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See Sol Systems at your dealer

ARIZONA

Byte Shop Tempe
BL3 N, Scotisdale Rd.
Tempe, AZ 85281

Byte Shop Phoenix
12654 N, 28th Dr.
Phoenix. AZ 85024

Byte Shop Tucson
2612 E. Broadway
Tueson, AZ 853716

CALIFORNIA

Bits "N Bytes
(79 8. State Collepe Blvd,
Fullerton, CA 9263}

The Byte Shop
1514 University Ave.
Berkeley, CA 94703

The Byte Shop
2626 Union Ave.
Campbell. CA 95124

Byte Shop Compuler Store
604! Greenback Lane
Citrus Heights, CA 95610

Computer Center
1913 Harbor Bivd.
Costa Mesa, CA 92627

The Byte Shop
16508 Hawthorne Bivd.
Lawndale, CA 90260

The Byte Shop
1062 EI Camino Real
Mountain View, CA 9400

The Computer Mart
624 Wes| Katella #10
Orange, CA 92667

The Byte Shop
2227 El Camine Real
Palo Alto, CA 34306

Byte Shop
496 South Lake Ave,
Pasadena, CTA VIO

The Computer Store

ol San Francisco

193 Mission Sireel

San Francisco, CA 94103

Byte Shop
321 Pacific Ave.
Sun Francisco, CA 9411

The Computer Room
124H Blossem Hill Rd.
Sun Jose, CA 93123

The Byte Shop
309 Francisco Blvil.
San Rafael, CA 94501

The Byte Shop
MO0 El Camino Real
Suniu Clara, CA Y5051

The Byte Shop

2989 Narth Main 51,
Walnut Creek, CA 94586
Byte Shop

14300 Beneh Blvd,
Westminsier. CA 42083

Revreational
Computer Centers
1324 South Mary Ave.
Sunnyvale. CA 9-HIRTY

Byle Shop vl Tarzana
(8424 Ventura B,
Tarzana, CA $135h
Digital-Del

M West E1 Cumine Real
Mountwn View, CA (-}

COLORADO
Byle Shap

2040 Mixh Si.
Boulder, £ 80301

FLORIDA
Byte Shop of Miami

7825 Bird R
Miami, FL 3355

Micracomputer Systems Ine.

144 So. Dale Mabry Hwy.
Tampa, FL 33609

Sunny Comipuler Siores
University Shopping Center
12384 8. Dixie Hwy.

Coral Gables. FL 33146
Delin Electronics

2000 U8, Highway 441 Easl
Leesbury, FL 32748

GEORGTA

Atlanta Computer Marl
5141-B Bulord Hwy.
Atlanta. GA J0M0

[LLINGIS

The Numbers Rackel
318 Eust Green St
Champaign. L 61520
ity hitty machine co.
1316 Chicago Ave.
Evinston, IL 60201
ney bity machine ci,
42 Went Roosevel
Lombard, EL H148

INDIANA

The Data Donutin

406 Sa. College Ave.
Bloomingran. [N 4740)
The Dati Domain

Y Wesr Calumbin

West Lafayetie. 1N 474903
The Davi Domain

2T N. Michigan Rel,
Indiandpolis. IN 46268

D=

Processor Technology. 6200B  Hollis Street. Emeryville, CA 94608, Phone (415) 652-8080

The Byte Shop
ST Baxt 82nd S1.
Indiamapolis, IN 46250

KENTUCKY
The Dt Domain

3028 Hunsinger Lane
Louisville, KY 40220

MICHIGAN

The Computer Store

of Ann Arbar

0 East Washinglon
Ann Arbor, MR
General Computer Store

201 Livernois
Troy, M1 4K

Cumputer Mart of Rayal Qah

180} W, 14 Mile R,
Royul Quk, ME #0735

NEW JERSEY

The Computer hMart
ol New Jersey

300 Ronle 27

lsetin, NI N80

Huboken Computer Works
Mo, 20 Hudson Place
Hoboken, NI (7030

NEW YORK

Audiv Design Electronics
GR7 Broadway, Ste, 512
New York. NY 10013

The Camputer Corner
200 Hamrilion Ave,
White Plitins, NY 1068

The Computer Mart

of Long Island

Y72 Front Streel

Easl Meadow. L1 NY 11559

The Computer Mun

of New York

N Filth Ave,

New Yuork, NY 10001
Synchra Souml Enterprises
193-25 Jamuica Ave.

Hedlis. NY 11423

The Computer Shoppe

444 Middle Country Rd.
Middie [sland, NY 11953

OREGON

The Real Oregon
Compuier Cu,

205 West [h Ave.
Lugene. OR 97401

Bvie Shop Computer Store
INIIS. W hih Ave.
Partland. 12R 97201

Byte Shoep Computer Store
JE2 S W, Cedor Hills Bhvd.
Beaverton, OR YHKS

Circle 24 on inquiry card.

OKLAHOMA

High Technalogy
1020 West Wilshire Bivd.
Oklahoma City, QK 73116

RHODE 1SLAND

Comiputer Power. inc.
M24 Airport Mall
1800 Post Rd.
Warwick. RI 028846

SOUTH CAROLINA
Byte Shop

218 Green Street
Columbia, $C 29303

TENNESSEE
Microproduets & Systems
2307 E. Center 51,
Kingsport, TN 37

TEXAS

The Micro Store

634 So. Central Expressway
Richardson, TX 75080
Computertex

2300 Richmond Ave,
Houston, TX 77098
Interactive Computers
Tod6 Dashwood Rd.
Houston, TX 77036

Byte Shop
3211 Fondren
Houston, TX THIMA

WASHINGTON

Byte Shop Computer Store
14701 NLE. 20th Ave.
Bellevue, WA 98007

The Rewil Computer Store
A0 N.E. 72nd

Sealtle. WA 98115

WASHINGTON.D.C. Arca

Medin Reactions Inc.
13303 South Shore Dr,
Reston, VA 22080

WISCONSIN

The Milwaukee
Compuler Storg

6910 W. North Ave.
Milwaukee, WL 53213

CANADA

The Computer Place
1HE Queen S1. Wes)
Toranw, Ontario M5V 1Z)

Trintronics

160 Elgin St.

Place Bell Cannda
Outawa, Ontario K2P 204
First Canadian

Computer Store Lid.

44 Eglinlon Ave. West
Torvnto, Ontario M4R 1A1
Pacific Computer Store
45(4-1 Rupert 51
Vancouver. B.C. V3R 24



The

Software
Dilemma:

By Carl Helmers

Conventlional wisdom has it that propri-
ctary sofiware musl come at extremely high
prices, commensurate with concentrated
work on the part of a small number of
decdicated and thoughtful programmers.
After all, this wisdom has i1, we'll only sell a
few copies of package X anyway, so why not
keep a tight lid on it and charge as much as
possible?

This conventional wisdom has worked
well in the past, when the typical computer
systemy might cost upwards of $10,000 or
100,000, But when the typical computer
system comes in at a price on the order of
S$1000, paying prices which are of this same
order of magnitude for software packages is
nat a very likely move on the parlt of the
individual purchaser with his or her persanal
buitget,

In the persanal computing field we are
participating in a2 markel phenomenon
characlerized by a change from the situation
which supports the conventional software
wisdom, to a new siteation which has its
own characteristics. More and mare peaple
are getling inte the swing of things with
computer use, and thus more and more
peaple have needs which can and should be
filled by specialized software products,
Where compulers are concerned, when we
1tk about a 100,000+ person active indi-
vidual user market as we do taday, we are
for the first time alking aboul the potential
for mass marketing of soffware in ways
unheard of in the conventional wisdom ol
computing, Establishing a new "conven-
tional wisdom’ is clearly required; 45 a step
loward that goa!, this puper provides o
survey of the prospects [or mass marketing

tditoris

of software, and a solution of the soflware
dilemma posed above,

Let's Draw Some Parallels:
Woodworking

Like many individuals, | dabble a bit in
the arts of crafting furniture. Suppose, for
example, that | want Lo build 2 nice, neal
contemporary rolltop desk for my study. As
an individual with limited Lime available for
such leisure crafts activity, !'d probably
want (o start with an existing design rather
than working oul all the details myself. In
secking the end product of a volliop desk,
I'd he in the same situation (as a2 wood
craftsman) as the owner of a computer
system desiring a compiler, assembler, appli-
calion product or peripheral. | know in
principle thal rolltop desks exist and that in
principle | could design then fabricale onc,
or use an existing one as a mental model
with my own variations. Buil to save time
and possible mistakes | might want to find
some source of a “proven” design with
detailed information un achieving the geal of
a rolltop desk. Well, in the world of wood-
crafiing, as in the world of photograghy, 1he
warld of live steam model engines, or the
world of backpacking, there are numerous
sources of information including ready-made
designs and techniques. | refer, of course, to
books which are just published products
with specific orientatinn or theme,

Similarly, when | have a computer system
and | know that some neat language or
sofiware development tool cxists, | also
know that in principle | could write such a
package mysell using my own design or
general  desigh concepis taken from any

Continued on page 68

About those missing
mailing wrappers and
the May issue;

A strike at the printing
plant was responsible
for May BYTEs arriv-
ing late to subscribers
and for May and june
issues being mailed with-
out the customary brown
wrappers. The wrappers
will be restored as soon
as our printing situation
is restored to normalcy. =
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Douglas R Krauf
4373 Ashwoody Trl
Atlanta GA 30319

Designing Multichannel

Analog interfaces to and from the per-
sonal comptiter system can present a diffi-
cult dilemma to the small systems user: The
analog interface usually is a very expensive
proposition, especially if more than one
input and one output are needed. Schemes
like that suggested by Roger Frank [page 70
of the May 1976 jssue of BYTE], can
greatly reduce hardware complexity, anhd
thus cost, since much of the interface
burden is left to the software of the com-
puting system. Direct extension of this
principle to the case of multiple input
voltages and multiple output voltages can,
however, result in a hardware cost that at
the least rises linearty with the number of
needed outputs and inputs. One alternalive
scheme requires an additional bit of input to
the computer and one additionzl voltage

DIGITAL
TO ANALOG
CONVERTER
ANALOG
MULTIPLEXER 10
.
PORT
T[C—7 ouTPUT DAC A
& D—-——S
5 [Co———dy
ANALOG 4 D 4 VOLTAGE
INPUTS § C a COMPARATOR
. - INPUT
2Co>——42  qutPur *+ Io
PORT
T - S— B
INPUT
o[> o  SELECT OUTAUT
N

Figure 1: Block diagram symbolizing the hardwore that is needed for a
multiplexed analog to digital converter for eight inputs. The three outputs
from 10 port 8 select the analog channel, The output from the multiplexer js
fed to the negative side of a voltage comparator. An analog output from a
digital to analog converter is fed to the pasitive side of the comparator, When
the analog value from the converter is greater than the value being tested, the
voltage comparator will output a 1. Usimg successive approximations the

input volitoge can be determined,
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comparator for each additional analog to
digital input up to a total of 8. On the
output side each additional voltage output
leads to an additional & bit output port and an
additional 8 bit digital to analog converter.
This results in a situation where a many
input, many output analog interface requires
an inordinate amount of hardware, which
means money to the user. {We should not
kid ourselves by saying that farge numbers of
analog channels are rarely needed. Many
worthy applications, like controf of analog
music synthesis, automated test facilities or
control of robots would easily push the
number of channels needed beyond Lhe
point of na return for the previgusly sug-
gested schemes of interface.) Thus one must
turn to a modified philosophy of interface
design in order to meet the necessary goal of
a less expensive analog interface.

Fortunately digital techniques pravide us
with a method of solution to the problem:
time multiplexing. Time multiplexing is
simply the process by which one device can
be made Lo function as many logical devices.
To the user these virtual devices appear as if
they were full fledged dedicated devices.
Thus our abiective is to find some technique
by which one analog te digital converter and
one digital to analog converter can be made
to function in many seemingly simultaneous
conversions.

Basics of Time Multiplexed Interfaces

The basic principles are illustrated first
for the analog to digital case. Figure |
illustrates the hardware that allows multi-
plexed analog to digital conversions. An
output port, A, from the computer is used
to provide the necessary ejght bits 1o drive
the digital to analog converter (DAC). The
output of the digital to analog converter is
connected to the minus input of the voltage



Analog Interfaces

comparator. The output from the com-
parator provides an input to the computer
by way of the most significant bit ol an
input porl to the compuler. This structure
thus far Is identical to the scheme proposed
by Roger Frank. The difference is that the
positive input to the comparator is ne longer
connected directly to the voltage to be
converted. Rather the comparator is ¢nn-
nected to the voltage to be converted by
way ol an analog multiplcxer,

The analog multiplexer here is perlorming
the needed function that allows one anitlog
to digital converter o deal with many
channels. A typical application might use i
8 1o 1 multiplexer. Thus any one of the
eight voltage inpuls might becuime the voll-
age 1o be converted if the muitiplexer selects
it.

The selectien is accomplished by o binary
code applied ta the select input of the
multiplexcr. In an 8 to 1 device the hinary
code 011 would pick the input labeled 3.
The code which selccts the inpul was set by
the computer through an output port. For
our 8 to 1 example three bits would be
needed, possibly originating from the lower
threc bits of an 8 bit oulput port.

This change results in almost no change in
the software that would service the analog 1o
digital conversions. In fact, the only neces-
sary modification is to preload the channel
selection word, which chonses the voltage (o
be converted in the proper ouiptin porl.
Then the analog Lo digital canversion routine
can be called,

Time Multiplexed Digital to
Analog Conversion

Multiplexing ol the analeg w digjtal
conversion really only solves half of the
analog interface problem. The problem of
economically gencrating multiple analog oul-

puts [rom the converier still remains. We can
apply the versatile analog multiplexer to
solve this prablem as well. {However, there
are complications thal can mask the simplic-
ity of the methad.)

The basic hardware of the multiplexed
digital to analng converter outpul is shown
in block Torm in (igure 2. Once again the
source of the digital to analog converter's
word is an 8 bit oulput port from the
compuicr. The nutpul is now coinnected to
multiplexed sample and hold circuits. Much
like the multiplexer used in the analog to
digital conversion system the multiplexed
sample .and holds connect the outpul of the
digityl 1o analog converter to the desired
analog outpul which is chosen by the select
inputs to the multiplexer. The difference
between the plain anafog multiplexer and

SAMPLE
AND HOLD ANALOG
CIRCUITRY MU TIPLEXER

r<——<H
& j <| & INFUT

ANALGO
OUTFUTS

i | OUTPUT
SELECT

0 G—Q—— 0
- STROBE

DIGITAL
TO ANALQG
CONVERTER

10
PORT

|

Figure 2: Blovk divgrom of the basic hardware needed for a multiplexed
digitul to unalog converter for eight channels of output, Three bits of output
fraom 1O port B select the channel that is to be used. When d strobe s enabled
the chosen chunnel is activaled. Euch analog channel has a sample and hold
circuit which must be updated periodically due to the feakage of the

capacitor.
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PORT

—=CoHACO

DUTPUT




INPUT
SWITCH HIGH IMPEDANCE
BUFFER
VOLTAGE ey - HELD
TO BE HELD = i V VOLTAGE
MEMORY CAPACITOR
SAMPLE I
commanp [>————

Figure 3: Functionul schematic of a typical sample and hold circuit, The
inpul switch can be mechanical or electromic, In the cuse of o multiplexed

fnterface it is un wnalog switch,

& s NUMEER

OF
CHAMNNELS

SELECLT
CHANNEL &
SET OUTPUT
VOLTAGE

ENABLE
STROBE

|

DISABLE
STROBE

Figure 4. Flowchar! of u
ivpical 10 driver for a
digital to analog system,
This program is called peri-
odically  tn  update the
vatue that is being held by
the somple  und  hold
cire ey,

the multiplexed sample and hold is memory,
The multiplexed sample and hold has the
ability 1o remcmber the voltage thal was
applied to the desired output {for 2 while).

