the numbers {0-9), and
special characters (such as punctuation).
Applications program: A program which does true
problem solving, as opposed to an assembler,
compiler, monitor or other systems program.
ASCIl {American Standard Code for Information
Interchange).

Assembler: Assemblers allow the programmer to
write programs using easily memorized mnemonic
instructions of an assembly language.

Assembly language: A low level symbolic pro-
gramming !anguage which was historically the first
programming aid, and is the simplest type of
language to implement.

BASIC (Beginner's All purpose Symbolic Instruc-
tion Code): BASIC is a widely used but simple
beginner’s high level language. Like all high level
languages, il utilizes powerful statements, such as
10 PRINT A/B"” instead of machine opcodes.
BASIC is typically implemented as an interpreter,
which runs more slowly than would be the case
with a compiled computer language.
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Microcomputer Glossary

BCD: {Binary Coded Decimall.

Binary: The base-two number system. The digits
are 0 and 1. They are used wilthin a computer
which represents them as the two states of an
electrical circuit. The first five numbers (0-4}
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 &rror.
Byte: A group of bits. The most comman byte size
is 8 bits.

Chip: See integrated circuit.

COBOL (Common Business Oriented Language): A
high level language heavily oriented to the use of
files and record keeping. It replaces operation
codes of assembly level languages with a set of
powerful “'verbs'’ resembling common English.
Compiler: A compiter accepts the statements of a
high level language, then converts them ta machine
language.

Core memory: Wany older computers utilize
memories of Ferrite or Lithium Magnetic cores. A
core memory doesn’t “forget’ data.

CPU {Central Processing Unit).

CRT (Cathode Ray Tube) display: A type of
terminal which displays information on a elevision
like cathode ray tube screen,

Data rate: The number of bits {ar bytes, or words)
of information 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 light.

Firmware: 1) Software which has been hard wired
into the computer by storing it permanently on
ROM, 2) Microprograms written to emulate a
specific machine’s instruction set.
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Floppy disk: Disk storage which makes use of
flexibie 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.

Hexadecimal: The base 16 number system. It is
commonly used when programming in machine
language. (FD is easier to remember than 1111
1101”))

IC (integrated Circuit).

Instruction set: The repertoire of the instructions a
given machine can execute. A major companent of
a computer’s design. The programs of one 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 allows one type of
electronic device to communicate with another,
Interpreter: An interpreter accepts and executes a
high level language program. Unlike a compiler,
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 high speed printer connected to a
computer can print data at rates often exceeding
several hundred lines per minute (LPM). This is
achieved by printing a whole line at a time.
Looping: A programming technique used when a
single portion of a program is to be repeated many
times.

LSl (Large Scale Integration): The most complex
form of an integrated circuit is made using LS)
techniques.

Machine language: The lowest level of pro-
gramming. This is the only language the computer
can understand without the assistance of an
assembler, compiler or interpreter.

Magnetic tape: Mass storage of data on mag-
netically sensitive tape, similar to that found in
home tape recorders.

Microprocessor: A microprocessor consists of all
the electronics of a minicomputer miniaturized
onto a single IC chip.

Mnemonic: A short word which stands for another
word or phase, designed so that it is easy to
remember (ie: “Jump 1o subroutine’’ might be
abbreviated ""JSR'').

Modem (modulator-demodulator}: Converts audio
sounds into digital form, and vice versa.

MPU (Micro Processor Unit): Synonym for CPU
chip.

126

Octal: The base 8 number system. It is commaonly
used when programming in maching language
{*375" is easier to remember than “011111101"}.
Opcode (OPeration CODE): A bit pattern which
specifies a machine operation to a computer's
central processor. Often listed in hexadecimal or
octal notation.

Paper tape: A long strip of paper punched in a
pattern decodable by the computer.

Parallel 10: When input and output is sent or
received with each bit having a single wire, the
transmission is called parallel. Contrast this to
serial 10.

Peripheral: The devices which perform detailed
interfacing 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}: See
"ROM™.

Queue: A "waiting line” of tasks or data.

RAM {Random Access Memory}: Generic term for
microcomputer system memory.

ROM (Read Only Memary): Memory whose data
cannot be destroyed.

RS 232: An electronic interface standard for serial
data communications.

Serial 10: A method of transmission in which bits
are sent one by one.

Simulation: A computer program which maodels
some system, typically using mathematical tech-
niques.

Software: Computer programs.

Star Trek: A computer game based on the TV
show  ““Star Trek.”” It involves destroying
“Klingons” with an array of sophisticated
weapons. Alsc referred to as "'Space War."”
Statement: A single computer instruction, within a
comgputer program.

Subroutine: A subprogram within a larger program,

Terminal: A device for communicating wilh a
computer using a keyboard and an alphanumeric
printer or CRT display.

Teletype: A terminal which prints information on
paper, manufactured by Teletype Corporation,
Timesharing: A technigue whereby a single com-
puter can support several terminals simultaneously.
TTL (Transistor-Transistor-Logic).

TTY {Teletype).

TVT (TeleVision Typewriter}: An inexpensive
form of video CRT display.

UART (Universal Asynchronous Receiver Trans-
mitter}: converts parallel data into serial form, or
vice versa,

Word: A basic unit of computer memory.m
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level machine implemented through subrou-
tine calls, What has been gained by this defi-
nition of a software machine design? First,
the compiler is simpler because the level of
the culpulled code is one step higher than
the rcal machine. Second, the object pro-
gram code is much shorter since each call
replaces many machine instructions. What
have we lost? While the code is compact, it
reguires the few Kilobytes ol system subrou-
tines in order Lo run, In terms of excculion
speed, we have sacrificed the overhead of the
subroutine sctups, calls and returns,

Let us now lake this argument one step
further. We have made the compiler casier
and the compiled code more compact by
making our machine appear more sophisti-
cated than it really is through run time sub-
routines. Whuat would we really like our
machine o look like? A PDP-11?
An IBM 360? Not necessarily like any con-
ventional machine, We would like a machine
with an instruction set tailored to compiling
and running a high level language, with word
lengths and dala 1ypes appropridaie 1o the
Lask. We can define an “Abstract Machine"”
which we would like 1o have, and then make
our microcompulter simulate this abstract
machine by wriling an interpreler program
for iL.

What would an interpreter program look
like? As one would guess, there would be a
main routine that would fetch the next
abstract machine instruction and increment
a simulated program counter. Based on the
instruction, the main routine would branch
lo the appropriale execution routine, The
abstract “‘opcode,” rather than being an in
fine subroutine call, would require only a
single byte — as an index into an instruction
routine jlump table.

In terms of architecture, we would like a
machine that is at lcast partially stack
oricnted. Stack machines are well suited for
processing high level languages for several
reasons. First, stack code is very compact
and storage eflicient, since most operalions
have implicd opcrands, ic: the top one, two
or three elements on the stack, Second, the
code gencration portion of the compiler is
greatly simplificd since the parsing process
directly implies stack operations.  This
applies not only Lo arithmetic expressions,
but also to string expressions, Jogic expres-
sions and nestable program constructs like
IF-THEN-ELSEs, DO-WHILEs, ctc. Third,
stack allocation of memory is nice [lor
recursive subroutines and block structured
languages. The stack instructions would
operate on the actual dala types defined in
the language. The abstract machine for an
ALGOL-like language, {or instance, might
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have stack elements which could be
addresses, integers, floating point numbers,
string descriptors or logical values,

Several things need 1o be said at this
point. First, the notion of an intermediaie
level abstract machine is not new. More than
a few compilers have been implemented this
way. The IBM §/360 FORTRAN (G} com-
piler is written for a stack oriented machine
called POP. PASCAL, an ALGOL-like lan-
guage, also was written for an abstrict
machine, This concept is part of a broader
class of methods to divide the compiling task
into two parts: a Language Dependent
Translator {LDT) and a Machine Dependent
Translator (MDT). At what level and in whai
way this division is optimally made is the
subject of current research.

