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Surveying the Field

Who Uses Personal Computers?

In the fall of 1976 Mike O'Brian, who is a
second year student in the MBA program of
the Tuck School al Dartmouth Caollege,
approached us with the ideca of doing a
reader survey of BYTL’s circulation as an
independent study project, For those among
our recaders who contemplate siarting a
magazine {or any other business for that
matter} you should be aware of one fact:

Table 1. An estimate of the total dollar vofume to date of memory and
processor safes at the retail level, based upon a typical current price of $42
per 1024 bytes of memory instafled, 78,000 current demonstrated enthusigsts
reading BYTE magazine, and an extrapolated total of 26,100 operating
computer systems with greater than 1024 bytes of memory.

Installed Dollar

Memory Percentage Extrapolated Volume Range
Range Count {1448 basel Installed Count (@ $42/1024 hytes)
1 K-2 K 59 4.1% 3200 % 13Mto$d 2
JK-4K 62 43% 3300 S 42Mtwo$ .65M
5 K—BK 80 5.5% 4300 $ BOMw$ 1.45Mm
QK12 K al 4.9% 3800 $ 1.44M 10§ 1.22M0
13 K-16 K 70 4.9% 3800 S 2.08M oS 2.56M
17 K-24 K 62 4.3% 3300 $ 2.36Mto S 3.33M
2B K-32K 41 2.8% 2200 $ 231M10 s 2.96M
I3 K-BE K 31 2.1% 1700 % 2.36M 0 $ 4.64M
66 K andg up g 0.6% 500 $ 1.3M 10 S 1.39M*
Total owners of operating computer systems
with 1 K ar more bytes of programmable
POBIMOIY . o v v v o e e e s e e e e e e e 26,100 $13.4M to $18.1M

Allowing a conservative range af $1000 to
$1500 for processor, video interface, key-

board and other peripherals at the retail level . . . . . . . . ..

Estimated total doliar volume todate . . . . .. ... .. .. ..

$26.1M to $39.2M

$39.5M to $58.3M

“We have ne upper bound on this range, so the lower bound is used for these estimates.

Table 2: Experience with the machine language or assembly language of
specific computers or classes of computers. Percentages cafculated on a 1448

response bgse,

Category Counts Percent
Any large computer. . ... ... L. L. L 739 51%
Any minicamputer . . . ... Lo e 849 59%
Motorola 8800 . . . . . .. Lo oo 338 23%
MOS Technology 6502, . . . .. .. ... ... .. 163 11%
Intel BOBOD . . . . ... ... .o GOV 42%
Zilag ZB0 . . .. 114 8%
Intersil IMS100 . . . . ... ... .. ... ..... B 5%
Digital Equipment LS1-11 .. .. .. ... ... .. 185 13%
RCAT1B02 . . .. .. .. ... 59 4%
Signetics 2660. . . .. ... Lo Lo 35 2%
Mational PACE . . . . .. . ... ... ... 652 A%

By Carl Hetmers

There are so many things Lo be done which
are never anticipated until you get into the
project that priorities have to be made and
various “‘neat” ideas put off on oceasion.
This reader survey task is one such “neat"”
thing to do from our point of view, bul of
lower priority than such obvious high pri-
ority items as preparing the magazine once a
month, attending to circulation matters, etc,
As a resull, the idea had languished, When
Mike made his suggestion that we fund the
mailing and printing and administrative costs
with he himself providing the statistical
analysis and data reduction for his course
work through facilities at Dartmouth, the
response was somewhat predictable: We now
had a way to do a survey.

The results of this survey are now avail-
able, and | fecl that readers may be inter-
ested in lcarning just what we found, in
summary lorm. (A more complete paper
discussing these results in more detail was
pnresented by me at the |EEE Eleciro 77
show in New York City, April 19 1977} l've
heard numerous rumors and conjeciures
from wvarious sources concerning both the
number of computer systems already sold,
the number of people involved, and the type
ol people involved. But a conjecture based
on a personal assessment of the marketplace
can somctimes be no better than an arbitrary
assertion. One way to change such assertions
into a better cstimate of reality is 10 make
empirical measurements of the data such as
we have performed. With this spirit of
measurement and observation, Mike and |
set oul Lo design and implement a survey of
the readers of BYTE, circa October-
November 1976.

The basic idea of a survey is 10 choose a
subset of the total population of readers,
then mail them a detailed questionpaire to
charzclerize various aspects of their partici-
pation in the field of personal computing.
Then, since we presume that the sampled
population is typical of the total populaiion,
we can generalize the results to the entire set
of BYTE readers. Mike and | designed a 4
page detailed questionnaire covering numer-
ous aspects of the personal computing field,
which was sent to an "every nth” sample of
the BYTE circulation list as it stood the first
week of October 1976. By sclecting only
those subscribers who had paid in full, and
applying an every nth name zlgorithm, we
printed a list of 2163 subscribers who would
receive Lhe survey. The survey questionnaire,
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NOSTALGIA OQF COMPUTING

The fetler from Don Nyre in your
February 1977 issue suggesting thal we
do more 10 presefve  our complter
keritage by preserving anligue computers
and publishing more articles on com-
puler nostalgia and antique computers
cavght my eye. We here 4t Wesiern
Washington State College are doing our
bit {?) 1o preserve out computer herilape
by still running an IBM 7090 and canni-
balizing a 7094 for parts. Yours ruly cut
his eye teeth op a Royal MolBee LGP-30
and was wedarned 1o an JBM 650 and iram
thence to an IBM 704 in graduate
suhool,

Our 7094 is interlaced 10 our IBM
360740, which s imerfaced o one of
ow  Interdata 732 minfcomptlers,
which will shortly be interfaced o a
MITS 680b. | suppose we should com-
plete the circle by having the 680b push
the START butlon on the 7020 consoic.
In Seattle 709 and 7090 equipment is
still the basis of Herb Burke's Puget
Sound Compitler  Service, Inierested
reacders are invited (o ship their spare
HIM 700 and 7000 series campulers 1o
Herb, CODB. | am sure he will appreciate
il

Keep up the goud work with BYTE.

Metvin Davidson

Curator, Computer Museum
Western Washingtan State College
Beilingham WA 98225

ANYONE HAVE A 6800 APL?

Include me in yoor list of BYTE
readders interested in the APL program-
ming fanguage. | would gladly buy up a
product that made it possible to run
APL programs on my 6800 sysiem,

Jay Varal
279 Twinlakes Dr
Sunnyvale CA 94086

ATTENTION AUTHORS:
INFORMATION NEEDED

| wish your magasine and others like
il would give more coverdge to com-
mercial eguipment  and soltware, and
how those ¢an be inlertaced with the
home mdarhet products you primanily
lucus an. The reason 1s that moch o
witdl you dJo cover appears 10 be uselul
fur e sarme applications busingsses and

professional institutions use their com-
puters for, bul at astonishingly lower
cosls, Yet it remains purzling how this
home markel eguipment can be used
with commercial procducts,

For example, the 1BM 5100 desk 1op
compuler appears eyuivalent in capacity
Lo the Algir and similar systems for the
home; yet |, at feast, lind no mention of
it in BYTE. /See BYTE December 1975
for o fiew product item on the F8M
SHH. .. CHf Al the same time, very
sophisticaled software is murketed for
the IBM 5100, such as applications
packages in APL. Can any of that soit-
ware be wsed by the amateur compuler
owner?

Anotiter  example s casselte  re-
corders, | use some remote wminals for
timesharing {or which there are cassette
recorders typically costing $ 3,000, These
are Lhe only recordess the terminal sup-
pliers provide {or theln erminals. Is there
any way  all those  cusselle  devices
covered in BYTE can be used with the
commuercial  grade  remole  lerminals,
which are  themselves specidl purpose
microprocessors {eg: GE Termineites}?

A related example s modems. You
have covercd a vdriely of remole tape
data fransceiver devices, bul never men-
lion specilically what kind is requiied wo
vperale by telephooe a commercial time-
shubiing  ftacility a5 opposed to a4 user’s
own custom designed system.

George Lyons
280 Henderson 5t
Jersey City N 07302

APL in omfcrofund B oafive and well;
we koow of severdl interprefers presemntly
wrtcler  dfevelopenent, und we e pre-
puritig o apmber of  grticles on the
subfect of implenrenting and using APL.
With urr AP interpreter tor un 8080,
G800, 9900 wr uther processor, it wiff be
poisibie o run publie domain APL
upplicationy puckages, ad cowrse wlfawing
for defaf? ditferences herween fnter-
prefecs winch wifl alvwanes exivd, Your
ather guiertes anight ke gond st ling
paings far articles, so, wuthors take note.

ADDENDUMS TO THE FB REVIEW

| would like to mabhe o lew additions
L the article an the Fairchild £8 {Febru-
ary T977, page B8], As cormrectly pointed
oul by Mr Baker, the 38351 prowram
storage unil [PSUJ is rather expensive lor

10

the hobbyist. But Fairchild now makes a
3861 peripherai input output {PI0} chip.
The P10 is identical to the PSU excepl it
does nol contain the | K of ROM. Five
versions of the 3861 are available, each
mask programmed with different 1Q port
addresses  and  interrupt vectors. This
chip allows for adding 1Q ports to a
syslem wilhout adding more ROM. A
3861 is about hall the price of a 3851.
Thus using a 3850, | 10 4 38615, & 3852
DMI or 3853 SMI and PROM ar pro-
grammahle memory, one can build a
complele system without having a 3851
mask programmed. We have done thal
here in a number of projects with much
SLUCLESS,

Fairchild alsc makes a 3851 pro-
grammed with a debug program {called
Fairbug] and some Teletype (O sub-
routines {part number 385TA}. Fairbug
allows one te read and write memory
and the 64 scratchpad registers and load
and dump programs, as well as execute a
program. The 1O subroutines do all Lhe
serializing and timing in software. Two
bits ol an 10 porL on the 3851 A are used
for serfal input and serial output respec-
tively, Two other bils are used Lo select
the bps rate {110 or 300). This makes it
very casy to hook up a terminal to the
F8. No UART or bps rate generator is
needed.

| think you are publishing an excel-
lent muagazine. Each month BYTE geis
bigger and the articles get better. I'm
interested in both hardware and soflware
and you have a very goad mix of both.
I'm glad to hear that you will be running
a serics of arlicles on building a com-
puter using the 6502, | have been ysing
this processor in my home system since
it firsl came out. | believe i1 has one of
the best instruction sels of the available
processors. T hope your articles  will
generate more interest in the 6502 so we
can build up & large library of sofiware
{or L.

Jeffry L Parker
Fairchild Systems Tech
1725 Technalogy Dr
San Jose CA 95110

STANDARD TAPE INTERFACES?

A dol of data which waould be inter-
esting lo process with amateur com-
puters s distributed at veost by the
federal government in machine proc-
essible form (such as the population
census), However, the data comes on
half inch tape for maounting on a farge-
skt systent. s there any way (o read
these Lapes inle an Allair size syslem?

Jacob Schmidt
JI0E 835t
New York NY 10021

Yes: Buifed v controffer to intertuce o
savplus 7 or Y track tupe drive. fhis ivag
double project which has dfready been
seccesstully laclied v odvaniced ome-
frewers, Eventuofiy we shiauhd see such
costtrofiers weaifuble o the muorfeel s
speciafiv iteps; however, Hre cost of 7 or












you and your schoo! inte personal com-
puting studies, and having the school
make the investment for you. This up-
prouch has been dore by undergroduate
und graduare students with minicon-
ptiters {and lately, microcomputers) for
yedrs,

COVER KUDOS

It is truly refreshing to be reminded
that art in America is nat confined to
museums. The choice of cover art for the
January 1977 BYTE is a credit to your
cditorial staff. My highest praise goes out
to Mr Tinney for his insight and well
presented message, There {5 one small
problem, however: All those people like
me who removed the cover for framing
are left with no protection for the first
pages of the magazine.

Stuart Bearty
1424 34th St NW
Canten OH 44709

Magazines have often inspired excel-

Are You Interested in Limited
Editien Reprints of BY TE Covers?

We have received a significont
number of requests for reprints of
BYTE covers jrt full size poster form.
However, the number is not sufficient
to cover preparotion and handfing {os
well us a bit of extrd remuneration (o
the artists) ar tvpleal poster prices in
the $2 to %5 range,

AS @ way of soifsfving the de-
mand for covers, we would like to see
if there is reader interest in Nmited
edition printings of covers [without
the BYTE logo or lettering which is
applied in the reduced moagazine form
of the paintings). A limited edition is
defined as a run of n < JOO prints,
approved by the artist, signed and
numbered by the artist, and eccom-
panfed by g  notarized  affidavit
certifying the [imited quantity und
positian in the rum Such sales would
be conducted as an quction, with the
fowest numbers going to the highest
bidders, ranked by the price bid. A
minimum gcceptoble bid would be
anrounced when the guction sale is
annourced,

If vou are interested in bidding on
such prints, fet us know by sending a
pastcurd Nsting the covers you'd like
to see reprinted {by month und year),
and the price range in which you
would intend ta bid in such on duce-
tion. Address the card ta:

Caover Frint Survey
BYTE Publicatinns

70 Muin 51
Peterborough WH 03458

I we gel enaugh response o war-
rant such reprints, we'll announce
sefections in g Future issue ond salicit
hids.m

ferst urtwork, a prociice which we of
BYTE want to encourage. A classic
exeimple is the work thet artist Maxfieid
Purrish performed early in Mix cureer
Mlustrating magazine covers and stories
early in this century. For those unfa-
miffior with the man, Muxfield Parrish
hud u wunique und oesthetically pleasing
styfe of painting witich will probably
cluss fm  among the great romontic
artists of alf time. When 1 first usked
Robert Tinney t0 execute covers for
BYTE (which were constrained to the
cartoon format of eorfy BYTES by our
production medns, not Robert’s choice),
{ used Maxfield Puarrish us represented in
g book by Coy Ludwig as one of the
mental models to be considered. The
Januory cover wus Robert's jdea wind
ceme oul quite well

COVER REPRINT INTEREST

Please let me know whether the front
cover of February 1977 BYTE, or for
that maiter, any ather of the computer
art you publish, Is going to be rmade
available in poster-itke form.

Richard H Delp
19703 Gary Ay
Sunnyvale CA 94086

We have gvailable presently one cover
reprint poster: the fuly 1976 painting by
Rabert Tinmey in its origingl form,
which costs $2.95 posipaid. Order it
through BITS (see advertisements in
this issue).

FOR YOUR CANADIAN READERS'

INFORMATION
Our store, The Computer Place,
officially opened November 15 1976,

Before that date, during renovations,
we were seliing micros and peripherals
on an appointmenl basis only. We
deliver from stock and we do not sell
whal we can't back up.

QOur store in Torento is the largest
in Canada; [t includes a sorvice and
vepair facility of [400 square feet,
salesroom of 900 square feet, general
offices of 600 square feel, and silorage
facilities of 1000 square feet.

We mainlain a2 minimum of two
systems up for customers to work with.
Addilianally, we have two bench mark
dual floppy systems up and running:
one a Processor Technology Hellios {l
based system, the other an iCOM with
IBM formatting.

Qur  product  lines include  TDL,

{MS5Al, Processor Technology, EMA
industries, MNorth 5war, Cromemeca,
iCOM, Volker Craig and Cybernex

terminals, Centronics printers, Sanyoe
monitors, and QAE paper 1ape readers.
We are also handling used equipment.
We are the exclusive Canadijan distrib-
uters for Mational Multiplex, Seals
Efeclronics, and Scientific Research (the

Continued on page 105
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BUY YOUR
COMPUCOLOR 8001
FROM THESE
DEALERS.

ARIZONA
Phoenix: Phoenix Ryte Shop West
= }2654 r;yt 82;1!)|'.r
empe s e f Fast
sn?’&c Scuusdnﬂ Rd
Tucsan: Byiz Shap of Tucsan
2612 I Brombway
CALIFORNIA
Lanwrubabe: Byte Shop of Lawndale
uisoa 1awahoerwe Blvd.
Orange: Compuiter dant of Los Angeles
G253 W. Katclla, No. 10
San Picgo: The Compasrer Conter
#2{15 Ronson 1.
San Franciseo:  The Compaier Store
K2 Mission 5.
San Juse: Amea Flectromes
414 5, HBarcorn Ave.
San Josg: Hyie Shop
1555 Blessamm |l Tl
Nan Muyys: Compuater LCmmponeants
S848 Sepulveda Blal.
CONNECTTCUT
Windsor Locks:  The Campuier Store
53 5, Main 51
FLORIDA
Corpb Cables,  Sunny Computer Siores
1238A S, inie Flwy.
Tampa: Microcomputer Systems
144 5. Dale Mabry Hwy
GLEORGIA
Aulania: Allzata Computer Alan
5090-B Bulord Hwy,
HAWAI
Honollu. Compad] Lomputees
PO, Box WXNE
LIRS
Champaigs: 1w Nunmhers Backer
IR T Lireen 51
Livamston Teey Bitry Machine
136 Chicage e
[Yark Hidge Chicaga Compuier Sione
157 Tnlcot) Tui, Huy B2
INDIANA
Indlianapelis: 1ome Compuler Shop
104017 Chiris L
MARYLAND
Rockville: Cempiier Workshop, Ine
S Feederich A
HASSACHLSETTS
Burlinpion: T Computer Store
1A ol idge i
ROCHIGAN
‘Trov: Crenorul Uenmpurer Ltrn pany
FNT Laivermois
MINNESGIA
Ainneapales: Cerst Henbuction Services
AR2 Flennepin Ave So
ANSSOLTRL
Kansas City: Campuler Worleshop of Kansas Cay
BRI Ml Ral,
NEW JERSEY
Isclin: "o omputer Mart
S Ronte 27
NEW YORK
Fasl Meadow:  The Computer Mot of Lang Taland
2070 Front S
Mew York: The Camputer far
Al Sl Awe,
O
Columbus: Loamputervision
F34 W Brogal 51,
SOUTHCARCLINA
Lotombia: Byt Shop
& Greene 5.
TEXAS
Houskan- Commumcatcns Cener
T2H Forubren
Richardsaen: Ther Micen Stare
63 5. Central Fspressway
WASHINGTON
Seattle: Retail Compuler Slore
ANENE T2nd St
WISCONSIN
Beloar: Awstin Compuiers
1835 Nord hpate
Whtenigwm: Creneral Precision Flepiromes

2607 Hhine St

1602) 342-7300
16021 894-1 129
16025 3274575
12131 376-2421
171416331222
(7190 2925302
14151431 0640
108 GUH-2H2H
+108) 2268383
1213 78674

1200 G2TIHNE

(3051 BR1-B{H2
1813 879420

tadisd) 3550847

1H08Y 3T3-075]

1217y 3525435

FEL2p A3RHu0)

i3LZ) R TIRE

71 R3-3319

1300 468 (455

11T 27 2R

13131 362 0022

16IRZE2LIG

1R16) Tl | 5055

V20K ) 2ELNE0

15161 7940510
L R 00

1614)228-2457

L3 TTI-TES

17131 TTAHE2E

(241231 096

1206 324-4 11

LE0OHY IE5-6I6
1414) 261-5148

Compucolor Corporation










A Catalog

of Liberating Home Computer Concepts

Ted M Lau
1219 Pioneer Dr
St Louis MO 63132

Unlike commercially developed systems, home grown
computer systems are not required to justify Lhemselves
directly in terms of dollars and cents, which means that
home grown systems can be pul to a wide variety of uses,
from whimsical games for pure enjoyment to public services
for helping people, uses that are certainly worthwhile but
whose worth cannot be quantified. | suspect the computer
hobby will coniinue Lo address itself to a broader range of
applications even after prepackaged consumer oriented
systems have filled the marketplace in the next few years.

But like all powerful technologies, home computers
should not be allowed to wander inte any applications for
which they seem suited, but should be guided by human
values. Technology is often called "'value free," meaning it
is neither good nar bad of itself, but by virtue of the effects
of its applications. To be “good,” humankind (represented
by each individual} must first define its will, and only then
how technology can serve it.

Presented here is a catalog of home computer applica-
lions thal serve the goal of “human liberation’ as |
personally envision it. Many of the applications listed can
be found in other sources, but many well known applica-
tions are omitted. | have attempted only 1o include enough
examples to illustrate the concepls underpinning each
categary so that the reader will be able to use the catalog to
generate new applications of his or her own. Along the way
| briefly introduce some thoughts of Marshail MclLuhan, the
media guru, but interested readers should consult a library
for a fuller treatment.

In brief my message is: Home computers shouid serve
your values. If you don’t value war games, don't put them
on your computer. | value "human liberation' and here's
how [ see home computers aiding that endeavor. Bul
whether you agree with my vision or not is incidental. Use
this catalog as an example. Go 1o it: Define your own
values, and then define how the computer mighl help.

A. LEISURE TIME LIBERATION
1. Games
a. The computer as game board or game recorder:
The game participants input their moves, the

17

camputer updates the game status display(s), and
keeps move records.

1

2)

Go, Stratego, Risk, Avalon-Hill games (in
general, games with complex boards): Using a
graphics display device to represent board and
token position, and a keybgard or panel lor
input of moves.

Speed chess: Using a wired chessboard as an
input device, the computer senses each player’s
move, keeps the clocks, and prints a list of
moves at completion of the game. A move
number display allows the players to add
additional time periods if both players satisfy
the first period requirements (rather than
having the game end when one player’s time
expires. This is a variation that stresses speedy
but not quality play).

b. The computer as kibitzer: One participant inputs
all moves, and is aided in playing by advice from
the computer.

1)

~

Chess: The computer advises of threats or
patential threats against your pieces, eg: forks,
skewers, checks, discoveries. Let two players,
each with computerized kibitzer, compete with
each other for accuracy, time, etc.

Biackjack {and games of chance): The com-
puter advises whether to stay or hit, and how
much to bet. Many statistically based blackjack
syslems cxist, some in print, waiting to be
aigorilhma[ized.] {Imagine the impacl on Las
Vegas of hordes of gambling crazed people
equipped with wristwatch-sized kibitzers of this
variety. Or imagine the sales potential of such a
one chip blackjack calculator!)

¢. The computer as opponent: The player inputs a
move, and the computer responds with ils own.
An example is HEXPAWN by Rabert Wier /puge
36, November 1975 BYTE], where the computer
learns 10 play better through experience.

How about dominoces, backgammon, go-moku

{five in a row), hex, football, checkers? The



computer could be made into an extremely skillful
player in these games, and a difficult opponent 1o
beat. Games thal are not soluble are best.

Or get your computers together for a computer
Lournament, with no human plavers al all. The
First Annuali World Computer Chess Tournament
was held during the summer of 1975,

2. Simulations

d4. The computer as an analog: The player inputs
initial parameters, and optionally changes Lhe
parameters during the simulation. The computer
oulputs the values of variables that are described
by a logical or mathematical model.

Familiar examples are LIiFE {cell colony
growth}, LEM (lunar landing}, and ROADRACE.
i) Patient work-up: The computer simulales a

person with an illness by responding Lo ques-

tions pesed by & medical student. The student
tries to deduce the illness {make a diagnosis) by
recognizing a pattern of symptoms.

2} Environment: Human and animal population
dynamics, pollutant flow up the food chain,
nuclear reactor dynamics, automobile fuel
economy — all can be simulaled, {Simulalions
hackers beware, though: are you crealing an
accurate  model or did vyou overlook
something??)

3. Toys

a. The computer as plaything: The infant inputs
aclions, and the computer responds playfully.

1) Crib entertainer: The baby strikes crib objects
(sensors), and the compuler outpuls lunny
noises, blinks lights, motivates other objecls,
ete.

b. The computer as robot: The compuler motivates
itself around an environment, and optionally
performs work.

Examples are the maze-running mechanical rat
which learns, the objecl-avoiding turte, the house-
maid robot, the barmaid robat, and the billiard
player.

1) Piano player {not to be confused with player
piana): Rabot sits an the bench, reads the
notes, and plays the piano. {(Or why make it
humanoid at all? Simply mount controls Lo
each key.)

Using the computer for fun avoids consuming ready-
made leisure time activities. As opposed to TV ping pong,
home computers are general purpose and do nol come
equipped with saftware ready for action. Compulter players
must first decide how to spend their leisurc, and then must
create the means for playing, or purchase software for the
purpose. As much or more enjoyment, experience and
learning occurs during the creating as during the playing.

B. MEDIA LIBERATION
1. Translation
a. The computer as Seeing Eve dog: Inputs from the
environment are translated by the computer into
oulputs in a different sensory mode. These out-
puts serve as substitute inputs for the user.
1) Printed text to spoken word For the blind: A

18

very sophisticated minicomputer based product
was recently announced for this purpose. Vocal
anabysis, computer-generated vocalization, and
texl recognition are reasonable goals for ad-
vanced hoeme computer lechnicians. Other
translations for the blind include spatiail per-
ception 1o sound and spatial perception to
vibration.

2) Touch, shorthand, or sign 1o speech for the
mule,

. The computer as linguislic translator: Inputs in

one language are ranslated and output in another
language.

I} Cross  assemblers:  Assuming  the computer
habby remains linguisticatly diversified, transla-
tors will be vajuable wols for the promoting of
free software exchange of programs in the
public domain.

Human language translation: Most experts have
been disappointed with results of computerized
translilors, excepl when Lhe context is specific,
as in technical journals. Their experience does
not eliminate the possible benefits of limited
capacity English 1o Spanish transiation ma-
chines in government offices and elementary
schools in many parts of the US,

2

2. Interpretation
a, The compuler as mass media bodyguard: Semantic

inputs to the compuler are interpreted and output

as information whose meanings differ from those

of the inputs.

I} Political  "doublespeak” inte:rpreter:3 Takes
written or spoken lext and turns buzzwords
into their suppressed, connotative, or implied
meanings. Easy computer program, but who
defines the diclionary of doublespeak terms?

2) TV commercial replacer: The computer senses
when a commercial message comes on the air
and substilutes a viewer-chosen display such as
a game, art graphics, trivia quiz, silence, eic.

3) Remole lie detector: The computer measures
the stress evidenced in the vocal, facial, and
ranneristic expressions of the person delivering
a TV ::Fcuch, and outputs iis findings ta the
vicwer,

3. Condensation
2. The computer as library card catalog: The com-

puter stores an index Lo media events.

i) Phonograph  recording, cassctle, magazine
index: by subject, author, keyword, Computer
could scan year-end index to magazine articles
for input. Books and records could have covers
scanned,

2} Public library book search network: User inputs
search argument and receives list of matching
titles.

. The computer as media monitor: The computer

scans many media channels and stores either entire
or condensed media evenls whose contents match
the interests input by the user. The user then
retrieves the stored evenlts,

1) Entire verbal events; The computer stares all
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Figure 1: Comrmunications Structures, MclLuhan identifies two major classes of communications structures: center-margin, and
point to point. The center margin structure gt feft is typical of pre-electric forms of media such as newspapers or books, in which
information flows from the center to the periphery of the network. A point to point structure, as at right, ypifies the many
electronic forms of media such as the telephone network, ham radio, CB rodio, etc. Due to political and economic factors, the
cormminications structure of some of the electronic media such as commercial radio and television more resembles the
center-margin case, But with more and more home computers, with soplisticated network terminal capabilities, the typical
hoeme communications mode wifl shift increasingly towards the point to point cuse.

TV broadcasts from all channels on video lapes,
then reviews each segment for keywords, and
spools off anly those in which a certain level of
keyword densily occurs. Similar processing for
AP Teletype wire, police, shortwave, and ham
bands, etc.

2) Summarized verbal events: The computer moni-
tors all radio or TV newscasts and prints a
summary of nonredundant news items.

3) Music maonitor: The computer menitors all
sterea {or quad) FM broadcasts, identifies
singers and groups by comparing to stored vocal
profiles, and tapes tracks of desired artists if the
event does nol already cxist in the library! (A
challenging application perhaps, but a good way
to build a personal music collection!)

4. Alternate Media
a. The computer as a public bulletin board: The
computer stores messages from individuals to
other individuals or to the public. Users input,
scarch for, browse through, and retrieve stored
messages at remaote, publicly accessible terminals.

1) Carpool dala base: Riders wanted, rides needed
by destination and departure time are matched
via a public compuler network.

2) People skill resources data base: People offering
skills and services match with those needing
Lraining, services, etc. A public access compulter
network was sel up in Berkeley and was used
for the above two, and many other, purpases,
The nelwork needs a scheme for calegorizing
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the messages and message searches, as with
classified ads in newspapers.

3) Interactive computerized ‘‘singles club' and
dating service.

b. The computer as encoder or decoder: The com-
puter encodes or decodes alphanumeric messages
for transmission or reception over communications
channel.

1) Telemetry bands: Computer-receiver com-
bination detects and decodes scientific data in
broadcasts from satellites and space probes.

2) Amateur broadcast bands: The computer inter-
faces between operator and transmitter and
receiver for Morse CW encoding and decoding
to alphanumeric, or enciphering and deci-
phering of private secrecy codes.

Using the computer as an interface to the mass media
opens the possibility of liberating the individual from
information overload caused by mullichannel dissemination
of largely redundant data. For example, almost ail news
stories on TV, radio, and in newspapers {excluding local
slories) come from the two wire services, ie: are the same
basic set of stories endlessiy replicated. Increasing informa-
tion processing power al the receiver will allow sampling of
more diversified sources of news {or use of the gained free
time in other ways}.

Diversification  also  implies  decentralization, since
speedier information throughput {such as the personalized
computer allows by enhancing both the broadcast and
receplion ol data) on more numercus channels (say, cable
TV or radio bands) will help transform our center margin
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Figtire Za; A system diagram of art object components und

urt object 1o observer interaction.

some functionu! purpose.

communicalion structure into a point to point structure fas
prophesied by MclLuhan® and represented in figure 1).

C. ARTISTIC LIBERATION
Artists will be among the first to exploil Lhe capabilities

of low cost microprocessor-based systems. John Whitney,

for example, proposes 10 use MPUs 1o help create abstract
animated TV graphics, 4 form he pionecred prior Lo the
days of inexpensive pl'occssor‘s.6 Since most artists already

know how they would use computers, | shall not attemplt a

comprehensive listing here. While | suspect that most art is

liberating in somc sense or other, | will restrict myself to
applications that illustrate McLuhan's idea that art is an
anti-cnvironment which exposes the usually invisible effects
of media on us (see figure 2a).
1. Self Exposure
1. The computer as an alien intelligence: Data inpuls
and  program commands aie input Lo the
computer-driven artwork  through  means nol
readily apparent to the participant. The artwork
transforms the data according o a program and
displays. The participanl altemplts to deduce the
transformations and program commands by vary-
ing the supposed inputs, In other words, the
artwork is @ black box whose inner logic the
viewer atlempts to deduce (see ligure 2b).

I} Proximity synthesizer {theramin): The distance
of the abserver’s body parts from hidden
sensors determines pitch, [ilters, noise, ampli-
tude, waveform, elc. Obscrver explores the
object's surface. How the sensors determine the
sound depends upon a Boolean concatenation
of variables, cg: hand close to sensor | AND
fool close Lo sensor 2 yields while noise, clc.
Eavesdropper: The pattern of lights displayed
changes through time, but dilferent types of
changes are initiated upon detection ol vocal
keywards in the viewing room.

b. The computer as a Skinner box: The computer
rewards certain behaviors ol the viewer. The
viewer may deduce that he is ina Skinner box lor
operant  conditiening. {See figure 2¢ and the
literature of B F Skinrer.”)

2

The

interdction Is
identical to uny computerized enviromment such us guming,
CAlL ete, except that the art object uttempls to expose the
clever operations of the computer rather thun to pursue

22

Figure 2b: The art object us un alien
intelfigence, In this conception, the
object interprels inputs us dutu and
program  cormmands.  Daty is  then
transformed by the artwork und seml
back out. The transformation is a
complivated (bul designed} function
of past commands und dutu,

2c. ART OBJELT AS
SKINNER BOX

LSTIMULUS
3 REWARD

aART
QBJECT

OBSERVER

2. RESPONSE

Figure 2c: Another wuy of viewing the
wri object is ws o stimudus-response
progrum. The complications und vari-
utions nvofved i o bBiy progrum can
make the obfect guile inleresting in-
deed.

I} Arms above head behavioral goal: Video inputs
of the viewer are displayed back 1o the viewer.
The computer analyzes the viewer's hand posi-
Ltans: the higher the viewer raises his hands, the
clearer his displayed self image becomes, until,
overhead, the viewer can clearly see his own
image. Random movements will be rewarded at
firsl, such as raising a handbag onto the
shoulder or adjusting eyeunlasses.

Touching: If viewers 1ouch each other, artwork
dispenses a souvenir {penny, slogan button,
rallie tickel).

The purpose of these compuler driven artworks is to
revedl to a4 large viewing public in graphic, intriguing,
cnjoyable ways, the sophistication and capabilities of
camputerized environmenlts. Even for the public fortunale
cnough to interlace with computers via CRT in museums,
libraries, and schools, the compuler remains transparent
and hidden. These art objects can be designed (o expose 1he
computer’s workings.

b
—






D. EDUCATIONAL LIBERATION
The problem educators and psychologists have identified

as the main barrier to nationwide adoption of CAl

{interactive Computer Assisted Instruction) is the high cost

of hardware; but with the development of inexpensive

processors, this barrier will be overcome. The benefits of

CAl are well documented: More pupils master the material

in less time than with conventional teaching technigues.

With hardware costs decreasing, the most costly component

of CAl will be software development, so if you want to do

CAl, get together early with other developers on softwarc

standards so that course material can be shared. A CAl

software network is a must.

Educational liberation as a computer application means
every technigue in this catalog. What follows is a more or
less traditionaj listing of CAl categories, given without
examptes. Interested readers can pursue CAl in pericdicals
beginning with Educational Technology.

1. Drill and Practice

a. The computer as drill instrucior: The computer
presents no new material (new material wouid be
taught in a traditional way), but would test and
reinforce learning through repetitious questioning,
correcting wrong answers and accepting cofrect
answers,

2. Tutorial
a. The computer as lecturer: In “lincar” fashion, the

computer presents new material to the learner and

periodically asks questions, but the speed or
direction of presentation is nol modified by the
correctness or incorrectness of the answers.

b. The computer as absent minded professor: kn this
"intrinsic” or “branching” mode, the computer
alters its presentation depending upon the appro-
priateness of the previous answer only.

c. The computer as tutor: In “adaptive’’ mode, the
computer alters its presentlation based upon Lhe
previous pattern of student responses and focuses
in on weaknesses, or skips over familiar rmaterial,
etc. This is the most difficult form Lo create,

Games and Simulations

4. Problem Solving
a. The computer as a compuling machine: The

student uses the compuler as an aid in solving a

problem by inputting an arithmetic or algebraic
expression, or by wriling a compuler program
directing the computer to solve the problem.

5. Dialogue
a. The computer as Socrates: The computer presents

large bodies of information, and optionally queries

the student or is queried by the student. The
computer analyzes the student's remarks and leads
the student to an understanding of his own
weaknesses, need for additional study, or satis-

Faclory comprehension, etc.

6. Discovery Learning
d. The computer as a land of exploration: The

computer offers a structured informational en-

vironment and the tools for its exploration. The
student directs hisfher own exploratory clforis.

1) Hypertext: See Ted Nelson's Compufer Lib.8

CAl promises 1o break down the lock slep approach to

W
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learning wherein all learners, grouped by age instead of by
aptitude or achievement, learn the same material at the
same pace. But this promise may cause problems the
experts don’t foresee: CAl threatens the traditional role
and authority of teachers, threatens the institutional role of
public schools as keeper, babysitter and socializer of
children, threatens the modern routine of family life
ordered around a nine month, full time invoivement by
offering children the possibility of learning at home
whenever they please. CAl still has a large mass of societal
inertia to overcome.

E. COMMUNITY LIBERATION

“Community"” can be any geographically localized group
of people who have interests, problems, goals, and concerns
about their lives and locality in common. One family or one
block can be a community, or a city, but in general | am
thinking of a neighborhood — with a traditional history,
perhaps a distinct ethnic background, traditional local
business and industry, topographic boundaries, and so on.