Before proceeding, some background
information on sample and hold circuits in
general will prove instructive. A functional
schematic of a sample and hold circuit is
shown in figure 3, The major components of
the sample and hold circuil are an eleclronic
input switch, a memory capacitor and a high
impedance buffer. The sample and hold
circuit works as follows: The voltage to be
remembered is applied to the input. The
swilch is closed, allowing the voltage 1o be
applied Lo the capacitor. The switch is then
opened and Lhe inpul voltage can now be
changed because Lhe oulput of the samplic
and hold now reltects the formally applied
valtage. This discussion assumes ideal com-
ponents. There are a number of error
sources. The majorily revelve around the
memary capacitor.

The remembered voltage is stored as an
electric charge in the memory capacitar,
Because af this any variation of charge with
time, ie: currenl, causes an ervor in the
remembered vollage. This explains the need
for a high inpul impedance in the bulfer
amplifier sa thal it doesn't drain away tooc
much charge. A mcasure ol a sample and
hold circuil’s ability Lo retain the voltage to
within a certain pereentage is its hold lime,
Another  prablem  associated  with  Lhe
memory capacitor is acquisition time. This
arises (rom the fact Lthat charge cannot be
delivered instanlly to the capacitor. A linie
ameaunt of lime is nceded Lo deliver cnough
charge to change the capacilor lo the new
vollage. Thus we have two design para-
meters: hold time and acquisilion time.

The multiplexed design is not much
ditferent from the principles outlined above.
The sample switch is mercly replaced by our
friend, the analog mulliplexer. The output
1o be changed is selected, Lhe strobe then
chabled (closing the switch) and alter the
acquisition time, disabled ({opening 1he
switch). The select werd and Lhe stiobe will
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possibly originale from the lower four bits,
for an 8 output system, of an output port
from the computer.

This type of interface does represent a
burden on the computer. The reason for this
burden is the very finite hold time of the
capacitor. No sample and hold circuit can
retain its value forever. The time can be
increased by using a larger capacitor, bul a
limit is reached because a larger capacitor
leads to longer acquisition times. Thus, the
sample and hold device must be updated
periodically if the outputs are to remain
accurate. This situation is not unlike that of
dynamic memaories which are effectively two
state sample and hold circuits.

Use of the Multiplexed Digital
to Analog System

Obviously this type of interface will
require much more computer inlerventicn.
The software, though, is not difficult. A
possible YO driver is flowcharted in Tigure 4.
For an 8 cutput system an 8 entry data file
is necded to hold the current outpul values.
Periodically (perhaps cued by the inlerrupl
system} with a period less than the hold time
a routine is cxecuted to update the eight
outputs. The main foop of this routinc
consists of the following: The value of the
oulpul presently being updated is sent Lo the
digital to analog converter inlerface. The
aulpul is then selected and strobed. This
action then repeats until all eight outputs
have been updated,

What Time Multiplexing Buys You

For the small sysiems user minimizing
hardware is essential. The potential saving of
a time multiplexed analog interface is high,
The reasan for this in gencral is the reduced
hardware. Another not so apparent reason is
the easc of expansion.

The rnost obvious hardware savings
occurs in the digital to analog converter.,
This is because gight channeis can be had for
the cost of ane converter, one 8 to 1 analog
mulliplexer, eighl memory capacitors, eight
autput buffers, and two outpul ports. This is
conlrasted to Lhe eight converters, and the
vight output poris from the computer
needed by the conventional brute fotce
approach. On the inpul side the gain is not
as obvious, Here we have replaced cight
comparalors with one comparator and a
multiplexer. Both cases require an outpul
part, an inpul port and a digital Lo analog
converter. A check of prices reveals, though,
that eighl compardlors cost morce than onc
muitiplexer,

The clincher is when one considers up-
dating the system 1o more than eight chan-



nels. The output channel needs only 1o
increase the number of sample and hoid
devices which is cheaper by factors of eight,
The brule force scheme required une more
converter and one more outpul port per
atditional channel, Table | compuares the
number ol components necded for a con-
ventional and a multiplexed system based on
16 channels.

The multiplexed analog to digital can-
version process has an cven more spectacular
success. In the dedicated hardware approach
each channel requires one comparalor and
one bit of input to the computer, The
increment Tor the multiplexed approach is
only one multiplexer per eight additions,
and one bit of output. Table 2 compares the
needed components, based on 16 channels.
Thus overall we see that Lhe multiplexed
approach offers a multitude of hardware
savings.

What Time Multiplexing Costs You

This design technigue is typical of many
Lthat trade hardware for software. Obviously
since we have taken so much out of Lhe
hardware, the software and compuler cffi-
ciency will degrade, 1L is perhaps a truism
that if the interface is designed intelligently
these problems can be minimized,

The analog Lo digital interface sufters the
least, The main problem here is the amount
of time spent doing the conversion routine,
IT fast changing inputs or a multitude of
maderate inputs are to be converted Lhen
the computer is scverely foaded. However,
many applications only require moderate
conversion rates. Foremost of these are
interfaces Lo human operalors, Maximum
canversion ratc needed here is around
100 Hz. Typically, this is around 0.001 Hx
to 0.1 Hz, Examples of this are the propor-
tional controls in games and operdtor set
paramelers. Control signals in eleclronic
music also lall in these calegories. Thus this
lype of interface can waork well in many

GLOSSARY

Agquisition Time: The time required for a sample
and haold eircuit to change from its previous vatue
10 1ts new value within a prescribed 1olerance.

Anatog Multiplexer: A solid state device that
allows a multitude of connections 1o be accessed
by a eammon line. The action 15 like an N position
switch.

Comparator: An analoy device whose output is
logical 1 if the plus input is greater than the minos
input and logical Q if the situation is reversed,

Digital to Amalog Converter (DAC)H: A device
whose output analog signal {current typically) is
proporitonal to a digital word at its input,

Camponent Dedicated Multiplexed
Digital to analoy
CoOnverter 16 1
12 ports 16+16 hits 2
Btz 1 multiplexer 0 2

Table [: Comparison of the amount of
hardware that Iy needed Ffor the direct
method of digitul 1o unaloyg converter verstss
the multiplexcd method of interfacing. The
talife is constructed for an interface con-
sisting of 10 channels,

Component Dredicated Multiplexed
Bigital 1o analog
CORVErter 1 1
10 ports 3 2
Voltage comparators 16 1
B to 1 multiolexers 0 Z

Table 2: Compurison of the amount of
hardware needed for direct methods of
anafog to digital interfacing versus the multi-
pleved method of interfucing. The table is
construcled Tor un interfuce consisting of
76 chanmels.

typical applications il the rates and the
numbers are nol excessive,

The digilal 1o analog interface suffers
from a similar situation. Here the main
prablems are cxtremely slow changing out-
puls or farge numbers of (ast outputs. Here
again an analysis of likely applications re-
veals 1thal 4 great number of outpul sighals
reside in Lhe {requency spectrum belween
I Hz and 100G Hz. Sample and hold circuilry
can be economically designed with hold
times in the excess ol one second. Also Lhe
whole refresh process can be made transpar-
enl Lo the main program if it is done under
interrupt  cenurnl by cdusing Lhe update
rouline to be execuled at the rate of the
fastest oulpul in response Lo the request of a
progiammabie Limer, As with the analog to

High Input Impedance Buffer: A device whase
input draws little current from any gther devices
connected to it It is important in a sample and
held circuit since currents causa the voltage held in
the mermory capacitor to discharge.

Hold Time: Amount of time that passes before the
output from a sample and hald circuit changes
from the originally held value by a prescribed
tolerance.

Sample and Hold: Analog mermory device which
stores a voltage as electrical charge in a capacitor.

Time Multiplexing: Process of combining saveral
measurements for transmission over ane signal
path. In our case, this signal path is the 10 port
structure of a processor.
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Figure 5: Schematic of the multiplexed anafog ta digital and digituf to analog
interfuce. The parts were mostly chosen for speed und cost considerations,
The integrated circuits are mostly CMOS. All resistunces are measured in
ohms and all resisiors are I/4 W. Be sure to bypuss euch power pin with o
0.07 uF capacitor to help eliminuie any stray spikes originating from power

surges.

digital cases this type ol inlerface works well
with a moderate pumber ol medium speed
ouLpuls or a multitude of low speed oulputs.
Note that outputs which can be changed at 4
rate up to that of the acquisition time (if
only one channel is used) can be had by
using fewer channels in the output program
loop. Outputs that meet these requirements
are some aulomalic testing signals, mechani-
cal devices and contral signals for electronic
music.
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A Complete Design Example

To illustrate these principles in more
concrete lerms a complele interface is des-
cribed in figure 5. The 8 channe! interface
represents hardware well within the realm of
mast small systems users. It is aptimized for
signals from 0,1 Hz 1o around 100 Hz,
though lower and higher rates are possible at
the expense of efficiency. This 1ype of
interface is useful in interactive gamoes,
testing of equipment and electronic music.
Parts used are neither exolic nor expensive.

Figure 5 contains the completle cirguit,
The following comments on component
selection are in order. The digital 1o analog
converter was chosen for cost reasons,
However, almost any state of the art current
outpul converter can be used. Mote that a
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Scanning the Environment
with Electronic Senses

The sensory turret (see figure 1) provides
a general platform on which to mount
various senses, some of which might be quite
experimental and lemporary in npaiure, It
can pan a full 360 degrees, and a small
section containing the main image sensor can
tiit from approximately 30 degrees above
horizontal to 90 degrees below horizontal.
Both of these motions are controlled by
stepping motors. The main image sensor has
a motorized focus control. The geometry of
the ‘‘hand-eye'’ system allows orthaganal
views of objects held in the manipulator jaws
by using both image sensors under condi-
tions of contrelled focus and lighting.

Each image sensor is a 32 by 32 element
integratecl array of photodiodes on a silicon
chip measuring approximately 4 mm {0.1
inch) square, The array acts like a 1024 bit
memory., Each element is precharged to a
fixed voltage; then at some later time the
voltage of each element is read out, de-
creased in proportion (o the amount of light
which has fallen on il Several miliiseconds
are required to digitize the image. Up 1o 16
levels of gray can be discerncd, which means
that 512 bytes of compuler memory are
sufficient for a single image, Once the image
is obtained, it is analyzed by appropriate
software. The exlremely small size of these
solid state image sensors, and the simplicity
of their associated etecironics, make them
ideal for robot use. Higher resolution devices
such as charge coupled sensors and miniature
television cameras are available, but Lheir
cost and complexity make them unattractive
for such applications. Besides, the amount of
data generated would be loo unwieldy Lo
handle with a microcompuler.

In addition to the main image sensor,
several simple phototransistor light sensors
are mounted on the lilling plaiform of Lhe
sensory turret, These enable the robol to
locate and track peint sources ol light,

Several other proposed senses are 1o be
mounted on the turret, These are shown in
schematic form in figure 1. To the left of the
image sensor is shown an ultrasonic ranging
transmitter and receiver which should be ex-
tremely useful for finding the range to walls
at distances as great as 10 meters {33 feet).
The idea is to transmit short bursis of 40
kHz sound and measure the time required
for an echo to be received In order lo com-
pute the distance, Much of the necessary cir-
cuitry fs available in compact integrated
farm.

Just to the right of the image sensor is
shown a long wavelenpth infrared ratiation
deteclor with which iL might be possible (o
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lacate sources of heat such as dogs, cats and
humans.

Located on an axis perpendicular to the
main image sensor are shown two micra-
phones which farm part of a sound location
systemm, The intent is for each sensor to
acquire a short sample of sound. The com-
puter then attempts to find a phase relation-
ship between them, thereby logating the
direction of the source.

Many other possible senses can be
imagined; the sensory turret is intended to
provide a versatile platform and interface for
experimenting with them. For example,
using a helium neon laser, or perhaps a
compact metal vapor lascr, it may be pos-
sible 10 provide an optical range finding
system with high resolution if a suitable
delector can be found. Eventually i1 is
hoped to provide limited forms of speech
synthesis and phrase recognition (using off
line electronics with an analog radio link),
This would make it possible 1o give general
spoken commands 1o the robot in con-
textual surroundings, and have verbal feed-
back to insure that the commands were
being properly interpreted.

Sharing some space with the sensory
turret system, and directly below the plat-
form in figure [, is the necessary power
conversion electronics, These modules con-
verl the battery voltage to £12V and +5V
{regulated) for use by the clectronics, and
also house the batlery recharging circuitry,

Manipulating Objects in the
Environment

The number of tasks which a simple
robut can do is greatly increased if it has
some sorl of hand with which to grasp and
manipulate objects in the environment. The
human arm and hand system, with its 27
degrees of freedom, is a marvelously versatile
mechanism. Large industrial manipulators
are fairly complicated and have six or seven
degrees of freedom. For practical reasons,
the presenl system is limited to a mere three
degrees of freedom which, when combined
with the two degrees of freedom of the
motive system, should be sufficient for
cartying out simple tasks,

The manipulator is able to grasp objects,
move up and down along the front of the
robot by means of a rack and pinion drive,
and to rotate about a horizontal axis. All
three moticons are controlled by stepping
motors. The manipulator has a parallelogram
geometry which permits the jaw faces to
remain parallel regardless of their separation.
This feature simplifies the problem of pick-
ing up objects of varying sizes. When not in
use, the jaws open wide enough to bring ali



paris of the ranipulator within the cylin-
drical boundary of the robot, where it is out
of the way and does not cause problems
when the robot turns and maneuvers in tight
places.

An auxiliary 32 by 32 element image
sensor with fixed focus lens is mounted
directly in the manipulator assembly, pro-
viding a view of whatever object is between
the jaws.

In addition to mechanical force sensors in
the jaw faces, there are several infrared LEDs
in one face with opposing phototransistors
in the other face. These LED photowransistor
pairs define beams of light between the twa
jaw faces. By scanning the manipuiator up
and down, and moving the entire vehicle
forwards aned backwards, these beams enable
the robot 1o measure the height and depth
of simple objects resting on the floor be-
tween the jaw faces, as well as Lo delermine
when objects are correctly positioned for
picking up. The widths of objects are mea-
sured directly by counting the number of
stepping motor pulses required to close the
jaws on the object,

A lactile sensor is mounted on the front
of each jaw to enable the robeot Lo sense and
locale farge obstacles such as walls, The
robuol can align itself accurately efther
parallel or perpendicular to the wall, alter
performing a simple series of mancuvers.
This action is cenvenient for many of the
Lasks the robot might have to carry out. For
example, 4 simple strategy ol maneuvers
allows the robot to "square itself off” from
a corner in a room, thereby defining a
precise origin . for  its  navigational
coordinates.

The tactile sensors double as electrical
contacts used for plugging into ordinary wall
outlels for the purpose of recharging Lhe
robol's baltery (more abeut this later).

All electrical power and signals to and
irem the manipulator assembly are sent
through folding ribbon cables which are not
shown in figure 1.

Auxiliary Senses

In addition to the senses mounted on the
manipulator and sensory turcet assemblies,
there are several auxiliary senses illustrated
in figure {. A pair of retraclable feelers are
provided in the rear of the vehicle and scerve
much the same purpose as the tactile sensors
on Lhe manipulator jaws. These rear feelers
enable the robot to detect and square up
from walls and corners if the manipulatar is
occupied wilh holding some object.

In addition o the rear leclers, a pair ol
retractable wall-follower (eelers located on
the sides of the vehicle enable the robot 1o

trave! parallel ta a wall by measuring the
distance from itself 10 the wall, The rear
feelers and the wall-follower feelers are both
activated by double coil lalching solenoids
and contain “microswitches’” consisting of
movable masks and infrared LED-photo-
transistor pairs.