Second, the idea of simulation or inter-
pretation of intermediate code often brings
o mind extremely slow and inefficient
execution. This is certainly true when a con-
ventlional machine simulates anolher conven-
tional machine, A 6800 simulation program
of an 8080 machine is absurd. 95% of the
execulion time would be spent in the over-
head of instruction fetching, decoding and
seiup. But a 6800 simulation of a 360 is not
quite so ridiculous, since most of the time
the 83800 would be grinding away atl power-
ful arithmetic and logical routines. Defining
an abstract machine whose “architecture’ iy
suited to the source language and whose
instruction set is powerful compared 10 the
real machine insures thal mast of the exccu-
tion time is spent doing useful work.,

But now look at the advantages of the
interpretive abstract machine for the ama-
leur computing cxperimenter. First, as was
said before, the code is extremely compact,
A single byte instruction might do some-
thing like “take the floating point number at
the top of the stack, convert it to an ASCII
character string, and leave the descriptor in
its place a1 the top of the stack.” A Tairly
sophisticated program would take up little
space, aside from the fixed overhead of the
interpreter, string and numeric literals, and
the value area. No matter how big memory
chips gel, it is safe to say that memory will
always come dear to the computer hobbyist,

Second, an abstract machine is a step
toward real machine independence and soft-
ware portability. IT you write an interpreter
for your 6800 and your friend writes one for
his 8080, abstract machine cade will run
well on both. Also, if you later upgrade to a
9900 or LSI-11, you don't have 1o junk all
your software and start over  you just have
1o rewrite the abstract machine interpreter.
The more powerful processor will make the
interpreter shorter, simpler to write, and






Continued from page 9

Listing 1, continued:
Address Op Operand

007A 85 F9
007C A9 02

007E 86 E1
0080 20 1F1F
0083 FO 06
0085 20 BAIF
0088 20 9100

008B cs E1
008D DO F1

008F FQ DO
0081 c9 15
0093 DO 03

0095 85 EE
0097 60

0098 cs 10
0csA DD 05
QoecC A 00
00SE 86 EE

00AC 60
00A1 10 FD
00A3  AA

0CA4 A5 EA
D0AB FO F8
00A8 88 EA
00AA AB EA
00AC 38

00AD E9 05

DOAF 85 E9
0oB1 A9 00

0083 E9 00

0085 85 EB

00B? 60
0088 45
0089 00
00BA 00
00BB 99
Q0BC 80
oo0BD 00
00BE 99
00BF 98
00Cco 02
0o 08
Q0C2 00
00C3 00
00C4 00

Labhel

FLY

FLITE

NOKEY

DOKEY

NALT

RET1

NAL2Z

THRSET

INIT

Mnemonic Commentary

STA INH

é‘-?:‘ EQ%K DECK:=02; [counter]

JSR SCANDS look for depressed key

BEQ NOKEY if no input go to NOKEY:

JSR GETKEY else go to GETKEY,

JSR DOKEY go to DOKEY;

DEC DECK DECK:=DECK-1;

BME FLITE if DECK notequal to Q go to
FLITE;

BEQ LINK else go to LINK;

CMP 215 A :=fuel mode?;

BWNE MALT if nat fuel mode go to
MALT;

STA MODE else MODE:= fuel mode;

RTS return;

CMP 210 Ac=altitude mode?;

BNE NALZ if notgo to NAL2,

LDA #00 else mode: =altitude mode;

STA MODE MODE:=4A;

RTS return;

BPL RET1 return; [illegal made]

TaX else X:=A;

LOA THRUST A:=THRUST,;

BEQ RET1 if thrust:=0 go to RET1;

STX THRUST else THRUST:=X;

LDA THRUST A:=THRUST;

SEC set carry;

SBC #05 THRUST:=THRUST - 05b;

STA TH2+1 TH2+1:=THRUST;

LDA #00

S8C =00 } A:=00;

STA THZ THZ:=00;

RTS return;

[initial height)

} [initial speed]

} [initial acceleration}
[initial thrust]

[initial fuel]

[mode)

until we realize that both the altitude and
the fuel gauge will probably go right past the
zero mark, jumping directly from a positive
to a negative value; so a zero test is oul.
[nstead, we take action the instant the
number goes negative, restoring it to zero
and then taking whatever other action is
called for.

Lighting the Display

The display is quite straighiforward; in
fact, the KIM-1 monitor program has a
subroutine to do the job.,

Depending on the display mode flag, all
we need to do is to move altitude or fuel Lo
the display area, together with rate of
descent. Then we call the subroutine (o
transfer it Lo the LEDs,

Of course, we must remember to drop the
last two digits from the displayed values
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{0.01 of units, remember?) and to negate Lhe
rale ol descent, where necessary, so Lhat i1
shows as a positive number.

Detecting Input

The KIM-1 moniter subroutine that lights
Lie display gives us a free bonus: |1 also Lells
us whether or not a key is depressed on the
keyboard, To [lind out which key, we musl
call another subreutine in the monitor pro-
gram.

IF we discover that the user has input a
thrust command, buttons | to 9, we [irst
check to see that the motor is on and that
we have fuel. Then we sel the thrust, and
also calculate the acceleration as thrust
minus 5, where 5 represents the force of
gravity,

The two other legal keys, A and F, sct the
display mode lo altitude or fuel. The pro-
gram scts @ memory location which will be
tested by the display routine.

The program doesn’t need Lo worry about
when a bullon is released. Although the
queslion can be quite important lor pro-
grams that must distinguish between, say, 9
and 99 on the input, the lunar lander doesn’t
really care. If you feave your finger on the
button, it will keep on sctting the thrust
over and over to the same value, without
affecting the flight.

Coming Down

The program doesn’t stop. If you run out
of fuel, you will watch yourself freefall 10
the surface. When you land, with or without
fuel, your rate of descent freczes so that you
can sce how hard you landed.

It would 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 that you can easily
produce special combinations.

The novice astronaut who would like to
try his or her hand at flying this, or other,
craft should keep the following rules in
mind:

1. Always conserve fuel al the beginning
by reducing power to minimum thrust.

2. Don't let your rate of descent get
excessively high; with my program, it's
wise to steady up with a thrust value
of 5 when your speed gets over 90 feal
per second.

3. As you get to lower altitudes, try to
balance your altitude against your rate
of descent. At 1000 feel, a rate of
descent of 500 feel per second will
bring you down in 20 seconds, which
is reasonable. Keep that sort of
balance.m









much science fiction. Aside from the size
constraint and memory capacity, the func-
tions of the Minisec as described can be
accomplished by a well designed contem-
porary personal computer system. The char-
acieristic of fitting into the size of a hand
held object is not even necessarily a valid
engincering goal for such a powerful device.
Why?