The problem communities face in our day and age is that
they have been gobbled up by the cities, and have lost the
wherewithal to exercise control over factors and decisions
affecting their exisience, issues such as housing, transpor-
tation, health care, zoning, schools, and so forth.? This
section proposes how inexpensive computer technology
might be used to benefit community development in terms
of gaining two potenl resources: economic power and
political power.

1. Economic Power

2. The computer as a service for sale: Many well
known applications could be sold to customers on
a per use basis, where the clients do not need full
time dedicated systems of their own.

I} Mailing list address {abels.
2} Small business accounting and billing.

Once a local business or agency is paying for
ils computer wilh these services, il could
perform additional services on a free or nominal
fee basis of Lhe sort listed in previous sections.

3) Social service and health care referral and
followup system.
4) Part time job match service.

b. The campuler as hardware for sale: The neighbor-
heood computer store has already arrived, with
your friendly local retailer seiling microprocessor
hardware and related services.

1) PROM programming services.
2) Hardware maintenance service.
3} Low cost peripheral manufaciure.

¢. The computer as soflware for sale: People who are
unable te Lravel or do heavy work {as mainte-
nance, service, or manufacluring operations might
requtire) could develop sofiware, for which there
will be increasing demand. System software like
monitors, compilers, access methods, and sort-
merge utilities; common subroulines like mathe-
matical functlions; and application packages could
be developed and sold. Some corporale names 1'd
like to sce:

Continued on page 162






Part : An Overview

Artificial intelligence is a subject that has
fascinated people the world over for many
years, but with the introduction of the
computer this fascination is becoming a
reality. | do not mean the intelligence
depicted in so many science ficlion books
and sensational movies, but rather the slow
and methodical application ol computers Lo
perform tasks formerly thought to require
intelligence. To attempl to even brielly
describe the areas and technigues ol artificial
intelligence research would certainly occupy
severzl Lexl books. The small camputer user
can, however, enter this exciting field and
perform personal research and experiments
by using Lhe lechnique described in Lhis
article.

The technique is called " Artificial Intel-
iigence Through Simulated Evolution™ and
its early use and implementation is described
very well by Fogel, Owens and Walsh in their
book of the same name, published by John
Wiley and Sons, New York, 1966. | have
chosen the technique for several reasons:

1. It can be simple Lo implement.

2. ILis a powerful Lechnigue,

3. It is readily programmable on any
small general purpose system.

4. 1t gives the user a quick and simple
introduction 1o the realm of artificial
intelligence,

The criterion just listed represent anly the
low end ol application of this technigue.
indced sume versions ol prugrams using this
technique perform very sophisticated funce-
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Artificial Intelligence,

An Evolutionary Idea

Michael Wimhble
6026 Underwood Av
Cedar Rapids 1A 52404

tions using hundreds of hours of Lime on
large computers . . . and even involve the use
of artificil intelligence to analyze and op-
timize Lthe very artificial inteiligence procoess.

The Simulated Evolution Technique
What It Can Do

Before describing in detail the logic and
theory of the simulated evolution technigue,
let us look at some early uses which are both
interesting and will probably also be the
initial uses of the personal computer. The
technigue is basically a goal direcled patiern
recognizer. That is, il performs some lask
whose success Is dependent on the formation
and recognition of patlerns. The goal given
te early programs was usually to predict
some luture cvent based upon past experi-
ence, although some other uses were in lhe
areas of correlation analysis, image enhance-
ment and feature extraction.

One example of an early use, which was
more 1o debug the program than anything
eisc, was lo predict prime numbers. The
computer was asked whether or not the next
number was a prime. L then replied with a
yoes or no, and was leld whether or not it
had predicted correctly. The computer then
remembered this historical data and looked
[or palterns to be used in future predictions.

Tu show that this technigue is not just
some heuristic or statistical method, let's
fook at a siightly different but more interest-
ing case, that of predicling earthguakes. In
the prime number example, the goal was
simply to predict whether or not the nexi
number was prime. 1L was given a very
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simple “'sense of values” that said making a
good prediction was good and making a bad
prediction was bad. By altering this sensc of
values, we change the goal.

For earthquake prediction, the goal is as
follows:

® Predict when an earthquake will nexi
occur,

¢ To make a good prediction is very
good and 1o make a bad prediclion is
very bad.

® |t is belier, however, 1o predict a false
alarm  than to miss an actual
earthquake.

Now lct's comparc the performance of the
program when given the two dilferent goals.

In the case of prime number prediction,
alter about the seventh observation the
program realized that no multiple of two
was prime. Afler about the seventeenth
observation, {he program realized that no
multiple of three was prime. Unforlunately,
as the numbers get larger the occurrence of
primes becomes less frequent, at least for the
first few hundred numbers. So the program
rapidly scttled into predicting that the next
number will nol be a prime, which is
statistically very good.

In the case of earthguake prediction and
using the same data as with the prime
number case {ie: the occurrence of a prime
number is the occurrence of an carthguake),
the program acted in a much more sophisti-
cated manner. In fact, a correct carthquake
prediclion  was  almost never missed, al-
though 10% 1o 20% of its predictions were
false alarms,

Finally, let’s examine what is perhaps the
most Tascinating use of the technique: pre-
dicting people. One version ol the program
was scl up as a game. s goal was Lo predict
which thing the opponent was going Lo do
ncxt. The opponent, a human player, was
allowed to do one of lwo Lhings, such as
say trug or false. The game was played in
real time and was thus competitive. The goal
of the opponent was Lo be unprediclable.
Each time the computer correctly predicted
the opponent | scored a win for Lhe com-
puter, otherwise it was a win for the
opponcnt.

The opponent was free to chose any
strategy as long as he was unaided. That is,
he could not use random number generators
or lables or other such aids. He might, for
instance, choose to be as random as possible
right from (he start or he might try to use a
particular pattern until he fell the computer
had discovered il and then to use a different
paltern.

One would think that it a person could
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make one of two choices, and hefshe made
choices purely randomly, then the best one
could correctly predict him/her would be
50% of the time. This is true. In practice,
however, an unaided human cannot perform
random actions; there is always some pattern
ar at least a bias. Morecver, it seems that a
person in a competitive situation tries to
find the patiern of his/her opponent and to
then develop an antipattern pattern. One
proof of this, in fact, is the performance of
the computer. When played against several
different players and requiring ai least a
hundred predictions before the opponent
couid end Lhe game, the computer success-
fully predicted the opponent 55% to 85% of
the time, depending upon the opponent.
Typically, 65% of its predictions were
correct.

The Simulated Evolution Technigue
An Overview

I will now explain the general functioning
of the program, first by analogy and then by
actual detail. The analogy may be shocking
to some, bul bear in mind that it is o/y an
analogy. | use it because, although il is
technically inaccurate, it helps make the
process clear and it provides somc layman
lype concepts and explanations for the
actual mathemalical processes that occur.

As the name of the technigue implics, the
process involves creating an  “organism™
which then wndergoes cvolution. The or-
ganism has a survival instinct, and Lo survive
iL must successfully and continually achicve
a goal. If al any time it fails, it is made to
producc mutated offspring, each slightly
different than the parent. These offspring
along with the parent arc then compared o
determine which one is best able to achieve
the goal, usually based upen historical data.
The one best organism is then kept as a new
parent and all the rest are destroyed. The
new parent now survives until the next time
it fails to achieve the goal.

What we then have is the simulation of
thousands of years of evolution in a matter
of minutes on the computer. Each organism
huas several basic facilities Lo aid in achieving
its goal. [t has an awarencss of the goal via a
matrix of values which serves both as the
evolutionary selection criterion and as z
sense ol values or judgments. 1 is able to
interact with the environment as in the case
ol predicting the environment, Finally, it has
a memory. Some programs allow unlimited
memory while others may somehow restrict
what can be remembered. Some programs
even ailow the organism to choose by itsclf
what il wishes to remember.

The importance of memory is well illus-






trated by Fogel and his co-authors {page 1}:

The distinction between knowledge and
intefligence  became clear; hnowledge
being the useful information stored with-
in the individudl, ond intelligence being
the ability of the individual to utilize this
stored informution in some worthwhile
fgoui directed) manner.

These characteristics: goal directlion, en-
vironmental interaction and memory, when
coupled with one other facet, are responsible
for the program’s “intelligent’ behavior. The
single most important characteristic ol the
program is Lisat it is self-organizing. 1l slarts
out with no preconceived notians. The
programmer’s own cexperiences are not re-
flected in the programmed organism. The
program is not limited Lo performing only a
few particular goals. What does occur is that
the pregram is given a goal and the organism
alters itsclf, changing its own makeup in
accordance with ils own judgment and ex-
pericnce, always becoming betier able 1o
achicve the goal. The goal can be any of a
wide varicly of goals, prediclion being only
onc of the simpler goals. The goal can even
change while the program is running and the
organism will alter itself Lo meet this new
goal. With this in mind, consider Fogel's
offering of a definition of Tnelligence (page
2):

More corefully stated, intelligence cun be
viewed as the ability of any decision
making entity to achieve o degree of
success in seeking a wide varfely of gouls
vnidler o wide variely of enviromments.

There are few restrictions on Lthe program
other than those explicitly or mplicitly
given by the programmer. The restrictions
wilthin which the programmer must operate
are as follows:

f. The amount of compuier memory
available determines  the maximum
possible sophistication of the program.

2. The programmer will usually place
limitations on the evolution process so
that it will stop after some time
period. Thus it will not take houwrs or
days to make the next response.

3. The organism can recognize only a
fixed number of input observalion
types. For the game described in part
2 of this article, the number is two.
The amount of compuler mcmory
required is related to the sguare of this
number and so seldom is greater than
16.

4. The organism can make only a lixed
number of output response Lypes, For
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the game o be described the number
is lwo and is the same as the input
observation types (ie: the outpul is a
prediction of the next input).

5. The program operates scquentially. It
makes a response, receives feedback
which it uses to judge the “goodness”
of its previous response, and rcorga-
nizes itself to make he next response.

The Simulated Evolution Technique
Detailed Representation

The actua) program uses what is called a
state space mathematical model. The model
consists of a set of five clements Lthus:

{isto it fob frh ot

where:
{S } is a setl of stafes

{I}is a set of input symbols (input
alphabet)

{O}is a set of output symbols {output
alphaber)

{T} is a set of transitions

f is the current stale

The brackets { }" denvte sets, a notion often
found in mathematical texis.

As an example, figurc 1 represents a
hypothetical model for a stock investor. The
current state, T, is state X, The model says:
The maodel is at state X and if the market
price of the stock goes up (symbol U) then
the investar will sell a block of the stock
{symbol ) and go to state Y; otherwise if
the market gocs down {symbel D) then the
investor will buy a block of the stock
{symbol B} and go 1v state Z. This is
represented in figure | as:

/s

Assume that the market had gone up in
the previous example, Lhe current siate
would now be Y and if the market price of
the stock were io now go down the model
says thal the investor would buy a block of
stock and remain at state Y. In figure 1 this
is represcnted by:
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Figure 1: Hypothetical
state spoce model of a
stack investor. The letter
codes U and P stand for
the up and down fluctua-
tions of the stock market
prices. The fetters B and 5
stand for the buying and
sefting of stock, The set T
is the set of all the transi-
tions of the model.

For our pictorial representation of a state
space model we have a set of states which is
represented by the circles. The set of transi-
tions is represented by the arrows, Alongside
of each transition arrow is a pair of symbols
separated by a slash. The symbol to the teft
of the slash is a symbol from the input
alphabet and says that if the model is
currently at the state connected to the tail
of the arrow and this input symbol occurs,
then this transition is to be taken. The
symbol to the right of the slash is a symbol
from the output alphabet and says that if
this transition is taken, as per the previous
stalement, then this symbol is to be output
and the new current stale is the state
connected to the head of the arrow.

State Space and Evolution

Given a state space mode!, we now look
at the evolution process. There are five basic
ways we can change the model; we can:

1. Add a new state
set {S} .

2. Remove an existing state {change the
set {S} ).

3. Change (repoint) a transition (change
the set {T} ).

4. Change the current state {change f}.

5. Change an output symbol for a
transition.

{change the

Changing an input symbol is not allowed.
Every state must have exaclly as many
transitions projecting from it as there are
possible input symbols. Thus when at a
particuiar state there is a valid response lor
every valid input.

Note that the set of input and output
symbols cannot be changed during the run
of a program. Technically there are ways of
allowing this change but the programming
becomes highly complex, so we assume that
all possible observance types and all possible
desired response types are known when the
program begins. {In programming, as in
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physics or math, this is what is called a
“simplifying assumption. ']

Also, change type five is really not
something that needs to be done randomly.
There js a technique called deterministic
optimization that assures that the output
responses are the best possible for a given
mode|, There is, however, a desirable change
which can replace change type five and will
be explained at the end of the next section.

The State Space Model
as an Intelligent Organism

There are some interesting properties of
the state space models that get developed via
this simulated eveolution., The first is the
tolerance to noise, Also, the model is able to
repair damage to itself, Finally, if the model
is knocked out of synchronism with the
environment it quickly locks back into
synchronism.

When the model 1s given the goal to find a
pattern, it may be constrained by the pro-
grammer or may have decided on the basis
of previous inputs that the pattern for which
it is searching is a simple pattern. The
cnvironment may then contain high levels of
random signals (noise) but the model will
automatically ignore these random elements,
deciding that their pattern is too complex. It
will then lock onto the underlying patterned
signal and thus remove it cleanly from the
noise.

If the model is suddenly damaged, such as
by loss of power in 2 memory module, or
even by programmed destruction of a state
or a transition, the model tends to “heal”
itself as new data is collected. It just so
happens that the model is always striving 1o
be a perfect representation of the environ-
ment. If this representation is c¢hanged,
equivalent, say, to a person losing a leg, then
the evolution process will tend to restore the
damage to regzin that oplimum representa-
tion.

A common problem that does exist from
this method of artificial intelligence is the
loss of synchronism with the environment,
What may be an otherwise perfect model
may consistently yield incorrect predictions
simply because it started out at the wrong
state. Fortunately, as with the other prob-
lern types, the model has a tendency to lock
itself back in synchronism with the environ-
ment. Since, however, this problem can
occur for so many reasons, we opt to
provide an evolutionary function to speed
up this lock. We then replace the old change
type five with a new type, "advance the
current state ahecad by one state.” We are

Continued on page 44



e HOW CAN YOU MAKE YOUR
Z80 SYSTEM RIVAL THE EXPENSIVE

THE ZAPPLE
MONITOR

The versatile Zapple Monitor maximizes the
user's system executive controi, All YO driv-
ers tor all TDL software are contained in the
Monitor; once the Monitor is modified to
your /0 configuration all other TOL software
is immediately compatible with your system
making your tolal system selup extremely
simple.

The Monitor suppors a CRT, teletype and
audio cassefte as well as providing exception-
ally powerful hardware and soitware debug-
ging capability. It’s modular arganization also
allows other user provided 1/O drivers to be
‘tacked on’ at the end to handle any form of
/0 your system may demand. The Monitor's
27 commands occupy on!‘r 2K of core. A de-
scription of the command sel requires more
space than available here,

Coupled with TDL's other software, your
system atfains the highest level system integ-
ration available for a micro-processor. $25

THE RELOCATING
MACRO ASSEMBLER

Here is the most sophisticated program-
ming tool yet developed for a micro-
processor. Il is without equal in lerms of
rnumber of funclions, scope of capabilities
and usefulness.

+ 1t generates a fully relocatabie object code.
+ It has complete macro generation and infi-
nite nesting of macros capahility,

TOL's ingenious ZB0 opcode set has as &
subset the same opcodes as the 8080, Where
other Z80 functions resemble 8080 functions,
the T mnemonics are logically derived for
ease of learning. Where our Z88 opcodes
have no BGBO parallel, we genenally use Zilog
opcodes. Your current 8080 source can be
reassembled with only nominal text editing.-

$50

PROFESSIONAL MINI-SYSTEMS?

e BY ORDERING TDL’s ADVANCED
INTEGRATED SYSTEM SOFTWARE.

ALL TDL SOFTWARE IS RELOCATABLE.

ZAPPLE
BASIC

The most complete and innovative 8K Basic
interpreter written. Highly compatible with
other Basics. Unique Features include:

TRACE: Aliows switching among various
line numbers during execution,

SWITCH: Allows switching among various
1:0 devices either in the program or from the
keyboard.

RENUMBER: Allows upward or downward
renumbering of the numbered line stafte-
ments.

LVAR: Lists program wvariables and their
values on your command.

LLVAR: Same as LVAR, but outputs the in-
formation to your hardcopy device.

EDIT: A unique featlure in an 8K Basic. Al-
lows you 1o change the infernal structure of a
line wilh the ‘delete’ command.

ZAPPLE BASIC is unigue versatile and
powerful and up Lo 20% faster than compara-

bie Basics. $50
TEXT OUTPUT

A PROCESSOR

TDL's general purpose word processor (or
the Z80. Used in conjunclion wilth the TEXT
EDITOR and MONITOR, it occupies 3K of
core and provides powerful word-processing
capability.

TDL's TOP fealures automalic paging, con-
catenation and justification, as well as many
other formatting functions.

Straightiorward entry of the Processor’s
numerous commands directly into the text
puis you in total control. The output from the
Editor is then run through the Processor to
produce output exactly as you have com-
manded.

Imagination alune limits the possible appli-
cations of this word-processor. 550

PACKAGE A - THE BASIC & SUPERBASIC PACKAGE: Consists of the Zapple Monitor, Zapple

Text Editor, Macro Assembler, The Yext Guipul Processor and either 8K Basic @ $ 169

SUPER

A BASIC

Our poweriul new 12K Basic Interpreter has
all the teatures of Zapple 8K Basic, plus these
additions, and many others:

Allows eleven digit precision including all
built-in functions as well as SIN and
ARCTAN.

* Multi-line recursive user defined fundions.
Sophisticated editing and program loading,.
Stalements may be tabbed horizentally
andior spread over successive lines.

AUTQO inserts line numbers aulomatically
into your program.

A PRINT USING stalement is included
which allows the format to be specified as to
either a string or a statement number.
EXCHANGE interchanges the values of two
variables al high speed.

LOADGO aliows one program to call in and
to execute another program.

CALL allows you to call resident assembly
language subroutines with any number of
numen< argumenls.

SUPER-BASIC does much more and qual-
ifies as the finest Basic available for micro-

processors. 595
THE ZAPPLE

A TEXT EDITOR

This omnipotent lool gives you the ability to
create or ta change assembly language pro-
grams and to facilitate general word process-
ing.

Text lines and characters may be located,
inserted, deleted or changed al will in either
iorward or backward direclions via 2 movable
internal pointer.

Control may be efiected by 24 alpha nu-
meric commands which may be strung to-
gether in macro-like stalements yielding
superlative editing capability. $35

.

Conlact us for hardware systems as well.
Distribution Rights Available.

or Super Basic @ § 199
PACKAGE B - THE WORD-PROCESSING PACKAGE: Consists of the Zappie Monitor, the Text
Output Processor and the Zapple Text Editor ........ooiiiiiiiiiiiiiiieaa,
PACKAGE C - THE SOFTWARE DEVELOPMENT PACKAGE: Consists of the Zapple Monitor,
Zapple Text Editor and the Relocating Macro-Assembler ....................

All TDL Software is supplied on paper tape in relocatable hex format along with TDL’s com-

prehensive User's Guides and Manual.

Write for prices on disk or cassette media,

ORDERING INFORMATION: Send check, money order or BankAmericard, Master Charge
current number and expiration date. Shipment is usually made via UP$ or UPS Blue Label.
Specify other arrangements if you wish, Prepaid orders are shipped postpaid.
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Photo 3: Two examples of the Apple BASIC interpreter, in the form of programs with severdf lines of execution results. (a) The
interpreter has a symbaolic trace feature which alflows dumping of nomed variables whenever a change occurs. This simple
program Hlustrates this "DSP" command with « simple computationul program. (b) A similur debugging featuire of Steve
Wozniak's Apple BASIC interpreter is a method of running the interpreter with a stalement number trace, by giving @ TRACE
command instead of RUN in the commuand mode of the interpreter. This enubles one to fuirly quickly debug u BASIC program
by examining ils effect on variables or its course of evofulion through stalement numbers,

space of dynamic memory chips is inhierent dual slots so that multiple bil address de-
in the operation of Lhe video display genera- caders are not required on peripheral boards.
tor. On successive pulses of the video dis- The Apple-1l cassette interface is simple,
play, it cycies through all the low order fast, and | think most reliable. The data
addresses of the memories as the memory is transfer rate averages over 180 bytes per
scanncd to generate the video image. But second, and the recording scheme is com-
scanning through the addresses within the patible with the interface used with the
maximum allowable time is the algorithm Apple-1. This tape recording method can be
used to accomplish Lhe required refreshing used with any inexpensive recorder, but as
of the memories; so with this video gencra- with any such use of audic media only high
tor integral to the computer, refreshing of quality tapes shouid be used in order to
the memories happens 1o come for free and avoid problems due to dropouts from poor
is totally transparentl to the user with no oxide coatings on the tapes. In the Apple
exlended, missing or delayed cycles. This audio cassette interface, timing is performed
characteristic is sometimes called “hidden by software which is referenced to the
refresh."” system clock. A zero bit is defined as a fuli

cycle of a 2000 Hz signal {500 us long}, while
a one bit s defined as a full cycle of a
| designed the Apple-il Lo come with a set 1000 Hz signal {1 ms long). While reading data,

Standard Peripherals

of standard peripherals, in order Lo il my full cycles are sampled, never half cycles, a
concept of a personal computer, In addition method which tends to provide immunity to
Lo the video display, color graphics and high DC offset and other forms of distortion. All
resolution graphics, this design includes a the casscile management roulines are avail-
keyboard interface, audio cassetle interface, able 1o user programs as subroutine calls
four analog game padidle inpuls {for user from assembly language directly, or through
supplied potentiometers which vary a re- hooks in the BASIC interpreter.

sistance  which the processor measures), The Apple-1l analog game control paddie
three switch inputs, four 1 bil annunciator circuils are based upon incxpensive limer
outpuls, and cven an audio oulpul lo a chips of the 555 type. I've used a quad timer
speaker, Alsa part of the Apple-l design is of Lhis type, cailed the 353, as shown in
an 8 slot motherboard for O which has a figure 2., To read the value of resistance on
fuily buffered bus, prioritized inlerrupts, the paddie’s potentiometer, the timer is
two prioritized direct memory access (DMA) strobed under software contro! using rou-
schemes, and address decoding at the indivi- tines in the system read only memory. The
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Photo 4: Far from being limited to interpretive integer BASIC, the Apple-it includes some powerful debugging and software
development aids at the machine language level, Here at (a) is an example of its dissassembler mode of operation, invoked by the
L commuand foflowing an address in hexadecimal. A corresponding nonsymbolic assembler program will perform transformations
in the other direction from text sources. Here at (b) is an example of the instruction trace command, which alfows @ machine
langtioge program to be followed mnemonically via dynumic disassembly, with register and condition code contents indicated

after each instruction.

input routine then enters a2 loop which
counts the length of the timer output pulse,
which is a function of the paddle potentiom-
eter's setting. To prevent endless loops if a
wire breaks, the paddle scan routines exit at
the maximum count of 255, The resolution
of the loop is 12 us per count.

One memory address is dedicated to the
audio output port which drives a speaker.
When this memory location is referenced
from a program, with cither a read or a write
operation, the speaker drive line is toggled.
Generating tones reguires  continuous
speaker toggling by this method, at an
audible rate. The cassetie outpul port works
in a similar (toggle) fashion to generaic
audio tones for the tape. The annunciator
outputs each have two corresponding ad-
dresses, with one used to set the output and
the second used to clear the ocutputs. Switch,
paddle and cassette inputs place their data
on the system bus in the sign bit position
when their corresponding addresses are refer-
enced; this choice of wiring enables software
to test the state of the bit directly with a
conditional branch instruction of the 6502
processor,

Apple BASIC

Apple-li comes with an Apple BASIC
interpreter in the mask programmed read
only memories of the system. There is no
need to load it off tape, nor to dedicate any

programmable memeory for it. It’s always
there and it is Impossible to accidentally
clobber it, This BASIC is essentially similar
to any BASIC with the exceptions that it
only implements 16 bit fixed point arithme-
tic. It alse features some unique language
extensions to take advantage of the Apple-1l
hardware features such as color graphics and
to provide corveniences in the form of
debugging aids. 1t is intended primarily for
games and educational uses.

A monitor command puts you into
BASIC mode, which is indicated on the
screenn by a prompt character, ‘' >",
Memory limits for BASIC source programs
and data are set automatically at the time of
entry, but these limits may be varied by user
commands. While in BASIC mode, state-
ments are entered on the current system
input device, which is normally the key-
board.

Apple-ll BASIC is implemented as a
transiator-interpreter combination. When a
line is read from the inpul device, the
translator analyzes it and generates 2 more
efficient internal language facsimile. Syntax
errors are detected at this time. The “nouns”
of this internal language are variable names,
integer constants {preconveried to binary for
execution speed enhancement), and string
constants, The ‘“verbs” are 1 byte tokens
substituted for keywords, operators and
delimiters, Because the translator dis-
tinguishes syntax, different verbs are as-

a1
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Figure 2: How to make a 1 bit measurement of an analog parameter for
games (or perhaps we should say ‘2 bit"). Busically, a 555 style timing
element is set up so that it can be triggered by a I bit output port. After
tri ing the oneshot, the processor enters a timing loop continuously testing
the T bit input port until the end of the oneshot’s cycle, which is controlled

by the game parameter potentiometer.

The result is an integer count

developed by the timing loop which gives ¢ measure of how long the oneshot
pulse lasted, and hence a measure of the position of the input potentiometer.
Apple-1l implements four of these resistance measuring ports (which have
plenty of accurocy for game contexts with graphics display feedback but are
hardly not to be interpreted as having any absolute accuracy independent of
hand-eye coordination).

signed to different usages of the same
symbol. For example, three distinct verbs
represent the word PRINT, depending on
whether it is immediately followed by a
string source, an arithmetic expression or
nothing. Thus this distinction need not be
made at exccution time. For each verb there
exists a subroutine to perform that specific
action. Listing a program actually involves
decompiling the internal language back to
BASIC source code. Those statements with
line numbers arc stored as part of the user
program, while those without line numbers
are executed immediately. If desired, the
Apple BASIC interpreter's editing functions
can be set to generate line numbers aulo-
matically. Although some commands are
valid only for immediate execution and
others only for programmed execution, most
can be employed in both ways. In the
BASIC source programs, multiple statements
may reside on the samc line, separated by
colons (*:").

BASIC language statements arc stored in
user memory as they are accepted and
variables are allocated space the first time
they are encountered during immediate or
programmed cxecution. When a program
terminates, whether by completion, inter-
ruption or error conditions, all variables are
preserved. Programs may be interrupted in
execution by typing an ASCII control C; it is
then possible to examine and modify a few
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variables in immediate mode, then continue
execution at the point of interruption by
typing the CONtinue command. BASIC pro-
vides the line number of the statement as the
point of interruption t  seque :is
used. The entire varia ace is cleared to
zero when BASIC is initialized by the CLR
command, and prior to exccuting the RUN
command. (It is possible to carry variables
from one program to another, but to ate
the second program a GOTO command must
be used instead of RUN in order to override
the automatic clear at the beginning of
execution of a new program.)

1c interpreter consists of a standard
expression evaluator and a symbol table
routine for allocating variable storage similar
to those described by Prof Maurer | his 2
part series in the February and March 1976
issues of BYTE. As statements arc scahned,
nouns and verbs are encountered. Variable
names result in calls to the symbol table
routine which pushes address and length
information on the noun stack {operand
stack). Constants are pushed directly onto
this stack. Verbs are pushed onto t  verb
stack (operator stack) after popping and
executing any verbs of greater priority. A
verb is executed by cailing ils associated
subroutine. Tables define priorities and rou-
line entry addresses for all verbs. Keywords
such as THEN or STEP, and d  miters such
as commas and parentheses, are dealt with
just as though they were arithmetic opera-
tors, Verb routines obtain their arguments
from the noun stack. Because verbs such as
parcntheses tend some es to be of low,
and other times of high priority, each verb is
actually assigned two priorities {left hand-
right hand). One represents its tendency o
force execution of other verbs, the second
its tendency to be executed.

Interactive Monitor

The entry into BASIC, as well as other
user oriented features of the Apple-1l, is
provided by an interactive keyboard monitor
which serves as an aid to writing and
debugging machine language programs for
the 6502 processor of the system. ™ 2 user
enters commands from the keyboard speci-
fying data and address parameters in hexa-
decimal. Multiple commands are permitted
on the same line and editing features facili-
tate error correction. | completely wrote and
debugged Apple BASIC using the monitor as
my only software development tool. It was
of course the first hand assembled program |
wrote for the system. In addition to the
direct monitor commands, a number of
subroutines were included in the Apple-ll's
mask programmed system read only memory



Sweet Sixtegn Calling Sequence:

20 B9 FE —— —— —— el
J5R SWEET 16 8502
SWEET18 OP CODES SWEET18 CODE
RETURMN
{leave 6502 QP CODE

direct execution)

{reenter direct

6502 execution)

SWEET 16 OP CODES {16 Bit Operands, 2's Complement Arithmetic)

Op Instr Op
Code Length Description Code
00 1 Return to 6502 mode —_
m 2 Branch always 1R
02 2 Branch no carry 2R
03 2 Branch on carry 3R
04 2 Branch on positive 4R
05 2 Branch an negative 5R
06 2 Branch if equal GR
07 2 Branch not equal 7R
08 2 Branch on negative 1 8R
09 2 Branch not negative 1 aRr
0A 1 fBreak to monitor AR
oB 1 No operation BR
ocC 1 MNo operation CR
4]] 1 No operation DR
0E 1 No operation ER
aF 1 No operation FR
Notes.

Length

B i U

Description

R—2 byte constant {Load register immediate)
ACC—R

ACC—R

ACC—@R, R-—-R+1
ACC—@R, R—R+1
ACC--@R doubie
ACC—@R douhle

R—R -1, ACC—@R (pop)
R—R -1, ACC—@R
ACC~@R {pop) double
COMPARE ACCta R
ACC—ACC+R
ACC—ACC-R

R—R+1

R—R -1

1. All branches are followed by a 1 byte relative displacement. Works identically to

6502 branches.

2. Only ADD, SUB and COMPARE can set carry.

3. Motation:

R = a 16 bit “register” operand designation, one of 18 labellad O to 15

{decimall, 0 to F {hexadecimall,
ACC = register operand RO,

@R = indirect reference, using the register B as the pointer.

} = assignment of values,
4. Length of instructions:

Branches arg always two bytes: op code followed by relative displacement.
Load register immediate (1R} is three bytes: the hexadecimal op code 10
to 1F followed by the 2 byte literal vaiue of a 16 bit number.

All other instructions are one byte in length.

to provide casy access 10 hardware features.
These are the service routines which are used
by the monitor, as well as BASIC and any
user routines you care 1o code.

The Story of Sweet Sixteen

While writing Apple BASIC, | ran into the
prablem of manipulating the 16 bit pointer
data and its arithmetic in an & bil machine.

My solution o this problem of handling
16 bit data, notably pointers, with an 8 bit
!'I'IECI’ODI'OCL‘SSUI' was to il'ﬂp|CITICI'I|. 40 an-
existent 16 bit processor in softwarg, inler-
preter fashian, which | refer Lo as SWEET 16.

SWEET16 conlains sixteen internal 16 bit
registers, actually the first 32 bytes in main
memory, labellied RO through R15. RO is
defined as the accumulator, RI5 as the
program counter, and R14 as a status reg-
ister. R13 stores the result of all COM-
PARE operations for branch testing. The

user accesses SWEETIG with a subroutine
call to hexadecimal address FG89. Bytes
stored afler the subroutine call are thereafter
interpreted and exccuted by SWEET16. One
of SWEET16’s commands returns the user
back to 6502 mode, cven restoring the
original register contents.

Implemented in only 300 bytes of code,
SWEET16 has a very simple instruction set
tailored Lo operalions such as memory
moves and stack manipulation. Most op
codes arc only one byte long, but since she
runs approximately ten times slower than
equivalent 6502 code, SWEET16 shouid be
employed only when code is at a premium
or cxeculion speed is nol. As an example of
her usefulness, | have estimated Lhal about
| K byles could be weeded out of my 5K
byte Apple-1l BASIC interpreter with no
observable  performance degradation by
sclectively applying SWEET16.m
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The Apple-1i monitor read
only memary afso contains
e [nterpreier  program
calfed SWEETIG wihich
can be used from machine
language programs to {m-
plement 16 bit arithmelic
operations. This  facility
can prove quite useful, for
example, in colculating ad-
dresses, and serves as an
extension of the insiruc-
ton set of the 6502 which
is reached by the [SR
SWEETI6 escape sequence
in code,



Continued from page 32

Frgure  2:  State  spuce

_model in matrix represen-
tution. The model can be
described by an n by m
matrix,  The number of
stales in the model s n

and the munber of input
types s m. Euch efement
describes  the output re-
sposse and the new cur-

Currant
State input Observation
A B c

output: output: output:
response A response B response C

R
Mew current new current | new current
state: R state: R state: R
output outpul. ouUtpuL
respansg A response B response C

S
new current newr current | new current
state: 5 state: S state: S
autpurt: output: output:
responsa A response B response C

T

new current
state: T

new current
state: T

new current
state: T

rent siaie to wiich the
nexi move s made,

currentstate = S

now complete in the deflinition of the
mutation types desired Inoour evolution
simulation.

The State Space Model
and ts Computer Representation

We now have sullicicnt knowledge to
begin examining the computer implementa-
tion of this artificial intelligence by simu-
lated evolution. Although the discussion will
tend Lo be general, the emphasis is oo using
the technigue as a Lwo symbol pattern
recognition game. This game would then
allow the computer programmen 1o expe.i-
ment on hisfher own sysiem with predicting
primes, carthquakes, people or any of the
virtually limiticss areas ol patiern rccogni-
tion and {eature extraction. Those program-
mers with o more extensive background in
miathematics and automata theory and with
larger computer facilities af thelr disposal
may wanl 1o allempt more sophisticated
programs with many symbol pallern recogni-
tion, advenced evolutionary Lechiigues, or
even using the intelligence of the program Lo
improve upon the intelligeace process,

The maost important design decision for

Byte Use Bit Use
a1 State 1 0  Output response type:
23 State 2 on is response type 1
{n—1) *2 off is response type 0
(n—1) 7247 Staten 1-7  Mew current state,

Toble 1! The representation that is wtsed in the compater moded Tor the 2
syembol pattern recognition, Table Tu s the memory alfocution tor the materix.
Each state fas two bytes with which to waork, Eaddt Dyte is broken into two
sections as showea i tuble Th, Bit [ iy wsed to signity the owlput response
type, either response Q or 1. The remaining seven bils gre wsed 1o hindicele the

ew current stafe.
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the program is the representation method of
the model. Figure 2 shows that the model
can be represented as an n by m malrix
where n is the number of states in the model
aned mois the number of input typues. Each
clement on the matrix consists of Lwo pieces
ol information, a symbo! to oulpul and Lhe
next current state, Thus, il the model is
currently at state S and inpul symbol type B
occurs, then row S and column B of the
matrix cefines the output response and the
next current state.

AL least live other pieces of infarmation
must also be maintained for the moedel,
namely  the [lirst state, second state, the
current state, value and the number of states
currently in the model. The current state is
used Lo derive the model's next response.
The first stale, second state and value are
usced by the evolution process when the
model musit be driven by historical data, as
when determining which of the offspring
during multatiion is the best, The number of
states currently in the machine is also used
by the mutation or evolution routings, as
will be seen later.