For all of (he robot's varied and spe-
cialized senses we have discussed so far,
there is nathing to prevent the robot from
accidentally running al high speedinto a wall.
To prevent just such a2 mishap, and to
pravide a “sofl” broad area ''sense of
touch,” Lthe robot is equipped with a number
of preximity delectors, several of which are
shown in schematic form in figure 1, These
detectors work won a simple, but eleganl,
principle. Infrared LEDs, amplitude modu-
lated by a 20 kHz signal, send broad beams
of light out from the robol. Il a wall is
nearby, some of this light is reflected back
into phototransistar sensurs localed in the
same module. The received signal is amplified
and senl to a phase sensitive detector locked
o Lhe outgeing signal. The computer is
notified if the signal exceeds some program-
mable threshuld. These proximity detectors
are quite insensitive {o ambient light condi-
lions, nol very sensitive lo the color or
texwure of the reflecting surface, and have
useful ranges exiending from several centi-
melers to perhaps onc meter. With Lhese
detectors, the robot is free Lo travel at fairly
high speed until a wall or other obstacle is
encountered, and can then slow down and
investigate il with caution.

Il should be mentioned that all of the
senses interacl with the processor through a
vectored prionily inlerrupt systeim.,

Robot Psycholegy

Up 1o the present time, the environment
of the rohot has been intenticnally re-
stricted. The robot s permitted to roam
freely within a farge “playpen’’ constructed
of plywood, As varjous sensury functions are
added, and lhe robet nears completion,
simple ubjecty such as blochs of wood, and
larger obstacles cunstructed from plywood
will be introduced, and restrictions on the
environment will be gradually relaxed. While
this is happening, the complexity of the
software will greatly  increase. 1t is ex-
pected to take severdl more years of effort
befare the robot reaches a form which can
be considered “linished." Whether the robot
will ever be able to cope successiully with 2
“general” cnvironment, such as a typieal
research laboratury or home living room, is
certainly an vpen queslion.

The solware will be developed as a
hierarchy ol modules. The bottom strata of
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ar off, status of the motors.

drives o the approximate position of the
spol, and with LED proximity sensors and
the taulile sensars on the manipulator, it
attempts to sense and recognize the oxist-
ence of a wall, which is hopefully associated
with the spot. If this is the case, the robot
moves oul perpendicular 1o the wall for a
fixed distance, scts the image sensor fucus
accordingly, and rescans for the spotl which
hopefully should now begin to have the
shape of a wall vutlet from this short range.
By a series af small maneuvers, the robot
positions itself exactly in front of the outlet
at a precise distance away. At this Lime, the
manipulator begins a vertical motion until
the outlet is centered in Lhe field of view of
the auxiliary image sensor. The computer now
has a straight en, in focus view such as that
seen in photo 2.

At Lhis point, fairly simple patiern rec-
ognizing algorithms are used lo analyze the
shape, size and topology of the image
{feature extraction). These fealures are com-
pared with known properties of wall outlets,
If enough features match within certain
error bounds, the rocognition is successful.
{In this respect, it is much easier to attempt
10 recognize a specific object than w try to
analyze a general scene.) If the recognition is
not successful, several more atlempls are
made at slightly different distances to over-
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come the granularity effects of the sensor. |f
a recognition is still not successtul, the robot
heads off Lo explore other spots. Assuming
success al this point, the robot moves in for
a high resolution image of a single receptacle
{see photo 3). Again, the image is analyzed,
and further recogpition tests are made. If
everything is okay, the exact height and
distance to the electrical contacls are deter-
mined, and the maniputatar jaws close to the
scparation appropriate to the space between
the two contacts, An atlempt is now made
o plug in, with the computer manitoring
Lhe voltage between the two plug prongs on
the manipulatar. Small searching motions are
made until contact is established, whereupan
the jaws open slightly to make good electri-
cal connections. The computer then directs
the recharging operation until the correct
charge is reached. It is expected that the
rebot will normally be able to go about six
hours between recharging operations.

Stepping Metor Drives

In order to execute all of the motions
required of i1, the robot must have precise
contrel of the motors, This is accomplished
by means of the stepping motor drive
madules which constitute the interface he-
tween the on board computer and the
stepping motors, There is a total of seven



identical drives: lwo for the motive system
{one for cach wheel), three for the manipula-
tor {grasp, iift and rolate), and two lor the
sensory turret {pan and tilt),

Figure 2 illustrates the logic used to
provide both pulse and discrete (level) out-
puls from the computer. For simplicity,
only cight pulse outpuls and cight discrete
outputs are shown. The scheme can be
expanded [o many more outputs, with the
addition of suitable logic. Low power TTL
provides the cannection to the address, data
and control buses of the microprocessor.
Lines Ap te A3 sclect vne of 16 possible
outpuls, with Ajg acting as an inpul outpul
select line. The sign bit, D7, is used 1o signily
whether 2 one or a zera will be written into
the selected discrele output line. Generation
ol the negalive going outlput pulses and
strobing of the data are done by the MEMW
pulse, A 9334 addressable latch  andl
74LS138 binary to octal decoder provide
the outpuls ta the system. ) desired, ope
pulse autpul can be wired 1o the CLR line of
Lthe 9334 latch for simultaneous resctting of
all the discrete ouLputs,

Figure 3 shows an individual slepping
mator drive circuit which is sufficiently sim-
ple and general to permit many other non-
robot applications where precise computer
controlled motion s required. The circuit
generales the 4 phase putse sequence ol high
currents necessary Lo operate o Slo—SynTM
bifilar Lype stepping molor manufactured by
the Superior Electric Company. Inputs to
the stepping molor circuil are connected as
desired to the discrete and pulse nutputs
shown in figure 2. The forward or reverse
input (FR) determines whether the molor
shaft turns clockwise (FR = 1) or countey-
clockwise (FR = 0) as viewed from Lhe shaft
end of the motor. The lorward limit input
(FL) prevents the motor from maving [or-
wards (clockwise) if FL = 0. The reverse
limit inpul (RL) prevents the motor [rom
moving backwards if RL = 0. These inputs
are generally not controlled by the com-
puter, but are wired to simple limit switches
Lo prevent excessive motion of the mutor in
a particutar direction. In the case of the
rabot, these "reflex inputs” are independent
1o allow the compuler to change the direc-
tion of mation after a mechapical limit has
been reached, and to establish “zero poinm”
seltings for the various possibie motions,
The pulse input (P) triggers on a nepative
going transilion and causes the motor Lo ad-
vance onc step {1.8 degrees) in the direction
specified by the FR input. Thus, 200 puises
on lhe P input cause the motor shalt 1o
rotaie exactly one revolulion. The maximum
pulse rate is of the order of several hundred
pulses per second without crror, but this

depends strongly on Lhe motor size and the
driven luad. The clear input (CLR), when
momentarily brought low, resets the count-
ing lip Mops to zero in case il is necessary Lo
establish a standard shalt position when
power is turned un. The ofl input (OFF),
when brought low, removes all current from
the molor windings, and [rees the shaft
except (or a small holding lorque caused by
the permancni magnets. If OFF = 0 and
standby {SBY) s brought high (SBY = 1),
the shaft position is maintained, but at
greatly reduced current, The off and standby
inputs are critical for application in the
robot, since they permit substaniial power
savings. 111 figure 3, serics 7400 logic cdan be
substituted for the 74L and 74LS series if
desired, but a1 the expense of extra puwer,
Resistance valbes in the drive circuits are
typical, and mighl need to be optimized far
a particular motor, The diodes in the emitter
cireuit of the 2N3055s should have a high
surge rating, and moderate heat sinking for
2N3055s is advised,

Connections o a Slo-SyaTM stepping
motor are shown in ligure 4. In the robot, all
motavs are powered directly vom the main
6 V battery {(+MV). Values for the resistance
R cain vary ltom zero lo severdl ohms and
are selected 1o be wompalible with  (he
molor's  maximum  current  rating  and
dyndamic characteristics,

Robot Control: Software Aspects

The previous discussion deall with several
general and specilic wpeets of  the robot
sysiem and how it is intended o operate,
once completed. OF the three major subsys-
lems, motive, manipulator and sensory tur-
rel, only the molive subsystem i fully
operational at present. The others are in
various stages of detaited design and con-
struction. Photo 4 reflects Lhe current state
ol construction, which includes several Lem-
porary items such as the hand wired com-
puter backplane and stepping molor drive
modules, the crude “hand'’ made from sheet
metal, and the cables leading to conventiona!
power supplies, The 16 kg (35 pound} bat-
Lery is un board 1o maintain balance, but not
used, awailing completion of the power
conversiun electronics, The apen area at Lhe
front ol the robal will be taken up by the
manipulalol assembly when it is completed,
The power conversion moedoles and  the
sersory  luryel will go in place above the
computer.

Saftware for the robot is created on the
CDC-6400 computer using an 808D cross
assembler written in FORTRAN IV by
Ruobert Milchell. Object code fur the 80RE is
punched wn 8 level paper tape by the 6400
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Figure 3: Each stepper motor (there are seven presently incorporated into Newt’s design) requires a drive circuit as shown here.

This circuit contains counting logic and high current drivers needed to create the 4 step sequence of signals required by a
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Stow-Syn T stepping motor, The inputs to this interface circuit include one level (FR) signal and one pulse signal (P) derived
from an output port such as the one shown in figure 2. The forward and reverse limit inputs are used to override commands
when a sensor detects that rotation of the mator has reached sorme mechanical limit of the motor's activity. The power control
logic (summarized in the chart) Is used to conserve battery power by aliowing a “standby’ mode for the motor when it is not
being actively driven. This standby mode holds the motor shaft positon actively, but uses less current than the full torque state

used to move the shaft from step to step.

system, and fs subsequently read into the
robot’s memory through an ASR33 Tele-
type. A modest resident monitor program is
stored in the first 666 bytes of EROM,
which allows dumping and modifying of
memory, punching and reading of paper
tape, and branching to any memory foca-
hon. The monitor is essential, because the
computer has no conventional “front panel”
with switches and lights.

The current robot control program oc-
cupies about 1000 bytes of programmable
memaory, not including table areas of vari-
able size. 1t provides a method for exercising
direct control of the robot for testing
purposes. The cading, writien by Dennis
Toms, is very general, modular and compact.
in order to start and stop the stepping
molors without error, it is necessary to
pravide a profile of acceleration and de-
celeration. This is most conveniently done
by using a time-delay table giving the appro-
priate lime intervals between siepping motor
pulses, The table is precomputed to vield a
uniform acceleration over some time period.
It is sufficient to have a single table for all
motors. Each motor has associated with it a
14 byte molor status word [MSW) whose
format is given in [ligure 5, The motor
number and motor flag each occupy one
byte; the other entries are {wo bytes {ane
word) each. The motor number byie is a
fixed number which associates the MSW
with a particular motor. The motor flag byte
is a code which gives the current state of the
motor (off, an, standby, acceleraling, de-
celerating, emergency stop, etc). The speed
poinier word is an index which points 10 the
current entry in the time delay table, The
top speed word specifies the index to the
delay table entry, giving the shoriest per-
missible delay betlwcen stepping motor
pulses (maximum motor speed). The {otal
steps word specifies the number of steps the
motor is 1o execute. The acceleration, con-
stant speed and deceleration counters speci-
ly the number of steps te be taken in the
acceleration, conslant speed and decelera-
tion phases of the molion, respectively,
These counters are decrementled appro-
priately as the motion takes place, su that if
necessary, al any time during the motion Lhe
state of the motor can be determined by

rD GREEN / WHITE
= GREEN
CABLE R /
casl R WHITE
MOTOR
pRnE 'r< b (SEE TEXT) ( O
CIRCU1 o
LFIG. 3} r  BLACK \
= RED
Lo RED/WHITE

Figure 4: Wiring und color code for the Superior Electric Slow-Syn IM bifitar
stepping motors., The resistance R should be set (see text) to reflect typical
operating characteristics of the motor’s use, The wiring is shown by color
designations, and is connected to the drive circuit of figure 3. The ground
returnn to figure 3 can be vig the robot’s chassis or through an additional
circuit in the cabling.

interrupt handling routines. After all bytes
of the appropriate MSW have been loaded
with proper values, low level software takes
aver to carry out the mation. A pulse is
issued to the selected molor causing it 1o
advance 1.8 degrees, After a delay specified
by the [irst entry in the delay iable, a second
pulse is issued, and the speed pointer is
incremented Lo point 1o the second value in
the delay iable, and Lhe acceleration counter
is decremenled. This process continues unti
Lthe acceleration counter reaches zero, When
this occurs, the acceleration phase is com-
plete and the constani speed phase 15 en-
tered. For this phase, the speed pointer is

Figure 5 Farmat of the Matar Status Word
mator Status word. There {MSW)

is one motor slatus word Motor Motor
affocated to each stepper Nurmber Flag
motor; an interrupt drfuen Speed

process updates and times Painter

the oaperations of the Top

motars, The information Spoed

includes motor identifica-

tion, status flogs and pa- g?;: ;
rameters which specify the L
details of a cycle of opera- Acceleration
tion consisting of accelera- Counter
tion, constant running Constant Speed
speed and deceleration, Counter

Deceleration
Counter
1
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the software can recover the total number of
steps actually taken, saving it for naviga-
tional purposes.

To exercise direct contral of the robot, a
simple interprelive command system was
develeped. The currently implemented com-
mands are listed In table 1, Each command
consists of the 1 byte ASCII character F, B,
L, R, W, V or Q, followed by a 2 byte
argument. [n the case of the ¥, B, L and R
commands, the argument is simply the num-
ber of motor sieps to he taken {less than or
equal 1o 25 = 1). For the W command, the
argument is the wafling time in units of
10ths of a second. For the V command, the
argument specifies the new maximum speed
of the robat in steps per second. For the Q
command, the argumem gives the 16 bit
address of a sequence of commands stored in
memory, Of course, many other commands,
such as those appropriate for sensory Lurrel
and manipulator motion, will be added to
the list of table 1. A program of robot
activity consists of a simple sequence of
these 3 byte commands, one after Lhe other,
For example, the following 15 byte se-
quence {arguments shown in hexadecimal
notation):

F 0A10
L 00CB
B 0010
W 0066
B 0002

would cause the robet to move forward
2576 steps (about 1.4 meters), turn left 17
sieps (a few degrees), back up for 16 steps,
stop and wait for 10.2 seconds, and then
back up two steps. All accelerations and
decelerations are taken care of automatically
by lhe lower level software.

Commands can be given to the robot in
several different ways {command modes}
which are specified in table 2. For the D
mode, the robot simply executes the com-
mands directly as they are entered on the
Teletype. After each command is given, it is
necessary 1o wait until it is carried out
before entering another command. In the R
mode nclhing is execuled, but each com-
mand is recorded in sequence in the mem-
ory. The N mode is a combination of the D
and R modes, It permils a sequence of
commands Lo be recorded as they are being
executed, The P mode allows playback of
any previously recorded sequence. In this
mode, the Teletype cable can be discon-
nected to allow the robot to raam ficely. If
the C mode is specified, the robot creeps
along at a very slow pace under an F, B, L or
R command for an indefinite number of
sieps. The motion is lerminated by de-

Table 1: Currently im-
plemented commands. The
demonstrations of opera-
tion seent in photo 5 were
created using an  inter-
prative sequence including

these sevenn basic €om-  Ascll Command Code

mands, The command list
is open ended in  that
many additions to the pos-
sible operations are ex-
pected as the software i[5
developed further,

pDeEIrrom

pressing any key on the Teletype, after
which the number of steps taken is printed
out. The T mode is a combination of the €
and R modes. The E, L and O modes are
“boohkeeping” In nature, and permit
erasing, listing, and seiting the origin of a
command sequence, respectively. During the
creation of a program of action for the robot
{command sequence), any combination of
modes can be used as desired, It is casy to
think of many other useful modes which
cotld be added to the list of table 2.