Have you ever considered the problem of
Lyping texl passages into a keyboard the size
ol a calculator? Aside from the frequency
and positioning idiosyncrazies of the stan-
dard Roman alphabet typewriters we all use
{which could be solved by training with the
Dvorak system), the design of the text
keybuoards is well adapted to the problem of
quickly lyping texl. | know that personally
from the immense amounts of keystroking !
do, and anyonc who works with computers
al a software level will have similar experi-
ences, A major portion of the information
processing operations performed with the
personal computer are now and will always
be accomplished using such text keyboards,
at least for the foresecable future, barring
invention of really efficient voice parsing
techniques. Thus the physical size constraint
is now and will probably remain at the level
of the size of a text keyboard's physical
layout, hardly a hand held size, but certainly
a lap-perched device.

Redeflining of key interpretations is al-
ready accomplished automatically when a
command language is used with symbolic
commands typed as text strings. However,
having a changeable command keyboard
such as Clarke describes is a neat idea. | ran
into a specific case of such a keyboard when
| worked for a short time on an experi-
mental digital avionics system design which
employed projection displays to define dif-
lerent legends lor key positions depending
upon mode of operation during an aircraft’s
mission. It is a nifty concept, but a bit
expensive at present. The model of the
Minisec keyboard is a very sensible extrapo-
lation of liquid crystal style display tech-
nologies coupled with switchless capacitive
touch contact zones.

Forgetting the physical characteristics of
the implementation, the logical charac-
teristics of multiple modes of operation are
guile realizable with present day personal
computers, although not always in a pre-
packaged form as described by Clarke. For
example, the whole purpose of the ALPHA-
NUMELRIC mode is to allow text entry and
command language style operations, if it is
meaningful to have such a mode at all. The
ASCIl keyboard and the text editors ap-
plicable 10 personal computers of today

r

— aUFTWAHRE —

TEXT EDITING SYSTEM

TSC'S B6B00 TEXT EDITING SYSTEM SURPASSES ALL
MICRO EDITORS. THE COMPLETE RSSEMBLED SOURCE
LISTING NOT ONLY INCLUDES THE USUAL EDIT FEA-
TURES. BUT ALSO BLOCK MOVES. BLOCK COPIES,
OVERLAYS. AN EXTENSIVE CHANGE COMMAND. AND
TABS. JUST TO NAME A FEW. THIS IS THE EDITOR

FOR THOSE WITH SERIOUS NEEDS. SLEB-24 $23.50
6800 8080 6502

B0BO GAME PACKAGE 1. PDBO-1  $19.95

6502 GAME PACKAGE 1. PDES-1  $19.95

6800 GAME PACKAGE 1. PDEB-1  $16.50

6800 COMPLETE SOFTWARE PACK. PDEB-3  $35.50

6800 SOURCE LISTINGS

SPACE VOYAGE. SL68-5 $12.00
FLOATING POINT PACKAGE. SLe8-4 $6.50
MICRO BRSIC PLUS. SL6E8-19  $15.95

PROGRAM OF THE MONTH CLUB

RECEIVE 1 YEAR MEMBERSHIP INCLUDING R MONTHLY
NEHSLETTER DESCRIBING TSC'S LATEST SOFTWARE

RELERSES. UP TO A 157 DISCOUNT OFFERED ON
FEATURED SELECTIONS. POM $2.00
ORDERING INFORMATION

PLEASE INCLUDE 37 POSTAGE.
ADD 47 TAX (US FUNDS ONLY). CHECK YOUR LOCAL
OEALER FOR OUR PRODUCTS. (DEALER INQUIRIES
WELCOMED). SEND $.25 FOR A COMPLETE CATALOG.

TS5C TaC

INDIANA RESIDENTS

TECHNICAL SYSTEMS CONSULTANTS
BOX £674 W. LAFAYETTE INDIRNR 47906

J

16 K STATIC RAM

For ALTAIR/IMSAI/POLY 88

$459 «n

ASSEMBLED §529

USES 4K STATIC RAMS - NO REFRESH
VERY LOW POWER - LESS THAN 1 AMP
ZB0 FAST - 200ns ACCESS TIME
PRCVISION FOR BATTERY BACKUP
LOW PROFILE SOCKETS FOR ALL CHIPS
EACH 4K ADDRESSABLE TO ANY 4K SLOT
HARDWARE/SOFTWARE MEMORY PROTECT
FOR EACH 4K
e SPECIAL PAGING OPTION ALLOWS UP TO
1 MEGABYTE ADDRESSABLE MEMORY
o LOWCOST
CONSTRUCTIONMANUAL ...............oooet $1.75
PAGINGOPTION .. ... e $9.00

QUANTITY DISCOUNT ... ... ... 5 BOARDS — 5%
10 ORMORE — 10%

DEALER INQUIRIES INVITED

OMNI SYSTEMS INC.
P.0. BOX 7536, UNIV. STATION
PROVO, UTAH 84602

READER SERVICE NO. 198

\
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persenal computer and its uses throughoul MULLEN COMPUTER BOARDS

the book /mperial Earth is a most inspiring BOX 6214, HAYWARD, CA 94545

input which designers of personal computers
would do well to explore.w

A CHALLENGE ... The Logical Squelch,
a Noncommercial Product

Occasional, functional specifications of
neat ideas can be fun. Here is one which was
dreamed up by yours truly and Judy Havey
while preparing the April issue. We both love
to listen to classical music FM radio stations
while working, principally WGBH and
WCRB out of Boston MA. What we were
talking about was the fact that while we
certainly appreciate the fact that advertising
supports the commercial radio station
WCRB, we sometimes get just a bit tired of
hearing the same commercial or announce-
ment over and over again. So, | 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 following
characteristics:

8 fast reed relays respond to an 8 bit word: Feed
the relay associated with its bit a *1" and it closes, give it
a 0" and it opens. Also, 8 opto-isolators accept an 8 bit
word from the outside world and send it to your com-
puter for handshaking or further control purposes.

Especially suited for model railrood, burglar alorm,
audio switching, ham radio, music synthesizer, ond aute-
mated display applications, this board goes wherever
you need a general purpose 1/0 switching gizmo.

We're proud of the design work and quality put into
this applications-oriented peripheral; and with it, you
can take care of that 1/0 gap in your system.

Available in kit form only. California mail orders:
add state tox.

® Continuous digitization of the signal
and characterization of the past ‘'n”
milliseconds by a set of numerical
constants reflecting the signal being
digitized.