Table | details a workabie representation
of 4 two symbol pattern recognition model
for a small computer. Each element in the n
by m matrix consists ol 1wo bytes. One byte
fur cuch possible transition. For both byles,
the high order bit determines the output
symbaol. For exampie, high order bil on
could mean “next number is prime,’” or an
carthguake will ocour nexi,” or “the op-
ponent will next say true.” High order bit
oft would ol course mean the oppuosite. The
other seven bits in the byte contain the
relative number of the next current state,
state numbers ranging from 0 to 127, De-
coding the model 1o make a prediction is





















and Be Respectable

chronous receiver-transmitter. The internal
structure of this device consists of a separate
paraltel to serial transmitter and serial to
parallel receiver joined by common program-
ming pins. What this means, in fact, is that the
two sections can be uscd independently
provided they adhere to the same bit format
which is selectable through the wiring of the
device,

The transmission frem Lhe den to the
basement is done asynchronously and in one
direction only. As far as the computer is
concerned, this input device appears as any
other parallel input such as a keyboard. The
other part of the system is a monitor to
display computer generated video. The
maonitor in the den uses direct video signals
and is attached to the video display elec-
tronics through a 200 foot ceaxial cable, and
thus does not require the computer ta re-
spond via the serial line.

Actual data transmission to the computer
follows an asynchranous serial format illus-
trated in figure 2. When no data is being

transmitted, the data line fs sitting at a mark
or 1 level waiting for a key pressed strobe
from the keyboard. A key pressed strobe is a
1 to 5ms positive pulse indicating that a
keyboard key has been pressed and that an
ASCIl code of that key is available for
transmission. This key pressed strobe, which
is attached 1o the data strobe of the inter-
face, causes the ASCII data Lo be loaded into
a parallel storage buffer, and starts the
transmission cycle. The serial output will
then make 2 transition from alogical 7 to Q.
This start bit transition indicates the begin-
ning of a serially transmitted word. Fol-
lowing the start bit, up to eight bits of data
follow, each data bit taking 16 clogk
periods. At the conclusion of the data bits,
parity and stop bits arc generated by the
interface to signify the end of transmission.

If another key is presscd, the process will
repeat itself. On the receiving end, the
receiver section of the UART is con-
tinuously monitoring the serial input lines
for the start bit. Upon its occurrence the

le—————TWISTED PAIR CABLE —|

Frgure 1: A simplified
biock diggram of the re-
mote transmitter and re-

ceiver circuit.  With ¢
1760 Hz osciflator driving
the circuit, a data
transmission rate of

110 bps will be attained.
Although the exact fre-
quency /s not important,
the two osciflators must be
gccurate in respect to each
other or the circuit will
not function correctiy.
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Figure 2: Diagram ilfustrat-
ing how  gsvnchironous
data is transmitted. A start
bit is defined as a transi-
tion from fogical 1 to 0.
The eight data bits are
then transmitted with the
feast significant bit being
transimitted first and the
most significant bit being
transmitted last. A parity
bit is then semt followed
by two stop bits. With the
AY-5-1013, the parity bit
can be omitted completely
and there s g choice of
one or two stop bits fol-

TIME'S ARROW ———————»

eight bits of data are slipped inlo a register
and the parity checked. At the completion
of the serial entry, an outpul signilying dala
available is set which can be used as an input
strabe Lo the compuler. The interface will
not process additional serial inputs unless
the data available lag is acknowledged and
the data available reset ling is strobed.
Actual transmission can include or exclude
parity, have onc or two stop bits, and data
can be in 5 to 8 bit words, These oplions are

110 bps, failures will be rare and in many
hours of operation | have not yet received a
bad character transmission. Parily s
climinated by tying pin 35 to +5 V.

Bath transmitler and receiver interfaces
utilize an NESS5 oscillator to provide the
clock frequency {see figures 3 and 4 for
schematics). For a 110 bps serial rate, this
frequency is set for 1760 Hz and must be
mainlained within 1%. For Lhis reason only
mylar or polycarbonate capacitors should be

lowing the transmitted pin selectable, used. This transmission rate can be much
data. Table 1 is a pin function description for higher, possibly reaching a rate of 20 or 30
the AY-5-1013, thousand bits per second. But we must be
There are obviousty many more functlion- realistic: 110 bps is 10 characters 2 second,
al inputs and cutputs than are necessary for which is beyond the typing capabilitics of
this limited application. We will purposcly most sanc individuals, Building a 9600 bit
select only those which are absolulely neces- per second data link to a keyboard is absurd.
sary 1o minimize hardware and soltware The lower the data rate, the {fewer problems
lagic. The keyboard has a 7 bit ASCII you will encounter in the fong run.
output code so a 7 bit word length is chosen Construction of the receiver and transmit-
by a binary 10 code on pins 37 and 38 ter boards is straight{orward and wiring is
respectively. Two stop bits provide for a notl c¢ritical. The unit in the den requires a
more reliable transmission by aflowing more +5V and -12V power supply and an ap-
time between transmitled words. Two stop propriate casc. Most ncw keyboards require
bits are sclected by tying pin 36 Lo +5 V. +5V [or operation and the interface power
Parity is pice, bul unless you are going to do supply should be made large enough lo
something aboul it, it's a wasle of time, At accommodate both.
All my keyboards have cables with 11 pin
+5V “octal type" sockets felectron tube sockets
10K and plugs simifar to those of the large
1 L Y
3ZK J;J;.LF ;]OpF y -12v
4 JElOPF
RESET
DISCHARGE
10K ic3 : .
NES55  ouTPuTL: L roTlE— > 86
e 24 rosH———{ > B5
rmesore 3 :g R°5§ B4 ggMPUTER
TRIGGER “04:3,0 B3 ¢ pARALLEL
2 RO3|———] ™>B2 | 1NpUT
4 38 161 roefl— [>81
T 2 rol 2 —— >80
T 35 avar DA S [">B7 DATA READY
1§ +5Y
IN9I4
21l AY-5-1013 L
*MYLAR OR 3 RESET|;s 2 100K
POLYCARBONATE 4 paTa 2o
AVAILABLE
Figure 3: A schematic dia- paTa IN_| CO400%  N.OIuF
gram of the receiver inter- « DMB820 RECEIVER {SND5I82)
face for the remote key- +5Y 6
v f i QUTPUT
boc:':d. This section can be 2 STROBE W2 ___ FROM
built on a vector card and 5 ) OO REMOTE
; X , RESPONSE SITE
instafled in the computer’s [ lce Ry
mainframe. All resistors J100p Z

are 1/4 W and all resis-
tances qgre rmeasured in
ohums.

" DM8820
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“octal” tubes], so | naturally used the same and this should be some casy disconnect like

receplacle on this ransmitter box. The cable an RCA jack or two banana jacks, as | used.
and connector can be any convenient type, The  receiver  construction is  cqually
and the keyboard will probably pull less simplistic and its proximity Lo the computer
than 200 mA. The only other connection is eliminates the necessity for building addi-
the twisted pair wire Lo the recciver board lional power supplics. When a character is
Pin

Mumber MName Symbol Function

i WCC power supply VGG 45 W power supply.

2 VGG power supply VGEG —12 ¥V power supply.

3 VDD power supply V_DD grourd.

4 Received Data Enable REDE togic O places the received data onto the cutput lines.
512 Received Data Bits RD3-RD1 gight data gutput lines, Received characters are right

justified; the least significant bit always appears on
RD1. These hnes have three state drivers enabled by
a low level on the BDE line.

13 Parity Errar PE goes to logic 1 if received character parity does not
agree with selected parity. Three state output enabled
by SWE.

14 Framing Error FE goes to logic 1 if the received character has no valid
stop bit. Three state output enabled by SWE.

15 Over Run OR goes to logic 1 if previously received character was not

read befare present character is transfarred 1o receiver
holding register. Three state output enabled by SWE.

6 Status Word Enable SWE logic O on this line places status word bits
PE,FE,OR,DAV TBMT onto the output lines, Thrae
51ate outputs.

17 Receiver Clock RCP contains clock whose frequency is 16 times the desired
receiver data rate,

18 Reset Data Available RDAV logic O witl reset the data avaiiable ling.

19 Data Available DAV goes to logie 1 when an entire character has been re-

ceived and transferred 1o the receiver holding register.
Three state output.

20 Senal Input Sl accepts the serial bit input stream. A logic 1 to logic O
transition is reguired for initiation of data reception,
21 External Reset XR resets stuft registers, Sets SO EQC,TBMT to logic 1.

Resets DAV and error flags to logic 0. Clears input
data buffer, Tied to logic 0 when not in use.

22 Transmitter Buffer TBMT « transmitter buffer empty flag goes to logic 1 when
Empty data bits holding register may be loaded with another
- _ character. Three state output enabled by SWE.

23 Data Strobe DS strobe on this line will enter data bits into the data

bits holding register, Initial data transmission is initi-
ated by the rising edge of DS. Data must be stable
during entire strobe.

24 End of Character EQC goes to logic 1 each time a full character is trans-
mitted. It remains at this level until the start of
transmission of the next character.

25 Serial Qutput 50 serially, by bit, provides the entire transmitted charae-
ter. It will rernain at logic 1 when no dats is being
transmitted.

26-33 Data Bit Inputs BD1-BD8 eight data bit input lines.

34 Coantrol Strobe cs logic 1 enters the control bits EPS, NB1, NB2, TSH,
NP into contral bits holding register. Line can he
strobed or hard wired 10 logic 1 level.

35 No parity NP logic 1 will eliminate the parity bit from the trans-
mitted and received character. Stop bits immediately
follow the last data bit. If not used, must be tied to

logic 0.
36 Number of TSB seiects the number of stop bits, 1 or 2, to be appended
Stop Bits imrmediately after the parity bit. A logic O will insert
one step bit and a logic 1 will insert two stop bits.
37-38 Mumber of bits NEBZ.NB1 two leads internally decoded to select five, six, seven,
per character eight data hits per character.
NB2 NB1 Bits per character
o 0 5
8] 1 <] . §
1 Q 7 Table 1: A summary of
1 1 8 the pins and function
39 Odd ar even parity EPS determines type of parity appended immediately after desc ription af the
select data bits. Logic 0 inserts odd parity, logic 1 inserts :
even parity. AY-5-71013 wuwt'rsai asyn-
40 Transmitter Clack TCP contains a clock whose frequency is 16 times the chronous  receiver  and
desired transmitter data rate. transmitter,
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Figure 4: The transmitter

A v .
0K “ley section of the remote key-
i l . ‘ bogrd interfauce. This as-
S33K J;.IFF J;IOFF ;7T|0,,F sembly will have its own
] . 5 power supply that afiows
RESET weC it to stand alone at a re-
\ DISCHARGE vsis vsac. mote ared. Alf resistors are
;::",OK 3 a0 . 114 W and all resistanices
QUTPUT v CLK STROBE ————<_ ] KEY PRESSED are megsured in olums.
&l thresnoLD T 23\ ano <80
36)STOPRIT 27
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o—] /l’ Ic7 7 }WORD T3 <oz
NESSS
j;".oon * 38] JLENGTH 1af2® <183 ) FROM KEYBOARD
39 fPaRITY 30
SELECT Tisf————=<] B84
25tpariTY kA
* MYLAR OR INHIBIT 116 ——<] B5
16 |FLAGS 32
POLYCARBONATE FLAGS T ———<J86 6
2l EseT DMBE30
IC5
AY-5-10i3 3| oo ouTruT |28 |2 A .
9 |ReceIvED 8 ¥ e
ENABLE 1K 3 z [s OO 10
. . alg COMPUTER

Table 2: Power pin assign-
ments for the receiver and
transmitter of figures 3

and 4.

received, the data available ling goes high.
This signal is delayed and inverted and used
to reset the data available line. The result of
this circuitry is that the data available line
will remain high only for the duration of the
time delay set by the resistor and capacilor
al the input of the CMOS inverter. |f your
system will not accept a 10 ms dala ready
strobe, then dispose of the CMOS gate and
reset pin 18 via a computer output strobe or
some other synchronized means.

The last point of discussion is the line
driver and receiver. RS232C scems to be the
standard, but this would require a plus and
minus 12 to 15V power supply for the
drivers and reccivers. The limits of most
microprocessor power supplics are usually
within +12 V and -12 V. Let's be practical
for a moment. We aren’t stretching a 1 mile
cable along an arc welding line at an auto-
mobile plant (as occasionally happens when
working with industrial automation as | do
for a living). What we have is 100 1o 200 fect
of twisted pair in a relatively low noise
enviranment. RS232C is for industrial en-
vironmenls, and is not necessary for this
application. 5 V line drivers are quite accepl-
able in this application, and a 7440 NAND

gale could be used as an appropriate driver.
A somewhal preferred approach is to use
5V differential drivers and receivers such as
the DM8820 and DMEEB30. These Nationa!
Semiconductor {or their Texas Instruments
equivalents SW75182 and SW75183) devices
may not be available everywhere. A
Texas Instruments 75107 and 75110 com-
bination with the appropriate pin numbers
changed can be used instead,

Construction is  straightforward, and
checkout is a simple go or no go iesi. Make
sure that all voltages are correct and Lhat the
keyboard inputs 1o the interface operate
correctly. It is a good ideca to use a fre-
quency counter Lo set the 1760 Hz on both
the transmitter and recciver cards, If the
frequencies are not within a few percent of
each other, it will not work.

Attach a 1 or 2 fool twisted pair lead
between the two unils, plug in the keyboard,
and remove the CMOS inverter from the
receiver card., To display the received data
ward, either connect the receiver outlput to a
computer parallel inpul port and write a
program to scan and display it, or attach
some sorl of LED buffer and driver kluge to
display the output.

When a key is pressed on the keyboard,
the ASCII code for that key should appear

Nulr‘\:-nbar Type +EV  GND -12V at the receiver ouhtput. Momelﬁlzu‘ily.gmund-
ing the data available resct fine will allow
; Sr\:n‘g’;zgm 1; ? 2 another character to be received. When this
3 NEBSES 8 1 phase is accomplished, insert the 4009,
4 4009 18 8 string your 200 feet of twisted pair cable,
8 851-85&%13 » 2 2 hook your monitor up with 200 feet of

7 NES55 8 1 coax, and start plinking away.®
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Interfacing With an

The jobs which a computer can perform
require some method for interfacing with the
outside world, Most of us are familiar with
the requircments and abilities of the many
digital peripherals, but lack any practical
insight into the use of analog 10 signals. To
many, cspecially those oriented toward soft-
ware, doing anything in the analog waorld
seems like an anachronistic art form, or lrem
a lechnical point of view, a lot like trying to
skin an amoeba. However, the analog world
exists, and some means must be provided for
interfacing Lhe computer with it. Since most
devices and  machines in our world arc
analog, this will cxtend vyaour computer
horizons more than you may appreciaie. So
if you want to put your machine Lo the task
of some really serious work, the time has
come to learn about some of the require-
menls of analog electronics.

Several problems present themselves in
this area. We must understand something of
the measurement of physical and electrical
parameters from the real world, amplilica-
tion and signal processing, analog readout
devices, and conversions from analog to
digital or vice versa,

Transducers

A transducer is any device which Lrans-
forms a measurement of a paramcter from
one form to another for purposes of mea-
surement or control. We will modify this
definition a little to also specify that, lor vur
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purposes, the parameters we mcasure arc
converted to clectrical signals. We will also
consider devices which are mercly clectrodes
to pick up cxisting potentials, as in bio-
medical applications, and also those which
will only produce a switch contact closure if
certain conditions are met. An cxample of
the latter is the thermostat in your home,

Transducers are available for almost any
Lype of physical parameter or phenomena.
Assorted manufacturers offer devices that
will produce an output voltage Lhat is
proportional to physical parameters such as
force, strain, pressure, temperature, light,
position, flow or a host of other variables.

The function of a transducer leads us to
understanding just what we mean by analog
electronics. Most people will tell you that an
analog signal is one which is constantly
varying, as opposcd to digital signals which
may have but two stales, A morc reasonable
definition also takes into account that the
voltage or curreni input to the circuit is an
electrical analog of some physical parameter
being measured. In this case, the word
analog is related to analogous.

The number of different types of trans-
ducers prevents us from being loo specific in
this contexi, sc we won't even lry except to
point out that mosl transducers which you
will encounter will be resistive and have a
Wheatstone bridge circuit such as is shown in
figure 1. The voltage, E, must be regulated in
order Lo prevent variations in Lhe excitation



Figure 1@ A basic resistive transducer in Wheatstone bridge form. The circuit
produces an output voltuge that follows the refationship:

R2 R4

Fo* RT+R2 ~ R3+RE

The excitation voltage E is usually between 0 Vund 10V for mosi common
forms of iransducers. it may be either AC or DC, but DC types may be pre-

ferred for simplicity.

Analog World—Part 1

potential from showing up as artifacts in the
transducer output sigral. | have used LM309
and 7805 three terminal integrated circuit
regulators for this function with good
SUCCeSS.

Determining the Resistors for
the Right Job

In most transducers ol the class which we
are considering, resistors R1 through R4 will
change resistance with changes in the applied
parameter being measured. Afthough some
transducers, notably temperature types, will
have only one or two resistors of 1he
Wheatstone circuit variable, most will allow
all four to vary with the applied stimulus,
Thaose resistars which do not vary are fixed,
of caurse,

The nature of the resistors in the bridge
will depend totally on the type of phe-
nomena or parameter being used to stimu-
late  the transducer. Thermistors, for
example, are appropriate if it is tempera-
ture that is being measured. Piezo-resistive
strain gauge elements, on the other hand,
may be more appropriale for measurement
of force, pressure and so forth, A simple
linear taper potentiometer may be used to
measure position. For the casual designer
with but moderate requirements, the only
specifications of real interest are such items
as the maximum and minimum range, line-
arity and sensitivity.

The range is the maximum dand minimum
values of the applicd parameter which can be
accommodated. A pressurce transducer, for
example, might be specified over a range
of 100 Torr to +400 Torr {1 Torr =1 mm
Hgl. It is necessary to know just what
the manufacturer of the transducer means
when range specs are given. The figures
quoted might be destruction points or they
might be the range over which other specs,
such as |inearity and sensitivity, are guaran-
teed, In either case, though, the range limits
should not be exceeded.

Desirable Qualities

Linearity is a measure of how well the
transducer outpul follows variations in the
applied parameter. This is usually gquoted as
a pereentage of cither full scale, or some test
point, at which the device is calibrated.
Linearity can be thought of as a measure of
how good the transducer is—in other
wards, how analogous the output voltage is
to the input stimulus. Yeou will find that, in
general, linearity can be expensive; the
higher the cost, the better the linearity.

Sensitivity is onc specification of primary
interest to the instrument designer. One
method for denoting this specification is in
terms of transducer output voltage per unit
of applied stimulus per volt of excitation
potential. This might be stated as:

S = X puV/V/unit stimulus
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Figure 2: The basic figure for u 741 operationul amplifier with power con-
nected. The inverting terminal (—) produces un output signul that is 180° ot
of phase with the input voituge. The noninverting input termindgl (+) prodices
an oulpul that is in phase with the inpui. 1t should be noted that the pinouts
shown are for the 8§ pin duul in line (DIP) and metal can puckages, This par-
ticular circuit also comes in dudl in line packages with two or four amplifier
sections sharing common power supply pins,

A pressure transducer, for example, might be
rated at a sensitivity of 100 uV/V/10 Torr,
Assuming the common excitalion potential
of 5V DC, this tells us Lo expect an oulput

voltage of:
50V
100 pVIVII0 Torr x 5V = Torr
A pressure of 100 Torr, then, will produce a
vollage of:
20 1Y %x 100 Torr = 5000 uV, or 3 my
Torr

Analog Signal Processing

The processing of analog signals is onc
area where analog and digital buffs arc
frequently at dissonance wilh cach other, To
be sure, many of the functions of analog
signal processing can be dene equally well in
either field. In some areas there may be a
clear bias in favor of either analog or digital
approaches.

The normal signal processing functions
may be considered to be amplification,
filtering, compression and so forth. Amplifi-
cation scemingly becomes casy in software
because it is merely necessary to multiply
the input voltage, represented by a digital
ward, by some constant called the amplifi-
cation factor. This is less casy than may
appear at first blush because Lthe input might
be too low to take full advanlage of Lhe
analog to digital converter's range.

Filtering is an arca where software signal
processing has really come into ils own. In
fact, it is possible to design a software filter
that is a lot better than all but the most
costly hardware analog filters. The problem
comes in trying Lo implement the software
filter in a limited amount of memory. On
systems with a smaill amount of memory
capacity, say less than 1 K bytes, the hard-
ware filter might be more useful,

Another aspect of signal processing is the
derivation of parameters. For simplicity of
hardware design il is semelimes easier Lo
measure onc parameter than another. With
this in mind, the actual electronics can ofien
be kept simple prior to the analog 1o digital
conversions, |t is often possible to use
software Lo do unit conyersions and com-
pute derived parameters [rom related, but
easier to measure, parameters.
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Amplifiers

A computer will wanl to sce an input in
the form of a digital signal flag or an n bit
word, Since the analog instrument may only
proeduce a voltage or current level this
presents a problem. In that event a suilable
converler is required. It must be noted,
though, that many modern digital instru-
ments used in science and cngincering, es-
pecially  those with digital readout, will
provide rear panel digital outpul, usually in
BCD {binary coded decimal) form.

Most common analog to digital converters
accept full scale input signals over a limited
range, for example, between 5V, O to
+10V, or 0 1o +5 V., The 1ypical transducer,
on the other hand, may want to output only
a few millivolts or less, a level that may well
be in the noise as far as the analog to digital
converter is concerned. In such cases, it
would be necessary to provide intermediale
amplification.

Although numerous approaches to ampli-
fication exist, the integrated circuil opera-
tional amplificr is probably most applicable
by the [argest number. In fact, many small
computer systems already have the * 12V
power supplies usable for operational ampli-
fier chips. In most of the applications which
you will find, the familiar 741 type opera-
tional amplifier is probably the best bet. It
comes in several package styles and has two
endearing qualities: 1t is forgiving of novice
designers and it is quile incxpensive, Lypi-
cally less than $1.

It is obvious in the limited context of Lhis
article that | cannot fully describe either the
operational amplifier in its glory, or even the
full spectrum of 1ts uses. For those inter-
ested let me refer you Lo my book Op-Amp
Circuit Design and Applications {Tab Books
#787). For this present discussion we shall
limit ourselves Lo the basic rules governing
operaticnal amplifier circuits of use to you.

The symbo! for the basic operational
amplifier can be seen in figure 2. Note that
there are two different power terminals and
that neither is normally grounded. Although
vou will see some circuits in which one



Figure 3: This circuit is a simple inverting RF

amplifier. 1t will produce an output voliage o
according to the relationship: "

= . RIN
Eout = ~A X Ejp o Mgy £ _\K
(IF RC 1S DELETED) &

The voltage gain factor A is equal to the EIN

741
; Y g = +
ratio Rf/Ripn. There are restrictions on the ama 3 4 E OUT
PIN NUMBERS SHOWN

vafue of this ratio which must be met in _v  FOR &8-PIN DIP OR

order for the operational amplifier to
function properly (see text),

power  terminal s grounded, in normal
operation a symmetric dual power supply is
used, The +V terminal is always connected
lo a supply that is more positive than the

V terminal however the circuil is con-
figured, Symmetric potentials appropriate
for most operational amplifier integrated
circuits now available range between * 4 V
and * 15V, Certain special or premium
devices exiend Lhe limits on each end by a
couple of volts.

Simple Inverting Gain Follower

An ideal opcrational amplifier would
allow universal appiication with any gain
factor {see figurc 3}, but real operational
amplifiers impose certain constraints on the
designer. For example, it is not wise 1o ailow
the value of R, to drop below 5 to 70 times
the impedance of the transducer or other
driving source. A transducer might, for
example, have an effective impedance {resis-
tnce) of 100 chms. in this case, the
minimum acceptable value for R;, would be
1000 cohms. Similarly, other transducers
wilth higher effective impedance would
demand higher input impedances of the
following amplificr.

Problems of another sort will show up if
the value of Ry is greater than 2 megohms,
or so. This is especially true if operational
amplifiers of the low cost 741 family are
used. In genceral, Lthen:

1. R;, should be al least 10 times the

RIN RF

RE 8-fIN METAL CAN |

effective impedance of the driving
source.

2. Ry should be less than a couple of
megohms unless high grade operational
ampliflicrs arc used.

A further rule that is not strictly ncces-
sary, but scems 1o make things a little casier,
is o avoid Lrying to get too much gain out
of a singlc stage. Try to limit the gain in any
single stage 1o some figure in the “under
200" range. If greater gain is required, go 1o
an additional stage. Operational amplifiers
are cheap, in most cases, so it can be
penny-wisc and pound-foolish to try to get
all your gain out of one,

Noninverting Followers

The noninverting operational amplifier
follower {see figurc 4} provides an output
that is in phase with the input signal. It also
provides a much higher input impedance,

The input impedance of an inverting
follower is limited by the value of input
resistor Rj,. The ncninverting follower, on
the other hand, has an extremely high input
impedance. If a premium operational ampli-
fier integraied circuit is selected, then it may
well be over 1 megohm. This is high enough
to be useful with almost any imaginable
driving source with a voltage output. Only
certain high output impedance current trans-
ducer sources would require higher amplifier
input impedance.

Differential Amplifiers

A differential amplifier will produce an
ouilpul voftage proportional to the differ-

Figure 4: A noninverting amplifier. With the input signal applied to the non-

inverting {(+) terminal, the output polarity will be the same as the input. The
o oulput voltage can be taken as the sum of the voltuge drops across Ry and
Ry if the voltage across the operational amplifier Ve is taken us zero. Thus,
the voltage gain A follows the relutionship:

4= Eaut _ Rf+ Rip
;L £ Rin
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Figure 5 This is the basic diagram for o differentic input amplifier, It is
basically @ combination of inverting and noninverting umplifiers, The oulput

voltage will be!

R3
Eout = 7 (Ey —E3)

This is provided that R; = Ry and R3 = R,. Because this circuil tends to
reject signals common o both input tines it is used to minimize interference
picked up in wires connecting the transducer und its efectronics.

El

/
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0
™

cnece between the two polentials referenced
to ground as seen by Lhe inverting and
noninverling inputs, AlmostL all commercial
operational amplifiers can also be used as
differential amplifiers.

Figure 5 shows ane type of dilferential
amplifier that offers the cconomy of re-
guiring but one uperational amplificr.

This amplifier will serve nicely where
compactness is required and both moderate
gains {less than 500) and relatively low input
impedance can be tolerated, Even the lowly
741 will serve nicely in this circuil. Higher
gains and higher input impedances are pos-
sible with higher grade operational amplificrs
such as the 725,

Another approach to higher gain and
much higher inpul impedance which still
uses operational amplifiers of moderate cost
is the instrumentation amplilier of figure 6.

Operational amplifiers Al to A3 can be
741 devices in many cases, but il is con-
sidered wise 1o Lse premium quality ampli-
fiers for Al and A2 in even moderately
critical applications, The 1456 is a good
choice in thoese cases, while the 725 or
several gguivalents are besl in Light cases.

Resistor RE is a multiple lwrn poten-

RE

Wit A

APA

> 7|

L] b—o

EQUT
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$R7 100 Rl 2000
R2- R3

L R4 = RS

J[’Rﬁ (CMR aDpJd) R&E=R7+RA
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tiocmeter used as the common mode rejec-
tion control, The ideal differential amplifier
will only respond to a differential vollage
between the two inputs. Unbalances and
errors in real operational amplifier circuits,
though, make it possible for the amplifier to
respond to a common-mode voltage which is
shared by both inputs. R8 is adjusted 10 null
the vutpul voltage under conditions where
both inputs are tied together and a signal of
several volts is applied to their comnon
junction.

Some Comments on Practical Circuits

Any of the circuits shown in this article
may be made workable by almost any
builder with even moderate electronic assem-
bly skills. It is only necessary 1o (olfow Lhe
rules that arc given. It must be noted,
though, that a lot more is possible with
opcrational amplifiers, but would require
somewhat greater design acumen. The rules
can be violated by the sophisticated designer
because they are selected 1o be the "most
truc for the biggest number.” Next month,
Ull continue with a4 discussion of some
practical applications of operational
ampliliers.®

Figure 6: This circuit con be described as
combining the simple dilferentiul umplifier
of figure 5 und two copies of the noninvert-
ing gain follower of figure 4. The volluge
guin A is given by

2x R2 RO
A=+ (2R (57)
This eguation assumes that R2 is equul to
R3, R is equal to RS, and RO is equul to
the sum (R7 + R8). Also, it is wise to keep
R between 100 and 2000 ohms in most
cuses with contemporary operational ampli-
fier integruted circuils,






What’s in a

Floating Point Package?

If you have been using computers for any
length of time, or have used a calculator,
you know the value of floating point num-
bers. In this article, | will endeavor to show
how floating point works and how to use it.

Initially, you musl understand the repre-
scntation of real numbers. In the decimal
system, a real number may have a sign, a
decimal point, digits to the lefL or right of
the decimal point, and an exponent. The
general form is commonly referred 1o as
scientific notation. This form is:

+N NNNNNNX 10+MM

where NLNNNNNN is the “mantissa™ and
MM is the “exponent." Unfortunately,
decimal numbers are hard Lo deal with, even
with Lhe cecimal add or adjust instruclions
Shetdon Linker of some microprocessors. There are some
3514 Baelter Halt simplifications that can be made without

UCLA . N ‘.
serious loss of precision:
L.os Angeles CA 90024 P

Byte 1 Byte 2 Byte 3 Byte 4

A e " g, A e
SESENNENNINENENENRANERNENENEEER

“M —

Exponent Mantissa

Exponent Sign

Mantissa Sign

Example: The value of hexadecimal D13243F7
is hexadecimal 0.3243F7 x 161
ar hexadecimal 3.243F7
or decimal 3.141593

Figure 1: Details how the flouting paint number may be stored in memory, In
this format the first byte contains the exponent, the sign for the exponeni,
arid the sign for the mantissa. Byies two, three and four contain the mantissa
of the number in absolute value form, with 24 bits of precision.
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1. It is casier to handle the numbers if all
of the digits are on the same side of
the decimal peint. This simplifics the
shifting used Lo ‘“‘normalize’ results
after a muitiply or divide instruction.
The decimal form of this is:

£ NNNNNNNX 10EMM

2. The exponent basc should, for sim-
plicity of programming, be a power of
2. Assuming that a 6 bit {excluding
sign} exponent is to be used, table 1
helps in selecting the base by giving
the magnitude range (in decimal) for a
6 bit positive exponent.

For the sake of conformity to many
existing floating point packages, you should
either use a base of 2 or 16, A base of 2 gives
somewhat limited dynamic range; so {or the
rest of the article, | will use base 16. The
dynamic range is defined as the difference
between the high decimal value of the
cxponent and the low value. This reduces
the generalized form (o a more specific case.

£ NNNNNNNX16*MM

Another consideration is storage. So far, |
have 6 bits allocated to the exponent, 1 bit
for the sign of the exponent, 1 bit for the
sign of the mantissa, and some amount for
the mantissa itself. As one byte has already
been uscd, another three would work out
nicely. 24 bits gives a precision of 24Xlog2
or 7.22 digits of accuracy {which is treated
as 7 for formatting purposes).

Taking all of the above into account, we
now have the real number stored as in
figure 1. [/ This 4 byte format is similar to the
format used in an {BM 360 or 370 for single
precision flogting point. ]

We now come 1o whalt you've becn
wailing for: arithmetic. Addition and sub-
traction are the easiest, so I'll start wilh
themn. In the algorithms P'll present, addition
and sublraction are simplest when using only



pasitive terms; s0 the substitutions shown in
table 2 ¢can be made, Vertical bars denote
absolute value as in [X]| signifying the ab-
solule value of X,

Table 2 actually boils down Lo a series ol
additions, subtractions and sign inversions.
A llowchart of this process is given in
figure 2.

When adding or subtracting, the first step
15 to determine whether a number is nega-
live. When the first byte of a floating point
number is negative, then the entire number
is negative.

The second step is Lo change Lhe sign of a
number. This is done by adding or exclusive
orring a hexadecimal 80 1o the first byte of
the number in this lormat.,

You may nolice that in the flowcharts |
took no action Lo take the absolute value of
cither the A or B terms. This is because the
mantissd byles are actually in absolute value
form.

You are now ready for the next step in
addilion or subtraction. Betore the numbers
can be wsed together, the exponents must
match. This is done by ingrementing the
smaller exponent until it eguals the Jarger
exponeni, while at the same time dividing
the correspanding mantissa by 16, The larger
exponent becomes the expunent ol the
answer up to this point. When comparing

Base

16
32

Maximum Value
{Base raised to

64th power)

1.84 % 1019
3.40 x 1038

SUBTRACT

CALL ADD2

CALL 5uUBZ

fable [: A summary of
the dvnumic ranges, dif-
ference between the low-
est and highest expressuble
numbers, of several dil-
ferent buses. The bases are
all powers of two since
these are the egsiest o
fhandie on o computer. The
range of the number |s
determined Dy assuming
g exponent of 6 bits,
excluding the sign.

Tuble 2: Substititions that

may be made when adding
oF subftracting, This table

Qriginat Equation Use
A+B ADB =0 A+B
A+B A=0B<0 A — |BI
A1B A<D B0 B — 1Al
AW'B A<Q B<O —(1Al + 1Bl
A—B A=:0B-0 A-B
A-B A=0B-0 A+ |B|
A—B A<OB-:0 —{lAl + B)
A-B A<DB=<0 —{IBi — |A}]

CALL suB2

CALL ADD2

I«

ANS = -ANS

( RETURN }

F
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reduces tao o series of addi-
ons, subtractions and in-

which are per-

formed by the routine of

Figure 2: Flowchart for o
routine which will manipu-
fate the two vulues to be
added or subtracted gc-
cording to the rules sum-
marized in table 2,



CALL
FIXup

ADD
A+B

25
BIT ANSWER
P

DIVIDE
MANTISSA OF
ANSWER BY |6

INCREMENT
EXPONENT OF
ANSWER

-

l: RETURN }

Figure <4: fhis adddition
rotine adds the two nam-
bers and  then checks if
there has beern un overflow
inte bit 25, IF this condi-
ton exists, the nantisdg s
divided by decimal 16 und
the exponent i inure.
mented by one, Hhs yiving
o 24 bit anmswer,

FIx up

INCRE MENT
EXPONENT
OF 8
INCREMENT
EXPONENT
DIVIDE OF A
et MANTISSA OF
8 BY I&
f
DIVIDE
MANTISSA OF
A BY 16

Figure 3: Hhe FIXUP routine manipulates the exponents of the two numbers
s that they are egudl, Nis is  prime consfideration for subtraction and

aelcdition roviines.

onc exponent to anolher, you must keep in
mind hat the exponent occupies only the
right 7 bits of the byte. To convert il 1o a
standard signed number, you have lo extend
the sign by doing a shift left lollowed by an
arithmetic shilt right, Finally, you are about
ready Lo do the actual addition or subirac-
iy, but so that nothing is fost, you must
treat the mantissas a5 32 hit ficlds. A
Mowchart for the whole alighment step s
shown in {igure 3.

Alter the addition or subtraction you
may have a4 25 bit number, taking into
considerdlion the carry ol the 24 bil man-
Lissas. [T you deo, divide it by 16 and add 1 1o
the exponent ol the answer, as shown in
figure 1. 11 the exponent of the answer is
now 6, thenr you have the condition known
ds overfow, This s usually considered a
severe error and warrants stopping the pro-
gram, o substituting a “detault’ value.

Adter the subtract, you may be et with o
negative number or zero. 1 you are left with
d negdalive value, sel the sign indicator bit of
the answer Lo | oand change the sign of the
difference, as shown in figwe 5. Thereis a
findl step shown in figure 6, afler the sub-
traction called normalization, I the mantissa
of the answer iy less than hexadecimal
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0.100000, multiply it by 16 and subtract 1
from the expanent of the answer,

If the exponent is less than or equal 10
—64, you have a condition known as under-
flow, The underflow condition is considered
a4 minor error, and Lthe accepted response is
1o sct the answer to zero, print a warning
message, and conlinue execution of the
program,

Continue normalizing until the manltissa
is at least hexadecimal 0.100000,

To avoid the crror of coming up with an
answer of —0, apply this simple test: 1( the
first 16 bits of the answer equals hexa-
decimal 8000, then the real answer is zero,
Also, be sure to assemble the exponent into
the final answer along with the sign and the
mantissa.