Using the commands listed in table 1, it
has been possible to do a number of pre-
{iminary experiments with the robot which
serve to test hoth the hardware and soft
ware, and to prove some of the fundamental
ideas. For example, one can place waooden
alphabel blocks on the floor at random, and
then program Lhe robot {using the N and T
modes) to “pick them up" by Lrapping them
in s lemporary "hand.” After putting the
blocks and the robot back in their initial
positians, the playback (P} mode can be
used to repeal the motions aulomatically.
One such test, rather in the form of a
demanstration, is shown in photos 52 to
58. In the first frame, photo 5a, the robot
is moving towards the nearest block from its

Command Definition

Move robot forward

Move robot backward
Rotate robot left

Rotate rohot right

Make robot wait

Set rabot maximum speed
Execute command sequence

Table 2: Command modes for the robot. The software presently implemented
5 used ta bry out various exercises of the rabot's machinery. The softwore is
structured into several command modes described by this list.

Command Mode

D

R

N

=}

c

T

E Erase

L List

o} Set arigin

4

Type of Operation
Direct {simply execute the cammands)
Remember {record commands)
Normal {combine D and R)
Playback {run through a command sequence)
Creep {directly execute motions at aturtle’s pace)
Teach {combine C and R
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FPhote 1: The complete
setup of the IBM Selectric
Keyboard Printer, typing
under the control of a
KiM-1  microcomputer
with o 4 K memory expati-
sion. The Selectric inter-
face described in this ar-
ticle is housed in ithe
equipment case in the
center of this photo,

Interfacing the IBM

One of the most desirable forms of
computer output is high quality typewritten
lext suitable for preparing letters, reports
and other documentation. A word proc-
essing system which speeds up the process of
writing and revising text would be a very
useful and feasible application for a small
microprocessor based system, provided that
a suitable hard copy oulput device can be
found at a reasonable price.

An ideal output medium for such a word
processing system would be an |BM Selectric
office typewriter. Selectrics are moderately
expensive when compared 1o ordinary type-
writers ($630 to $830 depending on the
aptions chasen}, but they are ubiguitous in
the office enviranment, produce very high
quality typed output, and can be used to
print in many different type siyles simply by
changing the ball shaped Lyping element.
Special typeballs are avafiable for printing
mathemaiical symbols and for the APL
character set (sce “What is APL?", by Mark
Arneld, Navember 1976 BYTE, page 20).
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Unfortunately, the job of converting a
Sclectric office typewriler is made somewhat
more difficult by the fact thal {contrary to
popular belief) the Selectric mechanism s
enlirely mechanical and not elecironic in
nature. The only use of electric power in an
ordinary Sclectric is for the motor which
turns the drive shaft and various gears and
cams, Il is necessary to use solencids Lo push
fevers and “baits’ in the base of the mech-
anism to achieve printing under compulter
control. Similarly, contact switches must be
installed in order to use the keyboard for
computcr input.

There is another alternative, however. A
variety of computer terminals and other de-
vices based on the Selectric mechanism are
becoming availabie on the surplus market,
often at a fraction of their original prices.
These machines have their own built-in sole-
noids or other means for mechanical control,
and present some sort of electrical or elec-
tronic interface to the outside world, The
simplest, most commanly available, and of-
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moving bails. Two of the bails, referred to as
TI and T2, are moved or not moved in onc
ol the four possible combinations Lo provide
the proper degree of 1ilt necessary lo select
one ol Lhe Tour rings. Three more bails,
called R1, R2 and R2A, are moved or not
maved in various combinations 1o provide 1,
2, 3, 4 or 5increments of counterclockwise
retation, normally to scleet one of the [ive
characters to the right of centler on the given
ring {as seen from above). Finally, when the
bail named R5 is moved, Lhe Lypchall rolates
90° clockwise so that the counterclockwise
movement provided by R1, R2 and R2A can
sefect one of the five characters o the lefl of
cenler on the ring. {When none of the rotale
bails is involved the center position on each
ring is selected.)

To prinL a particular character, Lthen, we
need o know Its position on the typeball
{(which can vary from ball 1o ball}, as well as
what combination of bail movements — T1,
T2, R1, R2, R2A and R5 — will take us to
that position, Figure | presents the *‘coordi-
nates” of each characier in terms of the six
bail movements for the lwe most commaon
character arrangements, Lthe ones used on the

TYPEHEAD LAYQUT

T - #s
R—#s

1]

Tilt latches active
Rotate |atches active

llBCDII
lypeballs,

and “Correspondence’ encoded

The Keyboard and Print Magnets

In an ordinary Selectric typewriter, the
keys are mechanically finked to the various
bails, as shown in photo 3. Striking a key
depresses an “interpaser” bar with a particu-
lar combination afl fingers which arrest the
motion of some of the bails. The inlerposer
also moves a “'cycle bail” which relcases the
drive shaft and allows it to turn 180°. On
the drive shaft are a number of cams which
conlrel the series of movements necessary ta
print a character, as selected by the Lill and
rolale bails. At the end of Lhe cycle every-
thing is back Lo normal, waiting for anather
key to be struck.

In a Selectric Keyboard Printer, the Ll
and rotate bails are also mechanically linked
to six clectromagnels. The magnets pull
down armatures which otherwise would
arresl the motion of the bails, To print a
character, some combination of the six
magnets musl be energized, the particular
tilt and rotate “code” for that character as
found in figure 1. In addition, samething

J—
7

Upper Casa -~ Lower Case T l
| Tilt
[l | w!
15| 13|
| =1 1+

= Home Position of Ball

= Tilt Rotate Command Bits

Figure |: The graphic fonis of the BCD and Correspondence typewriter codes. The location of each character on the Sefectric
ball is described by a unigue combination of case, it and rotate commands. The upper case versus fower case choice is made by
a mechanicol latch set up before printing, so the chart is broken down into two main sections far each code, The home position
of the tvpeball is flagged in each case by a color shading. The binury command information for each matrix position Is given by
the rows jn the center labeled "ROTATE" and the columns at the right labeled “TILT."” Thus, to form the Correspondence code
for the letter S, the tilt command bits are 01, and the rotate conmumand bits are Q1 10 for u tilt rotate command code of 0101710
to be used in the formal described in figure 7,
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Interfacing With an

Analog World—Part 2

Last month we discussed transducers and
amplifiers, These arc necessary portions of a
signal processing system which result in
scaled voliages of, for example, 0 1o |10V
corresponding to  the original physical
paramcter being measured. But how can we
convert these voltages into numbers inside a
computer for computation, and use numbers
from compulalions to control  external
vottages? In this article we’ll sce how some
ol the mare common conversions are
accomplished. We’'ll start with digital 1o
anzlog conversion, even though this may
seem at first glance to be backwards. The
reason for starting with the outpul process is
that digital 10 analog conversion s simplest,
and that many analog to digilal Input
conversion lechnigues require a digital Lo
anajog conversian as part of the process.

There are several techniques Tor making a
digital Lo analog converter {often abbrevi-
ated DAC}Y, In most cases Lhese converters
use some farm of binary weighted current or
vollage summalion that is controlied by the
digital word presented 1o its inputs. A
typicai example s the classical R-2R
technigue which is oullined in figure 1. The
active element Al is an operational amglifier
of unity gain inverting follower configura-
tien, Although an amplifier of the 741
general purpose family will suffice In many
experimental situations, it is often better Lo
select one of the more costly premium grade
integrated circuil operational amplifiers. We
have shown the digital inputs of the circuil
in figure 1 as mechanical swilches, a
configuration which is most useful in a
tutorial situation when teaching the concepl
of the digital to analog conversion. In
practical digital 10 analog conversion applica-
tions the switches are clecironic, and are
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controlied by some form of n bit binary data
source such as a counter or computer output
port,

A precision reference voliage source is
required as well, and for many commercial
and industrial system designs this will be a
precise 10.000...V. The accuracy of the
converter is largely dependent upon the
precision of the reference voliage. Although
any precise voltage regulator circuit may be
used for the reference, | have found in
laboratory instrumentation experience that
commercial products such as the REF-01C]|
or REF-01H} (for severe applicalions) work
quite well. In a homebrew experimenter’s
situation, where relaxation of tolerances is
quite normal, a simple zener diode reference
circuit will often prove guite adequate,

Now let's consider the circuit in figure 1
in more detail. What happens when
various combinations are presented 1o the
digital input? Suppose that all the input bits
are in the low state, which means that they
are connected to ground by the electronic or
mechanical switches shown, The value of the
output voltage is given by the product 1 R.
When all bits are grounded through the
switches, the Inpul current lo the amplifier
is zero, as can be deduced by tracing, noting
that there are no nonzero inputs to the
amplifiet’s feedback node, (In practical
circuits, though, there may be some output
voltage under these circumstances due to
offsets in the operational amplifier itself.
These undesirable offsets may be nulled out
through an offset adjustment polentiometer
arrangement, Rpyp g in this circuit. See
some of the tutorial design books on
operational amplifiers for further elabora-
Lion of this detail.}

If the most significant bit of the word is
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set Lo a logical 1 value, then the output
voltage (assuming Rg; is arbitrarity set) will
be approximately one hall the reference
voltage, as can bhe verified with the
operationatl amplificr gain formuia shown in
figure 3 of the first part of this article. {The
remaining resistors in the R-2ZR network
have no effect in this case since both ends
are effectivety tied 1o ground. One end is the
real ground at the left, and the other end at
the feedback node of the amplifier is its
“virtual ground" for the signal.) The analysis
of the next most significant bit and the
remaining bits of the digital word is a bit
more complicated, but the result is whal
might be expected. The bit controiled by 52
in figure 1 will contributle one fourth of the
reference voltage Lo the autput of AT; the
bit controlled by S$3 will contribute one
eighth of the reference voltage. And for
switch, or bit, n {where n starts at 1} the
contribution will be Eggg/{2M).

Let us assume that we have an 8 bit
digital to analog cenverter of the type shown
in figure 1. The word at the input Lerminals
is 11001017 and the reference voitage is
precisely +10.000 VDC. What is the output
voltage? The following calculation, which s
easily generalized, shows bhow the wvalue is
derived:
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But use of amplifiers and resistors as shown
in figure | is hardly optimal in an age of
integrated circuits. A number of manu-
facturers offer convenient low cost 8 bit
integrated circuit digital to analog canverters
that contain almast all of the electronics,
except possibly the Egpep supply and the
operational amplifier used for output voltage
canversion and level shifting. | have used
those by DATEL, Analug Devices and
Precision Monolithics with good results in
laboratory instrumentation, Experimenters
apd designers will also find the parts in the
Motorola MC1408 family, as well as several
similar parts made by Signetics, 1o be quite
useful. For my examples in this article
| have selected Lhe Precision Monolithics
DAC-08. | found this product easy to abtain
in low quantities (ie: one) through local
distributors.

Figure 2 shows the basic circuit for using
the DAC-08, along with 1wo voliage
conversion schemes for its current outputs
of pins 2 and 4. The inlegrated circuilt itself
conlains the electronic switches, the resjs-
tance ladder, a reference amplifier and the
currenl output buffer that drives pins 2 and
4, Two types of input are required to make
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Figure 10 A classical R-2R
network digital fo analoy
converter implemenited as
a circuft  diggram  with
discrete parts and opero-
tional  amplifiers.  The
essentials of any digital to
analog  converter  dre
present: g reference volt-
age  (two  alternatives
shown), a switched net
work that creates g binary
weighted  curreni  con-
trofled by the switches,
and huffering and conver
sian amplifiers to create a
voltage output which can
drive other circuirs.
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Figure 2; While the circuit
of Figure 1 could be this digital to analog converter do its work. ITHELETE. The outpul under full scale

constructed, it is usually
more cohvenjent to re-
place it with g monolithic
integrated circuit  device
such as the DAC-08 part
by Precision Monolithics,
which Is used for this
MMlustration. The integrated
circuit  contains  afl  the
componenis of the R-2R
network of switches and
buffering amplifiers. 1t still
requires arr oulput conver-
sion circuit {two varigtions
shown) end a reference
voltege. Becouse the R-2R
network s an integrated
circuit, this form guar-
antees the highest possible
gccuracy with none of the
extrg bother of hand
wiring a circuit as in figure
I8

One is the reference current, Ipgpp thru pin
14, This cwrent ¢an be generated by a
precision voltage relerence {sec figure 1) and
a precision fow temperature coefficient
resistor in 1he ided! cases. {(For fow precision
applications, ordinary resislors will work just
fine.) For the configuration shown in {igure
2 and a reference potential ol 10V, (his
resistor should be precisely 5000 vhms, a
number which is derived from the docu-
mentation of the DAC-DS.

The second major Lype of inpul o the
converler is the 8 bit digital word that is
applied through pins 5 1o 120 In the notalion
of figure 2 and throughout this article, the
bits are numbered fram 1 {most signilicant}
10 8 (least significant). Bit | of the DAC-08
package is wired (o pin 5, with bits 2 thru 8
wired 10 pins 6 thru 12, The logic levels at
the inpuls are the usual TTL levels, with 2
low voltage (approximately 0 volls) aig-
nifying a logical 0, and a high voltage
signifying a logical 1.

One of the oulput conversion circuits
shown in figure 2 s a simple unipola
conversion which uscs two resistors and no
operalional amplifier. With this conversion,
the Fformulas discussed in Figure 1 2pply
except for the fact that the vollage is
negalive wilh respect 1o ground. When the
input word is binary 0000000, then the
output ol the converter system is 0.00 V.
Hall scale {—5 V output} is given by an input
word of binary 10000000, and full scale
outpul occurs when the input word is binary
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conditions will not be 10V, bul approxi-
mitlely 996 V. This slightly unexpected
condition is due to the maihemalics of the
swilching network, Evaluating (he formula
for the conversion given earlior, with a
reterence of 10V apd a binary (1T11111
digital value, we find:

Equp = 10X (255/256) = Y96 V

Also shown in figure 2 is an output
circuil which uses an operational amplifier as
a level shifter and voltage conversion devige,
Wired wilh the components shown, this
ampliffer connected to the DAC-08 gives a
gain of 2 and shifis the generation of outpul
levels to a symmetric bipolar range of  9.496
1o +9.96 V. Note that it is impuossible to get
an exaclly zero voltage in this case, since the
250 possible states are split symmetrically
about zero. I the level shifling reference
resistor R g were adjusted slightly off the
5K value, the voltage range of the
canversion could be pulled slightly (ie:
0,04 V) positive or negalive so that o true soro
would be possible For onc of the binary
states, There are other possibilities o the
putputl conversion circuits and as in o oany
design situation, a little bil of imagination
always comes in handy. [/ Readers laoking for
more examples of typical applications
should consuit the applications notes of the
various manufacturers. OF particular tise s
the excelfent specification sheet and applica-
tion notes on the MC1408 DAC, published
by Motorola . . . CH)



Analog to Digital Conversions

With the concept of ¢ digital 1o analog
convarsion covered, il is now possible to
cansider the opposite case: conversion of
measured voltages Trom the sensor preampli-
fiers into numbers which can be processed
and used by a computer. Of the many
techniques which are available for per-
forming analog 1o digital canversions, we
will only consider the details of integralion,
counter {or ramp), and successive approxi-
mation methods here, These are the simplest
and maost universal methaods.