® A manual switch input used for “T"LE.AVMWLE .' M
“catching” various unwanted signals
and storing the empirical parameters
for the previous time period (goal:

perhaps 16 to 128 bytes characterizing m\’-\’\_\
a segment of the signal with a high /\/\’\
probability of uniqueness). m ‘NTE"

® A monitoring algorithm which seeks a mh! maym— /‘/\\

match between stored signal parameter

‘\00 IVSWI/UIvATY

V/L~-OR ASK AT YOUR COMPUTER STORE

sets and the incoming pattern, perhaps :
ts and the incoming pattern, perhap meant it _to be...
with a “criticality” parameter which YOUR ALTAIR® 8800
adjusts a fudge factor tolerance on the can't run well without
match. When a match is found, the acorrect, reliable
“squelch’ signal is given to the output C.P.U.clock.
|C‘\"E‘ COnthl peripheraL A PARASITIC
® A level control peripheral which is ENGINEERING
perip i kit i
either full “on’ or in a squelched °'°C"“:":j‘t'5
state, with a timing oneshot used to — guaran eed g
: > Intel B produce1 and(
stretch the squelch period over an speciicatian Crock Foa kit clock pulses, that
adjustable time of a hall to two 0 e mnmam i B 20 e i :peettlgrt?'l;s
; o . specifications e
minutes or so. - - 8080. Installs easily on
H H H . ¢ Thasa aro the actual ¢ waveforma Altair® B800 or
In this simplest conception, no attempt is g-:’a‘o_';x&xs&-'ﬁ:--m poirabied 3006 C.P.U. board.
made at fancy word recognition, or recogni-

tion ol voice characteristics of announcers. Rt | [ ]
Such embellishments would of course be master charge Only $1 5 BANKAMERICARD
most desirable, but who knows what is postpaid in the U.S.A.
possible until it is tried? Who'll be the first
Lo build this logical squelch device and write

il up as an article for perusal of our other PARAS'T'C ENGlNEERING
readers? . .. CH PO BOX 6314 ALBANY CA 94706

* Altair is a'trademark of MITS Inc,
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UneAudio
JATatens

THE AUDIO AMATEUR is a quarterly for the enthusiast who enjoys hands-on work
in building or customizing his audio equipment, or technical savvy about his hi fi gear.

TYPICAL ARTICLES: Octave equalizers, Transmission line loudspeakers with 8 to 24"
drivers, Electrostatic speakers with a 900 Watt direct drive amplifier, Mixers,

preamps, parametric equalizers, stock equipment modifications for Heath and many

Dynaco units. Completely tested circuits, construction 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 | 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, | thnk, the only
American publication devoted to the really serious audiophile constructor.”

DEPT.B P.O. BOX 176 O Check here for free prospectus.
PETERBOROUGH, O | enclose $9.00 for 4 quarterly issues.
N.H. 03458 U.S.A. (1 | enclose $25.00 for twelve issves.

ADDRESS
ciTY STATE_____ ZIP CODE

Please allow six weeks for delivery. Rates above are for the U.S.A. only. Rates for other
areas available on request.




continued from page 59

Blondefield. The mechanics of the sys-
tem are tie major problem for experi-
menlers now in robotics. Remember that
we're talking abopt preliminary, very
basiv devices. The problem for experi-
menters is that it's no tun at 4l to work
with systems that don't do anything,
don’t move about and fend for them-

controf, artificial intelligence techniques
and applications of microprocessor intel-
ligence,

The mechanical problent is o oifficuft
one when you change the context from
thut of my “tinkerer'\” pafnt of view to
the poiat of view ot the production
engiticer whio wants {o muass-produce u
relivble device, where relighte §s defined
in a muonner similar to Deiroit’s defing-
tion of a reliable car: 4 neighborhiood

UPSIDE DOWN DATA ANYONE?

I'm certainly nol a computer experl;
however, a very interesting and confusing
aspect ol the computer compatibility
has come to my attention. ) understand
4 lot of time and effort has gone into
setting up a standard format for data
eachange; however, there scems 1o he
some confusion in definitions, especially
for newcomers like myself and appar-
ently others: definitions of marks and

specialist can fix the product without
totally redesigning it. ... CHu

spaces, 0s and s, ete, at true logic levels
tor users and experimenters,

selves even in 4 primitive way. It is
extraordinarily dilticult to design and

build a reliable “vehicle,” even a wheeled
device  without redching  mem-
bers ... and that's 4 requirement if the
wark is really to deal with robotics and
not only conventional clectronics.

That's where our effort is beginning

with the mechanics, to which an array
ol sensory  dand  judgemental  creuitry
may be fitled. Circuit design is proceed-
ing in parallel, o! course, but the
mechanical  system i of  paramount
imporiance in the short haul. )

Without dwelling on the matter here,
we have some unusual resources in the
areas both ol medhanics and circuitry.
We expect o produce a4 satistactory
system — schedule indeterminate, cost
indetesrminate. We do hope to issue short
reports that may be of interest to your
readers, not only those dealing with
microcomputer systems specifically,

CRT
Terminals

® |ncludes:
12" CRT; 64-key keyboard; line driver/receiv-
er; power supply; plastic cover and bezel

) . e TTL input levels; 12.56MHz video bandwidth
Glenn R Norris, President
United States Robotics Society . i o .
POB 26484 ¢ A high quality unit; idea! for microcomputer

Albuquerque NM 87102 applications

Me Norris sent along copies ol appli- P Ful!y assembled, not a kit
. - . . »
cutions torms Jor USRS, which s u

sonprofit  wrgartization  for the robot
budlder, The does are $12 per annum,
The point abont medhanics depends
upent s you view the problem. Inomy
pagnt ol view, fosee o readily construc-
tible solution (o the problem ot muking
the woulkilg robot device mechanically,
first dmplemented av e test bed with
mdet gircrett senvos, later with stronger
wechianisms oy o more practical device,
! see the dynamic control of a moving
muechanism as a really fun software
challenge  with elements of real time

e Only $195in single unit quantities
{FOB Hampton, Va.; no COD}

WYLE COMPUTER PRODUCTS

3200 Magruder Blvd.
Hampton, Va. 23666 {804) 838-0122

COMPUTER 2
T COMPUTER SBEY
T.V. CAMERA & DISPLAY

INTERFACES FOR ALTAIR/IMSAI

@TEACH YOUR COMPUTER TO READ, @LET YOUR COMPUTER MAKE DECISIONS
DO SURVEILLANCE, ETC. BASED ON VISUAL INPUT

COMPUTER T.O MONITOR I

LET YOUR

FAST SCAN SYSTEM

@PLAY GAMES & LET YOUR COMPUTER
SEE THE BOARD

SLOW SCANT V. CAMERA

FAST SCAN T.v CAMERA

TOCOMPUTER INTERFACE  TO COMPUTER INTERFACE INTERFACE | O 5LOW SCAN INTERFACE $295
. O FAST SCAN INTERFACE 545

ponimu poom fston 230 g e | CICOMPUTER TOMONITOR inTERFACE 203
Maxeum Grey Scate 16 16 16 D OSCILLOSCOPE/PLOTTER DISPLAY INTERFACE 495
Maxamum Convernian Tune 5 sec 1430 sec 1/60 see I o BL.‘.ACK AND WHITE T.V. CAMERA 300
Mimmum Memory Reguireiments® <BK [4:1.4 <BK 012" 7.V IMONITOR COMBINATION 150
OSCILLOSCOPE/PLOTTER DISPLAY for random 4096 pomts or 682 lmng | D SENDMORE INFORMATION
segments with 4K RAM  (Requires 150 Khy bandwidth osciloscope ) .
Any TV camera can be used ! Enclosed is my check/money order for:$
AN equipment fully assembled and documented. Allow up to 90 days ot delwery I Mame:
" Mot far maximum resolulion Address:
vtorinersor  ENVIRONMENTAL INTERFACES | City. State Zip
meney e o PLO. Box 18011 Cleveland, Ohio 44118 (216) 371-8482 H Ohio residents please add 5.5% sales tax, thank you,
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Personal Computing

It’s happening at the Dallas Convention Center

Big Plans for “Big D"

Innovation and relevance are key words for the 1977 National 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 for 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 outstanding 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, National Computer Conference, 210 Summit Ave., Montvale, N. .
07645, 201/391-9810.