Aller mastering addition and subtraction,
we now forge onward to multiplication. As
theory Lells us:

(AX 16B) (Cx16D) = ACX16B*D,

This makes things extremely simple, Step
one is Lo multiply the two 24 bit mantissas
together, giving a48 bit result. Don't sciream!
You probably already have a method of mul-
tiplying two 8 bit numbers, giving & 16 bit
result. The method of multiplying and sum-



sua 2

CALL
FIXUP

SUBTRACT
B-A

NEGATIVE ™ NO

MANTISSA

]

~—— Figure 5: This subtruction

CALL
NORMAL
CHANGE
SIGN OF
MANTISSA

SET NEGATIVE
BIT OF
ANSWER

I

CaLlL
NORMAL

ming for a 48 bitanswer is shown in figure 7,
After carrying out the nine 8 by 8 multiplies
shown, sum vertically. Throw away hytes K
and L of the result since they won't show up
in the answer. Step two is to normalize bytes
G, H, | and |. Byles G, Il and | now become
the mantissa of the answer. Step three is to
find the sign of the answer, Since table 3
applies o both multiplication and division,
the exclusive or function can be wsed on
bytes A and B to find the sign of the answer.
Step four is to find the exponent. Separate
the exponents, as in the FIXUP routine
flowcharted in figure 3, and add them
together along with the exponent given by
the normalization process. Check for over-
flow and underflow.

The rule Tor division is stated as:

(AX16B) = (Cx16D) = AsDx16B D,

This is similar to multiplication, except
that the exponents are subtracted, along
with the difference that you divide the
manlissas instead of multiplying. Te multi-
ply, you ook Lwo 24 bit numbers and got a
48 bit product. To divide, you lake a 48 bil
dividend and a 24 bit divisor, giving a 48 bil

' NORMAL l

routine  subtracts  wo
numbers  and  then  de-

termines the sign of the MULT IPLY
unswer. I the sign is posi- MANTISSA
; : gn s po. BY 16

tve the answer s npor-
malized and the number is
then returnied to the call-

ing program. If the aswer - YES

is negulive a posithve num- r

ber is sent (o the normali-

zation routine and  then UNDERFLOW

B . o ERROR

the sign of the mmber | DECREMENT
iy - ; EXPONENT

set negulive hefore he:.ng | OF ANSWER

refurned to  the calfing

rotitie, |
ANSWER

=0

1 .Y

{ RETURN

Figure 6. Ihis is a normaficzation routine for the floating point format used in
this ariicle, The answer is sel up so thuat the mantissa is hexadecimal 07100000
to hexudecinud .FFFFFF. Hus is accomplished by multiplying the mantissa
by decimal 16 and then Incrementing the exponent until the high nybble of
the mantisse is from hexadecimaol 1 1o 16.

[ a b c x d e f
l e xt SUM
| bxf o1
I gxf | Q :__0—_“_:
| cxe "_o_l
| bxe __E__L__o__ :
| axe | a P9 J__E__1
| cxd 4] 1 Q B
| b x d N l 1
————— B
[ exe | o o _ X o_{_° _|

Figure 7: A summary of the method of multiplying two 24 bit mantissas (o
wttain o +8 bit montisse resull, After the summuation, the low arder K and 1.
fvites muv he discarded as they will not show up in the finul answer,
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Figure 8: A division rou-
tine for [fouting point
nitmbers.  This  routine
starts with o 48 bit divi-

dend und o 24 bit divisor

to wrive ul g 48 bit quo-
tiennt. The routine then
normlizes the answer be-
fore returning it to the
calling program.

RETURN
ERROR

Tablte 3: A summary of
the sign of the answer
given the sign of the num-
hers wsed /oo multiplica-
tion or division,

DHVIDE

SET UP DIVI-

DEND, DIVISOR,
QUOTIENT, AND
HOLQ REGISTERS

f

COUBLE DIVISOR
AND
HOLD REGISTERS

SUBTRACT
DIVISOR FROM
DIVIDEND

ADD HOLD
REGISTER TO
QUOTIENT

HALVE DIVISOR
AND HOLD
REGISTER

REGISTER
=0

CaLL
NORMAL

RETURN
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Signs Answer
A=0B=D +
AT-QOB<0 -
A0 B0 —
A<Q B<D +

quotient. Unfortunately, there is no way Lo
chain partial quotients together a5 can be
done with partial products. As you read the
description of 48 bit division, please refer to
figure 8,

First, you must sel up four 48 bit ficlds:
the dividend, the divisor, the quotient and
the hold register. Sccond, set the 24 high
order bits of the 48 bit dividend to the 24
bit dividend and the 24 low order bits o
zero, Third, set the high order 24 bits of the
48 bil divisor 10 the 24 bit divisor and the
low ordei 24 bits to zero. Then, set the
quotient to zero and the hold register 1o 1.

Now Lhat the numbers are sel up, nor-
malize Lhe divisor by multiplying i1 by 2
until the high order bit is on. Every lime the
divisur is doubled, the hold register is also
doubled. Notice that if the divisor is zero, it
will never get normalized; so it's ¢ good idea
to indicate an error condition and abort the
program if this is the case.

The next step is the repeated subtiaction:
IT the dividend is greater Lhan or equal to the
divisor then subtract the divisor Irom the
dividend and add the hold register to the
quotient. Then divide the divisor and the
hoid register by 2. If the hold register is still
nonzero, Lhen keep performing the repeated
subtraction, This leaves only the normaliza-
tion ard sign eperations, as in multipli-
cation.

This completes the summary of basic
floating peint operations needed to do cal-
culations in scientific notation. There are
other formats which can be used, with more
or less precision, using BCD coding lor the
mantissa and exponent, etc. The general
steps reguired are all very similar. Other
items which are useful Lo have, but which |
have nol covered here, include conversion
routines (or input and output, and transcen-
dental function evaluations. But even i you
can't calculate a sing or 4 cosine, and don't
have a (lexible FORTRAN style farmalling
outpul, lhe basic calculations of additfon,
subtraction, multiplication and division can
prove 4 useful adjuncl to your software,m



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
1/0 *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 orienled *String operations
for search, search and replace *Store and exe-
cute command strings *Multiple files open
concurrently. :

HARDWARE

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

ASYNCHRONOUS SERIAL INTERFACE

Strap sclectable data, parity, and stop bits
*Maodem control signals *Data rate strappable
from 50 to 19.200 baud *EIA-RS8232C 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 sccond transfer
rate.

EXPANSION

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

DISK SYSTEM

*CPU with 40K bytes RAM *Dual disketle *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 $2760
All hardware is fully assembled and tedted.
Support is available frem service centers
around the country. I’rices and specifications
subject to change without notice.
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[t you are sericus about computing, call or write
today. BPI Inc., 2205 East Broadway, Suite 6,
Tucson, Arizena 85719 (602) 326-6975
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Techaics!

Forun

Figure 1: Character set, in logical groupings. Where more than one version of

The 8080 High Level

Language Project of
Peter Skye, Continued

In the August issue {see page 12}, you
published my letter about writing a high
level language compiler for use on a micro-
computer. | gol guile a bit of response to
this proiect, and I'd like 1o Till your readers
in on what is going on.

First Item

The following languages were mentioned
as possibilities for a new compiler, with
PL{l the overwhelming favorite. In order
of preference: PL{l, FORTRAN, BASIC,
SNOBOL, PASCAL, COBOL, RPG,

a symbol is in common usage, afl are shown.

i} blank, 0-8, A-Z, az

2} Greek alphabet lupper and lower case]. Must include

[+

€ X for APL
Jvl

3) .,:?1?(}{}[1

4) +

- APL negative symhbol

[ XN

[V Y N - Tl

1

5} A combinatory symbol

L summation symbol
Il multiplication symbol

T pi

APL symbols

6 £ 7t 588
/r ve
N L %
T O b musical flat symhol
1 H o
[ D :
¥ D
+ Q ‘ degrees symbaol
. e i
o PR :
v -
3 A4 !
~ ¥ .
R 3 .. theralore symbol

I
[ integral symbol
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Peter Skye, Chief Enginser
Watermark Inc

10700 Ventura Blvd

N Hollyweod CA 91604
{213) 980-24390

FORMAC, TRAC, C, APL, ALGOL was not
mentioned.

| chose an expanded PL{I {which | am
exuberantly and unabashedly calling PL-
SKYE) for the following reasons:

I. PL/I includes all of FORTRAN,
BASIC, and ALGOL,

2. The main attraction of SNOBOL is a
few string handling functions, These
have been incorporated into PL-SKYE.

3. PL/I includes all of COBOL, although
the format and syntax of COBOL is
different from PL/L.

4. RPG is a very simple language. RPG
programs are very easily rewritlen in
PL/I.

5. Only one person mentioned APL.
Since APL’s “thing” is the power in ils
assignment statement, | have included
the APL operators in PL-SKYE. Ques-
tion: APL operators have nohierarchy,
whereas PL/I operators do. What hicr-
archy should be implemented? {I have
made all the APL operators the same.)
Come on, APL fans, write me this
time!

6. Format ability has been included in
PL-SKYE,

7. | am unfamiliar with PASCAL, TRAC,
and C, but the few people who men-
tioned these languages didn't mention
anylhing they could do that PL/I
couldn’t do.

Second ltem

See figure 1 for the proposed character
set for PL-SKYE. This character set s larger
than those in common use, although nothing
oul of the ordinary for a textbook. Which
brings up some guestions:

1. Are there any symbols that | have
forgotien?






2. Is there any standard for bil represen-
tations on these characters {IBMors,
please check your “green cards” ‘cause
[ lost mine)? |&se ASCH ... CH]

3. How hard will it be 1o implement
these characters on 5 by 7 dot matrix

displays and printers?

Again, I'd appreciale your responses, espe-
cially from manufacturers concerning =3.

Third ltem
{Machine Language, Pie in the Skye)

One of the mosl commaon reguesls was
for the ability to have in line “assembly lan-
guage” slatements. | have made the value
iudgement not to do this, lor Lhe following
reasons:

1. All of the examples of things "“you
couldn’t do" really can be done in
PL{1, by using the built-in funclions,
iISUB capability, and list processing.
And programming is faster this way,
because you gel accurate diagnostics.

2. In a properly designed high level lan-
guage, there should be a function or
keyword to do the thing you're try-
ing to accomplish, without having lo
go to assembly language, PL-SKYE
will be updated, just like the diction-
ary, so that it will indeed do cvery-
thing. {(And it isr’t “100 bigl") | Good
fuck ... CH|

3. IF you put in statements which restrict
you 1o a certain processor, your pro-
grams are nol going tu be compatible
on any other sysiem. Listen, folks,
processor independence is where iU's
at. PL-SKYE will be written com-
pletely in PL-SKYE. | had to add «
few extra keywords Lo the language 10
accomplish this, but that's what you're
sipposed to do when you write a
betier compiler.

Fourth ltem

Relocatable code was mentioned several
times. Yes, PL-SKYE has this, Nobody men-
tioned it, but relocatable code makes il
casicr to get inle a multiprogramming envi-
ronment {play Star Trek, Pong, and cook
supper all at once!?), and allows concepts of
modular programming and linkage editing
not possible otherwise.

Fifth Item

As 10 which processor 1o write for, people
mentioned the 6800, 8080, Z-80, and Micro-
nova. Although my original intentions were
for a Z-80 system with floppy disk, | now
olan on having code for the other processurs
as well. And, you won't Aave 10 have dish,

Sixth ltem

Many pecple want the compiler's and
program’s 10 to be independent of some
particular peripherai device. It sounds like
they really want the 1BM Operating System,
which I'm not opposed 1o at all. But they'll
have to wail; that kind of code doesn’t
belong in a compiler. You'll have Lo compile
your 1O either directly to a peripheral, or
through an IBM type of Data Control Block
{DCB}. How about somebody else writing a
good Q5 {Operating System)? in PL-SKYE?

Seventh ltem

Stalus of PL-SKYE? The original {pre-
BYTE letter} version has had two mujor
modifications: The inputl token routine has
been expanded Lo accept APL operalors, and
the code generation logic has been expanded
to handle DECLARE statements interndl Lo
contained blocks. | think the easiesl way Lo
distribute PL-SKYE will be on a phonograph
record, which you will play through your
RS 232. Any comments on this idea? | Why
not bar codes?. .. CH]®

More Comments on PDP-8s
(O, "Over the Hill"" Means
“Worth Looking At")

I write this in response Lo the letters of
Mr Simmons and Mr Gordon, regarding the
viability ol the PDP-8 as a computer {or the
home hacker [“A Saiute to the PDP-8 and
Farewell” BYTE 14, page 138, "Comments
on Designn Evelution' BY TE 516, puge 50/.
In evaluating any compuler [or possible use,
several ldactors are always present, such as
price, size, power consumption, veliability,
software and so forth. Every user will have
different criteria; | would like to offer same
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comparisons, based on 4 sct of criteria that
might be of interest to the home user, that
show the PDP-8 in & much more favorahle
light than either Mr Simmons or Mr Gordon
show.

Price: PDP-8s, &/ls, BfLs are now avail-
able on the used computer market for $750
Lo $1200. These are for assembled, stand
alone units with 4 K ol core memory,
Teletype interlace, ete. The PCM-12 s avail-
able, as a ki, for about $1000 for ihe same
cquipment {although with semiconductor
memory), These prices are very close 1o






those of unassembled Altair 8800 or IMSAI
8080 machines with similar equipment.

Software: No contest -- the PDP-8 has
more software available than any other
machine in the mini or microcomputer class:
iwo disk monitor systems, a real lime sysiem
with baich mode, four assemblers, three
editors, a variety of FORTRAN systems,
DIBOL, FOCAL, scverzl BASIC sysiems,
and numerous special purpose packages,

Speed: This may come as a surprise, but
the PDP-8 is up to twice as fast as the 8080a
and 6800 in many applications. The PDP-8
will execute a 12 bit memory Lo accumu-
lator add in 3.0 us; Lhe 8080a does the
cquivalent with 8 bits in 3.5 us, at 2 MHz,
The PDP-8 is thus processing data at 1,75
times the rate of the 808Q0a for this re-
stricted cxample. Granted, the comparison
of two machines for throughput rate is
difficuit, but any other example, including
assorted test routines, will show the PDP-8
to be the equal or better than the 8080a, or
other microprocessors. While the IM610D,
operating at 4 MHz, is slightly slower than
the 8080a, the high speed IMG100A operates
as fast as a PDP-8/E, giving a speed of 2.5 us
for the above mentioned instruction cx-
ample. The IM6100A thus operales at a rate
comparable to the 4 MHz version of the
Z-30 microprocessor.

Architecture: The PDP-§ is repeatedly
called a primitive machine, and both Mr
Simmons and Mr Gordon make much of
comparing it to the 8080a, among others,
But consider these facts: The PDP-8 has truc
indirect addressing; the 8080a and 6800 do
not, The “cute” aulo index regislers, con-
trary to Mr Simmons’ feeclings, are quite
powerful, and arc used in virtually all soft-
ware for the PDP-8 10 good advantage. The
statement that ' ...no program is recally
quite sure Lhey are not used by some other
program ... " makes little sense, The micro-
programmed instructions, while confusing at
first, allow the PDP-8 to do some operations
in one instruction that take scveral in a
8080a or 6800, For example, the skip
instructions allow testing up Lo three con-
ditions al once, something which would take
three jump instructions in & B080a, The
PDP-8 and 8/1 have optional hardware multi-
ply/divide. The IM6100, while not available
with this option, can implement a vectored
priority interrupt structurg with the PlE
chips that are made for this device. The
paging structurc of the memory is a nui-
sance, and the subroutine linkage is incon-
venient; however, since all PDP-8s have core
memaory, the fact that rcad only memaory or
programmable read only memory cannot be
used is less of a problem than with the new
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microprocessors, which generally use semi-
conductor memory. Note thal this is nol
true for an IM6100 bascd machine, and
some form of external storage i1s required in
this case.

Power consumption: This is a very real
consideration, since most home hackers can
ill afford the extra cost of running a power
bhungry machine, Here, the PBP-8 is at a
definite loss; a PDP-8 uses about 500 W, an
8/1 or 8/L about 300. This is over 1wice
what a typical 8080a based system uses,
However, the IM6100 is a CMOS device, and
a machine based on it would use less power
than other micro machines.

Interfacing: Here again, the PDP-8 is in
second place. Without building a special
interface, ali the new Altair bus products arc
unavailable 10 a surplus PRP-8 uscr, On the
olther hand, numerous surplus devices are
available for interfacing o the PDP-8.

Memory: A fully expanded PDP-8 mem-
ory holds 32,768 12 bit words. This is
equivalent to 75% of a fully expanded 8080a
or 6800 memory, in terms of raw storage.
While not as much as the new machines’
capacity, this is still guite a large amount,
and adequate for nearly any application.

| would like to offer some final thoughts
on word length and design obsolescencge. In
what holy book is it written that a computer
must operate on multiples of 8 bits? The 12
bit word of the PDP-8 makes it more adept
at multiple precision arithmetic; the §080a
and 6800 are more comfortable with char-
acter oriented data. To offer some per-
spective, the IBM 360/370 scries works on 8
bit characters, while the CDC 6600/7600
uses 60 bit words for fast arithmetic. The
IBM 1620 used 6 bit characlers for storage;
both Mr Simmons and Mr Gordon will find
that, historically, word length has had litile
to do with the relative merit of a compuler
design. As far as design obsolescence goes, a
design becomes obsolete when its price to
performance ratio no longer competes well
with other designs. It is inLeresting 10 nole
that Digital Eguipment is selling more of
those “old war-horse’”” PDP-8 compulers
today than cver before; obviously Tt is nicely
meeting the nceds of someone - a clear
indication its price to performance is still
quite competitive. | submit that, on the basis
of all this, the PDP-8 and IMGI00 are both
worth considering by the home hacker lor
his or her system. This “over the hill”
machine, as well as the IMG100, will prob-
ably be around, and quiic useful at that, for
several more years,

Raonald B Howes Jr
5753 Emerson Av S
Minneapalis MN 55419a


















Table 1} Mode Selection Logic,

Shift Key Control Key
Mode {pin 4) [pin 5)
Normal (N} 0 o
Shift {5} 1 Q
Contral  [C) 0 1
Invaiid 1 1
where:

0 = 0 volts input to the pin in question

i = Bwolts input to the pin in questian

Yo Y9 Yz Y3 Y4 Yz Yg Y3 Yg Yg Yy
suB | t |EM | * , + |pci|s1 |Fs |DLE|ETB N
L [+ |HT * . + |pc1|s1 |FF |NUL|BEL s
susl t |EM | * , « |pci)st |Fs |DLE|ETB ©
M e
Xq
NAK] / . . m n b v c X z N
ENG]| ? > < |m N g |v c X Z s
Nak | NULl NUL|INULicR | s |sTx [sYN|ETX]| caN[SuB C
SR NG SR R NURRAR N
x'l o oy o . L iy o oy S e
{ Juc|cr| o |y Jur|cr |Bs |un| -~ | + N
[ UL | LF Py UL [cR [BS | LN | — + 8
ESC | US | LF |DLE]| UL | CcR | BS | UN | — + ¢
LU N
8 9 0 - ? ~ S |DEL| VT |SYN N
{ } 0 * )= ~ |\ DEL] VT |ACK 8
NUL]) EM| 0 [SUB|[CR |GS | RS | FS |DEL| ¥T |SYN €
AR R N MO S
)(3 L Ty L. g .
} InuL|pec |+ |stx|mRs |ETX|SP |EOQT N
* ] NUL | DEL | ¢ STX | RS |ETX | SP | EOT s
SUB | GS | NUL|DEL | & STX | RS |ETX | 8P | EOT c
P
X4 .
: ( k i h ] f d H ] FF N
+ L K J H g |F D 8 A | FF 8
ESC | FF | vT | LF |85 [Bel [ACK[EOT|DC3|SOH| FF ¢
LU N SO N MU N NN N N Sy
X5 L L L Ty o o Sy .
kY o i u ¥ i r a W q @ N
@ 0 I u v T R E w Q @ s
NUL| s HT |NAK| EM |[DC4 |DC2 [ENG]ETB|(DC1I | @ ¢
A R N e e e e e e e
x6 oy iy L L L y L o *u
7 6 5 4 3 2 1 { !DEL|ESC |BS N
E'TB s&l\l Na.g\K D$C4 y y ' [ us e | B &
[ ETB ] SYN | NAK] DC efz \D_C? Dc1 |esc | us |esc | BS ¢
X? o . L e L L
N = NORMAL
S = SHIFT
C = CONTROL

Figure 2: Key switches hooked up to the outhor'’s kevboard encoder, This
chart shows the ASCIl codes available in the KR2376 ST ROM, and the
wiring of switches within the matrix in the author’s case. An ASCH code
chart (see figure 6) can be used to verify the switch wiring by fooking at bit
patterns using the LED indicators described in figure 5.
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by 9 bit groups. The appropriate level (+5 V)
on the shift and contro! inputs select cne of
the threc 88 word groups. Each of the 88
individual words in a selected group arc
addressed by the two ring counters. Con-
sequently the ROM address is formed by
combining the shift and control inputs with
the two ring counters.

The external outputs of the 8 stage ring
counter and the 11 bit comparator are wired
to the keyboard to form an XY matrix with
the 88 {or less if full ASCII is nol nceded)
keyboard switches as the cross points. In the
standby condition, when no key is de-
pressed, the two ring counters are clocked
and sequentially address bath the ROM and
the key swilch array. The absence of a data
ready oulput indicates that the data outpuis
are not valid at this time. (They are actually
all ones if positive logic 15 used, or all zeros
if negative logic is selected.)

When a key is closed a single path is
completed between one output of the §
stage ring counter (pins X0 thru X7) and one
input of the 17 bit comparator {pins YO thru
Y10}, After a number of clock cycles, a
condition will occur where a level on the
selected path to the comparator matches a
level on the corresponding comparator input
from the 11 stage ring counter. When this
event takes place, the comparator generates
a signal Lo the clock control and to the data
ready output via the externally controlled
delay network. The clock control stops the
clock to both the 8 and 11 bit ring counters
and the data output bits {D0 Lo D6) stabilize

Table 2: Some Control Codes. Most key-
boards do not have enough keys to generate
all 88 possible cross points of the matrix
shown in figure 2. As a result, certain con-
trol mode overlaps are used. The following is
a table of the conirol functions which were
implemented in the author’s version of the
keyboard encoder. To get these ASCH
codes, press the indicated letter or key and
the "CTRL" key simultaneousty,

Key Combination ASCII Code
Ctrl C ETX
Ciul B STX
Ctrt + ESC
Ctrl G BEL
Ctrl D EOT
Ctrl L FF
Ctri 4 LF
Ctrl M CR
Ctrl H BS
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Figure 30 Specitic wiring diugram for the Reyhourd encoder. Fhis divgram shows the mior part

of u puralfel kevhbourd fnterfaee, the encoder itself.

with the ASCI code of the depressed hey.
When DO o D6 are stuble a valid signal is
indicaled on the data ready outputl pin. The
data outputs remain stable until the key is
released,

An additional feature provides lor ex-
ternal polarity control of the data vutputs.
Parity invert provides polarity control of the
parity output while the data {and dala
ready) invert input provides for polarity
control of the data outpuls DO-D6 and the
dala ready output, Both of these features are
very useful depending upan your computer
requirements for odd or even parity and
posilive or negalive data oulputs.

The above general description should
provide you wilh enough knowledge Lo
understand @ praclical implementation of
the read only memory in a iypical surplus
keyboard. The trick is to remove Lhe original
encoder and to wire up the new, docu-
mented encoder, using figure 1 as o model,

Implementation

The keyboard described is an “Ultronic
Videomatic 7000" which was purchased
from John Meshna for aboul 335, While [
used this specific surplus board, any key-
board which uses SPST switches can be
adapted 1o 2 new encoder. Do not altempt

lo use “Hall effect,” capacitive sensing or
other "no switch” keyboards with  this
method, This keyboard has a nice meltallic
enclosure which helps shield the read only
memory .ane ils associated circuitry from
nojse. The diode board that came with the
unit was discarded to make room for the
ROM board and the LED monitoring
readouls,

My keyhoard had all switches soldered to
a circuit board with one side ol each switch
common o ground, 1 was necessary 1o
break the Toil pattern and hook the switches
up in a4 manner consistent with the ROM
requirements. Many newer keyboards al-
ready have their swilches wired properly for
this ROM and need not be changed. The XY
matrix wiring chart lor the full ASCIi
character set is shown in fligure 2. To wire
your own keyboard, connect one side of all
switches of cach Y column together; eg: for
Y4 | connected together one side of Lhe
swilches Tor M, =, H, Y, & The other side of
the switches go to the X row buses which go
Lo the appropriate pins on the ROM,

Each X; and ¥; switch can generale three
dillerent codes depending upon the voltages
present an the STROBE (S} and CONTROL
{C) inputs. Mode selection logic is shown in
table |.
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As can be seen from figure 2 there exist
several redundant keys whose codes may be
generated by enabling the control code of
other keys. This characleristic is very useful
if you don’t have a full 88 key keyboard
{the wsual casc). Actual keys implemented
on my keyboard are shown as small switches
in Figure 2, Several of these keys and their
contrel functions are shown in lable 2.

The pin diagram of the KR2376 is shown
in Ffigure 3 along with the circuitry 1o
control the “funclion pins” of the ROM in
addition to the delay and oscillator com-
ponenis. On my keyboard the parity sclect
and dala invert swilches are placed on the
rear of the enclosure.

So far we have shown how Lo hook up
the switches on the keyboard to the ROM
and provide selectable parity and data out-
put. It is now Lime lo describe several
additional features that enhance the opera-
tion and use ol the keyboard in the personal
compuier system.

Circuit Enhancements

You can enhance the usefulness of your
keyboard with the addition of a repeat key,
selectable strobe output circuitry and an
LED code readoul circuit, Each of these

improvements makes your keyboard more
versatile and allows it 1o be connecied Lo
computers with varying inpul requirements,

Repeat Function

The basic idea behind the repeat function
is to pulse the data ready signal while the
ASCIlI outpuls remain stable. Since the
campuler reads a keyhoard input every time
the data ready line changes from its steady
state, the computer will accept the same
character many times if we pulse this signal.
An easy and economical way to implement
this function is to use a 555 timer and a
7400 NAND gate as shown in figure 4. The
timer operates at approximately 10 Hz or 10
characters per second. Closure of the repeat
switch allows 1C3b output to change ata 10
Hz rate. The ROM data ready output is a
constant +5 V {using positive logic) when a
key is depressed. Therefore the data ready
{1C3c output} is gated at a 10 Hz rate when
the repeat switch is closed. Since we have
only used three gates of the 7400 we can use
the remaining gate to implement a data
ready invert funclion useful if a positive
going strobe is required with positive logic.
Additional combinations can be made with
negative logic. To use the repeat function

ca
ALY
& L
BUTTON !
SPDT I—‘z
/F/‘ q
» R4
i 2 arok
3 ez 7
555
:95
4 2470K
7400 -
+3V
DATA READY, _r— {POSITIVE LOGIC) ) f
PINIG OF T
ROM Lmr cla
BISC
IC3 = 7400 NOTE -

T

PIN 18 =+ 5V
PIN 7« GND

DATA READY QUTPUTS
SHOWN FOR POSITIVE LOGIC

53 DATA READY POLARITY SELECT

- _—K—G DATA READY

Figure 4. Adding u repeat key, The logic requived to add a “repeat” function to the kevboard
consists of a 555 oscillator and guting under the control of the repeat key switch. THis circuit
also provides for either normal or inverted forms of the dutu ready line output. A key is
“repeuted’’ by making the normaf steady state output of the keyboard encoder’s data ready fine

osciflate at about a 10 Hr rate.
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Figure 5: Kevboard monitor LED display circoit, Adding o 7100 NAND packages, S ressston
wied & LED indicators provides it inveluable debogginng tool for hiecking out the kevboord

i wirinig

wrid o fscinaiing diplay once the wirving i pronemced oever Bree. Checls ot

cucli hey in normd, shifted aid contral nrades ising e stundard ASCH code chaet of Hgure 6,

iust press the desired alphanumeric key and
ihen the repeat key until the desired number
of letiers are tramsmitted.

LED Caode Dvisplay

This option is by no meians necessary but

is very uselul to check out the operation of

the kevboard as well as have o ready source
lor delermining the ASCH code of any
heyboard character. The circuit diagram s
shown in {ipure 5.

When any input to the 7400 NAND gaie
goes high it forces the oulpul low which
grounds the LED causing it 1o light. During
standby using positive logic all inputs will be
high and consequently all LEDs will be il
Negative logic will cause them Lo be extin-
guished in standby. The LEDs are arranged
on the keyboard such that the rightmost
LED represents the least signilicant bit (DO}
and the leltmost LED represents the parity
bit. Using positive logic the ASCII code for
any  depressed key will be shown on 1he
LEDs as a Iit LED for a | and a dark LED
for & 0. The opposite is lrue Tor negalive
logic, It is wvery interesting lo watch the
parity bit change as the code changes. With
even parity vou should always have an even

numbrer of LEDs Tic and with odd parity an
add number shodd be il

Final Checkout

Final checkout should delermine whether
the proper ASCI code s present on the
LEDs {thus the output), whether the shilt,
controd, parity select, data ready select, and
dala invert optiens function properly, and
whether the repeat Tfunction actually pulses
the strobe signal.

Code checkout s easy it you reler Lo
the ASCH code chart given in figure 6. All
keys thar vou have implemented showld
show their codes on the LEDs. {In the evenl
you didn't instdgll the LED readouts, a
voltmeter at every bit will show the fogic
levels.  Individual  bit measuring Tor 264
cotles is very ledious and since the cost of
the LED readout umit is only aboul 53 it s
highly recommended that this fealure be
built lor test purposes it not aclually in-
stalled.} Try all keys in the normal {fower
case ASCH letters and numbers), shilt
{upper case ASCH and shift characters) and
the control maode. Press each key several
times ta make sure the code is repeated on
the LEDs. In my c¢ase | found that for
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Typical
8 bit
Hexadecirmal
Format

Fiyiire G: USA Standurd  for  Intormation

Exchange (ASCH} code churt. the physicul

arrafigement  of kev lops on your purticiler keyboord switch areay  muay vary, bul the
varrespondence between u given code andd o given gruphic syvimbof should folfow this chart for

ASCH characier exdidnge parposes.

High Order Bits 6,5.4 000 001 010 011 j00 0% 113 M
Low Order Bits Hox 1
312 1] 0 | yexo 0 1 2 3 4 5 & 7
¢ [of[o]oO 0 NUL | DLE |SP 0 @ P p
0 |0 1 1 SOH DC1 | e 1 A Q a q
0o |o ]| 1] o0 2 STX pDc2 | 2 @ R b r
o o | 1} 3 ETX DC3 3 o s c 5
o [t ] 6|0 4 EOT (1o B I 4 D T d 1
o l1 o1 5 ENQ | NaK | % 5 E u e u
o {1 | 1|0 6 ACK | SYN | & 6 F v f v
N I I IR I 7 BEL ETB | ° 7 G W 9 w
L R R 8 BS CAN | { 8 H X h x
tole o 9 HT EM ) 9 | Y i v
T yo | 1|0 A LF suB J z i z
T o1 | B VT ESC + K | k {
1|1 oo C FF FS , = L ) | !
L I VR D CR GS - M ] m }
LI N O I E Elo] RS > N : n ~
U B O F si us / ? 0 - o DEL

g 00 .

76 5 4 3 21

HIGH LOwW

ORDER ORDER
1 0

Bit 7 is ignored in § bit
PIoCcessors.

0

The following table gives expansions of the multiple letter mnemonic funciions in the churt.

MUL Null VT  Vertical Tak S¥YN SYNchronous idle

SOH  Start OFf Heading FF Form Feed ETB End Transmission Block

STX Start ol TeXt CR  Carriage Return CAN CANMcel

ETX Endof TeXt 50 Shift Out EM  End of Medium

EQT End Of Transmission 3l Shift In SUB  SuUBstitute

ENQ ENQuiry DLE Data Link Escape £5C  ESCape

ACK ACKnowledge o { F5 File Separator

BEL BELI OC2 | Peripheral 35 Group Separator

B85 Back Space DC3 s control RS Record Separator

HT  Harizontal Tab bC4 us Unit Separator

LF  Line Feed NAK WNegative AcKnowleclge DEL DELete {rubout}
5P Space

certain letters | would get multiple codes,
This problem was traced to having several X
lines hooked together or Y lines hooked
togelher. Afier correcling these errors the
Keyboard functioned  properly.  Voltages
should not exceed +3V {or input on pin |
of 12V on pin {8 of the ROM, Total
power consumptlion is 200 mW fo the
ROM, 265 mW for the TTL ICs, and
1333 mW lor the LEDs,

Interfacing the keyboard to your com-
puter should be casy if a parallel input port
is available. Simply connec! the DO 1o D6
inputs, the parity line and {he data ready
fine 1o the input port using the appropriate
logic level as required by your compuler,

IT you have & serial input port available

/2

for your keyboard, a parallel to serial con-
verter is necessary. You can use half of a
UART as discussed in Don Lancaster's excel-
lent article “Serial Interface” in the Septem-
ber 1975 issuc of BYTE |puge 22|. This
strategy, however, leaves half of the UART
unused. A more reasohable approach Tor
serial interface is 1o use the Telelype trans
miller circuit which is described in full detail
in Don Lancaster’'s 7L Cookbook pub-
lished by Howard W Sams, Indianapolis IN,
and available from BITS Inc.

Building an ASCIl encoded keyboard
using the KR2376 ROM is casy and cco-
nomical, and, in addition, provides a tull
character set usually found only in expensive
keyboard logic assemblics.m







lmplementing

the Tiny

Assembler

Listing 1: The externaf address table, This series of jumps is the sole inferfuce
to the oulside world from Tiny Assembler 6800. As originufly writien,
terminal oriented (0 is done with these fhe externagl references to MIKBUG.
Motorotu’s Monitor Program.

- escavecacasecae EATELHANAL aUnAE®S TaBLE
o
CHAUUT JME  SE11H]

Fuiont IE [N

[

AUTHA TE L1 CHH[M JMP SELAC
U796 EL) MEAMT Hang
Ufet HD £

(0 Tya) iz FuL &

LUTFIHY TE kO bd JME BEgbH

HLAUUT oME  SEDCC
LlduT UME BEUSE

sy IE En (g

|
|
|
|
]
el | JSH SEunT
1
1
b
iuTall TE ED TE

Notes on External Linkages

If MIKBUG is used |for example, in a Southwest Tachnical
Products machine, or an expanded version of one of Motorola's
devalopment board kits) then this code shou!d be used as is. If you
interface to your own custom monitor, this code must be replaced
by references to equivalent routines as follows:

CHROQUT: The contents of the accumulator, treated as an ASCII
character, are dumped on the output device,

CHRIN: The contents of the accumulator are defined by an
ASCI code obtained from the input device.

HEXCOUT: The contents of accumulator A are dumped to the
output device as two hexadecimal encoded ASCHI digits.

BLKOUT: A blank is dumped on the output device.

STROUT: A string, terminated by an EOT (hexadecimal 04} code
is dumped on the output device. The index register points to
the string on entry, and is updated during the operation.
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When all the functional requirements for
Tiny Assembler had been described in a well
structured format, the [inal structural net-
work ol the program was realized, as given al
the end of last month’s introduction 1o this
program. Combining figure 3 of page 66,
April 1977 BYTE, with dectailed table
definitions, | was at {ong last ready to begin
actual coding of the assembler itself.

Coding the Program

I was immediately confronted with 1wo
problems. First, | did not yet have an
assembler 1o work with. Second, ! had no
MGECG0 machine available! 1 therefore de-
cided to slarl by writing a4 cross assembler in
PL/I. This would let me find and correct
any logical bugs in the assembler’s design. (L
wauld also provide an assembler capable of
producing the Tinal MGBOO version of Lhe
deveioped program.