One of the basic paramelers 10 be
considered when talking abaut any analog o
digital conversions is speed. This is not a
major consideration in the outlput problem
already discussed, since digilal to analog
current outpul conversions essentially take
place 4l the swilching speeds ot digital logic,
and are then limited only by the final
operational  voltage output  amplifier’s
response, In the input case, however, some
form of approximation cycle which con-
verges upon the digital vatue is requived; asa
result, the conversion can be somewhat
slower,

Integration Methods

At the sdlow cnd of the analog input
conversion  spectrum is  the inlegration
method. This is the type of conversion
which s typically used in digital panel
meters and similar instrumentation. These

can be uselul in cases where you might
mount the digital panel meter or multimeter
in a system, buth as a readout mechanism
angd as a measurement conversion device.
Many such instruments oifer paraliel digital
outpuls on their rear panels, along with
control and strube lines. The appeal of this
approach often is affected by two character-
istics: relatively slow conversion speeds and
binary coded  decimal  {BCD) encoding
directly  taken rom the displays. The
relitively slow conversion rates become a
problem when looking at signals other than
“dowly varying DC levels” of very low
frequency  sources. The coding character-
istics may in fact be optimal for many
compuldational  schemes in a  computer
program, bui it can be a nuisance if one
attempls w use such a meter in a binary
oriented hardware system, The typical “dual
slope” integrator used in these digital panc
meter circuits is illustrated in figtire 3.

The dual slope conversicn circuil consists
of {jve basic sections: an integrator, a
comparator, 4 conirol logic section, a binary
counter, and a reference current or voltage
source.  The integrator consisls of  an
operationdl  amplifier connected  with a
capachior in g negative leedback loop. This
capacitor is charged by ihe aperational
amplifier outpul voltage. The input to the
integrator is taken from either the analog
input or the reference source. The com-
parator s made with an operational
amplifier that bhas an open feedback loop.

Figure 3. Analog to digital
conversion by the dual
slope integration method
is often performed by sfow
devices such as digital
panel meters, This method

INTEGCR.QTOR works through an anglog
integrator and a counter.

by |
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EREF [ | grates the incoming signal
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Figure 4: The ramp or
counter method of analog
to digital conversion s
straightforward: A counter
is initially zeroed and then
alfowed to count upwards
until  its  binary code
through a digital to analog
conversion creates a volft-
age greater than or equal
to the input voltage,

This makes jts gain very high. If Lhe two
inpul voltages are not equal, then the
operational amplifier output is high or
saturated. In this case the comparator is
ground referenced and uses just one active
inpul,

When 2 START command is received the
control circuil resets the counter to
000D000C, resets the integrator to OV
output {discharges C), and sets switch S1 to
the analog input. The analog voltage creates
an input current to the integrator which
causes the inLegrator outpul to begin
charging capacitor C, This means that the
output voltage of the integrator begins to
rise. As soon as this voltage rises a few
millivolts above ground the comparator
output snaps high. The high comparator
outpul causes the control circuit to trigger
the counter, which begins counting clock
pulses, The counter is allowed 1o overflow
and this cutputs an overflow biL. This bit
changes the state of switch ST, The graph in
figure 3 shows the integrator charging during
the interval between START and the
overflow of the binary counter (i to t1}, At
time t] the swiich changes the integrator
input from the analog signal to a precision
reference source. Also, at Llime tqy, the
counter has overflowed and again it has an
output of 00000000 {maximum count + 1 is
the same as the initial cendition). I will,
however, continue 1o increment so long as
we have a high comparator outpitt.

The charge accumulated on capacitor C
during the first time interval is proportional
to the average value of the analog input
voltage between tp and 1.
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Capacitor C is discharged during the next
time interval (tj to tp), When C is fully
discharged the comparator will see a ground
condition on its input and again it will
change state to make its output low. This
causes the control circuit to stop the counter
but does not reset the counter. The binary
ward at the counter output at the instant it
js stopped is proportional 1o the average
valte of the analog waveform owver the
interval tg to 13. An end of conversion
(EOC} signal is generated to let the
microprocessor or other system know that
the output data is stable, valid and ready for
use. The speed limitations are based on the
requirement for an accurate and stable
analog integrator, and the need to average
the input signal over a fang cycle.

Counter {Ramp) Analog to
Digital Conversion

A counter or ramp type analog to digital
conversion circuit is shown in figure 4, Here
we find a voltage comparator, a digital to
analeg converter with voltage output, a
binary counter, and necessary digital control
logic. Here is how the conversion works:

When the START command is issued by a
control system {for example, a computer
output port) the control logic resets the
binary count to 00000000 and enables the
ctock input to the counter, which begins
counting upwards at the clock rate. Since
the counter outputs set the voltage level out
of the digital to analog converter, the DAC
generated voltage to the comparator will
begin to rise. As long as the analog input
voltage is greater than the reference voltage
generated by the digital to analog con-
version, the state of the comparator autput
will enable counting via the control logic.
However, when the rising reference level
finally equals or exceeds the inputl voltage
for the first time, the comparator outpun
state will switch and stop the counter, Al
this time, the output of the counter can be
read by the computer or other system, and
represents the value of the analog input
voltage, | the counter and digiral to analog
converter are both eight bits, the number in
the counter will represent from O
(0DD0O0DD0D) to 255/256 times the digital to
analog converter’s reference voltage level.
The conversion time of this algorithm is
proportional to the voltage being measured.

Both the dual slepe integration technique
and the counter technique discussed thus far
take far too long for many applications. On
the order of 2" clock cycles are typically
required where n is the number of bits
invalved, Conversion time becomes critical
in an application when the freauency
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response  must be high and a faithful
reproduction is required. (For reference,
consull textbooks in electrical enginecering
concerning the ‘‘sampling theorem™ and
Nyquist’s criterion that says we must have a
sampling rate of at least twice the highest
frequency Lhat is 1o be recognized, il o
faithful reconstruction of the signal is ta be
achicved.)

Successive Approximation

In programming and software design, we
often find wuse of a ‘“binary search”
stratagem instead of a flat out sequential
search when trying Lo speed up the process
of finding an item in a table. This same
approach is just as applicable in hardware,
where  the  “successive  approximation”
technique of analog lo digital conversion
provides a much higher speed of conversion
than Lhe sequential countling methods
discussed sa far. The successive approxi-
mation Llechnique typically requires only
n+l clock cycles to make an n  bit
conversion, and its hardware is no more
complex than that of the dual slope or
counter methods.

The successive approximation converler,
shown in figure 5, consists of a comparalor,
control logic, 4 shifl register with outpul
tatches for this form of conversion, and
vollage outpul digital to analog converter,

When a START command is issued ta the
converter circuil, il loads a binary 1 value
into the maost significant bit of the shiflt
register, which in turn sets the most
significant bit of the output latch. This sets
the ouiput of the digilal to analog converter
to hall scale. In true binary scarch strategy,
it the input voitage is fess than the reference
outpul provided by this half scale setting,
the most significant bil is cleared from Lhe
latch on the next clock pulsc; otherwise, the
most significant bit is lef unchanged at the
next clock pulse. Then the internal shift
register ol the successive approximation
register unit s shifted so that its single high
level bit is opposite the next most significant
hit., Again, the oulput register is modified,
this time 5o thal bit 2 is seL 10 1 lor the trial
measurement, This bit has a value of one
fourth of the wotal voltage range, which is
added to the halfl range or zero value still
atched from the first measurement. At the
next clack pulse, if this new (rial value Lo
the comparater is greaier than the input
value, the 1 bit is latched in the successive
approximation register; otherwise a 0 bit is
inserted at the current position. This process
continues with successively less significant
bits until the shift register overflows
indicating that the last bit has been tested,
Same Farms of this conversion have control
logic to detect an equality condition and
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EQLC
{END QF CONVERSION}

Figure 5: The successive
approximation  method,
here iflustrated with a
practical  circuit, tses &
binary search strategy. The
most  significant  bit s
tested first, then the next
maost significant bit, and so
on down the line untif alf
n bits have been tested. If
at each stage the contr-
bution of the selected bit
causes the trial approxj-
mation output from the
converter to exceed the
input value, the bit will be
stored as a zero. After alf i
bits have been tested, the
resilt is an n bit binory
representation of the volt
age of the input.

Continued on page 62









Continued from page 59
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YOLTAGE

stap the conversion ahead of overflow, but
the worsl casc time is the n+1 clock pulses
for n bits mentioned earlier. Figure G shows
ihe sequence of voltages presented to the
comparator by a 6 bit successive approxi-
matijon algorithm, as compared 10 3 6 bit
counter conversion algorithm (o show the
time savings of this method,

In the circuit of figure 5, the comparator
s shown as the Precision Monolithics
CMP-01C device, although faster conversions
may be possible il a higher speed Advanced
Micro Devices AMGS6 comparalor is used
instead, The Advanced Micro Devices
AM2502 integraled circuit, which was
designed for this successive approximations
conversion applicatian, contains everything
needed for the logic described verbally
above, excepl the digital 10 analog converter
and the comparator. Olher conmpanies go
even further with integration of the input
conversion,  Precision  Monolithics, for
example, makes an AD-02 circuit which
contains all the complete 8 bit analog to
digital conversions. It is relatively expensive,
but its cosl can often be justified by its
utility and ecase of use. It has a respectable
conversion specd and has several input
options that can accomodate analog voltage
ranges of 0 10 5V, 0 w 10V, -2.5 v
25V, 5wV, and 1010 +10 V.

INP

Software Approaches . .,

As noled earlier, the soltware of a
microprocessor can often implement Lhe
algerithms of digital to analog conversion.
This is especially so with the successive
approximatign algorithm, since its inherent
specd makes up for some of the slow facts of
life concerning programmed execution. To
rig a software approach to the problem, we
need a digital to analog converter atlached
to an oulput port, an inpul comparatol
which drives one input line, and the software
of successive approximation {or other
methods for that matter). [n this case, the
successive  approximation shift register is
variable in a program, the output latch is an
putput latch connected 1o the DAC device,
and decisions are made based on the single
bit input. A previous article in BYTE [see
“Microprocessor Based Analog{Digital Con-
version," by Roger Frank, page 70 of May
1976 BYTE] discussed both the ramp
{counter) and successive approximation
methods described here, but showed how lo
implement them in software.

Whether the approach taken is thai of
pure hardware or software aided designs,
adding analog inpuil conversions ta a per-
sonal system can expand its capabilities to
cover many interesting real world control
and measurement problems.w

Figure 6: Comparison of the successive approximation method with the ramp method of conversion for u 6 bit value. (Six is

chosen for purposes of this iHustration.) The successive upproximation method takes g mere six cycles of testing to arrive at the
best vafue, where the ramp method has to count up {0 the number which matches the input and causes the conversion ta
terminate. The ramp rakes 44 cyveles here, versus six for the successive approximation method.
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Personal Computing & the

It's happening at the Dallas Convention Center
Big Plans for "Big D"

Innovation and relevance are key words for the 1977 National Computer Conference, the
first NCC ever held in the Southwest and the year's largest gathering anywhere of
data processing users, computer professionals and computer hobbyists. More than
25,000 people 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, sys-
tems and services—plus the first National Programming Contest and a series of out-
standing Professional Seminars.

Largest Computer Exhibits Ever

More than 300 major hardware and software companies will pack 1,143 booths
into the Dallas Convention Center’s modern 200,000-square-foot main hall—sur-
passing the all-time exhibit record set at the 1969 Fall Joint Computer Conference in
Las Vegas. Additional space for the Personal Computing Fair & Exposition is on
the next level for a totally separate exhtbit by commercial producers of Personal
Computing hardware and software.

For computer professionals and hobbyists with a need to know, the 77NCC offers
a unparalleled opportunity to make close-up evaluations and comparisons of the
latest in computer hardware and software, systems and service .. . with many of the
offerings scheduled to be shown for the first time.

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. For information about NCC’s Deluxe Travel Service, which can take
care of all travel and housing reservations for you in one neat package, contact
77NCC, c/0 American Federation of Information Processing Societies, Inc., 210
Summit Ave., Montvale, N.J. 07645, 201/391-9810.

e r_________________l

Registration Information!

For registralion at lhe conference:

[ Full four-clay registration {or
program, exhibils, Proceedings %75

[] Student regisiration, as above,
wilhoul Proceedings %10

] One-day registration, program
and exhibits only $25

[] Four-day registration, exhibits anly  $35
3 One-day registration, exhibits only %10

[ Proceedings only. members $30;
nan-memboers $inl)

] Preiessional seminars, each %30
Checks should be payable to 1477 National

Campuler Conference lor (he exact amount
unly. Purchase arders will nol be accepted.
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Great Computer Roundup

during the 1977 NCC, June 13-16
Personal Computing Fair & Exposition

The fast-growing field of Personal Computing will share the national spotlight in
June, when the 77NCC will recognize the dynamic growth and promise of the field
with the Personal Computing Fair & Exposition. In addition to the commercial
exhibits of Personal ComputinF manufacturers, dynamic displays and demonstrations
of non-commercial individual and group-owned projects will be featured at the
Dallas Convention Center. The success of other hobbyists can give you new ideas
for your own systems, “how-to” tips and dozens of clever solutions to everyone’s
problems. You might even find a joint-venture partner with a kindred spirit. More
than 100 non-commercial small computing systems are expected, featuring hardware
and/or software implementations, games, recreation, music, art, amateur radio,
scientific, miscellaneous and general applications. Prizes and awards will be given
in all categories.

Personal Computing Program

Two full days of panel sessions on June 15 and 16 will provide an in-depth look at
Personal Computing: Past, Present and Future; The Future of Retail Computer Stores;
Hardware of the Computer “Hobby” Market; and Personal Computing Software.
Leaders in the Personal Computing movement will appear on each of the panels
to let you know the latest developments in the field, point out trends you’ll need
to be aware of —and answer your questions.

Special Interest Sessions

In addition to the panel sessions, special interest groups will be able to gather
informally for “how-to” programs on building a kit, debugging software, using
assembly language, 1/0 inierfaces, cassettes and disks, software standards and
so on, into the night. If the special 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 programs. 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 13-18



A record-setting roundup of the latest trends and developments in computing and
data processing will be offered at the 1977 National Computer Conference, the first
ever held in the Southwest. As a vital learning experience for people whose business,
professional or personal activities relate to information processing technology and
techniques, it will encompass 89 technical program sessions, 11 professional sem-
inars, the largest computer exhibit ever held and many other special events.

Timeliness and pertinence are key elemenis in the program, which will analyze
latest developments and applications in computer science and technology, cost-
effective computer usage, management concerns and public policy issues. A series
of briefings and panel discussion will cover practical, up-to-date information
important to effective management and professional development. Throughout,
emphasis will be on personal interaction and the exchange of ideas.

Underscoring the importance of NCC as a learning experience, the professional
seminars will offer topics from system development and database technology to
networking, planning and computer usage. Each will be covered in a comprehensive,
one-day mini-course conducted by a nationally recognized authority,

7INCC will IJay special attention to the fast-growing field of Personal Computing.
Included will be two full days of program sessions, a Personal Computing Fair, a
Personal Computing Exposition, a National Club Congress, plus additional activities
of particular interest to hobbyists,

Special plenary sessions will feature a keynote address June 13 by Mark Shepherd,
Ir., chairman and chief executive of Texas Instruments Inc.; ihe AFIPS Presidential
Address June 14 by Dr. Theodore ). Williams; and a special address June 15 by A.
Douglas Murch, senior vice president, Prudential Insurance Company of America.

Other highlights will include a Pioneer Day Program honoring members of the
computing group at Los Alamos Scientific Laboratory; the first NCC National
Programming Contest; the annual NCC Computer Science Film Theatre; special
tours and an all-conference reception.