Headquarters Hotel

Personal Computing headquarters for the 7TNCC will be at the Heliday Inn in downtown
Dallas. Low-cost housing also will be available at Southern Methodist University. Fill in
the coupon for information about 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. |. 07645, 201/391-9810.

.. -/

| i l

| For More Information! I

I To: TINGE |
¢fu AFIPS

I 10 Summil Ave, I
Montvale, N.|. 07645

I ¥e, | am very interested In the TINCC and 1he Personal Computing Falr & I

Exposition. Please keep e inl d aboul the confl program, exliblis

I and all relatedt activities and ewents, and please send me information about:

I D Lxhibiting my personal computer sysicm I

I [ Exhibiting my company’s ial producis/yesvices I
D Persunal Computing Falr & Exposition events

I D The First Mational Programming Cenrest I

I E] Prefessiomal Seminars I

I D NCC's Deluxe Travel Service I
[ Low-cost housing at SMU

I D And, 1'd like 1o receive your bi-monthly newslelier, NCC ROUNDURI l

I Mame: Title: l

I C yischogl: I

l Street add; . I

l City, siate, ZIP cuele. I

| m

L——-———-——-—_————J
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Goes National

during the 1977 NCC, June 13-16
ﬁﬁ&/ 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 & Exposition. 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 software 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.

?ﬁ% 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/O 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!

ﬁ( 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 Center » June 13-16
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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 following:

Goodman, 5454 S Shore Dr, Chicago IL. 60615,
(312) 752-1000.

Teletypewriter Communications  Specialists
{\Vfan's Electronics), 550 Springfield Av,
Berkely Heights NJ 07922, {201} 464-531G.

Andy Electronics Co Inc, 6319 Long Dr,
Houston TX 77087, (713} 641-0576.

Typetronics, POB 8873, Ft Lauderdale
33310, {305) 583-1340.

Lawrence R Pfleger, 532 W Wilson St #1,
Madison WI 53703, (B08) 255-2935.
Atlantic Surplus Sales, 3730 MNautilus

Brocklyn NY 11224, {212) 372-0349,

Henry Holder, {817} 429-3021.

Don C Dando, Rt 4, POB 454, Liberty MO
64068,

BWVE Enterprises, POB 73, Paramus NJ 07652,

Alltronics-Howard Co, POB 19, Boston MA
02101, (617} 742-0048

Wilcox Enterprises, 2Z6W178 38th St, Naperville
1L 605440, (312} 420-8601

FL

Av,

This list was culled from the publications circa
July 1978. Mo inventory or prices are listed since
as one supplier {Goodman) put it in a conversation,
“l have hundreds of 15s and 19s now, but they
sometimes move slow, or sometimes fast, and |
could sell 'em all tomorrow.” In each case, where
available, a phone number is listed so that the
latest availability can be checked.

mercial, weather and stock market. Table 1
lists the characters which correspond to
particular 5 bit Baudot inputs. Note that in
all three cases, the letters, jower case, are the
same, but the figures, upper case, are dif-
ferent; in fact some of them are downright
strange!

Obviously the most desirable character
set for microprocessor use is the commercial
or communications group, but don't let a
stock market or weirdo weather font stop
you! Replacement commercial keys are
available for $0.50 to $1 each from most of
the sources listed.

There are four printing spceds associated
with these old machines, those being 60, 66,
75 and 100 words per minute. Table 2
summarizes the data rates, bit pulse widths,
character speeds, elc, for cach of the four
speeds. More about how to increase machine
speeds |ater.®

Next Month: Baudot tele-
printer information con-
tinues with a discussion of
interfacing techniques and
problems.

KIL OBYTE
MAWS

TODAY, KIL OYTE 15
TELLING CHIP ABOUT YET
ANOTHER AVENTURE
OF HIS GREAT-GRANMAD
ABOARD THE HMs.
EMPTYEYES. KILT O'BYTE

(GRANI)HAD HAD EXPERIENGE

WITH LOAN-SHARKS, 50 HE
CONSIDERED HIMGELF SOME-
THING OF AN ICHTHYOLDGGT.

D0 1 HAVE TO TELL
YOU AGAIN? IT ALL
BEGAN WHEN GRAMPA
SPOTIED THE SHARK-.

EM GUARDE FOUL FIEND/

o7 & TWOFIZ
_LATER , FLOCK 15 I

g,
[;. _:l. L “u:,/
e

(.

o o )
THAT STAMD BACK, SIR?
EMERGENCY.

fLL GAVE You! |

&

\

FLOCK! ARE YoU 1LL?
YOUR FACE LOOKS DRAWN|

Y

YSEE, CHIP, MR.

FLOCK 60T AwaY
WELLLL ... WHAT BY PRETENPING
PO YOU EXPECT

HE WA A PENTIST

iN A CARTDON®27
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PAPERBYTES™

Forum

A READER'S RESULTS OF
MAKING SOME TESTS. ..

I read with interest the three articles
on bar code soitware in the December
1976 issue of BYTE. While awailing
arrival of my Digital Group system, |
decided Lo tinker with a simple way ol
reading the sample codes presented by
Banks in his article {page 12/,

First, | tried the examples suggested
by Merkowitz {puge 77/. A suitably
small lens proved very difficull to secure

however, one was found. The focal
length was somewhat long and alignment
was quite critical, Examples 2a and 2b
an page 78 were bolh constructed. Both
visible light and inlrared detectors were
used. Also, LED and incandescent
sources were Iried, The incandescent
source with the intrared photodarlington
deleclor proved to be the most sensitive.
The persistent dilficully with the mecha-
nics of the lens system led 1o further
tinkering. The split fiber optics of
tigure |, page 77, was tried butl con-
struction of a homemade split fiber optic
guide was tedious and lacking in ade-
quate sensilivily upon completion.

NexL a pinhole lens was tried bul
again  adjustment  proved  difficult.
However, this did lead 1o the tinal probe
that seems to provide a suilable alter-
native for the homebrewer to the com-
mercial probe. Instead of a lens, alinear
aperture was used. The slit was just the
width of the 0 bar in figure de on
page 17.

Two semicircles of shim brass were
soldered to the end of Lhin wall Tcm
inside diameler brass tubing to provide
the slit aperture. After blackening the
inside of the tubing with carbon black,
an infrared detector and incandescent
lamp were mounted inside a 1.5 c¢m
length of the tubing right over the slit. A
slightly smaller diameter 12 ¢cm length ot
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 Lhe samples pro-
vided in figure 4 of Banks' article which
proved Lo be promising. The respanse of
the detector was monilored on an oscil-
loscope while muaking repeated passes
over each sample. Samples 4c and de
were read with ecase, giving approxi-
mately 0.4 V peak to peak deflection.
Naise as obsecrved on the scope was
minimal both during bar code scanning
and passes over sections of white page.
Handling of the homemuade probe was
not difficult, one only having to make
sure the slit was parallel 10 the code
elements and thal the probe remained

perpendicular to the page. Sample da
appedred 1o be scanned reliably but
response  was gredlly reduced on the
oscilloscope. Samples 4b and 4d did not
reproduce  well, having practically all
black print in areas ot high 1 density.