Because structurcd design Llechniques are
language independent, no  redesign was
necessary for the development of the cross
assembler. (In facl, assemblers written in
8080 or Z-80 code could be developed just
as casity.) During testing of this program,
several minor logical errors were correcled,
and an operational design was available
for the final version of the program. In avery
real sense, the assembicr was used Lo write
and debug itsell.

The next step was Lo translate cach
funclion from the PL{1 code to MGROD
assembler code. As cach block of code was
developed, it was added to existing functions
and run through the cross assembler to catch
any errors and to find the length of the
gencrated code. Final debugging of euch
function had o be postponed until a ma-
chine was available. The code was basically
developed in a top down manncr starting
with the mainline and working down the
hierarchy of functions. However, the arder
ol Jisting different parts of the program was



MEE0] Structured Code Conventions

General Structure

ME800 Implementation

ILF |F {test condition] THEN IF TST COMNDITION
THEN {then processing) BNE ELSE
ELSE ELSE b )
{else processing) v % then processing
ENDIF BRA  ENDIF
ELSE P } else processing
ENDHF e % continue
{sel initial cond) * SET INITIAL COND
DO WHILE icondition) Do TST CONDITION
oo : {do group! BNE ENBDO
WHILE {rmay change cond) vEr
ENDDO e ( do group processing
BRA B0
ENDDO e
L]
{set initial cond} " SET INITIAL COND
DO UNTIL {ecandition) oo R

the DO UNTIL w0 check case.
CASE

SELECT
{point to first case}
DO UNTIL {selected condition}
. {advance to next casel
ENGDO
{execute case pointed to}
EMDSELECT

BRA  CASE2
8BRA  CASE3 |

xS

e }continue

Do : ldo group} e do group progessing
UNTIL : {may change cond) b
ENDDO TST COMDITION
BMNE B0
ENDDO b
JGR SELECT
A general case structure: JMP ENDSELECT
SELECT LDX sCASETABL
SELECT (based on case) LOOP ISR NXTCASE Caleuiate condition
CASE {condition 1) TST CONDITION
BEC EXECUTE
{process 1} INR
CASE {condition 2}
(procass 21 :3|\|]=¢>ft\ LOQP Mave to next CASE
i ?A?Eréf:';;'sd's‘;o" 3 EXECUTE JSR X Execute CASE
ENDSELECT , RTS Return from select
) CASETBL ERA CASE1 1
The case structure, recoded using

Table of CASE Conditions

Second CASE procedure

Third CASE procedure

CASE1 e l
res First CASE procedure
RTS f
CASE2 b l
RTS f
CASES LE R 3 }
RTS
ENDSELECT ***

Table 1: The general programming siructures shown in the tuble aboie have beenr implemented as shown in the right hand

column where %% represemts the particular code which is executed within these control structures,

influenced by the one pass design ol the
assembler. All data declarations, ouiput text,
tables, and commonly called subroutines
were placed at the Tront of the listing Lo
reduce the number of forward references,
The program mainline lollows the section
containing common subroultines.

While the M&300 has 4 very powerlul
instruction set, il cannol directly support
the functions shown in the pseudocode used

in the listings given as examples. Therelore,
control Tunctions such as DO, THEN, ELLSE,
UNTIL, WHILE uand CASE neced 1o be
performed by in line routines of MG80O
insiructions. Table 1 shows some ol the
common {unclional struclures with their
associated assembly langliage routines. The
basic suructures of these in line routines will

Text continued on page 92
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Table 2: Hexadecimul object code. This table confuins the complete object code of Tiny
Assembler 6800, assembled at un origin of 0000 hexadecimal in memory address spuce. This
version can be used if necessary o foad Tiny Assembler 6800 by hund. This type was set by
machine from the same duta which wus used to create the bar code listings of figure 1. Note,
however, that to make this version readable, fixed length lines were used {as opposed to variable
fength lines inn figure 7).
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Notes on Memory to Memory Operation
{Personal use notes by Carl Helmers)

As used in my homebrew 6800 system at
BYTE, Juck Emmericins’ assembler is set for
memory [0 memory operution without any
sowrce input or obfect tile output peripheral
operations at ull. During the ussembly pro-
cess, the only normal 10 operation is outpul
of the listing to my Asciscope terminal ut
2400 bps. This form of operation is ex-
tremely fust, und would be even faster if it
were nol fimited much of the time by the
data rate of the fisting to the terminal. The
speed is attained by wvse of lurge regions of
memory  ihstead  of peripherals. At this
writing, my 0800 is equipped with o little
more tharn 24 K bytes of working muin
memaory which is alfocated to the soltware
development process in Hthe tirst 28 K of
memoary address space os foflows,

O000-00FF  Scratchpad direct address-
ing region tsed by all pra-
grams flike registers on u
big machine).
10  Device
Alocations.
Write protected program-
muable memory for the in-
teractive Munipulator Pro-
gram  (monitor, 10 rouw-
tines, text editor).
Assembler object file oti-
pul built from 2000 up-
weird, ussembly time stach
buift  from 2FFF down-
ward,

Source string text area pre-
pured by {MP's editor,
Master initiafization copy
of directly addressed
scrafchpad  memory
conteris.

Tiny Assembfer G800 re-
locuted by hand,

In memory fo memory operation, the
pulches include programmed simuiations of
the nonexistent parts of 10, us well o5
o memory {oader program which is paichied
into un appropriate purt of the assembler (o
get duata prior to conversion into externul
form.

O 00-0F FF Address

1000-1 FFF

2000-2FFF

3000-5FFF

GO0G-60F 1

GOF2-6FFF

An Input Simulator

The normal CHRIN input routine of the
MIKBUG monitor, or other similar systen
software, simply returns the next character
from the terminul device, which might be a
Teletype, video termingf, etc, For memory
to memory operation this is accomplished
by use of u pointer variable and @ rouiine

whiich fetches the next byie und increments
the pointer. I the pointer exceeds o maxi-
mum vdlue, the ussembly s terminated with
a1 EIFOF INESSUGe, SO MY DIOgram assumes
that the end of the wsembly will be sig-
nalled by an END statement prior torun-
ning out of data in the text string. End of fine
to the assembler is indicated by the same
ASCH carriage return (hexodecimal vafte D)
which muarks the end of fine for the text
editor, The input simulator | use is illu-
strated in Listing 5; this rowtine also assimes
that initiglication of the ussembly sets the
pointer named IPTR equal 1o the beginning
acdress of the lext hufter. I aiso is used to
echo the origing! soyrce listing of the as-
sembly to the logical output devices. This
afways includes the 2400 bps video ter-
mingd, but might afso include my Teletype
when { need « hard copy listing and set an
upproprivie monitor fag.

The Cutpurt Simulator

Output for the charucter imuges of the
object code of a line ot assembled text are
fandied exuctly us in MIKBUG wsing rou-
lines that gccomplish the same purpose. The
data goes o a lternvinul or Teletype hurd
copy device in human revdable form but is
not stored in machine reddable form as
asseemed by fack, However, | wanted to be
able to foad the memorv region from 2000
o 2FFF with datu generuted by the as-
sembler, rather thun recard e character
formuat date on tape and later load it with a
program such as that supplied by jack in
fisting 4.

Thiss tising e source listing of the
ussembler, | identified the focation in the
program (the beginning of WRITE) at which
alf datu for u given byte of memory is ready
itt binary form, then paiched in the loader of
listing 6. This foader is putched into the
ussemblers  WRITE rowiine, using code
shown by comments ul the end of listing 6.
Tiiis louder has been designed (o cafculate u
painter into the oulput bulfer area with the
vafiie 20004 X where X s the present output
program counder value minus the starting
progrum counter value for the assembly.
This technjgue works well provided that the
sarting program counter can be properly
sef, This i accomplished by seiting the
starciing program counfer [0 uit initial value
of FEFF during initialiration, then making u
reqitirement that the FHrst statement of the
assembly reference the storting address of
the object code, This reguirement is met by
meking the first statement of each assembly
be un ORG stutement defining the stuarting
location al the program being ussembled.

g7
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Figure 10 Bar code representution of Tiny Assembler 6800. This figure, spread over several pages, contains the complete bar code
representution of Tiny Assembler 6800, version 3. The copy was sent {0 BYTE using Kansas City (BYTE) Stundard tape format,
and wus processed by Walter Bunks and his ussociates at the University of Waterloo (o prepare the code in the form seen here.
Tuble 2 wus prepared from the sume daia using u different program for the Photon phototypesetier. The bar code text here uses
varinble fength records it the frame format described earfier in BYTE. This format is repeaied here, along with the obfect code
tormat, for reference by those individuals experimenting with bur code inpul techniguies:

. Sync character, binary TOOIO1T0
Standard * Frame checksum (arithmetic sum of all bytes in frame ignoring cariy)
andarc . Relative record identification, & bit ascending integer
Format - e P
. Length of frame, ''n
. Daiv of frame, total of “n’" hyies, us loffows:
s L High order address for first byte of duty
Specific : . ,
Data L Low order uddress for {irst byte of data
Format . “n-2" bytes of datu foaded heginning ut uddress of first byle of data

These records are absolute binary data, an image of the Tiny Assembler 6800 beginning at focation 0000 and extending to
focation OFFF in memory address spuce. An extended segment of null (hexadecimal 00) data in the table areu of the assembler is
Wkipped, so not every byte in the ussembler is fotmd in this bur code representution (the same applies to table 2),

Listing 2: The main procedure loop of Tiny Assembler 6800. The assembly begins
by calling an optional subroutine, asswmed o exist at the start of the symbol table
region of memory, to perform user {nitialication. As assembled and presented in this article, the
subroutine is u dummy procedure represented by an RTS (hexadecimal 38) at location O2DE,
The }SR STBL-1 fhexadecimal BD 02 DE at location 7A4}) is the main entry point of the
assembler. It can abso be paiched to a permanent initialization routine vulside the ussembler if
the user's machine hus more memory than the 4 K assumed by this program.,

After user inilializution, the symbaol table is cleored. If the symbol table was present with a
transient user initjalization rouline- starting ut focution O2DE, this routine is repliced by u
dumimy  refurn instroction for the second and subseguent invocations of the dassembler
following o load of the code.

Location ENTRY is the normal “continue assembly’ entry point for the pragram, If
assembling fine by line, it is possible lo invoke the assembler for one or more lines, issue an
END pseudooperation to terminate the assembly. Then it is possible 1o continue operation by
returning to ENTRY from your monitor (this listing asstunes Motorola's MIKBUG). Nete that
it is not safe to do such an END operation If there are anyv unresofved references, unless synibof
table soriing is stuppressed.

Qverheud of interfucing Tiny Assembler to the Motorola MIKBUG monitor s puri of the
initiokization thai precedes the call to CMD, the main assembly procedure, After an END
pseudooperation, controf returns from CMD, EQJ is calfed to perform housekeeping operations,
and MIKBUG is reentered ut 3EQE3 (hexadecimal).

This listing and listing 7 were produced using the PL[I cross assembler version of Tiny
Assembler 6800.

00aUN LMY

[ [1TLIYR Y]

1 e QUBDAZGY

1 2 D00u¢ODsuDBQDaoloaoIQGQol“IatﬂoﬁﬂIHIGDl'lﬂIGOGQO'Qd..'g..ll.'.'..bﬂunn‘zlu

y o MALN PHUCEDURE { OO OR0ARZY

| e 00004230

Mote: In order to interface QUTas)l BB 02 OE ) MAIN JUSH STHLe] EALCUTE USPR HOUTINES [ LMY
o JUODLY U7 AG y

this program to a nonMIK- 0tafl CE w2 Bl ) Lia  wFldL CLEAH THE SyMBUL VGdLE &hD [HE [T L T%1T]

H 3 1UTan) afF [111] 1 CLH) CLH = FUOHWARD JiMP TAdDLE QOgOaZel

BUG mcqlt_or, _ﬁ'le‘ details of TeTac) o8 , T Soposziv

the stack initialization at foca- {0HaL) B 07 WF | CEa  walHLs 200 BOR042EY

ion toTBUY 2 E8 1 BHE  CLH) D0g0429V

tions 07C2 1o 07C8 may ne_ed 04821 e 49 i LUAA BRIy dLUCE FURTHEH DGR0AIV

to be changed., In the earlier UTHa1 W1 UP UE STaa SldL-1 EXECUTION WF UBER PRUCS LTI AT

i 1 [ (111 7% F)

version 2 of Tiny Assembler | ® IRIS % THE CONTINUE ENTHy PULNI L0804330

used at BYTE, for example, | # bOB04IRV

initialt FITRE Fa CE UD BA | ENIHY Lua woUF] IiNITIALIZE DOB0A3IRY

the Stack Was II'IITla[IZEd ta fa” [ N-T:}] UF 20 | HTa  HALHAR ENCOMING CHAHALUIEH FUINTER i3 [ir % 1. 100

at the end of the 4 K byte {0TBEY [ T Nl CLH  EQJFL CLEAR FLAGS pugedge

region in which the assembl 1078F TFous 3L LW B_kog 00BDs WY

9 ch the assembler 0TCay  LE  ur BT | LUA  WERTRY LOAD SEGUNpAKRY ERiIHY ROINT FOK MIKBUG MUNITOR  GD@ua3du

was located. In the newer ver- 40TCST  FF a0 ag | SEE $AUSA oUB0440U

SiOI'I 3 ada ted to use at fuTCH} ME AN F | LUs  «5A07F LUAL STACK PulNTax FOH MIKEUG MORLTOR LR e T

' aptea rear CE U SW | LU&  WHEADR AeITE OUT DI04 AEY

BYTE, we Initialize the stack HUTCEN oAb 07 a) ) Jeu STRQUT HE AU LNG 008048aV

poin‘ter 1o the end of thE §OTLLY B0 [11+] on JSH O CHL HAIN PRGCEnUWE LUUP = CaLL PRUC=-COMMANLS DoEDAsEY

AU T [;{u] ug oo | JEROENDS CALL ENU OF JUR L0204 4Ry

autput buffer area of memory. OFD7H e EG EA | JME $EGE3 JUMP TO MONITUR sAINg INE L PELEETL
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Figure |, port 1:
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Figure 1, purt 2:
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Figure I, part 3.
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Text continued from paga 85

be simifar [rom une microprocessor machine
language lo another even though specific
instructions  will dilfer. Like pscudocode,
they can be combined into extremely com-
plex procedures. One special struclure is not

shown in table 1: the vede 1o handie
external program linkages.

tExternal linkage can be handfed in two
ways, Onc is to cquate the name of an
external symbol 1o an address and wse it
throughout the program. This will generate
the absolute address of the external symbol

Table 3: Frror messages from Tiny Assembler 0800, The format of lubels, operation t odes und
operunds of Tiny -\ssembler 6800 is a subset of the full Motorole Assembler specification.
These error messages indicaie conditions which Tiny Assembler could not handfe! those con-
ditions which wre noted us “termingl” tend (o propegate through the rest of the ussemnbiv
generating additionul errors, Error codes ure single fetters, listed here with some explonution.

ERROR A

Yerb does not start with an alphabetic charac-
ter. A verb is an operation code or pseudoopara-
tion of the assembly language. This error can result
from a priar error, or fram mistyping source data.

ERROR B

Verb not in table. This is the pnmary indicalion
of an invalid mnemonic ocperation code.

ERROR C

Werk does not allow immediate addressing. An
attempt was made to use immediate addressing
{signified by a ‘=’ character immediately preceding
the operand}) with an operation that has no

immediate mode. For example,
ASR =00FS

would generate this message.

ERROR O

Invalid wverb modifier.

ERROR E

Symbal tahle overflaw. This is a terminat errar,
in the sense that code following a symboi table
overfiow can have spurious errors, To recover, the
program being assambled should be partitianed so
that a smaller number of symbols is required in
assembling each part. Nete that the capacity of
Tiny Assembler 8800 is 200 symbols in this
wersion.

ERROR F

Label already in use. The following are sevaral
sets of duplicate labels {as interpreted by Tiny
Assembler 6800}

Ln Lahel Field

THINKS
THIS —_— THIS
THIMBLES

In Symbaol Table

ADUTIX
ADUTZ2X
AQUTIX

ADUX

White symbols can be arhitrarily long, the Ffirst

a2

three characters and last character must be unigue.
ERROR G

Relative branch greater than 128 locations
away. 1his erragr occurs if the target of a branch
instruction is too far away for a signed 8 bit
displacement from the present location counter
value. This can usually be fixed by using a jump
instruction. For example, if

BmI TARG

gives error G, then it might replaced by the
complementary condition and a jump as follows

BFL BUM1
JMAP TARG
DUM?T ***° continue code ***

ERROR H

Farward reference table full. This is a warning
message that indicates irmminent coltapse of an
assembly 1f another reference to an undefined
syrbol is found prior 1o the resolution of any
previously unresolved reference. Tiny Assembler
6800 nhas a lable of 25 unresolved forward
references maxirmum,

ERROR |

Forward reference table overflow. This s the
terminal message that indicates an atterpl to
exgeed 25 unresolved forward references, Afier
this error is nated, there will typically be nurmerous
spurious errar messages. Eliminate forward refer-
ences ta undefined labels to cure this probtem. One
way 1o eliminate an unresgived forward reference
is to define the data or code involved prior 1o its
first reference.

ERROR J

Invalid character in hexadecimal or decimal
number. Only 1wo types of numeric constant are
allowed by Tiny Assembler 6500: up to four
decirmal digits, or a dollar sign (8] character
fallowed by up to four hexadecimal digits.

ERROR K

Invalid symizal, A symbol in the late! fieid of
an operation begins vwiih a number, or an invalid
characier is detected in a symbol.



for each instruction which references i1, A Listing 3: Svmboi tuble ullocations. The 301 code wt 02DE is a NOP
beiter way is to create a lable of linkages Lo instruction which gets replaced by a 3389 to block further attempls ai
exlernal symbols and have all references go initializaiion ufter the assembler has cleared the svmbol table. A dummy

through the table. In this way, only onc transfent fnitiufization routine of three NOPs and un RTS illustrutes haw such
stalement must be changed if the location of code would be entered into the ussembler’s source; in o real silwaiion, one
an cxternal symbol should change, If all wotild wssemble the initiafication routine separately and then move the code
references are in the form of subroutine in on top of the existing assembly code of this dummy.

calls, a simple jump statement can be used 1o
transier control from the table to the ex-

ternal location. In this assembler, ali calls to o eeazfuedmomeded SYMBUL FASLF
the monitor’s 1O routines go through the fvanes  ul i Flo  sul
. e 102UF) | StoL HME U
table shown in listing 1. i °
. . S
The CASE statement is somewhat meorc P LAMED AnbR o o)
complex. The pscudocode Ffor CASE s ceekt L wow Seace Fun
shown in table | in two forms. The pseudo- weem ol : nor usen OEFInD
code can be broken down into two func- (0221 3y ' K15 ]
. . 107HF1 | UG BTHL+1 200 SET FUR £0p 512 aYTE ENTHIES
lions; calculate the CASE conditions, and 1078F1 DO h FCB Uy 14HLE 5TOP HYIE

Listing 4: An example of a foader program. This loader is based on the functional struciure shown in the first part of this article,
and is one of several listings accompanying this article which show how Tiny Assembler 6800 works.

LUUN Bl B2 B3 UrCa H Uk M2 xpypAld JSE [uiHAR KEA] YEX CHAYARTFL
OFCY &1 00 » CHPA #D IF FNL e T4PE THED

[slatslyd PRy L R I Y N NE ] OFCe #Y 1M » HE £y G 10 KNI EiGC

foco 2 * DFCH #1 24 * cHPa @' Ih Wl "' THFY

g a4 TINY ASSFMPLER LIWECIEL LuoabEia » UELE 26 F4% - FNE RNLG D ThY YEXT CHAL

Q0o e * OFCF PR UF YU = J5h IR EL5F HEAD 57nbk1 allk INTO [X

ooaQn TR A AR PP AR R Rl kR R b R Rkt AP R PR S VELE [ OF ME syNATHYT J514  INCHAR BFAT YEXT CMap

oouu L EXTERNAL hEFERENCES * O vn Kl 24 > Cwra »") TF ENL. OF PLAOCK THEN

[pluld] AR AR EA AN P EA R IR AR PR RA R AT A AT TR UELT #Y FR = EEW  FYLALE Rt REND OWERT PLOLY

Qpon > BiG 0 URly KL 21 > LaBa #3500 IR YT A FLayH THEY

300a 7E 00 00 = JP CLFAh DELH Aé Ut > BN Fhnol Gy T Fheftf HROC

OF Ty E GRE BOFTR OFLEr AL UF FF > Jd5h [YHAEE REalL 9FCE CHAR O INTO A"

uFi9 *REGIN  EOQU =« LABEL. BEGINING Of COBF ur EQ ES b B LLak ¥ LidAL CURKFNT wal Uk 191 "R

Orte TR EQ E3 +HUG JYP BEDED A0 TOR YMATNLINE NFER LR B afn ALl 'at eyl "R

DFTC TE EQ a7 =iyal'lh JWP  SE04T ALLDHESS T4 OFE3 a7 on > 5Tha X LTNLY AYEwFER BV MESARY

OFTF TE Ed 55 =]NHEX JYF  BROSL HEYX PYTE N AFES 24 Qry ' HUC CMMT IF CAREY THEN

OFEZ FE E1 AL »INCHAR J4bF  SEbLAD CHARACTEL IN GEET Y > {EX THCEF4RAT A[T-1 1E1ER RYTF

OFHD TE 20 7E »PUTSTR oMP  BEOVE PUT SThING OUT JREY 44U ) > e X

OFARY Y R Rl e e L R P L] JFEa 8 a [

OFHH »x GENERM. LECLAHES . OFER oM SCOUT TNE SET 14 BN YEST PY(E

UFHR R AR LR R R NI R E R R PR R F A RNk RN A AT YR GEEA M

000 *CH EUU &l LEF IME CONTROL UFEC 2U Ea B Bl MATIC Libid #@lc N1 CHAT IN PLOCK

cooa *LF EQU LA CHAEACTERS UFEKE -

s ]3] =EG1 Eud A T A »

OFAR OD & 00 *FHOMPT FCE GHeLPes LEFINE OUTPUT STHIWGS FFF [ A R T N E PR Y RN )

OFER OO Ur ik = Foedh L1OTENY -

OFHC 20 42 45 = FCC B BEGIN RELAN N R R N e R TR E N

OFBF a7 49 4E rkR Lk our YRR LLK # VT el T FibnE fah

OF92 04 * FLs  EOY el Ll

aF9d 0D A 00 >LONE FCH CHsLFra L E - S E P L U J5n PUTLRTE

OF94 Q0 k4 4R up H9 o= AP G sELTUeNY Ty 40T Lk

OFg7 20 44 4F = FCo b DWNE kF f TN T R NN T PR Y RN

Ur%s 4E 45 JEr . BHLovE LH AT I *

UF§C D4a > FCB  ERI R B L L T PN LN

UF9U OF 4 D0 *»EHEMSG FCO  CHeLFes NIRRT E R A | LEbx mlaayt PRl oJeg EENISH O MEG

QFRQ 00 s un

OFal 20 42 41 = FCU 1 5s RAT CHal EFROE apFdc fale alE HLoE JhE PR B

OFA4 44 20 43 01 S R Fl O WP Hure b Ta UM

OF&% AR a1 b8 jLVIFI w

aFaAA 2D ah b2 141056 P

GFAL 92 AF L2 1010k > ENL

UFBEO G4 " FLCH  EOT

oFal b

GFHL »

nFdl T T T T I L L L L R R L E RS RS T ves WIREL WYL TTEAGE

NFAEL am 51A81T LuAlLER -

EHL P T T LI R T

OFRY CE ) 00 sCLEaR DX R0 Frayy ol FINST ay

agy uF kIl paw LA e Fal !

DFB4 GF Uy =L R CLin X OF ARMOEY

OFBR M LF Y - CPX  =*KECIV ErCERT LidAIER v

UrBy 27 M > HEZ G} LRGN LR A LG e NLY: tiRRl [BLTUR ST R AL ] tion

OFHlU OB = [SEA lakNE 1hFug bukd o FEY X Ut K d IME 4] [P L

UFhC 2Q kA 2 Hha Lo Pulb kLA g [RL3-N Iy LRFL 1Ml OFdr 1w IRy

NMFHE CE OF HH =iy Lix  rEl04RT whilF (N3 Nedy dewe SRR N LTT MR 1] DR HIET] bRk

JFHA OJ

QFL1 HIr F K& = JEH o PUSTE PLOAMPT SERTNG -
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Listing 5: The input simudutor routine, This routine, cafled exvctiy like the
eguiivalent routine of MIKBUG, simufates an input aperation by fetching the
next byte of lext from the text greq. [his byvte is wriiten to the terminud
device to echo the progress of the assembly. The character string output
sequence referenced on input overrun error is designed to use a string which
terminates with hexadecimal FF. For users of the eguivalent STROUT
routine of MIKBUG, replace the fast character of the message string with
hexadecimal 04,

LOCN Bl B2 Ba cE

2000 » DRG 32000

2004 ¢ ORIGIN CHUSEN TO EASE RELUCA[IUS BY USERS u¥ LISTING
2000 b

2000 »» MEMORY TO MEMORY ASSEMBLY INPUT RUUTIHE

2000 »¢ FOA USE WITH JACK EMMERICHS'

2000 b "TINY ASSEMALER £300" PRUOGRAM

20040 =

2000 e WAITTEN BY GCAAL HELMEARS CIRCA NUVEMHER lb (97
2000 >4 ORjGI AL VERSIUN HAND ASSEMBLED

2000 % THIS VERSION EDITED AND ASSESBLED FEBAUARY t4 1977
2009 e A5 ILLUSTAATION FOR JACK EMMEAICHS' AHTLCLE
2000 e IN HAY 1977 BYTE:-»

2000 »8

2000 *« EQUATES OF VARLABLES

JaF4 *TEMX EQU $Fa TEMRORARY INDEX SAVE AREA

noFz *IPTR ERU SF2 PUINTER TU INPUT TEXT AREA

2000 bR

2000 *n

2000 EE ASSEMBHLER PATCH FOR QUTPUT TO TERMINAL

FFFF =DUTC Eau $FFFF [REPLACE WITH ACTUAL VALUE]

2000 >4

2000 bl

2000 bl s IHPSECQ MONITUR EQUATES

2000 L FUR STRING UUTPUT PACHALE DATA

1041 *PSTR EQu  $i10al PUT STRING ROUTINE

0ozd *TXTX EQU 320 PUT 5TRING PULNTER LNPUT ARGURENT
COFC »ELEA EQU 3FC PsTR CLEAR SCREEN COMMAND

QOFF *3TOP EQU  5SFF PSTR END uUF STRINDL COMMAND

oot *BELL ERU &7 ASC1Y BELL

ogon *CR EQU $D ASCIl CARRIAGE RETUHN

2000 .

2000 EL ]

2000 *>%  EXECUTABLE CODE OF NXCH "NEAT CHARACTER™ ROUTINE
2000 BF Fa *NXCH STX TEMX

2002 DE F2 > Lox LPTR

2004 AS OO > LODAA QX A = BIPTH (GET HEXT INPUT CHARACTER)
ams 0B » 1NK IPTH 1= IPTR + I

2007 BC SF FF » CPX #35FFF  LF [PTR m 35FFF THEN

200A 27 04 - HEQ OOFS {0UPS WE HAVE AN ERROH)

200C DF F2 > ATX {PTR

200E 36 » PSHA

200F 37 > P5HA

2010 BD FF FF » JSROWITE PRINT THE CHARACTER

2013 31 > PFULE

2414 22 > PULA

2015 39 * HTS HORMAL RETURN

2016 »>w

2016 =+ EAROA G!SASTER

2014 CE 00 Q0 >0DPS LDX FUDPN X 1= {[ALLAESS UF MESSAGE]

200D QA

2019 DF 2D > STA  TXTX TXTX 1= ADDAESS UF MESSRLE

2018 BD 10 41 » J5H  PSTR PHINT MESSAGE (IMP MONITOR RUUTIME]

201E 20 FE *GAGA BRA GAGA RUN AMUCK IN CUNTHOLLED LOUP TILL RESET

*UdPH FCB CLEA.BELL.,CR.BELL.LCR
BOBQ FC 07 QD
202% 07 oD
2011 20 20
A025 49 4E 53¢ »
2028 55 54 20
2028 42 55 46
2OZE a6 45 532
2031 20 4F 56
2034 A5 52 52
2037 55 AE 20

"
o
(7]

22, INFYT BUFFER UWEARUN |

203A 0D

2038 07 0B O% = FCB  BELLsCHsBELL.CR-BELL.STUP
203E OB Q7 FF

204l E END

wov END - UNRESOLVED ITEMSI

srd SYMBOLS:

BELL 000f CLEA QOFC CR DOGD  QALA B01E IPTH uor2
NXCH 2000 OOFM 2020 UOOFS 2014 LUTY FFFF PSR (0al
STOP DOFF  TEMX QOF4 TXTX DOZo

then execute the proper case procedure, In
table 1, the second form of the CASE
construct and the detailed code shows this
restructuring. The implementation of this
structure resembics u computed GO TO, and
fs shown in detail Tn table 1. Unlike a
computed GO TO, however, there Ts only
one logical exil from the routine. This is a

94

return from subroutine (RTS) instruction at
the end of the sclect procedure. In Lhe
assembler, the CASE slructure js used to
sciect which procedure is Lo be executed for
assembler directives. In our model CASE of
table 1, a branch around the structure is
shown for completeness; this is nol neces-
sarily required in all cases.

During the process of Lranslating cach
function into assembler code, it was not
diflicilt to lollow the cuding lechniques
developed ahove. Control logic is nol com-
plex because contral instructions generally
fall into 1wo simple categories, First, within
« given function there are almost always
branch instructions which are [imited in
range lrom -128 to +127 bytes relative 1o
the location of the next instruction, Each
function is wvsudally compact cnough to it
within this range. Second, between Tunctions
control instructions are always subroutine
calls. The only way for one funclion Lo
affect another is through a jump Lo sub-
routineg, or by changing values in program
variables or machine registers. This makes
the program very easy lu understand and
modily. [Proven in pructice here at BYTE
where fack’s assembler hus been undergoing
a bit of customization. |

Trying It On a Real Machine

The problem of machine access was [i-
nalty solved by my [riendly local Milwaukee
Compuiter Store which donated the use of a
demonstrator Southwesl Technical Products
M680C for debugging the final version of the
assembler. The final phase of the project
could now begin.

The main linc and 10 modules were de-
bugged first so that the program could
communicaie with the user. Functions were
tested in the same 1op down order used in
design. Once a function worked properly it
was almost never necessary to make further
corrections based on the testing of lower
level modules. Listing 2 shows the main line
proecedure of the assembler, with some com-
ments on its operation. Listing 3 shows the
symbol table allocations with comments on
transient user initialization performed by
code in the symbol table area.

Examples of how the assembler works arc
shown in listings 4, 5 and 6. Listing 4 is a
loader program bascd in part on the fung-
tional description in pseudocode developed
earlier and shown in listing 5 of part 1 of
this article. The style of this loader reflects
its usc as an cxample of assembler source
code more than its possible use as an
efficient, compact loader. Listings 5 and 6
supplied by Carl Helmers are examples of
what can be dene 1o adapt the assembly
program,



Listing 6: An object file outpu! simulator. This routine, which is patched into the assembler's WRITE routine of hexadecimat
location 8B2 (6882 in BYTE's relocared version), is used to directly load the output of the assembler intc the output buffer
starting at location 2000. A starting address pointer is inftialized in BASE by the first address generated in the assembly, and all
other addresses are calculated by subtrocting the starting address pointer from the current address then adding the origin of the
output buffer. The load routine results in a memory image of the final program out of the assembler, complete with all patches
and fixups reguired by the one pass nature of the gssembler. After an assembly, the MOVE routines of the monitor tised at
BYTE relocate the pragram at its intended position in memory. No loader or linkage editar is used in this system, and absoliite
text is all it produces; relocation of programs /s done by reassembly with g different ORG value ot the start of the text.
{Note . .. This memory loader routine assumes thal the output area of the assembly is cleared by initialization prior to entry
into the assembler. If this is not done, change locations 203A and 203B to NOP instructions (hexadecimal 01). In either form,
this routine will not calcuiate undefined forward reference expressions properly. For an example of the correct code for the

undefined forward reference expression special casc, see localions FEO to FEB af Jack’s loader program in listing 4. . . . CH]
[-GCW BYI B2 nNE
ROO0 > URE  B2000
2000 *# MEMORY TO MEMORY ASSEMBLY LOADER 3
2000 >+ MODIFICATION FOR JACK EMMERICHS' MTINY ASSEMBLER™
amn am PATCHED INTO WHRITE ROUTINE DUMP UARTR TO
anod L LOCATLIUN 2000-2FFF FOR LATER MUVEMENT TU Fisab LUC
E=lalal4) L] BASE MUST BE INITIALLEZEL Tu "FFFFY PRICH TU ENTAY
H 20HIN Y
S[ln"'ﬂary Elnd REHEC“OH 20400 *s WRITTEN BY CARL HELMERS. DEUEMBER 9 1976 A5 UPLATE
2000 e Tu DRIGINAL MuD CIRCA NUVEMHER 15 1978
What has been presented here as a 2000 >
. PR . A 2000 >e UEASION OF FEMRAUARY )14 1977 ASSEMSLED FOA JAGCK EMMERICHS
chronological listing of project aclivities was 2000 »a  MAY 1977 BYTE RATICLE TU ILLUSTRATE ADAPTATIUN.
P = - - ; 2000 > EQUATES TO ASSEMBLER WARIABLES ADJUSTEDL FUR VEASIUN
in fact accomplished with a fair amount of 000 ve 1 ASSEMBLY OF “TI8Y ASSEMHLER 6800"
. . . et 2500 >e
overfap. For example, a complele descrip- o Te URG TU LOCATION $2000 70 EASE RELOGATION «a»
i i - : : : 2000 »n ACTUAL LUCATIUN 15 INSLDE IMPEBOC MUNITUR BUT
tion of the Motorola M6BOO language was 2000 o T T oD RELOCATE Ir boe CRDER ZERUS
not available to me until alter the cross 2000 >y ARE FORGED INTO ADLRESSES
assembler was partially completed. Final 2000 >« TAPE #200A LOGC 148 FILE=LOADER
. . . . 2{qQ0 e
table optimization was not achieved until o3 »PPOS EQU 531 ASSEMBLER PRINT POSITION
“_ . 1 l— l;hC p['(—)gl_—ll'ﬂ Wi Op(.l'a MIFE *BASE EQU SFC CURRENT BASE AUBRESSs FFFF IHITLALLY
diter a version o B d ard- 2000 e NUTE: ASSEMBLIES MUST START WITH “OAG" TU SET BASE
K - H o0Fe *PTR EQU $F6 CGUTPUT PLINTER. 2000-2F¢F HANGE
Lional on the M6800 machine. ldeas came up 0085 JBYT1 EGU 5BS ASSEMBLEA'S OUTPUT STRING ABDDRESS
1 . i 1 " 101 SJUTA ERU %83 ASSEMALEA*S CURRENT UUTPUT ADDRESS
late in development which could increase aons TOUTA EQU B3 ASSEMALER'S CURRLNT
: acl B FOICAS g . o - OFE »15%1 E@U SFE REALLUCATION UF ASSEMBLER VARLAHLE TO AVCGID
capacily or decrcase overhead, In all such oaFE - § P ASSEMBLER
cases, the structured formal of the program 2000 >
. . . I 2000 DF FE *LUER 5TK L3X3 SAVE I[NDEX A5 IN OCHIGUINAL CUDE
Allowed modifications 1o be casily incor- 2002 DE FC = LUX BASE
- H H H _ apla AC FF FF = CPX #4FEFF L5 BASE EQUAL TO WULL INITIALIZATIDNT
porated inta existing code. 2007 26 00 » BNE  NORL IF NUT THEN GU TO NURMAL EXECUTION
- - s H - no9 94 Ba bl LOAA DURA+L ELSE COMPUTE A BASE ALDRESS
There are several possible modifications R prpdlioe
- 1 h : y 2000 27 FU = STAA BASE+] BASE = CUTA - 52000
thal are too major to be incorporated inlo D aTRY STAR BASE
the initial version of this assembler and A g:ﬁ: 420
- . . - . > 3
which fall outside of the original specitica 2015 96 Ba  >NURL LDAA UUTA+! CALUULATE OUTPUT BUFFER ADURESS
. o . i 2N0R OC
LIons. I'hese can be comsidered for future 2017 o0 FD > SUBA BASEe| BETH = UUTA ~ BAIE
H H - H 20§9 97 F7 5TARA PTR+I1 = UUTACNY - CUTALQ} + 52000
projects or may suggest still other modifica- 2018 96 83 : COAR GUIA
H . - - P 2010 92 FC = S5BLA BASE
tions to some readers. . _ e e
For example, the biggest consiraint upon 2021 06 FT > LUAA PTRel 13 PTR LESS THAN SEFFFT
the use of a small assembler is the small size 2025 98 F6 = LDAA PTH
. 2027 A2 2F = 5B8CA #%2F
uf the Syl'l’]b(_ﬂ ta¥le. One Wwdy 10 OVErcome 2029 24 00 > BEC NULD 1F MUT THEN DU NUT WHITE DATAR AT ALL
- _ . . (.I [, . ) l t 2028 CE ob RY » Lbx #BYTL PUINT TO ASSEMBLER UUTPUT STRING
Lthis problem is 1o be able to defete a symbo s0sE oo 01 o LoRB 1 EIMULATION OF ORIGINAL LUTRUT
when 1L is no longer needed and reuse the aos0 o2t sLurl CuPe PPOS
: " ) : y do this is o 2034 #5 60 > LUAA D.%
!clbk. space. A good way 1o ¢ L. 2034 46 90 > Luas 0%
implement a BEGIN statement. This would 2038 DE F&  » LDx PR
. - an3A AB 00 > ADDA O.X CDMBLNE NEW BATA WilH WLl
push the focation of the most recent symbol soic Av 00 = STAA 00X
. ) -1- 203E OB > INX PUINT Tw NEXT UTPUT BPYTE
added o the table onto 4 1able stack. All S03F DF F& . stx  PIH _ \
symbols defined below this point would oy e Fa Lma oy TEMX PREPARE FUR ITERATIVN
belong tu this BEGIN biock. An END 2033 0f . -
statement would pull the wop location off 2oas clos - surn es
g .
the table stack and deleie all symbols below 2049 CE 00 73 >NOLO LDK #4373 SET INLEX AS IN URIGINAL CUbL
. . . . . | _ 2024 1E
but not including this location, I there were a04c 7E 6B B = JMP S8BT JUMP BACH Tu AbSEMDLEA AFTER PATCH
- H ; . - . 2aF s THE FOLLUWING ABSULUTE CUDE 15 PATUHEE LHTU THE
no jtems in the table stack, end of program soar v RGSEMBLER AT TS LuGCATION STARLING AT ADDHESS 6000+ ..
T i 3 h i RAti i) BONF L) &GEH2 TL XX x* WHEFE MP LEPER
would be signaled. The nesting level of ooar e e s ACTORL ARDRLSS OF LUEM
BEGIN blocks is only Timited by the lable a0ar - NUT LUMMY 2000 USEL FUR THIS ASSERSLY UNLY)
stack size. This is similar to the way BEGIN 204F - END
and PROCEDURE structures work in PL/I s+ END - UNRESULVED ITEMSI
and should be guite easy o implement in a
seguentially searched symbol tabte, e v+ SYMAOLSH
If more memory were aviilable, this BASE OOFC BYTL 00BS ISX3 OOFE LDER 2000 LDHI 2030
. . . . LDRZ2 043 NOLU 2049 NURL 2015 uiTA HEZ  PPUS 00310
assembler could be combined with an editol PTB 00F& TEMK DOFa
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top valuey,
professionalizm

Computer Shack stores are
exciting, enjoyable places

to visit. From the striking
interior decor to the fun and
chailenge of the GAME
ROOM, you'll find Computer
Shack stores a completely
new computer shopping
experience.