Be in Dallas June 13-16, when the 1977 National Computer Conference will offer
computer specialist and generalist alike a most outstanding opportunity to attend
the year’s most complete computer roundup.
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gram contral, most users end up pushing the
buttons, No hobbyist magnetic tape cassetle
unit can read a few {ie: one line or so)
characiers, stop and process the data, and
then start and read some more, a real need
when running an assembler with the source
stored on the tape in a limited resource
system,

After this lengthy preamble, you may
have suspected Lhat | have an alternative
solution In mind, and | do: a high speed
paper iape reader, manufactured by the
Teleterminal Corporation, called the Fly
Reader, shown in photo 1, Although a bit
more expensive than the high speed cassetie
system (about $350), iL is far faster; reading
at 300 characters per second, it can load my
Tiny BASIC in twenty seconds, or fill thal
12 K of memory in two minutes. L is easy
to interface, requires lirtle software, and is
extremely reliable. It neecds only a single
+5V, 2 A power supply and is operated
completely under program control, You can
read as little as a single character at a lime
and can read in either direction; try that on
your cassetie!

Paper tape has always been the slandard
mass storage device for minicomputers, until
flappy disks came along, and paper tape has
been the mast universal and inexpensive
method of software distribution and inter-
change in the minicomputer field.

The basic problem is that it is only a
reader; how do you punch the tape? Therc
are several answers: Flexowriters and ather
similar low speed punches are becoming
available, as are gobs of older 7 level ma-
chines. ['ve also seen higher speed punches,
typically 60 characters per second, adver-
tised for under $£100. The fact that the
punch Is slow is not so important; lypicalty
you punch a lape once and read il many

times. Even if you have no punch, the reader
is a useful peripheral because much software
is available already punched.

How it Works

The Fly Reader can read at such a high
speed because il Lransfers 8 bits in parallel
and cuntains onhly a single moving part: a
stepping motor connecled to a toothed
whecl which engages the sprocket holes in
the paper Lape. Sensing of the holes in the
tape is done by photodetectors rather than
the mechanical fingers used in 2 low speed
reader, This is a2 method similar to that used
in the manual reader sald by Oliver Audio,
Figure | shows a block diagram of the unit.

There are five contral lines for the unit,
All wre compatibie wilh standard TTL cir-
cuitry. The “load staius” line is a logic T,
+5 V, if the reader is not ready because the
feed gate is nol closed, When tape is inserted
and the gate is closed, this signal goes to
logic zero,

In operation, the reader must be checked
by software 1o see if the “reader ready”
signal is at logic 1 to indicate that the reader
is ready to read another tape character. The
software must Lthen issue a pulse from logic 1
to logic 0 whose width is between 500 ns
and 500 us. This READ pulse will start the
reader and drive the reader ready line to
logic 0. The software then watches the *'data
strobe” line, When data strobe goes to logic
1, the data can be read from the ecight
parallel output lines. If the program needs to
read another character from tape, it musi
wail tntil reader ready goes back to logic
i, issue another read pulse, and wait far
another data strobe. Figure 2 shows the
flowchart for such software and figure 3
shows the inlerface timing diagrams.

LAMP
Figure 1: Block diagram of $‘;§E“ CI—
the Fly Reader. The input i: :;ﬂggrﬁnﬁ:l_ — BTTLU
' . — ouT
is  achieved Ih."‘OUgh an | CONQITIONING f——0 LINEFS T
incandescent lamp and a PHOTODETECTOR ——

ARRAY
photodetector array. The
tape is advanced by a step-
ping molar alfowing inpui TOOTHHEAD —— DATA STROBE
of data either forwards or SPROCKET DRIVE STEPPING CONTROL READER READY (PBS)
WHEEL MOTOR LoGIC REA

backwards. The reader

open sense switch fs closed
when the paper tape is in
the reader.

READER QPEN
SENSE SWITCH )

+8Y¥

LOAD STATUS LINE

7

ITO PEI OF KIM-{)

Figure 2. Flowchart of the
software for reading the
paper tape with the Fly
Reader.
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SIGN LOAD READ FORWARD, REVERSE TAPE
IGNAL LOCATION READER 2 CHARACTERS DIRECTION READ REVERSE, 3 CHARACTERS
LOAD J3
Satos 3] 20ms RISE AND FALL TIMES
READER J43 [
READY 2]
READ 43 500us
COMMANG P& ! — Soons | i
|
FORWARD J3 I 20ms
REVERSE PS5 E [+ DELAY —™]
1
1
SPROCKET INTERNAL.
L
]
DATA L)
STROBE Pa
DATA J43
OUTPUTS PI2 TO FI8
oaTa 3z
TRUE Piz TO Pi9 z g : °

Figure 3. Timing diagram generoted by the softwuare of listing . The
minimum width of the data strobe is 50 by except when forced fow by u new
rend command. The crossed oul sections in the data true section indicate that
the state of the output s unfnown, A read command is issued only wihien the
reader ready line is high.

Other Intertace Possibilities
{An Advertisament . . .}

The interface described
here uses most of the avail-
abie 10 lines on the KIM.1,
Systems supporting several (O
devices may wish 1o interface
the Fly Reader through a
separate interface chip. The
MCEG532 is one such interface
chip for adding more 10 tw
KIM-1 as well as an additionat
128 bvtes of pregrammable
memory and ancther interval
timer, Two of these chips
{with ROMs} are already built
inta each KIM. Since the 8532
is a MOS rather than TTL
device it does not load the
KIM-1 address or data buses
significantly. The MCS68B32 is
guvailable for %16 postpaid
fram MNational Electro-Sales,
12063 W Jefferson, Culver
City CA 90230,

Interfacing to Kim

As described above, the Fly Reader intor-
face requires eight parallel input lines, three
input control lines and one or (wo output
control lines. Two oulpul control lings are
needed if the forward, reverse function is
used; otherwise only one controf ling is
needed. Since KIM-1 has |5 bidirectional
1O lines the interface is very simple. The
A data port lines PAQ 1o PA7 are pro-
grammed as input lines and connecled 1o
the parallel oulput lines from the Fly
Reader. PB5 is connected (o the readey
ready line, PB1 s connecied Lo the load stalus
line, PBO is connected (o the read command
line and programmecl as an output line, and
PB4 is connccted Lo the data sirobe line. A
5%, 2 A power supply is connected ta the
reader amd Lhe interiace is complete. When
wiring the power conneciors, you should
make sure that separate power and ground
wires are run back Lo the power supply for
both the molor and logic connections. This
will insure that current surges o the molor
during stepping operations dn nol feed noise
pulses into the coentlrol logic.,

Interface Details
The fifteen KIM-1 10 lines are divided

78

inlo two ports, Each port has a data direc-
tion register and a data register. Writing a 1
to 2 bit or bits in the data direction register
configures the corresponding [0 lines for
oulput, writing a O sets them for input. For
instance, writing a hexadecimal 02 to the A
data direction register configures the PAD
line for input, PA} for output, and PA2
through PA7 as input lines, Similarly,
writing hexadecima! FO te the B data direc-
thon register configures PBO through PB3 as
input lines and PB4, PB5 and PB7 as cutpul
lines, Note thai there is no PB6&, and PB7 has
no output pullup; it is essentially an open
collector output, Reading the A or B data
register will show whether the signal al each
input line is 1 or 0 and will show whether a
0 or ! was previously written to any lines
configured as outputs. Wriling lo a data
register will set the appropriate cutput lines
to | or 0 and does not affect lines pro-
grammed as inpuis. Hexadecimal address
location 1700 is the A port dala direction
register, hexadecimal 1702 is the B dala
direction register, hexadecimal 1701 is the A
dala register, and hexadecimal 1703 is the B
data register.

Tie KIM Paper Tape Format

The soflware to drive the reader uses the
same paper lape formal as thal used in the
KIM-1 Q (paper tape dump} and L {paper
tape load) commands. Thus any paper lape
punched on a low speed punch by KiM-I
can be read by Lhe Fly Reader. The KIM-1
paper tape format ignores any characters






addrass

1C4F
4000
4001
4004
4007
4009
4008
400D
400F
4011
4014
4015
4018
4018
401D
4020
4023
4025
4028
4029
4028
A02E
4039
4033
4036
4037
4039
403A
4030
403F
4041
4044
4046
4048
4049
4048
404D
4050
4053
4058
4057
4059
405C
405F
4062
4064
4066
4068
406R
406E
408F
4072
4074
4076
2078
4078
4070
4080
4083
4085
4087
4084
4088
408E
4091
4094
4097
4099
4094
448D
40A0

hexadecimal

coda

40
40

40

tF
40

1F
40

1F

40

mm

40

40

1E
1c

17
17

1E
40

17

17
17

17

40
1F
40
1F

40
40
40

labal
START
PTRLD
LOAD

LOADS

LOADZ

LoAD3

LOAD7Y
LOADS

LOADER
PTRINI

oK
GETFTR

CHECK

PTREBYT

MAIN
LOOP

op.

EQU
cLe
J5R
JsR
CMP
BNE
LOA
5TA
5TA
JSR
TAX
JSR

STA
JSA

5TA
JSA
TXA
BED
J5R
5TA
JSR
J5R
OEX
BNE
INX
J5R
CMP
BNE
J5R
CMP
BNE
TXA
BNE
LBX
JSR
JMP
LDX
NE

B
LDA 20

5TA
STA
LEA
AND
BNE
LDA
JSR
JMP
RTS
LDA
AND
BEQ
LDA
STA
LDA
3TA
LDA
AND
BEQ
LA
RTS
J5R
J5R
JSH
JBR
LDA
RATS
JSR
JSR
JMp
END

operand

PTRINI
GETPTR
$3B
SLOAD
o0

S5F7

$FG
PTRABYT

$1F91
PTRBYT
FB
$IFD
PTRBYT

FA
$1FO
LOAD3
PTRBYT
FAY

E1FN
$1F63

LOAD2

PTRBYT
5F6
LOADER
PTABYT
&F7
LOADER

LOAD

oc

$1E31

START

1

LCADS
1

$1703
$1702
$1702
£02

oK

!x'
S1EAD
PTRINI

1702
g20
GETPTR
$00
$1702
$01
51702
$1702
$10
CHECK
$1700

GETPTR
S1FAC
GETPTR
S1FAC
$F8

PTRINI
GETPTR
LOGP

commentary

F1C4F

clear decimal mode;
go to PTRINI;

go to GETPTR;

it A not equsl to 3B go to LOAD,;
alse A:=00;

} store chacksum;
g(o 13 PTRBYT; [get byte count]

compute checksum;

get high address;

stare high address pointer;
compute checksum;

pet low add-ess pointer;
stare low address pointer;
compute checksum;

Ao

if A:=0go 10 LOADJ;

get data;

store data;

compute checksum;

get next address;

Wi=X-=1;

go ta LOAD2;

Xi=X+1;

get data;

comparg high ardar checksuin,;
if different go to LOADER;
else get datz;

compare chacksum;

if different go to LOADER;
else A:=X;

i & not equal 1o 0 ga to LOAD;
else X:= location of ‘KIM';
gutput massage;

go to START:

¥:=lucatian of "ERR KIM';
go to LOADS;
[initialization routing)
A:=B port address;

read flag:=1;

A:=B reqgister,

determine PB1;

if reader ready go to OK;
alse A="X"

qutput ‘X’;

go to PTRINI;

raturn;

[subroutine to input one character|

get bit from B data register;
if not resdy go 1o GETPTRA;

} else output ragd pulsa;
l. turn off read pulse;

i get kit 5 fram B data register;

if cheracter not ready go ton CHECK:

else gat charactar;
return;

gat character;
pack charackar;
get another gharacter,;
pack character;
A:=2 characters;
return;

go to PTRINK

go to GETPTR;
go to LOOF;

CROSS REFERENCE TABLE

Symbol Valua Refsrenced

CHECK 4080  40BS

GETPTR 408F 4004 4074 40BR 4081 4090
LOAL 4004 4009 4049

LOACER 4053 403F 4046

LOADS  400B  ****

LOACZ 4028 4037

LOALC3  403A 4029

LOALT 4048  ve=-

LOACE 4040 4055

LOOP 4090 40AD

MAIN 409A  *vmr

oK 406E 4084

PTABYT 4088 4011 4018 4020 4028 403A 4041
PTRINI 4057 4001 4068 409A

PTRLD  400% *"**

START IC4F 4050

Listing 1: The basic saftware needed to run the Fly Reader with the KiM-1
The software uses the KIM-1 monitor routines gnd sub-

microprocessor,

stitutes the GETCH and GETBYT routines with routines GETPTR and
PTRBYT. The new subroutine PTRINI properly configures the IG lines used

with the reader. Subroutine PTRINI will cutput an endless number of ‘X

Il

characters until the tape is looded into the reader, The listing was set prepared
from a cross-gssembly provided by the author. A symbol lable shawing the
values of the symbols used and where they are referenced foflows the
assembly and will prove useful when it is necessary to relocate o program at a
different starting address,

80

read until a semicolon is found; the next 1wo
characlers give the hexadecimal number of
bytes on the current line to be punched,
This is followed by four characters, two
bytes, giving the high order and low order
byles of the starting address for the data to
follow. This is followed by Lhe data which
KIM-1 software always punches 24 bytes per
Iine, a 2 character checksum for the line, and
a carriage return, The carriage return js
followed by six null characters, and a semi-
colon starts the next line, The last line
punched contains 0 for the number of
bytes, 0 for the address byles and is fol-
lowed by a four character checksum. When
finished reading a paper tape, KIM-1 types
‘ERR KIM' if the checksum does not com-
pute {there has been an error in reading
the tape), or just ‘KIM’ if the tape was read
correctly.

The software cansists of a copy of the
KIM-1 monitor routine for reading paper
tape modified by removing all calls 1o the
GETCH and GETBYT routines and substi-
twting two new routines, GETPTR and
PTRBYT. A new subroutine, PTRINI is
called at the beginning of the maintine
program to properly configure the 10 lines
and check that the read head on the Fly
Reader is closed. 11 it is not, KIM-1 will type
out the character 'X' endlessly until the read
head is closed. The software shown in
listing 1 occupies 154 bytes starting at hexa-
decimal location 4000.

The Fly Reader is an excellent way to
add a high speed paper tape reader to a
micropracessor system. It is easy to interface
and requires only a single +5 V supply. Asa
fast paper tape device it is considerably
faster than an audio tape cassette system and
offers increased flexibility of operation.m















Glassined Ads

FOR SALE DR TRADE: issups 1, 2 ano 3 of
BYTE for 510 ar exchange for May 1976 issus and
5. CPT William T Pace, B432B Spay 5i, Fort Polk
L4 71459, {318} 537-7198,

FOR SALE: Computars in Labaratory Medicine, |
have several comes nf this book which are surpius
10 a class reguitermnent, This exceltent boak s
edited by Derek Enlander MD and is one of the
most up 1o date aMd torward looking works on the
subject ol computenzation wn nuchkear medicine,
climcal pathology, anatomic pathotogy and diag-
nostic data retrieval. The book was publighad by
Academic Press 10 1976-1976 and costs 14, David
Johnson, 1473 Pine St, San Franciseo CA 94108,

FOR SALE. IBM 2311 compatible disk drive made
hy Marshall, plus disk pack, 3425, Teletype ASR 33
with suto-answer modem, auto-dial, stand. Three
MITS 4 K dynamic hoards, operaling. Signetics
3000 Micraprocessor Designgr’s Kit, Make offer.
Lenty Meath, 8ob Turnage, BB Vilage Grn, Grean-
ville NC 27834, 1219} 752-78713.

FOR SALE: Two MITS 4MCD memones, one
54 K update hit, tess BAME Al assermbled, alt
naniunctional. Fitst cashiers check lor $145 akes
woall. K K Teavow, 303 § d4th 5t, Aockfard IL
61108,

FORA SALE: Friden Flexpwriter Model 2303 wirh
papei ape punch reader, 7 level, rypes 100 wpm in
upper and lower case, warks good, receniy ser-
viced, can be comverted o ASCH, $150 elus
shipping. J E Upchurch, OB 1887, Selirnng FL
33870_1B11) 385-2788.

FOR SALE OR TRADE. Dne Cartrivision video
lape tecorder, tamerd aod tapes, $650 cash or
Altatr, IMSAI zquivalent with memory. Doug
Thurstan, POB 1104, Silsbes TR 77656. (713}
245-3097.