One problem encountered alter a
gredt many passes ol the various probes
was that the paper began to wear and the
codes became scratched. Even so, the
slightly tlattened sine waves generated
by the probe remained intact, Optimum
disptay  was achieved with 4 scanning
speed of 510 15 cm per second.

I am in agreement with Mr Banks
that a4 need for better and  cheaper
sottware dissemindtion eaists. | support
adoption ol the bar graph encoding
method and urge acceptance of sample
4e on page 17 as o standard. Certdinly
this simple investigation demonstrates
that a means of reading such a code need
not be dan obstacle to the home com-
puter hobbyist.

Rick Bourgeois MD WASEVH
POB 2746
Lafayette LA 70502

BACKLIGHTED SCANNING?

| have read your articles on bar coded
information transter with interest. Might
the construction ot the document
reading device be simplified if the docu-
ment were backlighted by a light table or
such? (This would require that no
printing exisl on the document's reverse
side.) The "lens” could simply be a pin
hole, as the light sourcing problem
would have been eliminated. The critical
angle of the reading device (due to
rellections off of the ink and paper)
would dalso be gone.

Jonathan L Bondy

Ketron Inc

Valley Forge Executive Mall
530 E Swedesford Rd
Wayne PA 19087

The suggestion to backlight the paper
hus been made by several reuders. For
magasine published und printed pro-
grams, the main disadvantage is lack of
use of the buck side of the puper.

Use of u source and sensor array such
as the Texas Instruments TIL-139 part
with an external imaging slit looks like a
very promising and inexpensive scanner
for the front side of the paper. This
device, described on puges 167 and 168
ot the T1 Optoelectronics Data Book for
Design Engineers [available from BITS
Inc], hus u source LED and receiver
phototransistor  mounted in o plastic
housing  with un adjustment  slot for
positioning relative to the image being
scanned.

BYTE ON TO THE (NON)
BITter END

Regarding the “'Machine Readable
Publishing Standard” in November 1976
BYTE: Yea team, go go go. It you can
make this woark you will have advanced
personal computing gt least 2 o1 3 light

162

decades. The idea of being able (o
publishh machine readable saltware on
the printed page is, in my fand o few of
my friends') opinion, the bipgest thing to
hit the hobby computer scene since the
Altair 8800 and BY'TE magazine.

Of the formats presented, | oper-
sonally  prefer format 2 and think a
frame format is mandatory. The equal
spacing ot the data bits to assist mantial
reading of the data should be vonsidered
when vyour tinal lormat selection s
made. A (rame lormal is required to
heep the data in manageable chunks and
to facilitate error detection, Some con-
cerns  and  suggestions | Dave are as
follows:

1. Be sure 1o give complete plans {or
maybe manutacture a kit) 1oy the
reading wand with casily obtain-
dble parts. A single +3 V supply
requirement would be nice, 100,

2. Possibly include  wvisoal  goide
murks on (he edges of the pages
or between frame lines to demark
data bytes as an aid 10 manual
reading,

You've got the BYTE on a great idea,
don't let go. BYTE on 1o the (non]
BITter and glorious end,

] Scott Williams
POB 932
Bellingham WA 98225

NOT ALL REACTIONS ARE
FAVORABLE, WITNESS THIS:

As one who is deeply involved in
home computing and who has been
reading BYTE since issue =], | am
moved Lo voice my complaints about the
garbage you've been including in several
recent issues, Garbage thal serves only 1o
waste valuable space!

What's this fexpletive deleted | about
“Machine Readable Printed Software?!
15 this supposed to be humar? | hope so.
My M6800O computer is very bright, but
it has never spent one cent for BYTE or
anything else. People buy things and
people read BYTE, but get too heavily
into “machine readable printed soft-
ware" and you will have to depend on
machines to purchase BYTE — people
won't! The "BYTE standard’ for mag-
netic tape data recording was widely
accepled because we needed such a
standard, Nol one of the computer
hobbyists | know feels any need whalso-
ever for a standard on machine readable
printed software. Perhaps it is an idea
whose time has not yet {and may never)
come. Try printing sofiware in the form
of source listings; they are people read-
able — and people are the ones who
spend  money. I you wish (o sel!
machine readable software, may | sug-
gest that you use “BYTE standard”
casseltes and/or paper Lapu,

Happy Compulting!

funintettigible signarure |
Chattanooga TN

To each his {or fer?) own opinion.®
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* SPECIAL PRICES |
74152 .90 HIGH SPEED :OU; -_}g |
74155 60 74H00 20 43?1 e
74157 60 74HO1 20 1012 16 % |
. 170 74160 75 74H04 20 4013 '20%
roms ' 74161 753% 74H10 20 4015 80 |
82S523/S123 1.95% 74H11 .20 4016 35%
74163 75 % 74H40 .20 : l
TTL 74165 80" 74H51 20 4019 70
7400 A2% 5 : 4020 .90
74173 1.2 74H52 20 l
7402 14 4021 95
4 74174 75 74H74 40 4023 16 %
7403 143% 74175 75% 74H102 50 . I
7404 A6:% 70
74177 : 74H106 50
7407 20 74180 ‘80 4025 .20 % I
7410 2% 74181 1.50 LOW POWER 4027 40
7420 A2 3% SCHOTTKY 4028 60 I
7427 25 74191 .85 741500 29 4030 35
74192 703k 74502 29 4040 95 l
74193 70 % 74LS08 29 4042 60
7438 20 % 74194 85 741510 29 4043 75 i
7440 A2% 74198 1.25 74LS27 .30 4044 70
7441 B5% 9602 50 74LS73 45 40489 35% 0
7445 60 9300 75 74LS75 65 4050 35 %
: 9312 70 74LS151 1.10 4066 65
7447 .75 4068 .35 I
2450 11 74L5153 1.10
7451 4% SCHOTTKY 74LS157 1.10 I
‘ 1 25 7415161 1.50 % 4071 16
7473 28 7450 : 40 16
. 74L.S163 1.50 73 :
7474 28 74502 25 4075 16 |
47 * 74837 40 74LS164 1.50 .
7 35 40 74538 60 74L5174  1.10% | 4516 85 i
745113 80 .
;:gg ig 745139 1.50 74LS221 1.50 % LINEARS I
74107 29 745140 50 74LS251 1.50 NES36T 275 I
74109 30 745153 2.50 74L5253 1.50 NE555V 43
78116 150 745172 4.50 74LS257  1.50 NE556A 90 |
74123 45 % 745174 2.05 74LS258 150 1456V 75
74141 '80% 745175 2.05:3% CMOS 1458V 52 n
74145 75 745181 4.50 4001 16k 566V 1.25
74150 B0 745197 2.20 4002 16 567V 1.35 l
74151 60 745257 1.50 4006 90 540L 2.00
Order Miumum $10 00. Add $1 00 shipping and handing charge per order Calforma residents add 6°. sales
tax. All orders stupped Fist Class within 24 hours l
Order the famous lasis 6 volume Programmed Learning Course **Micracomputer Design is a Snap™ for I
$99.50 and receive a special $10.00 credit on any group of IC's. l
Satisfaction 100% guaranteed. C.0.D. Orders: Phone (day or night) 408/354-1448
\ I
€I.I ROI l Sunnyvale, CA 94087