You can count on Computer
Shack stores for total profes-
sional support whether your
needs are those of a com-
puter hobbyist, education,
science or business user. The
skilled, management-trained
staff offers knowledgeable
service, experf mainlenance,
and software guidance.

quality products

At Computer Shack stores
the emphasis is on quality
products. Featured are the
finest in microcomputers,
interfaces and peripherals,
including the full IMSAI line.
Every store is completely
stocked with tools, books
ond a complete line of
accessories.

NOW OPEN

2 CeHart 5t., Marrisiown, NJ 07960
{201] 539-4077

22680 Foothill Blvd., Hoyward, CA 94542
{415) 538-B080O

4840 La Cienegu Blvd,,
Inglewocd, CA 0302 {213] 774-8080

COMING SCON
MISSION VIEGO, CA
IUSTIN, CA

SAN DIEGO, CA

beginnets
welcomed

Do you want to get started
with microcomputers? Are
you seeking expert guidance
on computers, peripherals,
software? The place to visit
is your nearest Computer
Shack.

Watch your local newspaper
for Computer Shack open-
ings. Each store features a
monthly Sates Special.

1922 Republic Avenue

San Leandro, CA, 94577
(415) 895-9363
Franchise Opportunities
Available
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Figire 1: The block dia-
gram describing the use of
hardware code converters
interfaced with a
Microprocessor.

to Baudot Machines:

Part 2, Interfacing Techniques

ferences in an ASCU 110 bps serial output
and the slower 45 to 75 bps rates of the
Baudot machines. Since most interface mes-
sages arc less Lthan one line of 88 characiers
in length, one line of shift register buffering
may sulfice; sec reference 22, volume 2, =1,
January 1976, page 9.

When using hardware conversion from
Baudot to ASCH, serial pulses from the
Baudot machine are loaded into a shilt
register and presented as five parallel lines
representing one character to another read
enly memory lookup table, Circuitry in the
converter keeps track of whether the char-
acter has heen preceded by a letters or
figures code, and presents this information
o the read only memory as a sixth input
line. When the parallel ASCI outputl from
this memory is ready, Lhe converter gen-
erales & dala ready pulse, during which the
processor loads in the ASCII character, This
conversion operates in a manner similar to
that of a standard ASCI} keyboard which
generates a strobe or ready pulse after each
keystroke, indicating thal the character may
be loaded into the processor.

Circuils for accomplishing these conver-
sions have been published, {references 11,

Ila, 15, 16, and 21} and are available as
printed circuit board assemblies from several
of the companies listed in a separale box
labelled “*Sources of Baudot Hardware." Ref-
erences 9 and 10 present paraltel to parallel
code conversion circuits which reqguire an
additional UART or similar circuitry to
obtain serial data lor, or from, the Baudot
machine.

Software Interfaces

In the purists’ software approach, one
rottine is used 1o construct the serial Baudot
code for output, and another routine is used
to decipher the incoming Baudot code for
inpul to the operating program. Routines
used Lo accomplish Lhese Tunclions are some-
Llimes referred to as timed software, since the
bit tirning of each character, 60 wpm, 100
wpm, cic, is derived lrom software Liming
loops. For cxample, lo derive the precise
220 ms pulse perinds required for 60 words
per minute operation, a set of instructions
which requires 12.7 ps lo execute would be
repeated 1,732 dmes for cach bit of seriul
data.

The hardware requirement is held to an
absolute minimum in both the inpul and
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output interfaces. The processor serial out-
put interface can be a simple two transisior
circuit, optoisolator or relay which opens
and closes the teleprinter’s current loop.

Several comments observed in the RTTY
Journal (September 1973, page 13, for exam-
ple) indicale that a Motorola MOC 1000
oplical coupler has been used successfully up

GLOSSARY OF TELETYPE TERMS

AFSK: Audio Freguency Shift Keying; see Fre-
quency Shift Keyer.

ASR: Automatic Send and Receive. Befers to a
telegrinter system which includes a page printer, 8
keyboard, a paper tape punch and a paper tape
reader.

Chad, Chadless: A classificatton of paper tape
punch machines, referring ta whether the chad or
small paper circles remain as a part of {chadless) or
are completely removed from the punched tape. A
quote: “The chadless tape does nol wind well,
takes up more space when wound and occasionally
will not read carrectly if the little tabs of paper get
stuck back in the holes.” (Dan Nolan, RTTY
Journal, February 1976, page 17.1 However, these
potential problems may be insigaificant if a parti-
cular chadless machine is priced right.

Clutch: A term used to dencte that current is
continuously flowing in the Teletype loop supply,
uninterrupted by any data input. The clutch ar
marking state is used tc prevent the machine from
running open and producing nothing but mechan-
ical clatter,

Converter, Terminal Unit { TU), or Demodulator: A
radioteletype [RTTY) term which indicates a
device that accepts the two audio tones, represen-
ting mark and space, from the output of a receiver
and converts them inte current loop pulses for
displaying characters on a page printer.

CR and LF: Carriage Return and Line Feed.
Demodulator: See Converter,

Frequency Shift Keyer, FSK: A radio Teletype
term which indicates a device thal converts the
current loop pulses from a keyboard or paper tape
reader into audio tones. An amateur radio trans-
mitter then converis these tongs to radio waves
suitable for communpications use.

Governar Motor: A nonsynchronous teleprinter
motor, the speed of which is normally adjusted
mechanically by viewing white strabe dots on the
rotating assembiy through a slit shutter tuning
fork. Some hams have built speed controls for
these machines, enabling electrical adjustment
fram 60 1o over 100 words per minuta.

KSR: Keyboard Send and Receive. Refers to a
teleprinter systern which includes a page printer
and a keyboard onty.

Ham: A radio amateur.

Loop Supply: A DC power supply used 1o drive
teleprinter selector magnets; capable of supplying
20 or more commonly 60 mA at 130 to 2680 VDC.
Below 130V, loop time c¢onstants can cause
difficulity. Western Union telegraph loops vsually
work with 280 V.

Mark or “Closed Loop’"s A condition of steady
current flow in the teleprinter loop; see clutch,

MARS: The Wilitary Affiliate Radic System,
whereby civilian amateur radic operators, hams,
assist the armed forces with message communica-
tions, at the same time acquiring valuable training
in military communications procedures. MARS is
operated jointly by the Navy, Air Force and Army.

Paper Tapes: The narrow 0.375 in (0.953 cm) tape
is wsually gum backed and is used with a strip
printer which just types messages on narroyy tape.
Western Union attaches strips of this tape 16 paper
in their 1elegram operations, The wide 08875 inch
{1.746 cm) tape is used with typing reperforators,
chadiess, and nontyping reperforators, chad type,
which punch holes in the tape.

Perforator: A unit which can punch tape from an
attached Baudot keyboard input oniy because the
perforator operates from mechanical linkages to
this keyboard. Cannot punch tapes from an exter-
nal current interrupting source.

Reperforator: Derived from receiving perforator.
This unit can receive serial Baudot paperpunching
messages from both the keyboard and an external
currant loap interrupter.

RO: Read Only. Refers to a teleprinter system
which includes a page printer only,

RTTY: Radioteletype: A form of amateur radio
communications which uses teleprinter machines
for transmitting and receiving messages via radio
waves.

Space or Open Loop: A condition of no current
flow in the teleprintar ioap.

Stunt Box: A mechanical teleprinter attachmeant
which performs certain nonprinting functions or
stunts. These may include turning on a light,
switching from nonprint tg print, automatic car-
riage return and line feed, verrical and horizonial
tzbulation, backspace, twe color ribbon, ete. These
are rather complicated, Rube Goldberg contrap-
tions, and are difficult to service,

Synchronous Maotor: A motor which rotates
synchronously at a constant speed which is directly
proportional o the AC line frequency.

Terminal Unit, TU: See Converter.

Transmitter Distributor, TD, or Tape Header: A
rmachine which senses the characters punched into
a paper tape and sends them automatically at a
constant speed over a teleprinter loop circuit.

Typing Reperforator or Tape Punch: A machine
which punches Baudot coded chadiess holes into a
paper tape and prints the associated characters
right on the tape.

WPM: Words Per Minute.
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to 130 VDC in this application. The serial
inpul inierface is an cqually simple mini-
mum component count circuit fsce refer
ences 13 and 14).

There are two ways Lo input and output

the serial Baudol data wilh this software
approach:

1. Use operating software which inpuls
and outputs Baudol direclly, as in the
Baudol Monitor and Editor programs
tsted in reference 20.

2. Use operating software which nor-
mally uses ASCIH input and output.
However, provide additional code con-
version lookup table software (sec

“Sources of Baudot Software" below)
and modify the original ASCIl pro-
grams to call these code conversion
routines. Therefore, serial Baudot is
input and output at the processor 10
port. Obvicusly, if the programs are in
read only memory and not program-
mable read only memory, they cannot
be modified to take vectors to the
software conversion roulines.

Both approaches require the use of the

tirmued sofltware described earlier,

An In Between Interface
Another processor Lo Baudotl machine in-
tertace method might be called a hybrid ap-

[}

SOURCES OF BAUDOT SOFTWARE

. MITS, 2540 Alamo SE, Albuguerque NM

87108. Setected programs from the Altair
Software Library:

{a) 2728752 by J R Scott, $2, 36 byte program
translates some Baudot character codes to
ASCH equivalent,

{b) =5-24-782 by Walter King, $2, 50 byte
program loads object code from 5 level
paper tape.

i) =5-24-765 by Walter King, $2, 71 byte
program punches § level object tapes which
can be read by =25-24-762,

{d) =6-18-761 by James B Hansen, 215 byte
program, title: ASCIl to Baudot Translate
Routine.

{e} =6-22-761 by Jim Wiggins, {1} 106 byte
program, title: Tape Load — Qetal TLQ, {2}
186 Dbyte program, titie: Tape Dump —
Cctal TOQ, for Baudot Telety pes.

The prices shown assume membership, $10 per
vear, in the Altair User's Club. An interesting
note is that MITS is accepting no more Baudot
code canverter or Baudot paper tape punch and
load programs into their library because it is
overstocked with these types of programs.
MBBOC User's Group Library, Motarola Incg,
Microsystems, 3102 N 56th St, Phoanix AZ
85018. Reentrant ASCII 10 Baudot Converter
Subroutine, Astrobaud. Qther Baudot related
programs may become available. A two year
membership into this user's group is available
for 3100 or to anyone who submits an entry to
the Program Library.

Intel Carp, User's Likrary, Microcomputer
Systems, 3085 Bowers Av, Santa Clara CA
950581. Paper Tape Conversian program in 4040
language, converts 5 level paper tape informa-
tion to ASCII 8 ievel paper tape. Other 4040
and 8080 Baudot code related programs may
become availab¥e. A one year membership in
the user’s group is $100 or is available if 2
program is submitted to the library,

. The Digital Group Inc, POB 6528, Denver CO

80206. Software Package HAM-1, Amateur
Hadic Ham Cassette for BOBOQ, includes pro-
grams to send and receive RTTY Baudot, at
60, 68 and 100 wpm; $5 for cassette plus
dacumentation.

. See references 223, 22b, and 23 of the

bibliagraphy.

SOURCES OF BAUDODT HARDWAHRE

1. Processar Technology, 246% Fourth Sy,
Berkeley €A 94710. 3P + S 1Q Module, $125
kit, $165 assembled, Altair/IMSAl plug com-
patible. Includes serial 1Q ports under software
carttrol, from 35 to 8600 bps for use with older
Baudot machines.

2. HAL Communications Corp, 807 E Green St,
POB 365, Urbana 1L 61801. MCEM-BDBO
Microcomputer Systermn, $375 assembled. Soft-
ware monitor supports ASCH or Baudot code;
optoisolator loop current driver and receiver,

3. Mini Micro Mart, 1618 James Si, Syracuse NY
13203. Code Converter Boards: {1} Parallei
ASCIl 1o Serial Baudot kit »~GPA-B, $34.95,
{2} Serial Baudet to Parallel ASCII kit #TVT
2540 — BSI, $34.95.

4, MITS, 2450 Alamo S5SE, Atlbuguerque [NM
87108. The Alair 680 microcomputer, $466
kit, is listed as having a five level Baudot
interface aption, an additional $42.

5. IMSAI, 14860 Wicks Bivd, San leandro CA
24577, Two aof the 10 boards available from
this company offer Baudot machine compatible
serigl output bps rates.

{1} 510 21, $125 kit, 75 bps minimum,
compatible with 100 wmp machine such as
Model 285 and property geared Klein-
schmidts.

{21 MIC, $195 kit, continuously selectable from
4 ta 8600 asynchranous, compatible with
60 wem, 45 bps, Model 155 as well as all
other speeds.

6. Sauthwest Technical Products Co, 219 W
Rhapsody, San Antanioc TX 78216.
{1) ASCI) to Baudot Converter kit, $24.50, PC
heard, $4.35. Circuit presented in referance
5.
{2} Baudot ta ASCI) Converter kit, $19.50, PC
board, $4.35. Circuit presented in reference
16.

7. Palymorphic Systems, 737 § Ketlogg, Goleta
CA 93017. A Serial 1O Option, $75 kit, can be
added to the Poly-88 microcomputer kit which
provides a 50 bps minimum 10 rate,

8. Ohip Scientific Instruments, OS!, POB 374,
Hudson OH 44236, Maodel 4128 Supercard is
designated for Baudot Terminals, $129 kit,
based on MOS Technology 6502 microproces-
sor,

9. See reference 17.
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proach, whereby parallel Baudot characters
are generated by the software. These charac-
ters are presented to the data bus where
busy and ready handshaking logic described
in the above hardware interface description
is used. In effect, the software performs the
code conversion or parallel 1Q function and
the hardware performs the parallel to serial
conversion  and character bit  timing
functions.

A UART or similar circuit {see reference
17) can be used to implement these
functions. The whole procedure operates in
reverse when the serial Baudot characters are
input to the hardware portion of the
interface and presented in paralle| form to
the data bus.

The Interrupt Driven Interface

These ald surplus Baudol machines may

of course be interfaced to the processor
using an interrupt scheme, with priorities
assigned to each Baudot device along with
ather system peripherals. Interrupt schemes
are beyond the scope of this discussien since
there are so many variations of software and
hardware interrupt technigues, and they
vary according to the processor being used.
Many, and possibly most, computer hobby-
ist systerns do not use inlerrupts at all.
Usually in this class of system, either therc
are few peripherals being used or the oper-
ator has lots of time on his hands to WAIT
on the peripherals, or both. One example
would be a system with a keyboard and page
printer combination operating with monitor
and debug programs.

For a system with several 10 devices and
very busy software, setting up an interrupt
scheme may become a maltter of necessity. If

REFERENCES ON BAUDOT TELETYPES

Marny of these references, especially the ama-
teur radio magazines and books, may be available
for loan from a friendly ham in your area. Some
ham operators have been known to hoard all of the
issues of some of their type journals, such as Han
Radio, CQ, 73, or Q5T magazines. It shouid be
known that a similar affiiction has been found with
many BYTE readers , . .

1. ARTTY Journa/, BPOB 837, BRoval Oak M!
4B068, 10 issues per year, $.35 per issue.

2. RTTY from A to Z by Durward J Tucker,
Corvan Publishing Corp, 1270, 214 pages, $5.
Detailed information on operation, mechani-
cal characteristics and maintenance of practi-
cally all of the older Teletype machines,

3. The Teleprinter Handbook, first edition by
 J Goacher and J G Denny, Radio Society of
Great Britain, 1973, $14.95. Distributed in
US by Ham Radic Books, Greenville NH
03048, An engineering textbook covering the
theory and practice of radio teleprinter equip-
ment; 30 pages of pictures and wiring dia-
grams of Madels 15, 19, and 2 few pages on
the Model 28. Also covered are the design of
power supplies, demodulators and Teletype
test equipment.

4. Specialized Communications Technigues for
the Radic Amateur, by the American Radio
Relay League, 1975, 208 pages, $3. Chapter
5: Radioteletype, 70 pages. A condensed
overview of many of the Baudat machines, a
table of Teletype Gear numbers for Modals
14, 15 and 28, and many other basics.

5. The MNew RTTY Handbook by Byron H
Kretzman, Cowan Publishing Corp, 1962, 181
pages, $2.95. includes a brief history of
Baudot teleprinters and some equipment
descriptions.

6. RTTY Hondbook by Wayne Green, Tab
Baoks, 1972, 320 pages, $6.95. Many basic
amateur radio operating circuits such as con-
verters, excitars and FSK circuits.

7. Shinsel, Vie: “RTTY Signal Generatar,” Ham
Radio Magazing, March 1971, pages 23 to 29,
RTL version of RY generator circuit,

8. Dean, J A and Rupley, J P: RCA Application
Mote |CAN-B287, "Astable and Monostable
Qscillators Using RCA COS/MOS Digital Inte-
grated Circuits,” B pages.

9. The TTL Copkbook by Donald M Lancaster,
Howard Sams Inc, pages 152 1o 183. A
parallel Baudot to parallel ASCLI conversion
circuit is presented which uses 5 I1Cs including
2 PROCMS,

10. Elisworth, Cole: “ASCII to Baudot Con-
verter,” 73 Magazing, February 1978, pages
52 to 57. A 15 IC parallel ASCII to parallel
Baudot code converter. Additional UART
circuit required to obtasin serial Baudot for
teleprinters.

11. Hutton, Louis I: “Build This Exciting Mew
TVT," 73 Magazine, March 1976, pages 76 o
83. Included is a Teletype current loop
Baudot code to parallel ASCIl converter for
driving a video terminal display, page 80.

11a. Hutton, Louis I "Code Converter Using
PROMs,"” 73 Magazine, May 1976, pages 84 to
86. Improved circuit using readily awvailable
PROMSs: refers to reference 11.

12, Andreasen, C Warren: “A Versatile TTY
Generator,’”’ 73 Magazine, April 19786, pages
90 to 91. Circuit is given that counts from
00000 to 11111 and converts to seral
Baudot, thus generating a pattern of all
Baudot letters and figures.

13. Whipple, Dick, and Arnold, John: “A Very
Cheap 10 — the Mode! 158, 73 Magazine, May
1976, pages 77 to 8BO. Presents both software
and hardware interfaces.

14, King, Walter 5 “Interfacing the &0 mA
Current Loop,”” BYTE magazine, August
1976, pages 96 to 97.
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this is the case, information on interrupt
interfacing techniques and hardware may be
cbtained from a variety of references,
including  microprocessor  manufacturers’
application literature or any of the excellent
programming books or publications avail-
able (references 23b and 26} which deal with
this subject.

Useful Miscellaneous ltems

Cleaning an Ofd Teletype: In the course of
researching for this article, | ran across an
employee of a national teleprinter refur-
bishing house for Model 28s, 33s, and 35s,
who offered some interesting suggestions for
cleaning a2 Model 15, He said that this
procedure could be followed if one obtained
an extremely dirty teleprinter “"fresh” out of
a damp basement. The steps are as follows:

I. Thoroughly clean the machine with
hot water, An ideal place for this is at
a seif-service car wash facitity.

2. Force air dry the machine with an air
gun from, for instance, one available at
the auto service station with the car
wash.

3. Spray all parts with a light lubricant
such as WD-40,

4. Lubricate as required with oil and
grease. Details of these procedures arc
contained in references 1 through 6.
Pay particular atteniion to lubricating
the felt separating pads, which should
be salurated,

One thing | might add is to clean all
electrical contacts, especially the keyboard,
after the above sequence, A standard pencil
eraser rubbed over the contacts until clean is
an excellent way o accomplish this.

15. Smith, Roger L: "ASCH to Baudot,”” Radio
Filectronics, March 1978, pages 51 to 58.
Corrections, April 1976, page 58, and August
1976, pages 16 and 22. Hardware code
convertar,

16. Smith, Roger L: "Baudot to ASCI),"” Radio
Etectranics, April 1976 pages 57 1o B9,
Hardware code converter.

17. Pasco, Richard C: "Conwverter Lets Processor
Drive Teletypewriter,” ELECTRONMNICS,
October 30 1975, pages 97 to 98. Simple 6 |C
TTL circuit which accepts & or 8 bit parallel
data and converts it to serial current foop
pulses at any desired bips rate.

18. Reference Pata for Radio Engineers, fifth
edition, pages 35 to 40, tabie 24: “'Maore
ARO Code (Compared with 5 Unit Telg-
printar Code)'’ and pages 35 to 38, table 22:
"Twning of Five Unit Start Stop Teleprinter
Codes.”

19. Whipple, Dick, and Arnold, John: “inex-
pensive Paper Tape Subsystern: Using 5 Level
Tape with Computers,” 23 Magazine, July
1976, pages 145 to 148. Includes listings of
paper tape read and punch software for
Teletype Models 14 and 18,

20. Whipple, Dick, and Amold, Jonn: A Baudot
Manitar/Editar System . . . program listing for
the 8080, 73 Magazine, August 1976, pages
102 1o 105. Uses the software |0 described in
reference 18. Alsp uses split octal ad-
dresses and octal data notations.

21. Guthrie, R David: "ASCII/Baudot with 2
PROM,” 73 Magazine, June 1976, pages 114
to 119. Article title is a misnomer — actually a
serial Baudot to parallei, or serial, ASCII
hardware code converter circuit is prasented
for any desirad data rate.

22. The Computer Hobbyist Group (North Texas)
Newsfetter, 2377 Dalworth 157, Grand Prairie
TX 75050,
fa} Volume 2, =4, April 1976, pages 7 to 13.

Containg listings of ASCI! to Baudot and
Baudot to ASCH conversion software for
both the BO8Q and the 6800 by Tom
Gentry, James Brown, and others on the
newsletter's “‘conversion commitiee,”

Volume 2, =5, May 1976, pages 7 to 11.
Contains a listing of ASCIl to Haudot
conversion software for the FB micropra-
cessor by Harold A Mauch.

{c) Volume 2, =2, February 1976, “TTY
Interfaces” by Harold A Mauch, pages 13
to 15,

{b

23. The Computer Hobbyist, POB 295, Cary NC

27511, Back issues are $.65 each,

(a) Volume 1, #3, January 1975, pages 19 to
21, “interfacing a % Level Telaprinter”’ by
Steve Stallings, software courtesy of
Richard Smith. Contains [istings of an
ASCIHl to Baudot Translate routine, a
Teietype Demo Program which generates
linas of ripple pattern on the page printer,
anel a Baudot Teletype Output Routine
which agccepts Baudot characters and
enables outputting in Baudot directly, if
called as a subroutine, rather than con-
verting from ASCII to Baudot.

1)

Volume 1, £9, February 1976, pages 11 to
13, “Interfacing the Altair 8800, Part 2
by Hal Chamberlin. Includes an excellent
discussion of simple single device hardware
and software interrupts, vectored and
polled interrupis, and an example of a
keyboard interface using the interrupt
technigue.

24, Teletype Corp, 5555 Touhy Av, Skokie IL
G0076,

26, Mettles, Waiter: “instructions for Hand
Operated Typewriter Ribbon  Reinking
Device,”” reference 1, Volume 12, =6, page 16.

26. How to Use the Nova Minicomputers, by Data
General Corp, 1971, Section 2.4 “Program
Interrupt.” Contains 2 discussion of interrupt
servicing and priovity and programming sugges-
tions such as whan tg use interrupt.
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TV Typewriter Cookbook. Do you hap-
pen to know where | can purchase this
boak?

Glenn R Johnson
6445 SW 196th Av
Aloha OR 97005

Yes ... Qrder it for $8.95 fraom
BITS. For the uddress see the vdvertie-
ment fn 1is fssue.

ICHN PARKE, M. D, 4
M{ﬁnl and Surgicel birabogy —7 70 (
Officer 17 A Arbiun N 1. Peew
Phiony W4 - 1186 Dar o Night Mo ..
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A THANK YOU FOR TUTORIALS

Because | am a4 college student, |
never find the time to finish & copy of
BYTE before the nexl copy arrives in
the rmail, That causes some frustration
but cannot be helped. The real frustra-

My knowledpge of computers is limited 1o
the pragramming | have donc over the
vears ceding BASIC and FORTRAN,
although | do pick up some Lasty bits
of information from BYTE. When | {ind
an article sech as “The Types and Uses
ot Direet Access Storage’ by Cuare Hill,
[poge GO, fenwary 18770 BY L]
positively  salivate! Excellent subject;
well presented. Thank you, Mr Hilll

I am sure thal there are many others
like me who want 1o understand com-
pulers before diving headfirst inle highly
detsiled, sophisticated  jargon,  Please
continue to keep us in mind from time
1 Lime by presenting other anides like
the ahove mentioned one. Continue to
reward potential wrilers ocul in BYTE
country For tieit contributions. Most
of all, publish! One day, when | have
learned  more  aboul  campulers  and
peripherals, | will pull owt my back
issues of BYTE and really appreciate
them.

Michael Craig
POB 895
West Acton MA 01720

Ou bebatt of our readers, we're
afwiys fonking for good titorial articles
) subfects in compiiter science, urt and
proctive. Your note ol uppreciuiian for
Curt Hill's article v nne of the very

A GOOD EXPERIENCE

in a new industry, such as the habby
computer industry, new companies al-
ways seem (o pop up overnight. You
keep hearing stories of problems, delays,
correclions, poor documentalion, ete. !
even recently putchased o "burned in
and Lesied' memory board with two of
the 2102s in Lheir sockels backwards!
There are, of course, mdny supplicrs
trying hard to cstablish a good repura-
tion. | would like Lo share my experience
with one such company.

Recently | purchased an assembled
CL2400 Real Time Clock Board Irom
Comptek in La Canada CA. | called in
the COD order and received il the same
week, | found the board to De of high
guality and professionaily assembled, 1t
was obviously lesied as hey even en-
closed the TTY printout of the test run
on my unit. The documentation was
thorough  including software in both
basic and machine languare, explana-
tions, instructions, full troubleshooling
routines, parts layoul and schematics,

Now time lo hook it up lo my
machine, The unil requires aone wire 1o
be installed from the +15 V supply 10
the mother board to provide Lhe timing
1o the clock. |1 was an easy task that
Look less than five miraties, | then fired
up my Alwair and {ried the program bul

lian is not understanding many of Lhe
articles thal | do have Lime to read,

persandf  prolits
writing such an articfe.

fer he

derived from

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. i comes completely assembled
with a disc controller that is plug compatible with the
SWTPC 6800. The cabinet and power supply are capable
of handling 3 Shugart Mini-Floppy Orives. 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-88-2 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 advantages over most other systems,

» ANY NUMBER OF FILES MAY BE OPEN {IN USE) AT
ONE TIME

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

* MERGING FILES REQUIRE NOC EXTRA BiSC SPACE
» NO WAITING FOR THE BISC TO RE-PACK
* LONGER DISC LIFE — MORE EVEN DISC WEAR

NEED A FULL SIZE FLOPPY?

Qur P-38-FF is a plug-in interface card to the 'COM Frugal
Floppy™™. It includes all the features of the P-38-( plus one 2708
EPROM containing the ICOM beotstrap software. Just plug the
P-38-FF into your SWTPC 6800 and your {COM into the P-38-FF
and yau're ready ta use the Frugal Floppy and |COM'™s 6800 soft-
ware package, Price $299,

Qur P-38 is an 8K EPROM hoard containing room for 8 2708's,
Qr, you rmay use it to hold up to 7 2708's plus your Motorsola
Mikbug or Minibug Il ROM. The P-38 addressing is switch select-
able to any 8K locatian. Price $179.

The P-38-1 contains all the features of the P-38 plus an interface
to the Qliver Paper Tape Reader and our EPROM Programmer.
Price $225.

The PS-1 Power Supply Kit provides plus and minus 16 volis
required for the P-38 series boards. Also, it allows a wiring mod-
ification to be made to the 8 volt supply that will increase its
output by one volt. Price $24.95.

Cur M.18 is a 16K single power supply STATIC RAM memary
system. The M-16 is fully buffered and requires onlty half the
power of a similar size systermn using low power 2102's. With the
M-16, you can expand your system to 48K and still have room
left gver far one of our EPROM boards, Price $595,

ALL OUR PRODUCTS EXCEPT THE PS-1 ARE COMPLETELY AS-
SEMEBLED. AVAILABLE AT MANY SWTPC DEALERS OR FROM US
BY MAIL, BANKAMERICARD AND MASTERCHARGE WELCOME.

SMOKE SIGNAL BROADCASTING

P.O. Box 2017, Hollywood, CA 90028
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wilth no luck., Then | Lried the trouble-
shooting routines but was still stumped.







END FRONT
PANEL

FIDDLING. ..
Use a

JUMP
START.

4K RAM

With a JUMP START 4K RAM
board in your Altair/IMSAIL
the system will jump to any
preset byte of memory after
power-up or resel. Never tog-
gle a jump to your monitor or
boolstrap again! Just power-up
or hit reset—]JUMP START
automatically transfers con-
trol to the selected address.
The JUMP START 4K RAM
board has lhese standard
features:

* 4K 450 ns low power RAM

» fully bulfered

» DIP swiltch address selection
» memory protect with POC

= battery backup connector

* fully socketed

+ disabled during INTA

* optional wail slate

Prices:
Kit %145
Assembled 190

Call toll-free anytime lo
place credit card orders:
800/648 5311
Prepait mail orders shipped postpad

in USA. California residents add 6%
sales lax.

MICROMATION

MICROMATION INCORPORATED

524 UNION STREET
SAN FRANCISCO, CA. 94133
415/398-028%

Dealer inguines mnwited

CIRCLE NO. 242

rmukes i1 better, With hands. .. with
tools , .. with horse sense and science
and engineering.

Most of these fong haired belittlers
can't drive a nail nar use aslide rule. I'd
like to invite them into Dr Twitchell's
cage and ship them back to the vwelfth
century — and let them enioy ii.

But | am not mad at anybody and |
ke now ...

The anti-technologist mentality is an
anti-people (therefore, infiuman) mental-
{ty; for the whale reasan for technology
frr the first place fs to seel new wavs to
improve gnd expand the uvptions upen (o
peaple. Hyprocrisy Is rife when people
wse  the fruits of technology while
condemning  the means of achieving
them,

GETTING BAUD-Y

The twrm “baud rate’ is indeed an
dbomination, Bul like “ain't,”" 1t is an
assimilated abomination, And I'm nol so
sure it's all wrong,

Here s a line verbatim from Proc-
essor Technology's manual for the 3P+5
10 maodule: “The baud rate can be set
from 35 ta 9600 baud.” | suppose Lhe
writer could have said, "The baud can be
sel from 35 o 9600 Jhe original
version has some hope ol being under-
stoad by a reader who really didn't
know what “baud' meant, but the
second version has littie such chance,

{1 oo lad the term baud |as
Become mysterious, All i1 means is how
many times per seeond can vou change
the siree of the signal line. 1T the line has
lwo possible siales, eg: curreni or no
current, then the signaling rate in baud is
the same as the information rate in bits
per secand. If your line has lour possible
states, say lour diffvrent voitages, then
each state change wransmits two bils of
information; and so in this case the
signaling rate in baud is only hall the
information rate in bils per second.
Simple, ain’t it?