FOR SALE - Alwr 8800 computer with 2 MITS
4 K Dynamic mermory  cards, BB-ACR casiptte
interface, BB-2510 semal board, 88-PIQ parallel
hoard, 2 expander beoards, 8 K BASIC on cassette.
Not corpplerely assembled. Ornidinal cost was over
$1200. Wil et Tor £750. Bob  Meydanski,
234 Conhidge Ay, Hasbrouck Maights NJ 07604,
(201} 288-3742 afrar 7 PM.

WANTED BYTE numhers 1, 2, 3, 8, 9 and 10.
| will consider any offar, even partial anes. (One
isste 15 beper than none.) Send your terms and
sEKING price to rme and FHoget in touch with you,
Tany Ao, 19 Old Fuld La, Lake Success NY
11020,

FOR SALE: Spherc 340 sytiern with 20 K pro-
giammable memory plus 16 K memory board less
memuary chips, 1 K EFROM system monilar, full
SIM beard lone cassetre and madsm), BO column
lIne prnler with tractar leed, dual Moppy disk,
9 wnch CRT in console, large power supply, 4 K
EPRCH board (170241, no EPROM chips. Sofi-
ware includes assemblee, echtor, 10 handler, mem-
ory a5t and disassembles, Thas systermn s idesl for
program davelapmant. Waiking potTectty, 36500,
Wayne Smith, 227 5 State 51, Saht Lake Ciw UT
84111 {8011 353-4941

FOR SALE OR SWAP: One Mohawk [ata Systems
F10 keybpard and tape unit, 105 o0 goad working
condition with 1osds of alecironics and o weouled
evan make o ruce desk! Wil trade Tor Alrait 8200
interface, memory, terminal of bast offer of cash,
Wnte G Ryar, Am 1.15, O Campus Apts,
Patsdam NY 13676,

FOR SALE. HP65, wcluding a case, charper,
anyals, pragrameming farms, over 100 magnetic
cards with tested prerecorded programs, and 40
blank magnetic cards far yoor new programs. Any
of ovar 140 HP-B5 Users' Library programs avail-
able for conyimyg coust, Remember, the HP-85 i
faster than the HP-67; s0 15 berter for problems
whare spegrd 15 needed. 5300, Dulmer D Hinrichs,
2116 SE 377th Ay, Washougal WA 9BG7 1.

FOR SALE. IMSA1 BOB0 with 22 card mother
board, new in box, 3645 Ao, will assemnble and
debug n ior you far $120 extra, 5 Kim, 10190
Vicksburg Or, Cupertine CA 95014, (408
996-0537, after 7 PM.

FOR SALE: Two PDP-125 (PDP-8 and Linal; four
4K 12 it memory units; three DF 32 disks,
32000 words 16.7 us sccess time; two PC-12 high
speed tape readers. 300 cps, two PC-12 hgh speed
tape punches, 50 cps; 1wo AFO1-AMOZ analag
cotverter systems; two Q0 bus converlers: two
Teletypes, Dual-M5 and O5-8 software and a lot of
Dacus sofiware (ar 1the POP-8, BASIC, FORTRAN
and B K assernblers. All thes Tor $5,600, I'H sell the
units a5 lwo o three POP-12s separstely or
wgather. Cantact Keith Elkin, Dianavagen 306, 115
33 Stockholm SWEDEN 0B8/67 35 68,

FOR SALE: Model 15 Page Pramier - Baudot
Telstype suitabie to D8I, MITS 680b computars,
Excellent woarking condition, with gurranl source
ang box of paper, Also, Friden Auxiliary Pungh -
Baudot paper mape punch. Could be modified to
ASCH with additional peris, not supplisd. Prob-
ably works, nol quaranteed, with stand and motor-
1zed tape take up spool. Make offeis Tor either to
G A R Trollope, 433 Charry Lo, Lewstan NY
14092, 1716} 754-7222,

FORA SALE: MEBOD cross assembler A two pRss
crass assembler written in FORTRAN IV is gval-
able for 1the MGEOD Moterola miceg. Inpul 15 in
fized Tormat, Statements aro similor 1o Matorolzs
assernbler language, most teatures of the language
bewng supporied. Additionally, a sysiem syrnbol
tabie 15 supported, enabling symbolic relerence ta
eystem  acddresses and  gssembily of roubnes 1o
contiguous momory Jocatiops, Send 31 for the
rnanual, and $5 for the listing or S8 lor a paper
tape [state ! XOFF needed} to G A A Troliope,
433 Cherry Ln, Lewiston NY 14092, (716)
TE4-F232.

FOR SALE: CDP-1802 muiocomputer saftware,
Morse keybosrd, 256 bytes, 533, WABUYY, 4056
Andrea Blvd, Sacramento CA 95842,

FOR SALE: Yisron System 24 in working condi-
tion. Must sell 1o mbke roam {or 8080 syswom,
$300; you pay shippmg. Jimo Willkams, 4375
Walnur Radge Or, Columbus OH A3224, (B14)
889-3836, idays).

TIMESHARING SEAVICES WANTED: Rosearch
and atlvanced degree fevel ogomns and raogines of
ciwil angd meehameal engineenng, or bio-enginesring
or bio-medical wmierost. Plogse send full anforema-
lon #nd price bet 1o Donald Becnel, POB 14473,
Baton Rouge L& 70808,

WANTED. Someone who hus @ wahis 1o wilre oo
B K version of BASIC ior my COSMAC ELF, ssn
the Popwfar Electronies Augusl 1976 constructian
article 11 utes the ACA CRP 1802 cennal pro-
cessoF urnl. Please send any anrd gl corraspondence
on this subysct 1o Greg Waison, 9617 damar DBr,
Fairfax VA 22030,

FOR SALE OR TRACE: BYTE issuss =T thru
=10, %50, o swap for Liest sk soes ol A3
gazine ar Girst three ssees of ©0 magaziee.
Wanted ™ Flexowiite with upper and |ower case
typre: will buy br swap (o1 thiee upper case oply
machines, ape des@ned ol comasler Intorfaca,
Greggory S Walls, 2530 Ensenacin Woy, Fiverside
CA 92604,

TELEPRINTER Croed ¥B. Sena! anputfowiput
revica. Swap (o KIM-1 or sinubar mcroprocesson,
Free detivary All BYTE bark 1ssucs, 1875 and
1976 lexcluding numbers 3 aned 104, incluyeded. TN
Arthur, 20 Witllngden Av, Klagl 3600, fNaral
Repubhc pf SOUTH AFRICA.

FOR SALE. Vuwim #6724 compuier clochk, 958
days, Z3 59 hours, 23 59 munutes and B0 seernds,
BCE putput ke new], $200 Alsn, 1 Broe (Lo}
$100. FOB, Morwch NY 13815, {607} 3344478,

WANTED: BYTE tssuss. Ociabes aned Muvember
1975, {=2, A Fou saly on ek o prade i the
above ssues, Decertier 1975, June (hru December
1976, =4, 10, 11, 12,13, 14, 15 000 164, Davel A
Eostman, 46 Sablo Av, N Danimouth MA §2747,
{617) 993-7098,
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FOR SALE: BYTE %% in runt condition {never
remeved from maiting wrapper), Best offer quer
$20. Srgve Saunders, 5400 Eilsworth Av, Pites-
burgh PA 15232,

FOR SALE: MOS §502 esident astemblor. Uses
6530 TIM input and pulput routines, Can be easly
modilied to be used in systems not having the TIK
chip. fesides 1n less than 2K memory
(4000-4¥FF). This softwarg coniains 3 text editor
{TED) which sets up the source file, and a 2 pass
assembler which assembles the source and ganer-
ates a symbol rable, If a0 error Decurs, an error
ecode and line numper are outputied which pin.
pointts the error 0 Lhe souree file, Source Nie and
symbol table can be located practically snywhera
in memory. Assembled programs can ba execuled
wa the TED A [(Runl command. Mexadecimal
|isting and eperator’s marual, $15. Source code
and manuat, @8, O W Moser, 3222 Linda Dr,
Winston-Salam NC 27106.

FOA SALE' MGBOD cross assembler wwrrtien in
FORTRAN and set up to run under sny systam
with soma minor modifications, Cther MEB00
programs available. Mid-Michigan Computer Club,
T Preston, 15151 Ripple Dr, Linden fi 48457,

KIM-1 USERS: Am designing a universal PC board
sarne size as KIM-{ board. Double sided, space for
up to 70 16 pin and 12 28 pin chips, four regulator
or power transistor packages with heat sinks. Need
ten peopte o get cost to 30 each, Contacr Gerry
Houlder, 3832 Stevens Av, Minneapalis MN 55409,

WANTED: The base for the CRT ierminal gn-
closure that was offered by Tri-Tek. Will buy
outright or swap for TTL chips or bagk ssues of
BE¥TE. If you hawe one of Ihese bases for sake,
wirile Larey Ingram, 20 Locust St, Cambridge MA
02138,

AUCTION: Issues 1, 2 and 13 el BYTE. Good
candition. Make your affer af cash or equipment
tor use with Alterr BBOO. Bidoing choses tast day of
month this is pullished. Enclose SASE and you
wlil be naotified if you are not a success(ul biddar.
Alsa for sale: DEC PDP-11 regulators 5 W 25 A,
$30; 16V 10 A, 520, H 5 Carbin, 11704 Ibsen [r,
Rockwile MD 20852,

FOR SALE- DEC POP-BE wilh folicwing aptions.
MMBE EJ 8 K core memory, KMBE memory extan-
gipn angd timashare cantrol, KCBE programmers
console, KPBE power fail deiept, KLBE comsole
Teletype conirnl, BEBA omnibus expander. Asking
SI000, M nterested contact David Kehl, 3002
Badford Av, Arooklyn NY {1210, {212) 9529430
days,

COMPUTER Paper tape punehes and regchars, 8
anck 5 leyel, IBM 0586 Verifier, ulira ligh speed
paper kape punch (2400 ppmi, 5 level. PDP-
Se/LabBe soliware 1o exchange. 150 wem |50 of
ham, gomputer, test, W boawcralt, photo, and
antigue gear for sale or wade. SASE. KIDCY,
11 Squire Hill Rd, N Calgwell N 07006,

FOR SALE: Teletype Model 33 KSR, $250. Mode!
33 ASR, %350, Frden Programatic Flexowriter
Maode! SPD with tape punch and 1ape reader, $225.
Fritlen Programatie Flexowriter Mode! 2201 with
tape punch gnd tape reader, $325. Send SASE For
small tise, Ron Turnote, 206 5§ Hiohwoat! Ay, Glen
Fock NJ D752,

Rasdars who have equipment, softwane or athar
itemns ra buy, self or swap shouwld send in a cleardy
typed natice to that effect. To be cansidered for
publicetion, ap adwertizement should be clearly
noncammencia, Typed double rpaged on plain
white paper, snd include completa name and

et infor i Thase ars free of
charge and wili be printed one time oniy on 2 space
aveilabie basis. Insertfons should be limited to 100
words ar less, Notices can be sccepred from
individuals ar bang fide compular usars clulis only.
We can engage in Ao © cielelale! an these and
vour confirmation of pfacement is appearanca in
an issue of BYTE.

Please note thar it may lake thres or four
months for an ad to appear in the magazine.®










Dr Kenneth B Welles

General Electric, Nela Park
2623 Fenwick Rd

University Heights OH 447118

The two fundamental rou-
tines needed for a floppy
disk system are: Write a
block of data to the disk,
and read a block of data
from the disk.

Software for the

Economy Floppy Disk

As hobbyists are rapidly finding out, even
the mosl sophisticated hardware is next to
useless without the proper soflware to con-
trol il. My previous article on the floppy
disk drive interface (sce Fcbruary 1977
BYTE, page 34) described a hardware device
al the simplest and, consequently, maost
software dependent type. This month's arti-
cle describes the operation and use of the
routines needed for transferring  data
between the computer and a disk drive {one
of up to eight) connected 1o the interface.

The two fundamental routines needed for
a Moppy disk drive system are: Write a block
of data to the disk, and read a block of data
from the disk. This sounds simple in theory
bul in practice much more information and
many operations are nceded. How many
bytes of dala are in the block 1o be
transferred, and which disk drive should the
block go Lo or come from? At which track
and sector is the block to be located? How
will an error be detected (and if detected
what steps should be taken for correction)?
These are some of the major questions
involved, without even considering such
specific details as data formal, file struciure,
unrecoverable errors, directory structures,
naming and dating conventions, and so on ad
(utilitum.

A block read or write routine can be
divided into four stages:

® Set up for the data transfer

& Transfer the actual data to or from the
disk

® Error detection

® Error correction
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These slages must, by their definition, occcur
in the order listed, and in mosl disk sysiems
all Tour stages are included. In some opera-
ting systems the error detection and correc-
Llion stages are ignored during a write opera-
tion. While this speeds up transfers by
climinating a reread or verify operation, i1
means that most write errors will be unre-
coverable.

Write Set Up

Because this interface Is guile unsophisti-
cated, datla Lo be written onle the disk must
be prepared in memory in exaclly the
manner that it will appear on the disk. A
preamble containing 16 bytes of zeroes (128
“0" hits) and a byte boundary synchreniza-
tion signal {ar sync byte} must precede the
data. Belore the data is writlen, the error
detection byles must be calcutated and
stored with the data to be written, since
there will be no time Lo calculate them once
the write operation has been initiated. This
software uses a 16 bil cyclic redundancy
check {CRC) word calculated from the dala
bytes by the binary polynomial:

x160 124 454,

Because they are precalculated, the error
cdetection bytes may be put in any position
before, within, or after the data. | chose to
place them directly after the data. The
assembled block of data to be transferred
{consisting of the preamble, sync byte, data
and CRC bytes) is now in the proper format
for ransmission (o the disk, bul the disk
drive itself is not yel properly set up for the



transfer. Because the interface may control
multiple drives, the [lirst aclion ol the
software is 1o select the proper drive and (o
assure Lhat it is ready. "Ready” means that a
disketie is lpaded and revolving, and the
powel supplics are warking, Next, the cur-
rent track location of the data transfer head
is determined and compared 10 Lhe desired
track. If the desired and current tracks
differ, the software must slep the head iner
oul at the proper rate (T4 ms per track) until
the correct track is reached, and then delay
for the proper head seutling time {10 ms)
before continuing.

It the head is not currently loaded, the
software must lodd the head and allow time
for the lnading 1o be eccomplished (30 ms).

All that remains before initiation of the
daie 1ransfer is Lo find the starting point of
the proper sector, Because the timing is
fairly critical hetween [inding the scetor and
initiating the write operation, all of the
paramulers T the write data leap such as
pointers, counters and oulpul commatds
must be sel up ahead of time in the BOBO
registers, The software now searches. far the
index pulse from the index hele of the
selected disk drive and, having found i,
begine 1o count sector pulses until the
desited sectar is found. When the leading
wdpe ol this seclor pulse is sensed, the
software teansters immediately o the write
routines, using the values previously stored
in the registers to specd Lhe initiation of the
write operatien. This gencrates the proper
Lirming relationship between the sector pulse
and the start of the recorded data.

Write Data Transfer

it N bytes of information {including the
evelic redundancy cheek) are 1o be recorded
on the disk, the software will actually send
oul N+33 bytes of data to the interface,
Figure 1 shows that the first 16 bytes (a
preamble of zero byles) are recorded 1o
allow the interface to correctly distinguish
between data pulses and clock pulses when
this data black is read. The seventcenth byte
recorded Is the sync byte, in this case a
binary value of 10000001, This sync byte is
used by the Universal Synchronous Receiver
Transmitier {USRT} te find the boundaries
between bytes during a read operalion, The
nexl N bytes are the block of data to be
recorded, and finally there are 16 bytes as a
poslscript Lo assure thdl no dala is destroyed
when the disk drive wrile gate is turned off,
Because the only use of this data is o
mainlain clock synchronization and protect
the preceding data, the contents of the last
16 bytes are not critical, and may overlap
data used for some other purpose.