Free catalog—dJust send us your name and address
HN NN GBS SN NN AN BN N BN N R EE AN BB AN BN BN ABE fam aam B e






MICROPROCESSOR COMPONENTS

! DISPLAY LED’S
CPU'S RAM'S
8008-1 8 Bit CPU $17.95 21102 é?;t?c" ‘ S1.58 Type Polarity HGT.  Price
BOSOA 8 Bit CPU 24.95 1103 1024 x 1 1'50 ILD-74 Logic Drive (8 Pin)
{40 Piny  {2us) (NMOS) Dynamic ’ Opto-lsclator (8 Pin} 1.00
pov  Zexl  seo | D7r Commornose o012
- ommon Anode (Jum . .
8080 SUPPORT DEVICES p10n e (s 150 | TIL-113 Opto Coupler 6Pin) 200
; ’ TIL-302 Common Anode
Static (1us)
8212 8BIT S 4.25 2102-1 1024 x 1 165 (LORR DEC) 27 1.00
11O Port Static {SO0NS)
8214 Priority 8.95 2107B 4096 x 1 6.50
Interupt Control Dynamic (200NS) TTL PRODUCT
8216 Bi—Dire_ctionaI 4.25 2107B-4 4096 x 1 5.00
Bus Driver Dynamic (270NS) 7400 14 7441 85 7498 B85 74160 B6
8224 Clock 8.00 2107B-6 4096 x 1 4.50 7401 20 7442 44 7497 200 V41861 62
Generator Dynamic (350NS) 7402 20 7443 120 74100 1.25 74162 1.00
8255 Programmable 12.00 3107 256 % 1 2.95 7403 20 7445 B89 74107 7686 74183 76
Peripheral Interface Stalic (BONS) 7404 20 7446 87 TF4102 35 74164 80
3107A 256 x 1 3.50 7405 .20 7447 B9 74110 50 74165 90
ROM'’S Static (BONS) Y406 39 7448 B1 74116 200 74166 1.00
4050NL 4096 x 1 4.00 7407 32 7450 20 74120 125 74167 3.00
Dynamic {300NS) 7408 20 7451 20 74121 34 74170 2.00
745387 1024 Bu $ 2.50 5261 1024 x 1 3.00 7409 .24 7453 20 74122 39 74172 972
Programmable Dynamic (400NS) 7410 20 7454 20 74123 .50 74173 125
MM5230 2048 Bit 195 5262 2048 x 1 3.00 7411 20 7480 .20 74125 45 74174 85
RN P O N B B O i e
% . . . . 1 .
PROM'S 5 Dynamisc (200NS) o 7414 70 7473 26 74132 95 74177 85
7489 16 x 4 Static 1.5 7416 33 7474 29 74136 50 74180 75
8599 16 x 4 Static 1.50 7417 33 7475 39 74141 80 74181 200
7420 20 7476 31 74142 400 74182 90
82523 32x80pen $ 300
Collector (Schotiky) MISC. OTHER 7422 50 7479 150 74143 3.00 74184 165
1702 A 9048 Bit 2 00 COMPONENTS ;3%2 ga 7430 B9 74144 400 74185 1.30
: 24 7482 72 74145 70 74186 500
(512 » 4) {1us) 7426 24 7483 75 74147 250 74190
. . . 1.00
Erasable and
X . 7427 24 7485 90 74148 175 74191 .B5
E':;r‘g';f;gmable N8T20 E'c{r?;{ecgﬁe Shgf-oo 7428 40 7486 25 74150 1.00 74192 85
1702AL 2048 Bit 7.00 NBT26 Quad Bus 325 | 1430 30 oo 320 14151 10 74193 85
{512 x 4) (LO-PWR) DriverfReceiver ’ ’ ' ’
' 7432 28 7490 39 74154 90 74195 .55
and Electrically Hex Buffer 7437 28 7492 39 74156 90 74198 1.50
Reprogrammable 1488 R5232 Quad 1.25
2708 8192 Bit 40.00 Line Driver 7438 28 7493 39 74157 70 74199 1.75
(1024 x 8 : 1489 RS932 Ouad  1.25 7439 36 7494 70 74158 1.75 74200 3.50
Erasable and Line Recgiier : 7440 20 7495 50 74150 225 74279 1.75
Electrically D3207A Quad 2.50
Reprogrammable Bi-Polor to
8223 32 x 8 Open 3.50 MOS Level LINEAR
Coliector Shifler/Driver
C-3404 6 Bit Latch 395 LM308N{8)  Micro Power Op Amp S 75
SHIFT REGISTER'S 2 o RV AT
P-3408A Hex Sense 6.75 LM324N Guad 741 Op Amp 1.00
MMSOEN Dual 5 .80 Amplifier WiLatch LM339N Quad Comparator 75
100 Static P-4201 Clock 4.85 LM3BON 2 Watt Audio Power Amp .60
P-2405 1024 4.95 Generator LM381N Low Noise Power Amp 1.95
D MM-5320 TV. Camera 6.00 NEB55V Timer .60
N2518B szasrr;l%“ 3.95 Sync. Generator NESEB6Y Function Generator 2.00
N2533V 1024 Static 13.85 MM-5369  Oscillator 200 NESGT7V Tone Generator 2.00
MM5013N 1024 Bit 2.00 Pre-scaler NE723CN Voltage Regulator 50
Accumulator MC-6850L Asynchronous NE739N Dual Hi-Perf. Op Amp 1.00
Dynamic DMB130N  Ten Bit 225 NE741CH Compensated Op Amp 45
MMEO17N Dual 2.00 Comparator NE741CN Compensated Cp Amp .35
500/512 DMB131N 6 Bit 2.00 NE1458CN  Dual Camp Op Amp 65
Dynamic Comparator NE3900M Cuad Amp 45
MM5058 1024 x 1 2.50
Static -
TMS3002LR Dual 50 3.00 h
TMB3132NC gtae:IiC1 44 2.00 ﬂuiﬂl!mt:un_,l JA D E C O b
u . D B e S
Static g__,'

CALCULATOR CHIPS

MMS5736 & Digit Cal. $1.25
CT5001 12 Digit Cal. 1.75
With Specifications

Add
Cal

Orders from

ELECTRONICS DISTRIBUTION
NEW LOCATION
5351 W. 144th ST, LAWNDALE, CA 90260

TERMS:
£1.00 for shipping plus $.85 if COD -

ifornia Residenls add 6% Sales Tax Phone (213) 679-3313
$20 minimum on BolA & M.C. Retail Store Opens February 21, 1977

Foreign countries add appropnate posiage Hrs. 9-7 MON.-FRI.; 9-5 SAT.; 12-5 SUN.
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S.D. SALES CO. rosoxze0-0

THE HOTTEST SELLING KIT WE EVER PRODUCED!
You requested it! Qur first D.C, operated clock kit. Professionally
engineered from scratch, Not a makeshift kluge as sold by others.
Features:

DALLAS, TEXAS 75228

JUMBO LED CAR CLOCK

A. Bowmar Jumbo —.5 inch LED array. c\_oc\‘_(
MOSTEK — 50250 — Super Clock Chip. T\SF\EDC p\\\\\“o
On board precision crystal time base. 000 Sh RS

\4 \
12 or 24 Hr. Real Time Format. 50t c\)s“oxp.o\\\e'
Perfect for cars, boats, vans, etc. K\ BE

P.C. Board and all parts {less case) included.