Jack Dennon
1157 SE 2nd
Warrenton QR 97146

No, the improved version showld fluve
been: The dutv rate cunt be sel from 35
to Y600 bps; since as you point aut, the
fuecr gre Sddeticad o hinury sfules,

APPALLED

I have been reading your excellent
publication for a few months now, and |
am appalled by the amount of obsolete
TTL being used. The most f(lagrant
example is the 7475 quad P latch {and
the 74100 octal D latch). These circuits
are a poar choice for almost all appli-
cations, due (o their excessive input
currents on both data {2 TTL loads per
input) and clock (2 TTL loads per latch
bit, or 4 TTL loads per 74735 clock
input, or 8 TTL loads per 74100 clock
input}, and due 0 the lack of a direct
clear input. The high inpul currents
force the use ol hulter gates to drive the
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clock inputs, which are Lhe wrong
polarity for TTL decoders anyway. The
lack of a direct clear input means that
peripherals such as tape drives come on
flying, and must be idled by software {a
direct clear inputl wouid permil a simple
power on resel circuil o Torce the tape
drives to come on idle]. This is ridicu-
lous; there are many beller devices
dround:

I. IT you don't need Lhe 6 CUEpUES,
4any presettable counler can hbe
used as a 4 bit latch to get low
inpui  currents, a direcl clear
input, and a lead inpul of the
proper polarity for TTL address
decoders. Examples  are:
T4L5197, T415193, 74197,
74193, 74192, 74196, eic. Load-
able shifu registers can also be
used, such as 74 95 or T4LS2035,
The Intel 8212 can be used, as it
is an 8 bit lalch intended for use
as an oulput port. The 7415174
or 74174 can be used to gel & bits
in a 16 pin package; the 174
behaves like the 175 discussed
Lelow, without Q oulputs,

2. If you do need the Q outputs, use
the 74L5175 or 74175 quad D
edge triggered [lip flop. This has
low input currents {especiaily the
LS version), and has a direct clear.
However, the 175 lacks the trans-
parcnt pass through feature of the
75. The 75, if the ciock is held
high, connects its inputs to its
outputs, and the outpuls follow
the inpuls as long as the clock is
held high. The 175 is an edge
triggered flip flop, not a latch, so
the 175 outpuls can change state
only on the rising edge of the
clock, For outpui port latches,
the flip flop works just as well.

To repeal, use the 7475 or 74100
cnly if you necd both the D latch {as
opposed to D flip flop) function and the
Q autputs, and you don'l need a direct
clear function.

Any TTL circuit which does nal have
power and ground on the corner pins
should be suspecied of being obsolele, as
it may have been designed belore the
DHP package was developed, and you
should look for newer circuits which
may do the same job much better. Note
that many circuits do jobs not hinted at
by their names. For example, many
presettable counters and shift registers
can be used as latches. Also, multiplexers
{especially the 74L5257 and 74L5258)
and decoders can be used Lo replace logic
gate arrays.

The TI book Designing with TTL
Integrated Circuits 1s a good introduction
to TTL, but it is five years old. Some
sections are now obselete. For example,
the section on variable modulus counters
was written belore the advent of the
74163 fully synchronous counter, The
74163 has synchrotious load and clear
inputs, and can be used 1o make
counlers wilhout the glitches and tran-
sient states ipherent in counters buily
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Clsssified Ads

FOR SALE: Two Digital Group 8 K mernory
boards, $180 each. Each board has 7 K 21L02-1
and 1K 2102-1. Presently running on a Z-80
systemn. Send SASBE and your check will I
returneg! if baoords are alteacly sold. Tom Hin-
gate, 2811 W 112th 5t, Bloomingion MN 55421,
(612) 881-B743.

FOR SALE: Complete wiring diggrams packer for
Tetetype Model 33ASR TWX with 101C Dataser,
$5 50 each posipaid. Model 1% gear sets, 60,67, 75
wom, Gear seis for Madel 28, 35 eguipment.
Model 28 printers, ASR, KSR, RO, sprocket (azed,
friction feed. Model 35 B level ASCI| TDs, reper-
ferators, page printers, Model 35 type boxes, $40
each. Mode! 3233 paris and accessorees. Model
32133 copyholders, 16 each. Wnite for Tull lisnng,
Send SASE o Lawrence B Pfleger, 532 W Wilson
St, 1, Madisan W) 53703,

FOR SALE. HP-55, unth recharger, battery pack,
safety travel case, sof earrying case, ocwner's
handbook, quick refergnce guide, pfogramming
warksheets and name labels, plus security cradie,
reserve power pack [(less battery] and extra re-
charger. Please guole offer; f no reply, outfit has
been sold. Wrire: Frank Scavo, 1831 Court 5t,
Syracuse NY 13208,

MICROAPPLICATIONS: | would like w cor-
respondl  wath  anyone  interested 1 microap-
plications in givil and structural engeneering. David
Lavers, Suite 224, BOS 9ih St SW, Calgary, Alberta
CANADA T2P 1W3.

WANTED: With o buy first ten issues of BYTE.
Evan H Foreman, POB F, Mobile AL 36601,

FOR SALE Brand new Hongeywell DEU-160 {IBEM
2311 equivslent) 7.8 MB with full documeniation,
inelnding SPC-16/40 controller diagrams, $1600,
Ampex TM-7, @ track tape transpor, 3450 with
documentauen, Royiron 78 ¢ps paper tape punch,
3350, TRAW 300 eps paper tape reader, $200.
Buster Killion, 2773 Winrock Av, Altadena CA
91001, 1213} 728-2877.

FOR SALE: Assembled IMS UCRI cassete iner-

face board, can atso be usedd as 4 bt O o A and
1 bit A to D, 535, Assembled SWTPC TWT CT-L
board, $12. Tarbell casselte tapes of MINOL 2.2 [a
2K Tiny BASIC for the B0BO, |Q patthes pro-
vided), 54, Erik Muegller, 36 Homestead Ln, Roose-
velt MJ 085556, 1608} 448-2605.

FOR SALE: Rockwell PP3-B system, inciuding
CPU, 10, 4 K dynamic programmable mgmory
with refresh and eontrol, 266 byte seratch pad, bus
interfaces, clock, and sockets, Cwer S400 list, Wil
sefl for 5200, Ten Signetics 3002 slices, $35.
K Tyree, 2182 Coastland Ay, San Jose CA 85125,
{408) 265-257% or 744.1200.

WANTED: Mwerodaia Model Micio-400 or Mioio-
400/10 processor, any condition. Saul Meyer, 1734
Green Valley Rd, Havertown PA 10083,

Readers who fave equipment, software or othar
iterns ta buy, sefl or swap should send in & clearly
typed natice to thar effect. To be considered far
publicarion, ap advertisement showld be clearty

T ial, typed double spaced on plain
white paper, and include complete name and
address information, These notices are free of
charge and will he printed one time anly an 3 space
avaitable basis, tnsertions should be limited to 100
words or fess. Notices can be pted from
individusls or bona fide computer users cfubs onty.
We can engage in no correspondence on these and
your confirmation of placement is appearance in
an fssue of 8YTE.

Flagse note thot jt msay take three or four
manths for an ad to sppear in the magarine. M

FOR SALE: Innavex Model 210-M {serial =1823)
floppy disk drive and one MNoppy disk with
complete manyal and schematics; Never been used.
Same type of drive used in February 1977 BYTE
arbicle on interlacing a disk to an 3080 system. Will
ship. $600 or best offer. Mark Becker, 32 Oxford
Ad, Mewion MA 02159, 1617) 332-B636 alrer
4 PR

FOR S5ALE: Processor Tech 4 ¥ static program-
mable memory assembled, works perfecily, megis
all specs, weih all documentation, $150. Free
unused paper tape of 5 K BASIC, decumeniation
mcluded with 4 K board. Barry Gerber, 720 Morse
Av, Placentia CA 92670,

FOR S&LE: 1103 1 K x 1 RAM by Intel with in
house numbers, Each one individually 1asted with
several pattgrns and guarznleed to meel 1103
specs. | mugt sacrifice 280 of these and musi sell in
one lot. Metal tubes are included to protect the
chips during shupping, Thmk of what you can do
wilh 35 K of memory] The order could also be
split wath a Iriend. You cannet beat the low price
of 5.80 each. ) will pay stupping cosis. Act quickly
ancl send o cashiers check or money order onky 1o
Stephen Macus, 1284 W Carmine Desierlo, Tucson
AZ 85704,

FOR SALE: Wire wrop boards. These brand new 6
by 5% inch boards can hald B0 14 pin {Cs and can
b wasily macdified ta hold 16 10 40 pin |Cs. These
high density hoarcds alsa have two uncommited
rows 1o hold discrete parts. Manuifaciured by
Augal and Canngn, they have gold plaled pins and
are &till in il origmal cartons, Have several of
these at %15 each, Catl Bob Runge ar (305}
723-6303 ot write RR 2 POR 540, Melbaurne FL
32801,

FOR SALE: Altar 8800 winh 1 K memory. As-
sambled by exparienced Duibder and in good
condition. Wil pay postage and handling, First
money order for $425 takes 1. Dave Norris, FOB
2672, USAF A CO BAB41,

WANTED: | need BYTE issues 3, 2 and 9 ta
complete my collectian. Send candition ol sale 1o
Carl Shirey, 5038 Ceniral Ay, Portoge |M 46368,

FOR SALE: 3Seals 4 K RAM board. New, as-
sambled and ron in T a 72 hour check, Feawures
21L0OZB-1 and BYH7B buliers, complewe with
schematic, il pay U5 posiage. Send cersified
check or maoney order for 3155 to J M Church,
4307 Mar-Moor Or, Lonsing M| 48917,

FOR SALE OR TRADE- IBM 2211 disk drive, just
off |BM mainienance, 7.5 ME of s1orage. Best offer
gets at, Bilt Barrow, 30 Albemarle Av, Richmond
WA 23226, (BOA) 270-2382.

TRADE: Wil rade compurer pragrams in BASIC,
I have many programs avallable \n HP 2000 C/F
and other versions. Write Bill Seurer, 4248 Brown-
dale Av, 51 Lauis Park MN 55416,

FOR SALE: Compucon Beta 326 microtampuler,
complete with software and TTY interface. 5995,
Assambled SWTPC 1024 terminal wath serial inter-
lace, powear supply, comauter curser conual, RF
modulatar and case, 3275, TI $i.52, $1256. Write
for information to Tony Copphin, POB 3440, N
Las Vegas Ny 82030,

FOR SALE: MITS paraflel 10 board {B8-PIO} tor
the Altsir B800, SBO assembled. Two MITS 4 K
dynamic memary boards {88-4MCOI with edge
connectors, 3200 eoch, assembled. David Richards,
BB55 Ml 51, El Cerrno CA 34530, {415}
EXO-0759, evenrngs.

FOR SALE: Teletypes, COC 2816 wwpewriter,
paper tape punch and resder; COC 9300 line
printer; Mohawk Data Sciences 6021 opiical card
reader (Seroban ERC-1}; Honeywell 404-3 Serial
#BPS14 9 nack, 34 inch tape rnve; Milgo tape
butfer 1807-1A Smart interface for 24 hiv 30§
910; TRW graphics display system. Call Bill Palya,
120 N Wesian, Rensselaer IN, {2181 266-7111,

FOR SALE: Alwar 680b, assembled and running
greai. Best offer over 35300, Alan Dahlbom,
16 Forest 5t, Cambridge MA, (617} 492.0676,
Bvanings.
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FOA SALE: DECwriter LA3S, one year old,
$£1200. Brand new PDP-11/03, $1995; with adel-
tional 4 K mermary, 5625 tomal BK RS 232C
interface, 236, Lt 52855, less 25% net, 52140,
Alsa Modem Omnitek 7018, minimum $1x fon
%1000, 160 addiuonal units, Walter D'UII, 2233
Grand Concourse, MNew York NY 10453, {212]
833-0300,

FOR SALE: Floppy disks, 54 each. Computer Lape
300 bpi, Ampex, Memarex, IBM, $4 a reel.
Guaranteed. Triemble, 5835 Herma, San Jose CA
95123, {408} 324-0608.

FOR SALE: Ahar BBODa CFU board, factory
sstembled and tested, never wsed, S250. Jonathan
HRotenberg, 17 Chestnut 51, Boston MA Q2108
16171 2271393,

FOR SALE: One Altair BEOD compuier, new,
assembled from kit, Dut not tested, $432. Also,
two Allair 884 MCD 4 K dynamic pragrammable
memary boards, 5199 each. Contact Bob Siedela,
1810 Beachwood Av, &t Paul MN E5116.
1612] 698-2731.

WANTED- | need six ar eght 2708 PROMs
{500 ns} at a reasonable price. Other pin companble
wypes are fine if they can be peogrammed 10 an
Intel machine. Write: Theron Wieranga, B W
Eguthern, Muskegon M1 48441,

FOR SALE: Issues 1 to 2 andd 1 10 5 of BYTE,
excellent condition, no clipped coupons, Wl sell
to highest idder, Specify ssues 1 1o 3 o 1 0 5,
K Matthews, =117 Z0041-554 Av, Langley BC,
CANADA V3A BW4.

WANTED. lssue =9 {May 1275} of BYTE maga-
zine, G W Hippisley, 112 Kennedy Ln, N Syracuse
WY 13212, (315} 458-0940.

TRADE: | have extra copies of BYTE ssues 1
through 16 and wish to trade for INTERFACE
December 1975 rhrgugh June 1976, | will also
buy these outright, Comlact Robert & Martin,
143 Pyne Hall, Princeton Universily, Princeton
MU 08540,

FOR SALE: SWTPC 6300 sysiem, 16 K program-
matle memaory, additional senal 10 baerd, all 10
in new Tl and Ancrona sockets. All curcent SWTPC
spfiware included, 5725, AC-30 anc Panasonie
AC/DC castetre tape unin, All 1Cs i new Ancrong
sockets, 5120, All equiprment was assemblied with
care and is in excelleny condition, Louis Schuberr,
3807 Greenhill Dy, Chamblee GA 30341, {404}
457-6842 or 1404} 881-8800 ext 383.

FOR SALE: Vigtron microprocessor sysiem with
73 key keyboard, two casseite drves ang anme-
Fages, § inch wideo momitor and interlage, power
supply, cabinet and manuals, $G00, Contact
B Pelkey, 74 Applegate, Bennington WT Q5201
(802) 447-0259,

FOR SALE: Frwlen hodel TM20K714 keyboard-
printer with TM20 15 coniroller and schematics.
B300, you pay shipping. Also copies of schemaucs
for above controller available for 36 to cover
copying and first class shipping. Tim Ahrens, 2200
Sorret Tree C1, Austin TX 78744,

FOR SALE: IMSA] 8080, 8 K IMSA| memory, 22
slgt mother board, IMSAI audio casseite board,
Processor Tech 2P+5 interface, Olwver Audio En-
gineering QP-80A paper tape reader. plus much
miscellanegus software, plugs, sockets, eie. All m
ke new conditicn, 5898, Ken Schwam, 1709
Mary Ln, N Mankawe WMMN 56001 {807} 388-5734.

WANTED: Contact with persons who bhave a
serigus persenal inrerest in wsing @ Microcompuiar
for stock and commuodiay market invesiment pur-
poses, IT covaniance s morg than jus1 another wored
to vou, send a brgf note of your desires, qualifica-
tions and market expenence/involvement 1o
4 Williams, 2315 Ansdel €1, Heston VA 22091,
An association is being formed.

FOR SALE: Six wsed Augal 8170-RG1 13 siol
wirg wrap rack assembliss, $311 list, sell for 575
each; 16 wsed 8136 R series panels with 60 14 pin
sockets, S15 eath. Gary Mamigian, POS 181, Park
Ridge M. 07656,
























neighboring  states  and  Canada, the
conveniion will open on June 10 at the
Bond Court Hotel in Cleveland OH.
Compuicerfest 77 will be a complete
convention with workshops, manufactur-
ers’ exhibits, a flea market, seminars and
technical sessions open to all attendecs.

MACC is a wvolunteer, nonprofit
organisation, ""Our intention is simply 10
bring topether the buyers and the sellers,
the hobbyists and the manutacturers,
and have some fun doing it,' says Gary
Coleman, president of MACC. The tickel
price is $2 for all activities, ingluding
seminars. MACC is also worhing on
chartering a plane flight to Dallas tor the
NCC show's activities the week following
the Computerfest. Additional details on
Computerfest 77 and the NCC charter
ftight are available from Gary Celeman
at the Midwest Affiliation of Computer
Clubs, POB 83, Cleveland OH 4474].®

BYTEs Bugs

The Case of the Missing Trigonometry ., .

Due to 4n oversizht ol coordination,
the equations acrompanying ligure 2 of
Roberl Grappel's atticle on page 34 of
March 1977 BYTE were amitted, The
rigonomekry o the model  alreratt
servey plotier is as lollows:

Equations |R = arm length)

(X, ¥F = HXg + Xgb {Yg + Ygi)

2y

R COSi{g - 30"} = —R SIN 8}

R COS{¢+0—90')1= -RSIN{p+4a}
R SIN {8 — 80"} = —R COS {1}

R SIN{g+0 —90 }=RCOS (¢ +4a}

Applying the above gives

X
h i

—R {51M{8} + SIN {8 + o}
R {— COS{#) +COS (8 + ¢

There is no unigue solution for {2, ¢} coordinates
except at extrermes.

Errors in the MIKBUG Roadmagp

Thanks to Dougias B Brumm PhD,

224 Hecla 5t, Lake Linden M| 49945,
for pointing out some glitches in the
MIKBUG roadmap article, page 96, in
the February 1977 issue. The following
are his findings:

®Table 1, page 98, OUT2H entry:
The text should read ""Hex byte
output: The data at the location
pointed Lo by the X register is sent
to the terminal as two hexadecimal
digits."

®he entry point of the print data
rouline is PDATAI, The PDATAZ2

entry should be changed to
PDATAT1 with address EQ7E in
table 7.9

SOME NOTES ON
ANALYSIS OF PLOT ANGLES

The following letter s seli~explang-
tory and concerns inverting the calculy-
tan shown ghove,

I am a recent subscriber, and have
now read three issues of your magazine,
[ have found your articles both informa-
tive and practical, | have been involved
with computers for 16 years and have
observed a wide range of abilities and
attitudes amang people in the field. The
somewhat najve approach irequently
taken by campuler hobbyists often
enables them to succeed where computer
scientists with more classical approaches
have failed,

With reference to figure 2 on page 34,
March 1977, you indicate the need lora
reiterative calculalion to salve for theta
and phi for your servo plotter. Here, you
are guilty of assuming that there is no

direct solution when there really is one,
The salution may take many forms, but
assuming an arcsine function is available,
which produces results in degrees from
.90 10 +90, the following FORTRAN-
like statements will be well-behaved
except at the origin:

RHO=SQRT {X*X+Y*Y)
PSI=ASIN {Y/RHO)
XI=ASIN (RHO/ (2.0¢R) )
PHI=180.0-2.04X[
THETA=PSI+X!

MNote that 2.0%R may be entered as a
constant ar precomputed once in the
program. Also note that standard
FORTRAN would require converting the
arcsines from radians to degrees by
muitiplying by the constant 180.0/pi.
You mighl also wani to leave all the
angles in radians, in which case the 180.0
would be changed to pi, since the angles
will be rescaled before beinyg ouipul 1o
the servos any way.

Theta and phi should be range
checked to avoid overdriving the servos.
There may alse be some mechanical
interference to avoid, depending on the
design, These interfercnce problems may
be eliminated if the servos are mounted
with thejr shafts downward. Servo 1
wauld be suspended from a supporl
anchored to the left or lower left of the
arigin, Servo 2 waould be suspended from
servo 1's arm, Minjature casters or some
other form of support should be
provided at servo 2 and near the pen.

If for seme reason it appears desirable
to use two arms of different tengths, the
angles can sti!l be found in closed form,
although the calculatian is slishtly more
complicated.

Keep up the good work.

Ronald M Martin, President
Martin Associates

POB M1124

Ann Arbor MI 48106 a

INTERNATIONAL DATA SYSTEMS, INC.

$100 Bus Cards (ALTAHR/IMSAI Comgpatible)

BA-5PM Clock Module

88-LFC Freguency Counlor Muodule

B88-MODEM  Dngnale; Answer MODER

GENERAL PURPOSE PERIPHERALS

METE Morse Code Trame: ' Keyer
TSM Temperature Sensing Madule
DACH Eight Bit Cigatal to Analog Canverler

400 Narth Washington Streed, Suite 200
Falls Church, Virginia 22046 LUISA

Telephone {7031 536-7373

USES

Yau compuler keeps ime of day regardiess ol whal program ihs

KIT PRICE

596,00

exyculng  Apphcalions include evenl lagging. dala entry, ham

radi, ete

Measwe Irequencies up 1¢ 800 WMH7 Compuler can monitar

£149.00

mulliple requencies such as fransmit and receive Irequency

Use your computer o call other computer syslems such as large

$199.00

hmesharng systems Alsa allows olher camputer lerminals o

‘diglup your CoOmputer

Haroware ‘ Soltware package which alluws your cormpulerlotsach

52900

Marse Code, key yourt iransnulter, and send preslored messages

Use i to measwe nside and ' of oulsde temperature for comput-

enzed climale ¢anlrol systems, elc

Requies one exghl il output pon Use it to produce compulet

TILFSIE

524.00

51800

Terms: Payment with order. Shipment prepald. Deflvery le stock to 30 days. Write ar call for detallad product brochures.
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All This Just to Print a Quotation Mark?

David Chapman
Western Reserve Academy
Hudson OH 44236

It is remarkabie how much rouble 4
minor lault in the design of a computer
system can cause. An cxample that | have
run up against is the virtual impossibility of
printing a quotation mark in several versions
of BASIC with any degree of efficiency. The
version of BASIC | presently use is Digital
Equipment Corp's EDUSYSTEM 25 BASIC,
but I've found the same nit in several other
BASIC interpreters.

Suppose it is necessary that the Tollowing
string be output:

IN BASIC, THE QUOTATION MARK
(") 1S A DELIMITER.

On @ cursory examinalion, il may appear
that all that is necessary is:

10 PRINT “IN BASIC, THE QUOTA-
TION MARK ("} IS A DELIMITER."”

There is a problem here, however. The
second guote, the one in parentheses, will be
interpreted as indicating lhe end ol the

* Good guy

GLOSSARY

The argument or arguments of a
statement or function is the value
or values which it acts upon. For
example, in the expression SIN
{2*X|, the argument of the SIN
function is 2*X,

Argument:

Delimitar: A delimiter is something, usually
a special character, which tells the
language program where some-

thing begins or ends.

* ldiot proof: An idiot proof system is one

which not even a genius can mess
up.

A systemn that is both idiot proof
system: and easy to use and learn about,

{iteral strino: A chunk of text which is to be
used just as it appears in the
program.

*Veary important terms . . .
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string. The interpreter is then lefl with the
unexecutable:

)} IS A DELIMITER."

and Lypes oul an error message.

There are a number of ways 1o get around
this problem. One is to substitute single
quoles for double guoles in oulput strings
and hope that the user will understand that
they are really double guotes. This is line for
some Lhings, but not for others, like good
guy systems in which il is assumed that the
user knows uabsolutely nothing and 1hat
substitution would resull in confusian.

In this case the programmer finds him{
herself confronted with the problem some-
times known as delimiting the delimiter. In
BASIC, as you may have gatbered, the
quolation mark is a delimiter: the delimiter
for a literal string; which is to say thdat it
indicales where the string begins and ends.
Another example of a BASIC delimiter is the
comma, which is used Lo separate the argu-
ments of functions and of INPUT, READ,
DATA and so forth.

The problem is separating delimiters (rom
things delimited which look like delimiters
bul aren'l. One possible solution, unfor-
tupately nol available in any BASIC imple-
mentation that | hdve seen, is Lo use two
delimiters for the same function. For exam-
ple, in SNOBOL, the itwo literal string
delimiters are the single quote and the
quetation mark. Hence, using a similar ploy,
olr example could be coded as;

IN  BASIC, THE QUOTATION
MARK ("} IS A DELIMITER.’

The other possible solution is 1o use a
roundabout method, printing the guote oul-
side the string. One way of doing this is to
use Lthe BASIC CHRS$ function. The CHR$
function reduces ils argument to a binary
number and then dumps it on the ouiput
device. Since the 7 bit ASCII for a quote is
0100010, or decimal 34, we can say:

10 PRINT “IN BASIC, THE QUOTA-
TION MARK (”; CHR$(34); ") IS A
DELIMITER."”



10

30
40
50

10
20
30
40

REMARK THIS IS THE PROGRAM WHICH INITIALIZES THE
REMARK FILE. 1T ONLY NEEDS TO BE RUN ONCE.

QOPEN “FILE" FOR OUTPUT 'THIS DESIGNATES THE QUTPUT FILE.
PRINT=®, CHRS${34) 'PUT A QUOTE ON THE FILE.

CLOSE 'CLOSE THE FILE.

Listing Ta.

REMARK THIS IS THE MAIN PROGRAM, WHICH PRINTS THE QUOTE.

OPEN "FILE'" FOR INPUT
LINPUT =A% 'THIS SETS A$(1}] EQUAL TO A QUOTE.
AS=AS{1} " A% IS SHORTER THAN ~“AS{1)",

Listing 1: This is the final method needed to
output @ quotation mark wsing the DEC
EDUSYSTEM 25 BASIC. The program of
la sets up g file and puts the quotation mark
in the file. The listing of 1b uses the file to
actually output the quotation mark. In this
varianit of BASIC, a single apostrophe begins
a comment field on a line, avoiding the need
of the word "REMARK" in many cases!

650 PRINT "IN BASIC, THE QUOTATION MARK I”AS$"} IS A DELIMITER."”
60 REMARK THAT IN LINE 50 THE SPACES AND SEMICOLORNS ARE

70 REMARK CMITTED, ALLOW ABLE IN THIS BASIC BECAUSE THEY
80 REMARK ARE REDUNDANT DELIMITERS!

Listing 1b.

This works, but burns time, lineprinter
paper, core space and finger tips if wsed
often. The obvious thing Lo do would seem
L0 be 1o assign a string variable the value of a
quotation mark, so that such a line as this
might be used:

20 PRINT “IN BASIC, THE QUOTA-
TION MARK (7; A$;) 1S A
DELIMITER.”

but this causes the same old probiem if one
uses:

10 A$=I) ot

and furthermore, most BASICs will not
dllow CHRS$ except in PRINT statements.
One way to get around this BASIC
fimitation {5 lo ask the user (o type a
guotation mark and input it as a suring
variable dl the beginning ol the program.

10 PRINT “PLEASE TYPE A
QUOTATION MARK ('
CHR${34); ™)™
20 INPUT A$
30 PRINT “IN BASIC, THE QUOTA-
TION MARK ("; A$y) IS A
DELIMITER."”

This. however, is not idiot prool. To
remove, or at least isolate, the idiot from the
WSO, W Can use 4 SEpaFdlC program, run
only once, which puts a CHR${34} onlo a
mass slorage file. The main program can
then open the file later and get the guole
back.

This Is very devious, but worse is yel to
come, In the BASIC that | use, EDUSYS-
TEM 235, it is apparently impossible to input
a quote, from either a file or a keyboard!
For some reason known only to the savants
at DEC it is possible to use another
statement, called LINPUT, to define the
quote. In EDUSYSTEM BASIC, strings are
limited to six characters in length. LINPUT,
short for line inpul, sets up an array in
which each element but the last is a string of

length six, and in which the last element is a
string which contains whatever is left over.

Listing | is a final solution in EDU-
SYSTEM 25 BASIC. m

The Moral

All this, just to print a quotation mark!
Similar, nitty details are often found in any
farge picce of software —it's in the nature of
the beasts. Use of d program often requires
adaptability and ingenuity!

— oUHTWHAE —

TEXT EDITING SYSTEM

TSC'S 6800 TEXT EDITING SYSTEM SURPRSSES ALL
MICRO €DITORS. THE COMPLETE ASSEMBLED SOURCE
LISTING NOT ONLY INCLUBES THE USUAL EDIT FER-
TURES. BUT ALSG BLOCK MOVES, BLOCK COPIES.
WERLAYS. AN EXTENSIVE CHANGE COMMAND, AND
TABS. JUST TO NAME A FEW. THIS 1S THE EDITOR
FOR THOSE WITH SERICUS NEEDS. SLB8-24 $23.50

6800 8080 6502

8080 GAME PACKRGE 1. PDB0~1 $18.95
6502 GAME PACKRGE 1. FOB5-1 $18.95
8800 GAME PRCKRGE I. POEB-1 $16.50

6800 COMPLETE SOFTWARE PACK. PDBEB-3  $35.50
6800 SOURCE LISTINGS

SPACE VOYAGE. 5L.e8-5 $12.00
FLOATING POINT PACKAGE. 5L68-Y4 $6.50
MICRO BASIC PLUS. S5L68-19  $15.95

PROGRAM OF THE MONTH CLUB

RECEIVE 1 YERR MEMBERSHIP INCLUDING A MONTHLY
NEWSLETTER DESCRIBING TSC'S LATEST SOFTWARE
RELEASES. UF TO A 157 DISCOUNT OFFERED ON
FEATURED SELECTIONS. POM $2.00

ORDERING INFORMATION

PLERSE INCLUDE 3% PDSTRGE. INDIANA RESIDENTS
ADD 47 TAX (US FUNDS ONLY1. CHECK YOUR LOCHL
DEALER FOR QUR PROOUCTS. (OEALER INQUIRIES
WELCOMED]. SEND .25 FOR A COMPLETE CRTALOG.

TECHNICAL SYSTEMS CONSULTANTS
TS BOX 2674 M. LAFRYETTE INDIAMA 47906 TEE
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ersonal Computing

It's happening at the Dallas Convention Center

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-
a2l 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 77NCC will be at the Holiday Inn in downtown
Dallas. Low-cost housing also will be available at Southern Methodist University. Fill in
the coupon for information 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,
¢fo American Federation of Information Processing Societies, Inc., 210 Summit Ave.,
Montvale, N, . 07645, 201/391-9810.

For More Information!

To: TINEC
¢fv AFIPS
210 Summit Ave,
Montvale, M|, D7645

Yo, | am very interested in the 7TNCC and the Persanal Compacing Falr &
Exposition Please keep me infarmed abaus the conference program, exhikiins

Aned all related activitics and evenis, and please send me infarmation abuur,

I:J Lxhibiting my persessl eamputer sysicm

] Exhibiting my c ¥'s e ial producs/services

D Fersonal Computing Fair & Exposition events

[ The first National Programning Contest

D Professional Seminars

D MEC' Deluxe Travel Service

D Law-zost housing a1 MU

D And, 1'd like to receive yaur bi-maonihly newslenier, NCC ROUNDUP!

M Title:

Companyfschaoi:

Sireel address:

City, state, 211" code
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Goes National

during the 1977 NCC, June 13-16

% Personal Computing Fair & Exposition

The fast-growing field of Personal Computing will share the natienal 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 andfor 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,

7% Special Interest Sessions

In addition to the panel sessions, special interest groups will be able to gather informaily
for “how-to” programs on building a kit, debugging software, using assembly language,
/O interfaces, cassettes and disks, software standards and so on, into the night. [f the spe-
cial interest group you want is not organized when you get there, we'll do our best to help
you get one started!

%& National Club Congress

Is a national personal computing association needed? If it is, what does it do, how does it
do it, and who does it? To find out what’s happening—pro and con—club reps from across
the nation will gather to exchange ideas and discuss issues related to club activities and pro-
grams. Make certain your club sends an official delegate who can speak for you and vote
vis-a-vis a national organization, establishment of national hardware/software standards,
a national program library and interchange, educational seminars, meetings, ad infinitum.

1977 NATIONAL COMPUTER CONFERENCE
Dallas Convention Center » June 13-16



8080 Programming Notes

Paul Krystosek
57 N Lincaln
Lombard IL 60148

John McCarty
5412 N Arrow Dr
Peoria IL 61614

line
number label
1
2
3
4 DONE

With a couple of exceptlions the 8030
microprocessor  ipstruction  set  primarily
aperales on eighl bits at a time. But with
some imagination several 16 bit operations
can be performed by using these exceptions.
The basic technique is to use the HL register
pair as an accumulator rather than as an
address and index register. The simplest 16
bit extension is just a different name lor the
DAD H instruction. The effect of this
operation can be slated in three ways:

A Add the HL register pair to itself.
B Multiply the HL register pair by
two. (We might rename it M2HL)

mnemaonic commentary

DAD H HL:=HL+HL,;

JNC DONE go to DOMNE if carry is zero;
INX H HL:=HI.+1;

EQU * first line af routine DONE;

Listing I Performing u 16 bit rotate left using the HL regisier pair. The
DAD H instruction will shift the 16 bil number | bit to the left and deter-
mine the vaiue for the overflow flug. If the overflow flug is sel, then the HL
register pair is incremented by 1.

line
number label

1
2 LooP

n
nt1
n+2
n+3

Listing 2: An example of setting up a 16 bit counter using the BC register

mpemanic commentary
LX1B,0 BC:=0;
EQU *
[main body of loop]
INX B BC:=BCH ;
LXI H,—1000 loop to slop at 1000;
DAD B HL:=HL+BC;
JNC LOOP go to LOOP if carry is zera;

pair. In this example, a loop will go through 1000 iterations.
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C  Shift the HL register pair left one
bit position. {We might rename il
ASLHL for “arithmetic shift left
HL.""}

These three statements are logically equiva-
lent. To multiply by greater powers of two
just repeat the operation the required num-
ber of times.

So far the DAD H instruction has been
referved to as an arithmetic shift rather than
a rotate. The carry bit is set as in a rotaie,
but it does not affect the low order bit. To
set up a 16 bit rotate, increment the HL
register pair after the shift if the carry bit is
set, as shown in listing 1,

16 bit addition is of course done by
using the DADB or DAD D instructions
which exist in 1the 8080. In such cases, one
number 1o be added is first loaded into the
HL register pair, and then the other humber
is loaded into the BC or DE register pair and
added to the HL register pair. A common
use for this instruction is in index address
calculation, A special use for this instruction
is in looping and comparing. When setting up
a loop using a counter which will have a
value greater than decimal 256, a multiple
precision increment operation using lwo
single independent registers can be used.
Note that since the INX instruction does not
affect any status bits, it cannot be used by
itseif as 2 16 bit loop control function.

Anoiher approach is shown in listing 2,
The —1000 on line n+1 will be stored as a
two’s  complement number hexadecimal
FCI8. When adding anything less than dec-
imal 1000 in statement n+2 a carry will not
result. Statements n+1, n+2, and n+3 could
be thought of as “compare the HL register
pair to the BC register pair and jump if the



BC register pair is less than the HL register
pair."”

It a compare high, low or equal is necded,
the procedure coutd be exlended ay in
listing 3. A disadvaniage of this technique is
that it requires the HL register pair to he
loaded with the two's complement of the
Lerget number, (L is probably casier and
cerlainly lakes less execution time il we lnad
the twa’s complement of a constanl during
assembly instead of a variable calculated
during execution.

Another modification of the loop rou-
tine, shown in listing 4, can be used when
processing or scanning conseculive memory

locations where the end ol the loop is
determined by an address rather than o
counter. An example of this is in nutputting
to & port {rom one address 1o another, as
waould be done when wriling a block of data
to tape, disk, another machine, or whatever,

The (- ADR2) on line 7 may look con-
Fusing; it is just the lwo's complement ol the
address in guestion. While it would be slow
to hand assemble such a statement, o good
assemtbler will do the calculation for you. To
have wvariable start and end addresses the
two's complement woutlld bave to be cal-
culated by subtracting ADR2 from zero, or
by a binary complement operation an the 16

line
numher label mnemonic commentary
1 LXIH,—1000 HL:={—1000};
p DADB ML:=HL+8C;
3 JNC LOW go to LOW if BC register pair less than 1000;
4 MOV AH
5 ORA L test if HL regisier pair equals zero;
3] JZ EQUAL
7 HIGH EQU " beginning of routine if BC register pair greater
than 1000;
m EQUAL EdU * beginning of routine if BC register pair equals 1000,
n LLOW EQU - beginning of routine il BC register pair less
than 1000;
line
number label mnemaonic commentary
1 L1 B ADR1 BC:=ADR1;
2 LQOP INCTL
3 ANI STATUS loop waiting lor data ready for gutput;
4 JNZ LOOP
5 LDAX B A:=BC;
[ QuUT DATA cutput data;
7 LX) H,—ADRZ HL:={—ADR2};
8 DAD B HL:=HL+BC;
2] INX B BC:=BC41;
10 JMNC LODP go to LOOP if address in BC register pair less
than ADR2;
n ADR1 EOU' . starting address;
nt1 DS define storage area;
n+2 ADR2 EQU ending agddress;
n+3 CTL EQU 2 equate CTL Lo 2;
n+4 DATA EQU CTL+1 gyuate DATA to CTL+1;
n+5 STATUS EQU BOH equate STATUS 1o bit pattern 10 be compared
from input port;
line
number label mnemonic commentary
1 L.x1 B,—1 BC:={-1);
2 LX!{ H,1000 HL:=1000;
3 LOCP DADB HL:=HL+8C;
4 JNC DONE ga to DOME if carry equals zero;
m JMP LOOP  go to LOOP;
n DONE EOU. * start of routine where the loop exits to when doneg;
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Listing 3: This rowtine is
anr extension of the testing
used by the rowutine of
tisting 2. Here, the goal is
to pick one of \(hree
branch  possibilities:  less
than, equal to, or gredter
than., This routine is used
to test register pair BC's
relationship to the integer
constant 1000 using
DADH with HI as a 16
bit accumulator.,

Listing 4: This routine is
basicallv the same as Hist-
ing 2 in determiniing when
to exit the laop. The main
differenice is that on ud-
cress s being used instead
of an incremental or decre-
mental counter. This pai-
ticular  routine  outputs
data from address ADR!
to address ADR2.

Listing 5: Here is a loop
with a 16 bit counder
which, instead of adding
and comparing two nom-
bers to find when to exit,
decrements the loop
counter and checks to sce
when il goes past sero {0
negative one.



A Note About “EQU"’

Throughout the listings of this article the mnemonic EQU has been used
extensively, The EQU), equate, statement is an assembler instruction or
“pseudooperation” rather than a machine instruction. Pseudooperations are
common assembler features which te!l the assembler something about your
program or the assembly process but do not necessarily generate machine code.
The asterisk {*} or dollar sign (S} {depending on the assembler that is used)
indicates ‘‘this address.” For example:

1) LOCP EQU *

n} JMP LOOP

The effect of statement 1 is to equate the address of the next instruction with
the label LOCP, The value of the address is then stored in the assembler’s symbol
table. This may seem like a trivial thing 1o do; but 1f you wanted to use your text
editor program to add an instruction at the heginning of the loop as a program
patch it can just be put there. Whereas if the label was on the first instruction that
line would have to be changed as well as the new |ine being inserted. [Of course if
vour text editor is capabie of arbitrary insertions this is not a major pain tf

Another use of the equate pseudooperation s the following:

1] CTLEQU 2
2} DATA EQU CTLH

The effect of this would be that whenever CTL is encauntered it is replaced by
the value 2. Statement 2 would equate DATA ro 3 wherever it is used. The real
usefulpess of equares is in their sase of change at the assembly language level. If
the 10 port address is changed, only the eguate for CTL would have to be
changad to make the change throughaout the program for both CTL and DATA
the next time it is assembted. Table lengths can be handled with a similar ease as
shawn in the listing below. In this way, if the length of the table is changed, the
change will be made throughout the program the next time it 1s assembled,
providing of course that TLEN is used consistently.

Another handy fact is that if you have used two different speltings for the
same label or variable, one can be equated to the other rather than changing them

all to one.
line
numhber label mnemanic commentary
1 TBL Dw 'BA*
2 Dw ‘'CD’ define character strings; [misc data far
3 DW 'FE’ demanstration ]
4 Pw "HG'
5 TLEN EQU *-TBL equates TLEN to the current address —

beginning address;

bits followed by a 16 bit increment
operalion,

Yet another application of the double
add instruclion with lwo's complement
arithmeltic is in decrementing a register pair
with an indication of passing scra. [he two's
complement of the number -1 s all | Dbits
repardiess of how many bits are in the
number. The only number which can be
added to — | wilhout causing a4 carry is sero.
Adding —1 to a number will decrement thalt
number by one and set the carry flag unless
the number was zero. Using these Facts a
loop can be sel up as in listing 5.

When using this technigue, the decrement
and check if zero are done at the beginning
of the loop as in languages like PLfl rather
than at the end of the loop as in FORTRAN.
The reason for this is that we find out when
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the loop goes from zero w0 —1 rather than
when it is zcro. A disadvantage to this
technigue is that it ties up & register pair 1o
hold the -1 value.

The technigues illustrated here are just a
fow examples of what one can come up with
by wusing a little imagination and looking
very closely at exactly what each instruction
does. They are not the mosl general tech-
niques as far as wsefulpess in many situa-
tons, but used in the right place they can
save a few bytes or microseconds. If nothing
glse, Lhese notes have shown ways Lo use
instructions that may not be immediately
obvious.m

REFERENCE

Intal Corparation: intel B08C Microcomputer
Svstems Users Manual, September 1875,
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Techaicsl

Forum

Improving Quadratic Rehash

“Making Hash With Tables” by Terry
Dollhoff {BYTE, january 1977, page 18] is a
good introduction to hash tables, However,
quadratic methods for collision aveidance do
not have to be complicated or suffer from
“half table search.” ! the lable length is a
power of 2 and Lhe guadralic increment is 3
as 1n the lollowing simple and Tast algorithm,
then none of the table will be excluded from
the search,

| have been using this scheme since about
1970 but have never seen it reported in the
literature. Your readers may write t0 me
for a copy of the proof that it works.®

A Quadratic Hash Table

The following algorithm assurmes that
the table length is a2 power of 2, the table
wards were initialized to VIRGIN, and
MASK has a value egual to the table fength
minus 1.

1. Set DEL 10 Q.

2. Set | to hash code of KEY.

3. LET I=i,AND.MASK tleg: AND |

with MASK}.

4, IF TABLE (1})=VIRGIN then go to
NOTFOUND. {Note that TABLEL)
refers to the contents of lacation
TABLE+I,

5. If TABLE{I}=KEY then go to
FOUND.

6. Let DEL={DEL+3).AND MASK,

7. |f DEL=0 then go to FULL. [Note
that DEL gets back to O only after
the whole table has been searched.}

8. Let (I=I+DEL}).AND.MASK.

9. Go to step 4.

On return to the user’s program via the
NOTFCOUMND, or FOUMND exits, the index, !,
will point to the spot for a new table entry
ar the found entry respectively, The FUILL
return means the KEY was not found and
that the tabie is full, Note that the value
VIRGIN may not equal any possibie value
of KEY.
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of vital interest to all microcomputer enthusiasts:

"Build Your Own Computer’’

Saturday, May 14, 1977, at the Institution of Electrical Engineers,
Savoy Place, London WC2, England. (10:00 a.m. - 5:00 p.m.)

The following specialists will speak on a wide range of
microcomputer related subjects:

Confarence Chalrman: Dr. Chrls Evans, Psycholo-
gis1 and computer scientist, outhor ond radie/TV

roadcaster. A spacialist in the epplication of microe-
lectronic theory to the human environment, Dr. Evans’
topic will ba in the areo of farecosting the social and
human impoct of microcempyters in the home.

Keynote Speaker: Monfred Paschke, Publisher of
BYTE Magaozine. His subject. "Personal Computers in
the United States”, will cover computer pragramming,
machine language, and the hordware aspect os it
ralates to personal computer enthusiasts.

Roger Barnes, Online Conferences Ltd.
Cleveland Road, Uxbridge, UB8 2DD
England
Phone: (895) 39262

For full details, including hotel reservations, contact:

Dr. Martin Healey of Unlversity College, Cardiff,
Wales, will give on intreductory tutorial outlinin
terminclogy ond digital electronics followed by a 1GIE
on how mgbuild your own computer,

Guy Kewney, compufer correspondent for
Electronles Weakly, is o keen hobbyist who will
discuss vorious kits.

Othor speakers: Richord Monkhouse
Jon Pringle - John McNulty

Conference attendance fee:
£ 8- inadvance

£ 9-atdoor
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ested in Dooks aboul robots, | just finished
reading o book entitled Buitd Your Own
Working Kobot by David L Heisermun, pub-
bshed by Tab hooks {Blue Ridge Summit
PA 17204, Although | was able to get the
copy | read fram the local library, it appears
thai the hook can be urdered directly Irom
the publisher. The price un the book was
$5.95, {it's also available from BI7S.]

Thiv is « "how 16" book complete with
detaled schomaties and parts Hists, Each
chapter s 4 single project which adds an-
other leature tu an ever growing robot. The
lindl  popect,  which  the  auther  dubs
BUSTER I, win loltow 4 predetermined
path laid uut with mashing tape or *“wander™
shout “exploning” The environment, 1L also
fhis an override “hunger” control which
Calws B Lo seeh aul it Mnest” where it will
slay until its batteties gre recharged, Onge i
Pas Utlleel itseld " 10 will resume exploring.

Please note that | have not said anyihing
about sight, hearing, arms, legs or humanoid
characteristics. | hal is not what is meant by
“rabot' in thas book, What is meant s g
device which consists of complex digital
lagic {al the circuits are TTL) controlling
simple machine. However, ol 1he basic lea-
tures of any robot are emboadwed. VSeli”
cantrol, "sell™ protection, an abilily 1w sense
the enviranment, and even o primitive “ory”
of “panic” or "hunger” are “programmed'’
intw  BUSTER's circuits The uonderlying
pringiples  of conuel ond  feodback  are
thoughtlully applied, The book appears to
bu a first. And as such il is an excellent
hook,

We need experienced people with mini ar micro pro-
gramming expsricnce. You must have experience in
aither assembly, fortran or basic plus. Experience with
RSX-17, RSTS or an other realtime aperating system
a definite plus (Decnet or Arpanet).

Upto S19 K

APPLICATIONS PROGRAMMERS

COBOL in an IBM OS or DOS envitanment will open
the doaor to this prestigious firm in greater Boston.
Four day work week and tremendeous benefits are part
of this outstanding opportunity,

Upto B1B K

SYSTEMS PROGRAMMERS (Large Scale)

Experience in communications, sysgens, QS internals
on IBM 370 or PDP 10's are best. Challenging oppor-
tunities exist from Massachusetts to California.

Call or send resume to: Upto 519 K

digrt:ol arts group

ineenng & Software Personnel Consultants
Nine Bedford Siree!
Burlington, Massachusells 01803
1617) 273-2780

Our staff wilt 21so be available for copsultation Monday
ang Wednesday evenings until B p.m.

For Addilional Lnformation:

Gary Coleman

COMPUTERFEST

The Second Annual Midwestern Regional Computer Conference

* Major Attractions *

Flea Market

Seminars
Manufacturers’ exhibiis
Technical Sessions

Court Hotel, Cleveland Ohio June 10,11, 12

Midwestern Affiliation of Computer Clubs P.3. To make life casier we are chartering

P Box 83
Cleveland Of <141

i jel to Dallas the next weekend.
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(16 K STATIC RAM

For ALTAIR/ IMSAI/ POLY 88

$459 KIT

ASSEMBLED $529

USES 4K STATIC RAMS - NO REFRESH

VERY LOW POWER - LESS THAN 1 AMP

Z80 FAST - 200ns ACCESS TIME

PROVISION FOR BATTERY BACKUP

LOW PROFILE SOCKETS FOR ALL CHIPS
EACH 4K ADDRESSABLE TO ANY 4K SLOT
HARDWARE/SOFTWARE MEMORY PROTECT
FOR EACH 4K

¢ SPECIAL PAGING OPTION ALLOWS UP TO

1 MEGABYTE ADDRESSABLE MEMORY

s LOWCOST

CONSTHUCTIONMANUAL . ..............cooee $1.75
PAGINGOPTION ............0o i $9.00
QUANTITY DISCOUNT .. .............. 5BOARDS — 5%

10 ORMORE —10%
DEALER INQUIRIES INVITED

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

READER SERVICE NO. 198

‘\‘

MORE POWERTO
YOUR ALTAIR*

12 AMPS @ 8v. (nominal)
2AMPS @ *16v.

At any line voltage from:

90 to 140 volts.

Installs easily inside any Altair* 8800 or
8800a.

Over voltage and over current protected.

Conservatively designed and specified.

only $90.00

postpaid in the U.S.A.
California residents add Bﬁmufmcnnn
$5.40 sales tax, b fo

PARASITIC ENGINEERING
PO BOX 6314 ALBANY CA 94706

*Altairis a tragemark of MITS Ing.
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Clebs sad

Newsletiens

Conducted by
Peter Travisano

Utah Computer Association Show

The Utah Computer Association will hold
an informational show on Saturday, April
30, 1-5 PM at the Fashion Place Shopping
Mali, Salt lLake City UT. There is no
admission charge and there will be no selfing.
The purpose of the shaw is dissemination of
information on personal computing. Club
members will be bringing their own systems
for discussion and display. For more
information call Ernie  Dixon, {801}
467-9100, between 6 and 9 PM.

Homebrew Computer Club —
Mountain View CA

Over the past several months we've fea-
wured computer groups which appear 10 he
outstanding: New  England Compuler
Socictly, Denver Amateur Computer Society
and San Diego Computer Society, to name
but a few. |f one can judge a club by its
newsletter, hefshe would easily conclude
that Homebrew is as its name implies, a
unigue and innovalive club on the vanguard
of the computer hobbyist field. Most of the
articles are thoughtful, rechnically accurate
and wrilten with consideration for the
human as well as the technical side when
appropriale.

If you're in the market for a new idea or
lwo, investigate Lhe Homebrew casserte
library or subscribe to their newsletter and
lake advantage of the programs they feature
every month. In any casc, the Homebrew
Computer Ciub is worth linding out about,
Write Homebrew Computer Club, POB 626,
Maounizin View CA 94042,

Wisconsin Area Computer Society

In looking Lthrough the Homebrew News-
letter, we came across word of the Wisconsin
Area Computer Society. According to
Homebrew they've been holding meetings
lor the past 12 months and boast 4 member-
ship of over B0 people. They're in the
process of setting up a software library using
paper lapes and cassette lapes. A newsletter
is also available. For more information write
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Figure 3: Structures of Governing, In the traditional “nuiion state” from time immemorial political uuthority is concenirated in
g strong centrol government. n Roman times, for example, the mode of communicution was puper (papyrus) and mechanical
trunsportation {chariot, ships, etc). When the costs of trunsport ure high, the center-margin form of communications is the most
cost effective, minimizing the number of paths required. As technology developed, the cost of communications links hus
dectined. Such ftems as fet transportation, the automobile and efectric commutiications have stressed the deceniralized network
concept through muass production and fower cost. The resufi for government might be cafled the “global villuge' or even the

“neiwork state, "’

Cantinued from page 24

I} Golden Ager’s Soltware Co
2) Folsom Prison Software Development Inc
3) Gray Panther Computer Diagnostics
4) Mother Goose Arithmetic Packages L1d

d. The computer as a sysiem for sale: Putting il all
logether  {software, hardware, application pro-
grams, peripherals, maintenance, customer trajning
and documentalion), the small business group
could scll turnkey operations Lo customers wilth
more inlensive data processing reguirements.
I} Stock inventory system.
2) Word processing syslem.
3) Order processing system.

In general, developing the computer as a product could
provide jobs, cconomic inputs, and self-supporting com-
puier services for the community.

2. Political Power

Marshall McLuhan argues that the speed and capacily of
the media (both communications and transportation) deter-
mings the form and extent of human associations, notably
structures of governing {see figure 3). He contends that the
center margin form, illustrated by a powerful central
government ruling a large territory, was first aclualized in
the Roman Empire through the use of papyrus and
charjots, and came to its climax in the modern nation stale
wilh i1s mechanized transparts like lanks and automobiles.
He further contends, however, that the electric media
“creates centers everywhere, Margins ceasce Lo exist on this
planet.” 10 More accurate would be to say that centers are
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trying ta exist everywhere, Lhat the new speeded-up media
are pulting enormous stresses on our '‘mechanically based”
forms of organization to make them compatible with
cenlers cverywhere,

a. The computer as an extension of central govern-
ment: I is obvious to many people that, with
clectric media, authorities {senators, congressmen,
cabinct members, ctc) ne longer need 1o be
located in close physical proximily as they are
currently in DC. Conferences, debales, sharing of
documents, even back room confidences could be
performed using audio or visual or facsimile
lelecommunications, Such technigues have been
developed and are used by corporations with
widely dispersed exccutives participating.

It is also obvious that citizens no ionger need
“representatives’ sitting in a distant auditorium 1o
vote an Lheir behalf when, through the electric
media, Lthey could both be informed of the issucs
and also vote directly. A “yes' and 'no’ button in
cach of our homes would theoretically allow
instantly tabulated national referendums on issues
Lhat are now voted upon by only a few hundred
individuals.

I} Lacal administration of federal programs: Line
costs for data transmission now exceed other
hardware costs, thus discouraging transmission
of data from its source and encouraging the
establishment of local data bases near the


















TERMS: Add 50¢ to orders under
$10; Cul res wdd tax. Place Bank-
Americard or Mastercharge orders viu

our 24  houwr phone line, (415)
562-0636. ALL PRICES ARE INTRO-
DUCTORY SPECIAL PRICES TQ
CELEBRATE THE COMPUTER
FAIRE.

BILL GODBQUT ELECTRONICS
BOK 2355, OAKLAND AIRPORY, CA 94614

8K X 8 Econoram I1 tm Price is $163.85 — 1/4¢ per bit!

Uniquely configured as 2 separate 4K X B blocks {with fully independent protect and address decoding to increase
flexibility}, our Econoram 1l kit features full buffering, guaranteed 450 ns or faster speed {use 1 wait state with Z-80 . ..
all necessary logic included on baoard), plated-through, double-sided Epoxy glass board with gold edge fingers, low profile
sackets, on board regulation, and Tri-State outputs that can drive the Altair/IMSAI S-100 Bus or any bidirectional Bus.

We use proven, reliable technology, like static 2102L-1 low power 1K RAMSs, and low power Schottky IC's which keep
current consumption to an absolute minimum. And there's more — but seeing is believing. |f you can’t see us at the Faire,
send $1.00 to cover costs to “Econaram |1 Logic Print/Documentation’”, ¢/o our address, and you can see the full story
for yourse!f. When it comes to memories, we've learned how to push the quality up . . . and the prices down.

use with Altair Motherboards. Same

8 quality features as our IMSAI
@@.@m A readout blockbuster: FND Motherboard — compatible edge

I 359 0.4" 7-segment readout, connectors. $6 each 5 for $27.50.

MOTHERBOARD: $80.00

Use with the IMSA! machine as an add-on room for ten peripherals, or for starting a stand-alone system. Comes with 10
edge connectors — lots of places would charge you the cost of our Motherboard for these alone. Active, reguiated
terminations included on-board, minimize the crosstalk, noise, overshoot, and ringing that appear as mysterfous gremlins in
vour computer’s data handling capabilities. And of course, we use an Epoxy glass board, with bypass caps and heavy
power traces included. Get yourself one of these, a Morrow's Front Panel, some Econoram 11's, and a power supply, and
you're on yvour way to a powerful system at a reafly good price.

h N

TR-160B Standard UART IC
$5.50 Brand new, prime part.

ALTAIR OWNERS — finally a gold
ptated soldertail edge connector
with 0.140" row to row spacing for

BiLL GODBOUT ELECTRONICS

BOK 055, DAKLAND ARFORT Lo mistd common cathode. Pin-for-pin

compatible with FND 70.
FIFTY CENTS EACH 10 for
$4 or 100 for $35.
















S.D. SALES CO. rosoxzsn-@

DALLAS, TEXAS 75228

JUMBO LED CAR CLOCK

Alarm Option — $1.50
AC XFMR - $1.50

Features:

A. Bowmar Jumbo —.5 inch LED array. C\_OCV‘T
B. WMOSTEK — 50250 — Super Clock Chip. T\SF‘ED(; ANNO
C. On board precision crystal time base. 000 S N\E?\S \

D. 12 or 24 Hr. Real Time Format. 59, (;\JSTO\NBONG'

E. Perfect for cars, boats, vans, etc. \Uﬂ BE

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

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

1702A 2K EPROM UrPyY
THIS MONTH'S SPECIALS We tell it like jt is. We could have salid 21L02-1 13UL%&OPH?)WJ§2$0 NS
AMD — 8080A $14.95 these were factary new, but here 1s the . . '
Z.80 CPU 4995 :ga:ghctoécoot%. W?earbmilr%hf a ;o?q oé STATIC RAM Time is of the essence!
. puter g a £ontaine And sa is power. Not 1
825129 1K PROM 250 | a quantity of 1702 A's in sockets, We | RAMs fastar than & speeding Builet
carefully rermaved the parts, verified but they are now very low power,
E'Le'ronﬂu?:.'eté'[é g!f'!d 5:‘18 Fffl_grintg them We are pleased to offer prime new
] a deal. First come, — J+1 f
60 HZ CRYSTAL TIME BASE first served, Satisfaction auaranteed! E{J,E\Lr\.?'zs 2 All?ngspo;voa; atno éljrng{Englit!
S.D. SALES EXCLUSIVE! U.V. Eraseabie, $6.95 ea. 4/$25 | vyour powss supply farther and at the
same time keep the wait light off.
$5.95 ea. 2|.$10,00 8 for $12.95
KIT FEATURES: o S.D. SALES EXCLUSIVE
A. 60HZ output with accuracy comparable to a digi- $12.95 MQS5 6 DIGIT UP—DOWN COUNTER $1 2.95
tal watch, 40 PIN DIP. Everything vou ever wanted in a counter chip.
B. Directly interfaces with all MOS clock chips. Features: Direct LED segment drive, single power supply {12
C s ' A (18 MA typ.) VOC TYPE.), six decades up/down, pre-loadabie counter,
. Super ow  power cou_'ls_urrlptlon . Y. separste pre-lcadable compare register wlth compare out-
D, Uses latest MOS 17 stage divider IC. ?ut. gﬁgsand seu%?blseglmegft outputs,t internal scan oscllla-
E. Eliminates forever the problem of AC line glitches. or, compatible, leading zero blanking. 1IMHZ. count
F. Perfact for cars, boats, campers, or aven for port- Input frequency, Very limited quantity! WITH DATA SHEET
able clocks at ham field days. e 7400—1%¢  7411—29c 7451—19c 7490—65c 74153—75¢C
G. Small size; can be used in existing enclosures. ;ilagml};tmc ;ﬁg—ggc ;i;g—%gc ;2;;9(_}-;9& ;g%gf}-l%%o
s L —19¢ —G0c —39¢ —75¢C —73¢
Kit includes Crystal, Driver IC, PC board, plus all necessary 74L502—40c 7420—10¢ 7474—35¢ 7493—69¢ 74161—95c
parts and specs. At last count — over 20,000 sold! 7404—19c  7430—19c 74L574-59¢ 7495—75c 74164-1.10
74L04--29c 7432—34c 7475—69cC 7496—89c 741565-1,10
" 74504—44c 7437—38¢ 7476—3a5¢C 74121-38c 74174—05¢c
1000 MFD Slide Switeh 4 74L504-49c 7438—30c 7480—49c 74123-65¢ 74181-2.50
Filtar C Assortment 7406—29¢ 7440—19c 7483—95¢c 74132-1.70 74191-1.25
r irer Laps 7408—19¢ 7447—85c 7485—95c 745138-1.95 74192-1.25
Ugl;?gh?S Wgte&; Rn'gucll}:sn Sf,i!ﬁ? ?r'?rll_nl_Nl?éG 7448-—85c ?4?_?—45.: 74141-75¢  74193-1.00
With"PC_Jeads. | ature” ang ‘stan- RESISTOR RATED CIRCUITS 74196—69¢
os popular | dard sizes; sin- | ASSQRTME i
value far hobby- | gle and multi- | yw 9% & 1'%25 Ast'g::t%aer:\t
ists, Compare at posittion  units. | PC leads. A good P.C. LEAD PC  leads. At
yP to 5f1-19h?3- ANl new, first | mix of values. DES HEAVY DUTY least 10 different
rom ranchise name brand. Try 200/%2. | 1N4148/iN914 Full Wave Bridge values. Includes
type electronic one package and 100/%2.00 25 AMP 50 E‘IV 001, .01 05
parts stores. S.0. | you'll  rearder 1NA005 1A, $1.25 plus ' other stan
pecla 1. more! Special |—.¢[m.=.| 100 PIV 40/81. : dard values.
12/$1.00 60/81.00 "I

$9.95 wr

P.C. Board — 3.00
AC XFMR — 1.50

kits sold by our competition!
Eliminate the hassle —
avoid the 5314/

SIX DIGIT ALARM CLOCK KIT
We made a fantastic kit even better. Redesigned to take advantage of the
latest advances in |.C. clock technology. Features:
displays, Mostek 50250 super clock chip, single |.C. segment driver, SCR
Do not confuse with Non-atarm  digit drivers. Greatly simplified construction. More rehable and easier to

build. Kit includes all
optional.

Litronix Dual %"

necessary parts {except case}). P.C.B. or XFMR
NEW! WITH JUMBO LED READOUTS!

Motorola SCR
2MN4443. 8
P.C. Leads

ANMP 400 PiV.
31,

FAIRCHILD - TBA 641
W. Audio power Amp, Just

out! In  special heat sink
DIP. One super audic 1S,
$1.50 with data

FIND-359 -Led Readout

4 M. Cemmen Cathode.
Hiah effeciency. Has FMD-
70PIN QUT. E9¢

COMPLUTER POWER SUPPLY
A very fortunate purchase. One of the best industrial quality REG-
ULATED supplies we have seen. High perfarmance, small size,
Ingut is 120 VAC 60 HZ. Has the following regulated cutputs:
-5V DC@S00MA; —15vDC @ 1.256 AMP: -25vDC @ 180 MA,
Sold at a fraction aof ariginal cost. Do yourself a favor and order
NOW. We expect a quick seilout,

NEXT MONTH:
$.D. will have music for your ears. Watch our ads.

2—80 CPLU Kit — $149.

For your Imsai or Altair B080 Computer:
4K Low Power Ram Kit — $89.95

QOUR CATALOG
is chocked full of rare parts
bargains, deals, RAM ar CPU
kits, plus much more. Yours
FREE!

PRICES SHOWN SUBJECT
TO CHANGE WITHOUT
NOTICE.

Tarms: Money back guarantes.
No COD. Texas residents add
5% sales tax, Add 5% of order
for postage & handling. Or-
ders under $10. add 75ec.
Foreign orders: US funds
only!

Special Thanks to:
Dennis, Fred, Abe, Bill, Sam,
Hal, Tom, Alex, John, Ely,

and Larry

S.D. SALES CO.
P. 0. BOX 28810
Dallas, Texas 75228

Call your Bankamervicard or
Master Charge order in on our
continental United Stiates
toll free Watts:

1—800—527-3460

Texas Residents Call Coliect:

214/271-0022

ORDERS OVER $15.00 — CHOOSE 81.00 FREE MERCHANDISE






DIP PLUGS ANMD COVERS
Lhe for mounting diadas, rasistors, jumpors, atg,
Gald plored parts for tang wear.

PLLIGS COVERS
1-24 7549 50-99 1-24 2599
Bpin .4 .39 3z .10 .09
ldpin .48 .40 .34 D .08
lépin .54 .47 .39 .10 09
pin 79 72 .85 .15 13
40pin  $),2 s1.08 .93 .25 .22

=4

DIP PLUG INTERCONMECTS

Idaal for use from boord to bgord, ramote swirches, in test
eguipment, lomp panels, ete,  Made from gaid plated
connbclon, color coded ribbon coble, maldad piugs,

Very flaxible ond durcble,

To grder, make up part rumber from choracteristic and find
prica in chart, Far instonce; 5-14P-18 is singla anded 14 pin
latarconnest 1B inchos In langth. Price is 51.72. D-24P-0¢
Ts dovile ended 24 pin, & inches in langth. Price is $4.55.
Cuentity pricing it awailobie,

#RICE CHARTS SINGLE END

Mo QF Ping Length

& it B e 38 48
1P seeres 1051 10B2 1072 1083 205 136
18P seeee 154 1,78 1LB7 199 21 2:44
FZLIERETE 2,45 2.69 .82 208 340 3.67

DOUBLE END

14Pe---vs 2,76 287 297 108 3,30 3.9
18P ++evs 3,00 33 4.2 236 358 38
4P +eeres 4,55 4,75 2,94 514 5,54 593

PRESTRIPPED WIRE WRAP WIRE

Highest quality 30 go. Kynor insulotod silver plated wire for
wrapping. Sttipped 1 on both ends. Indicoted lengths ore
langths of insulated portion.  Pucked 100 par sturdy plostie
wial or 1000 per poly bog. Compeore our peices!t !, Avgilable

in Black, Red, Yellow and Green, Sigle gofor degred.
Length Price per tube of 100 Prica per bog of 1000
1~ 51,48 (WW30WT-11 511 .84 {fwWwileK-1}
F 51,60 eIV C-T) 512,80 (PwwansK-21
4 SLLBS {vrei30vC 4y $14.80 1 Furw 308K -4
& 52,20 twwA0V -6} SI7_ 60 [*WW3IDBK-51

Dealer Inguiry Invited
RCILLS COF WIRE SAME AS ABOWE 130 ga, KYTIAR)
100ft Rall in poly bag...33.45 10 Rolls, mixad,...$24.00

WHREWRAP 1.C, SOCKETS, 3 LEVEL GOLD
14 pin 38¢ ea, 10 for 53,40 bé pin 42¢ e, 10 for 33,90

HIGH CURRENT STUD DICDES
DaK3 200, 25A. ..ol voveas 3,85

D2135 400, 254, 41.00
D738 400V, 234, . 31,55
A20% 200V, POA. ...t eans 543,85
Controel Cancallakion Specials..... All Ful) Spee, MBS
SHF4R. ... I ZN3I?IA. .., 38 2NIFFI 81.75
LMI2IE-12,,, 51,29 2MNSE5T. ... 758 2MaE401, 5%
IN5G231A, ... 25c iM3572..... Fibe 24403, . 5451
IM32283..... 35 G, E.DASCS aag 2MNI13E7,.51.3%
P41 min -dip, . 3/5] 500, 3Amp Epoxy Bridge.. .. .... 9

tRI-TEK,

ENBLENNY,
Sore

YOU CAN STORE A WORLD OF
DATA O THE KEY TO TAPE
RECORDERS FROM TRI-TEK.

SHARE A BYTE WITH A FRIEND.,

KEY TO MAGMETIC TAPE DATA RECORDERS

Anny is shown opeorating one of these versatile units which consists of a 1/2" mognetic tops recorder sitting on top of
keyboard/controller/display module, Thase units were mode by PERTEC, one of the mast respactad names in dota re-
cording ond wers uied to reploce punched cord input, They ore of late design ond recant manufocrure, Fram the op-
erators cheir, 0t is Just like o kay-punch, Instéod af dota going inte cords in Mollerlth, It goas onto Mag topa in
EBCENC. They moy be wsed for that purpose or tha topa drive con be seporated, contrel ond dato lines brought our
for wee directly on your system.  Hos fotarnal memory/buffar for 80 e 200 charactsr storage. Disploy ponel indicatas
charecter, character number, rocard number. Reod bock circults allows search on recard key, edlting, duplleating...)
Thesa are mot obaslerelll A gient foctory elosing beings you these of chout 3¢ on the dolior. A1 units are complete
ond in good cendition, Thay have nat been Functionally tested bub have boan frspacted for domage.  All ore sabd on
os is botis.  Thore are national servico shops for these units ond parts are ovaileble. Hundreds of these unirs are
being wsed right new in busingss ond industry,

Prices ore a5 |5 (complete and inspected), P08, owr warehouse in Rochester, N.Y. ond shipped by truck, freight
calleet anly, Unit weight s opproximotely 70 |bs, Comes in 7 or 9 track wersions, ' Aadel 4311 hos remste data
communication channal, All units, law tope,

KT-4301-7. . ocvooy. 7 track dota recorder, ... ... $247,00
KT-4311-7 | oo 7 treek with remore L., ., .. 529700
KI-4301-%. o v v n. % trock date recorder..,. ... $329,00
Opuerators and maink Isfsold sep ly anlyi520

DIGITAL, Covers TTL, DTL, Tri-State, #te.......
LINEAR, Covers amplifiers, p i, op-otips... $4.28
LIBNEAR AFPLICATIOMS WOLUME |.  Dozans of
application notes and technical briefs covering the

e of op-omps, regulators, phose locked loopy ond

DU OMPE, i v srrrenoarrasnnrasiacnnransas .. 525
LIMEAR APPLICATIONS VOLUME 11, Tokar up whate
Yolume 1 left you--All the lotest lineor devices.

Along with Vol | you hove o greal source ol opp-
lication daota pn the most widely wed dovices os well

a5 new bypes just OpPROTING ... u..ceessiinnienns 30,25
CMOS  Gates, Flip Flops, registers, etc,.......51,00
YOLTAGE REGULATORS, A must for anyons making

a power supply.  Complelz theary including transform-

PROFFESSIONAL LOGIC SYMBOL TEMPLATE
PIL-STD BO8-B  (Hall Sizel,iouviivissssnd 53,25

Fast Signal Diede
115Y VR 100mA I, Revorse recovery time is less than
20 nS ot 1mA forward] & pf cop.  Some size of
1714, 4148 222 S

TO-5 Heat Sink.  THERMALLOY 22118 2-pieca black

onodized far moaimum heot dissipation, HSZZIIB. 5751 ers, lilters, heat sinke, regulotors ete.. e 5300
SEMIECH $1-2 200v, 1.5A diade, Gold lends,..12/51, [ MEMORY. Info on MOS ond Bipolar memories, RAMS

ROMS, FROMS ond decoder/encoders........... $3.95
IMTERFACE. Covers poripheral drivers, level irons-
latars, line driverfiecsivers, mamory and clock drivers,
wense omps, disploy deiver ond opto-couplens..... £3.95
SPECIAL FUMCTHOMS DATA BOOK, Contoing de-
talled infarmalion for specifying and opplying special
amplifiers, buffers, clock drivers, onolog switches and
D8-S0 canverter products. PO . 8.2
AUDID HANDBOOY  Contains detoiled discumions,
including complete design particvlors, egvering many
areas of oudio with real world design pxamples,,, $3.23

4BV, SQWun Zeser, Made by Motorolo in TO-=3
come. Gold ploted. ..o aviiiaaas ee. 51,00

NEY BOOK FROM NATHIMAI
MO L3, Giont dola book lillnd with spec and opps

on lorge scale MOS5 circuits frem Motional Samiconduwcrar
Cotporation Priee incledes shipping in ULS, anly, .. $4.25
Ounside L5, add pastage for 2 |bs.

MACHEEZY Full 4581 Choroster Genarater, ., ... $9.93

We pay surfoen shipping on oll ordars gver $10 LS, $15 formign in US funds,
InC Ploasc odd exira Tor First closs o air mail, Excass will be refunded, COrders
- undes 810, add §1 hondling. Pleese add 307 insuramee. Masier charge ond

£522 NORTN 43RL AVETILE, Bank Americo cords welcame, (520 minimumi, Telaphone orden moy be ploced
glendale, aRIZona Bsgl 104M to 5-30PM daily, Mon thry Fei, Caoll 602-931-4528. Check raoder
PHOME 6ok - $1-6940 service cord ar send stemp for our latedt Flyers packed with now and surplus

whactranic components.
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Lau: A Catalog of Liberating Home Computer Concepts
Wimble: Artificial Intalligence, An Evolutionary ldea: Part 1
Wozniak: The Apple-l|

Ciarcia: Come Upstairs and Be Respectable

Carr: Interfacing with an Analog World—Part 1

Linker: What's in a Floating Point Package?

Brehm: Using a Keyboard ROM

Emmerichs: |mplementing the Tiny Assemblar

Mchatt: A Guide to Baudot Machines: Part 2
Chapman: All This Just to Print a Quotation Mark?
Krystosak-MeCarty : 8080 Programming Notes
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*Reader service inquiries not solicited,
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Bombed . . .

The results of the BOMB Labulation for
the month of January have now been
prepared by Greg Spitzfaden. First prize
winner in the contest was Dr Kenneth B
Welles, for his article "Build This Economy
Floppy Disk Interface.” Second place
winner was “The Digital Cassette Subsystem,
Part 1" by Ira Rampil and )Jack Breimier.
First place winner Welles receives a $100
bonus check, and second place winners
Rampil and Breimier receive a bonus of
$50.m
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