Alarm Option — $1.50
AC XFMR - $1.50

mTmoow

1702A 2K EPROM

UP YOUR COMPUTER!
Wwe tell it like it Is, We could have sald

THIS MOMTH'S SPECIALS 21L02-1 1K LOW POWER 500 NS

_ these were factory new, but here is the .
AMD — 8080A $14.95 straight scoop. We bought a load of STATIC RAM Time is of the essenca!
Z-80 CPU 49.95 new computer gear that contained And so Is power. Not onlY ars our
825129 1K PROM 2.50 a quantity of 1702 A's in sockets, We RAM's faster than a speeding bullet
carefully removed the parts, verified but they are now very low power.
g:'ue"onquar:nyﬁ a?d are IOff‘_S_f ng them We are pleased to offer prime r;ev\{
1 e heck of a deal. First come 21L.02—1 tow power and super fas
60 HZ CRYSTAL TIME BASE first served. Satisfaction guaranteed! RAM's, Auowsp you to STDRETCH
S.D. SALES EXCLUSIVE! U.V. Eraseable. $6.95 ea. 4/$25 | vour power supply farther and at the
same time keep the walt light off.
$5.95 ea. 2‘5\0,00 8 for §12.95
KIT FEATURES: . S.D. SALES EXCLUSIVE
A. 60HZ output with accuracy comparable to a digi- $12.95 MOs 6 DIGIT UP—DOWN COUNTER $12.95
tal watch. ggatPlN D:jPi. E\{eLyEtglng you te\é'ellr war;te? in a counter' chllpé
p - : ips. ures: Direc segment drive, single power supply (
B. Directly interfaces with all MOS clock c'("r; MA ) VDC TYPE.), six decades up/down, pre-loadable counter,
C. Super low power consumption . typ. separate pre-loadable compare register wilth compare out-
L 9 2]
D. Usas latast MOS 17 stage divider IC. {)gt. gh(/:lgsand sev?{\blseglme&t output;,l in‘sfrnal :;'::‘nz oscilla-
E. Eliminates forever the problem of AC line glitches. T compatible, leading zero blanking. 1 . count
i
F. Perfect for cars, boats, campers, or even for port- nput frequency. Very limited quantity! WITH DATA SHEET
able clocks at ham field days. 7400—19¢c  7411—29c 7451—19c 7490—65c  74153—75c
G. Small size; can be used in existing enclosures. ;zoLgoggagc ;212—2(9): ;g:’;g—égc ;219.299—;95: ;2%2?-1%0
-5 K —19¢ —69¢c —39c —75c —75¢
Kit includes Crystal, Driver IC, PC board, plus all necessar\: 74L502=-49¢c 7420—19c 7474—35¢ 7493—69¢ 74181—8b¢
parts and specs. At last count — over 20,000 sold! 7404—19c  7430—19c 741.574-59¢ 7495—75c 74164-1.10
74L04—29c 7432—34c 7475—69c¢ 7496—89c¢c 74165-1.10
74504—44c 7437—39c 7476—35¢ 74121-38¢c  74174—95¢
1000 MFD Slide Switch 4 74L504-49c 7438—39c 7480—49c 74123-65¢ 74181-2.50
Filter C Assortment 7406—29c 7440—19c 7483—95¢ 74132-1.70 4191-1.25
R/ ifter Laps 7408—19c¢ 7447—85¢c 7485—95c 745138-1.95 74192-1.25
U;tr?gh?f) W\sft?fé IOur' cI’Jest S'%I!E[. #}_ou_Nngé 7&1_?&—85'6 c7486g—45c 74141-75¢ 74193-1.00
ncludes ini- ul
mltht PC Ieaclls. ature and stan- RESISTOR GR DCir ¥ = 74195—69¢
os popular dard sizes; sin- ASSORTMENT i
value for hobby- | gle and multi- | ww 5% & 10% ATt
ists. Compare at position  units, PC leads, A good P.C. LEAD PC  leads. At
?r%ngo 54:31”%“?530: All new. f_:_fSl mix of values. HEAVY DUTY least 10 different
name brand. i
oo elechiome | a0 arings 10 200082, | INGGoEGe ¢ | 25 Amer s SOBly | ottt of 08!
parts stores, S.D. you'll reorder 1N40/02-'1A. $1.25 plus ' other stan!
Special 4/%1. more! Speclal ] 100 PIV 40/$1. : dard values.
12/$1.00 60/$1.00 )

SIXDIGIT ALARM CLOCK KIT
We made a fantastic kit even better. Redesigned to take advantage of the
P.C. Board — 3.00 latest advances in 1.C. clock technology. Features: Litronix Dual %"
AC XFMR — 1.50 displays, Mostek 50250 super clock chip, single |.C. segment driver, SCR
Do not confuse with Non-Alarm digit drivers. Greatly simplified construction. More reliable and easier to
kits sold by our competition!  hjld. Kit includes all necessary parts (except case). P.C.B. or XFMR
Eliminate the hassle — o], NEW! WITH JUMBO LED READOUTS!

$9.95 «r

avoid the 53141

COMPUTER POWER SUPPLY
A very fortunate purchase. One of the best industrial quality REG-
ULATED supplies we have seen, High performance, small size,
Input is 120 VAC 60 HZ. Has the following regulated outputs:

Motarola SCR
2M4443. B8 AMP 400 PIV.
P.C. Leads 3/%1.

$15.95

—~-5VDC@800MA; —15VDC @ 1.25 AMP; —25VDC @ 180 MA.
Sold at a fraction of original cost. Do yourself a favaer and order
NOW. We expect a quick sellout.

FAIRCHILD - TBA 641
4W, Audio power Amp. Just

out! In  special heat sink
DIP. One super audio IC, NEXT MONTH:
$1.50 with data S.D. will have music for your ears. Watch our ads.
FMND-359 -Led R
.4 IRD Comr:on eacda(:ll:;de. For your Imsai or Altair 8080 Computer:
High effeciency. Has FND- Z—-80 CPU Kit — $149. 4K Low Power Ram Kit — $89.95
70 PIN OUT. 59c¢

Special Thanks to:

OUR CATALOG
& chocked full of rare parts
bargains, daals, RAM or CPU
kits, plus much more. Yours
FREE!

PRICES SHOWN SUBJECT
TO CHANGE WITHOUT
NOTICE.

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: uUs funds
only!

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

Dennis, Fred, Abe, Bill, Sam,
Hal, Tom, Alex, John, Ely,
and Larry

S.D. SALES CO.
P. O. BOX 28810
Dallas, Texas 75228

ORDERS OVER $15.00 — CHOOSE $1.00 FREE MERCHANDISE
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SOLID
STATE
SALES

Features
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BOMB Exploded

We put BYTE’s Ongoing Monitor Box on
a postal card starting with the )January issue
in order to encourage responses. Never did
we expect the BOMBslide that resulted.
Peter Travisano and Gregory Spitzfaden,
who shared the staggering job of totalling
the voluminous January responses, have
emerged from the countinghouse to an-
nounce that David M Allen, who wrote
“Saturation Recording’s Not All That
Hard,” and Terry Dollhoff, author of
“Making Hash With Tables,” were so close in
the balloting that each will receive $100 for
the top award, instead of our usual first and
second place division of BOMB prizes.®
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