16 \
BYTES

10000001

DATA
B8L.OCK ¢
\
1B
BYTES

FREAMBLE

SYNC BYTE

N DATA AND
HOUSEKEEPING
BYTES

POSTSCRIPT

Figure 1: Floppy disk data transfer black farmai, The simplicity of this "hard

sectored ' Happy disk system requires that a

specific formut be wsed for the

dutu, The first 16 Bits act ax o pregmble (o enable 1he inferfuce to distingiish
benveen dale prlses und clock pufses, Next comes the sync byte used by the

Universal Synchronous Receiver Transmitier

{USRT)} 1o find the bounduries

benween bytes. This is foltowed by the gctud! dota and, finally, a 16 byrte

sufely region to wssure thal ne data i destr

heud is tarned off. See also table 2.

Write Error Detection

After all N+33 biytes have been sent to
the disk through the interface, the write gate
of the disk drive is turned off and error
detection may now be performed. Error
detection consists of performing z single
read operation of the block of data just
written, The block of data read in is compar-
ed byte by byte to the block of data written,
If all N bytes are not the same for hoth
blocks, an error has occurred. This process
could be called a “verify™ operatian,

Write Error Correction

I error correction is necessary on a write
aperation that fails to verify, it is accom-
plished by rewriting the same block of data
to Lhe same disk, track and secior. After this
rewrite attempt, a verify of the rewritten
data is performed and compared Lo the
corcect daty 1o determine the success or
failure of the error correction operation. Il

B9

oved when the disk drive write

As block sizes increase
there are fewer preambles
and postscripts on  any
given track, thus maxi-
mizing the wusable data
bytes per track.



In the very simplest sys-
tem each block of data
would have some form of
error  detection ranging
from a single byte of
checksum to a 16 bit
cyclic redundancy code or
even a complex Hamming
code.

Table 1: Characteristics of
different data block sizes,
Smaller data blocks hove
the advantage of not tying
up large blocks of memory
{a premium commodity in
many small  systems),
Large dato blocks, by com-
parison, speed up dalg
transfer, require fewer
blocks per track, end max-

the write operation fails four {or some other
small integer) times in a row, all hope is
abandoned, an error message is printed on
the user's console device, and the write
routine lerminates. Manufacturers’ recom-
mendations {or action taken a1 this point are
as follews: Move to an unused sector and
track on the disk in question, and retry the
write operation, I the error persists, the disk
drive has write circuitry problems; notify the
user, If the error is eliminated, then lhe
track and sector where the original error
occurred probably has some damage to its
oxide coating. In this case, relink the data
file to reflect the new location of the data
(the track and sector where the second
atlemnpt was made), and then record in some
table the fact that the original track and
seclor where the wrile operation failed is an
unusable area. But what da you do when the
area that failed to write properly is the
location of the table where the failed areas
are stored? This is why operaling sysiems
designers have such a high incidence of
insanity, The software in this article ignores
the whaole issue, the traditional ostrich
sofution.

Read Set Up

No data preparation need be dene on a4
read operation because the only routines
required arc disk drive select, head load,
track seek and sector seek, These arc the
same routines used by the write operation as
described eartier.

Read Data Transfer

The USRT is reset to search far an
occurrence of the sync byle within Lhe
incoming serial data, and the program is set
to wait for the USRT to signal that the sync
byle is found. When the sync byte is found,
data is brought in from the interface and
stored in memory. For a block recorded
with N bytes of information as in the write
operation, a total of N+1 byles are read in.
The first byte brought in by the software is
the sync byte, accounting for the extra byte
transferred.

imize  the number of
usabfe data  bytes per
track.
Data Blocks  Usable Bytes DataBytes  Housekesping
Per Track Per Black Per Block Bytes Par Block
1 5127 4096 1031
2 2548 2048 501
4 1260 1024 236
] 615 512 103
16 293 256 37
32 132 128 4

All Formiats Store 315,392 Data Bytes Per Disk

=]

Read Error Detection

The routine that calculated the 16 bit
cyclic redundancy check (CRC) for the write
operation is now used to calculaie the CRC
of the data block just read. The calculated
cyclic redundancy check must match the
CRC read in if the data Is correct. |f these
values do not agree, an error has occurred
during the read operation.

Read Error Correction

If 2 single read operation is unsuccessful,
two more attempls are made to read the
data. I{ the computed and read-in cyclic
recundancy check values stili disagree, the
disk head is stepped in one track and then
oul one Lrack, and up to three more read
aperations are tried. Continued lack of
success causes the head to be stepped out
and then stepped in one track, and three
more attempts to read are made. |f the error
persists after all of (his, then this software
concludes that the data is unrecoverable.
The jogging of the head one track in or out
is recommended by the manufacturer to
relzase any dust particles which may have
lodged between the disk and head, and
which therefore may be causing the read
EIrors,

Block Size

The discussion of the sofiware te this
peint has referred to the transfer of a
“block" of data, but no definition has been
mzde of the size of this biock, The disk is
divided physically inte 32 different sectors
by the presence of 32 sector holes. The
combination of the rotational speed of the
disk (360 rpm), the data rate (250,000 bps),
variation in the liming of the sector hole
detection {* 500 us), and the necessity for
the 16 byte preamble, sync byte and 16 byte
postscript an each record determines that if
each track holds 32 blocks of data, then
each block has 132 usable data bytes. There
is no electronic or philosophical reason that
the disk must be recorded in a format of 32
data blocks per track, or even that a 32
block track must consist of full size 132
byte blocks. The proper operating system
software could quite easily make use of a
daza format with only 16 bytes per hlock
and 11 blocks per track. However, this
waould make the capacity of each disk less
than 30 K bytes, a tenfold reduction in
stcrage capacity. The software presented
here can be easily modified to allow other
biack sizes and formats to be used, and the
rezsons for choosing different block sizes
will be presented before attempting to justi-
fy the block size used.



Smaller data blocks have three main
advantages. First, because of Lhe nature ol a
disk drive, data must be (ransferred one
block at a time, never as « fraction of a
block. 1f the data is not ready all at once {as
is usually the case}, then some area of
computer memory nwst be dedicated to the
storage of this data until a full block can be
acquired, The size of this buffer area is the
same as the size of the block, and a smaller
dala block consumes fess memory than a
large dara block. Even with the dropping
prices of memaory, the average person cannol
afford 10 dedicaie large blocks of a compu-
rer's storage solely to disk dala buffering,
especially in a sophisticated operating sys-
1em that may work on many disk data files
simultaneously and require a data buffer for
cach one. Secondly, when recording data
files onto a disk device, the data file rarely
conains the right number of bytes to be
stored 10 exactly an integral number of
blocks. An average of onc-half of a data
block is wasted on each different file re-
corded on the disk, [f one works with a dala
base thal consists of a large number af short
data files, this lost capacity of this disk can
become significant. Smaller block size mini-
mizes this 1oss of storage capacity. Last and
definitely not feast, the growing awareness
of the nced for standardizalion of data
storage ameng the users is a motivalion (o
seek out de facto (read IBM} standards to
work with, Operating with somebody else’s
block and physical recording parameters
makes it potentially possible Lo exchange
data belween differcpl compulter systems via
diskettes. The most widely embraced s1an-
dard for floppy disk data operations is Lhe
IBM soft sectored standard. Unfortunately,
this standard is incompatible with the inex-
pensive interface | described in my previcus
article, and does not (at the time of this
writing) lend iLself to as cheap and simple an
interface. However, the |BM standard uses
128 byte data blocks, and large amounts of
software exist for it. Software for the hard
sectored version of this format currently
uses data hlocks of 128 byte size, although
the new double density disk drives are
premoting software with 256 byte dala
blocks. Most existing software, then, is
written with 128 bytc blocks of data, 32
blacks per track on a hard sectored disk or
26 blocks per track on a soft sectored disk.
This is an argument in favor of short dala
blogks, based on conventions of existing
users of floppies.

Larger block sizes also have three main
advantages. First, because the software pre-
sented here can only Lransfer one block of
data per revolution, large data blocks greatly

speed up dala Lransfer. Dedicating a track tu
a single data block, a 5 K byte block of data
can be lransferred in 1/6 second, Second,
large block sizes mean fower blocks per disk.
This reduces the dala required in the ad-
dressing of disk data blocks, and can reduce
the complexily of directories and block
occupancy bit maps, Table 1 shows the third
advantage of large data block sizes. As block
sizes increase there is less overhead on any
given (rack, and so the maximum rumber of
usable data bytes per track {and per disk)
increases, While the overall amount of data
starage increases by only a small percentage,
the increase is important Lo cerlain dala
structures, 45 will be shown,

In block siructured random access data
bases, such as disk siorage, data is usually

stored in blocks of 20 bytes. An integral No other peripheral device
power ol two is a handy size for organiza- requiring direct memory
tiop of data in a binary computer and makes access (DMA) operations

data manipulation easier than with some
other sizes. With each block of useful data,
there is some other dala which js transparent
o the user and of no real concern Lo i
him/her, but which is associated with file no interrupts or hold oper-
management and the operating system of the ations lasting longer than
computer. This housekeeping or "overhead” two microseconds can oc-
dala contains information about the status cur simultaneously  with
of the data within the block. in the very disk writing.

simplest system, for instance, each block of

data would have some form of error delec-

tiop, ranging rom a single byte of checksum

1a a 16 bil cyclic redundancy code or even 4

complex vrror correcling Hamming code.

Most simple systoms also record the track

number and sector number of the block with

should be active during the
read or write operations of
this software. In general,

Table 2: This is an expansion of figure 1 showing how the datu block is loid
out in memory prior lo an outpul disk transfer or following a read operation
from the disk. The “housekeeping'' bytes meniioned in the text are used for
error detection and ervor correction as well as for labeling files.

Byte Mumber {Decimalt Value Function
—1710—2 o] Clock synchronization
—3 hexadecimal 81 Sync hyte for data synchronization
OB ASCII 9 {etter file name
9 Ow 7 Brive number
10 3to 76 Track number
11 Dto 30 Sector number {must be even)
12 3t076 Track number of preceeding block
13 01to 30 Sector number of preceeding block
14 3in 76 Track number of following block
15 D10 30 Sector number of following block
16 to 19 — Future use
20 0 to 255 By te count of incomplete data blocks
21 10 276 DATA User data (256 by tes}
277 - Future use
278 0 272 CRC 16 bit CRC (cyclic redundancy check)
280 10 295 ) Trailer hytes

Bytes O to 279 are shown as they exist in memory,
Bytes —17 to 295 are shown as they exist on the disk.

NOTE: The software in this article uses only hytes 9 to 11 and 278, 279, 1Al
bytes numbered G to 279 are transferred o disk and back.) See note &t
end of article concerning a complete floppy disk operating systerm which
uses all the bytes.
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. THE FOLLOWIMG 15 A GEWERAL PURPQSE ERROF TYPEOLT ROUTINE

. THE VALUE OF CO REFERS 10 A USERS ROUTINE WHICH TYPES OUT

. THE ASCI1 VALUE [M THE C FEGISTER ONTO THE USEFS COMSOLE QUTPUT
. otiLYy THE A REGISTER fIND FLAGS MAY BE DESTROVED BY CO

o EQu L]
ORG 1aH ) TH1S ROUTIME MAY BE ORG'D ANYWHERE I MEMORY
\THIS ROGUTINE TYPES DUT AN ERROR RMESSAGE TO THE USER

+IT 15 CALLED IHTERMALLY RE
CALL ERTYP

1 ] b
+ THE RESULT 1% THE TWPIHG OF
+ ERROR X
ERTYP WTHL
FLISH PS5kt
PLUSH E
PUSH o]
HOY AN
1hi H
FUSH H
PUSH Fol
L¥I H. ERMES
CALL THTYP
FOP FShkt
CHLL BYTYP
POP H
FOF D
POP ]
L FSH
HTHL
RET
ERMES [5-] 13, 18. "EFPOQ° . R #1328

BY TP PLUSH P5SL

vl £,
CRLL co
POP =]
HRTYP - PUSH  Poi
RR
RRT
RRC
RPC
CALL  MEWCHP
POP FSl
CALL  HENTHR
RET
HEXCHR FUSH  PSW
ANT BEH
ADT 2
cP1 w oL
e HEX4
AT A e -1
HEXL MY LA
CALL €A
= Psi
RET
TETYF MOy H M
orR A
[
PUSH  PSi
AN 7FH
mMow LA
cALL  cO
POP Fald
RM
iy H
are THTYP

EFLIFT EnL
ERFED [ST]
ERDKMHE EQU)

LIF THE DISk FALLS To WRITE. TYPE "ERROR 1Y
1 IF THE DISK FAILS T3 FERR. TYPE “EFFOR 2“
iF ND SUCH DTSE EXISTS. ¥¥PE “ERRDR 3"

Ly =

. THESE ARE THE FLIOPFY ORIYE I-0 ROUTIHES

f 13-AUL-7E

INFOPT  EQD BFEH

OTPOFT EQU BFaH

FDRED EQL IHFORT DATA FROM THE FLOPPY

FDSTAT EOU IHPORT+4 LETATUS EITS OF THE FLOPFY

SRTSHE  EOu INFORT+2 yREAR THE SRT STATLS WORD

SFTRRP EGU [HFORT+2 r INFUTTING THIS RESETE THE WSRT TO LOOk
FOINLT  EQY THFOP T +4 rKLUGE TO S¥YNOCHRONIZE TO Iz MICPSECS
FOWRIT EQU OTPORT +DATA TQ BE WRITTEN TO THE FLOPPY
SRTTIFS EX OTPIRT+ 1 PORT OQF FTHE DEFALULT ZHARACTER

SRTRSS  ERU RTPORT+T

FLUT Eghd ATPORT+ 32  SEND SI0NRLE TO THE FLOPPY

FOOTWT EQU QTPORT+a VEYMC TO ZZ MICROSECS

LORDHD  ERMS OTPORT+S 1 THIS COMMARHNDS LOALS THE HERD FOR I SECONDS
HOUNLD  Eru) OTPORT+E P THES FRORCES AR {MRERTATE HERD UNLOADR

+ THESE ARE SIGHALE TO FOOUT <DIRECY FLOPPY CONTROLS)

WCSEL e 1] 1 - 1=sTRACK B-43. @=2TRACK 44-75

FUREST EQU 2 MEE TO PESET A FILE UNSAFE COMLITION
DIRIN Et q VLOGICAL OF FOR IN TRACK

CIROT Eal HOT DIRLH s AMD FOR QUT TRACH

WPTGAT  EQU 180 CLOGTCAL OF TO START A WRLTE

STEPP  EDM con (LOBICAL OR TQ STAFT A STEP PLLSE
STEPHM EQL HOT STEFPP 'LOGICAL ANER T STOF THE PULSE

s THESE ARE THE DIRECT 3TATUS LINES OF THE FLOFFPY  IN FDSTATH
TREZRD  E) i
UNSRFE ENOL 2
FoRDY EQL 4
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Listing 1. Floppy disk drive input and
output routines. As it stands, this listing is
one step short of being a complete operating
system, bul could be used as a starting point
for such en operating system. This program
will runn only on an 8080 with memory
having a cycle time of 500 ns ar foster; it
wifl not run correctly if any interrupts or
direct memory access {DMA) routines lasting
longer than 2 us occur during program
execution. (See part 1, page 42, February
1877 BYTE, "Software Timing. ")

the rest of the data on that block. When
some track and sector is read, the track and
sector numbers read musl agree with the
desired track and sector numbers. If these
bytes disagrec, then a seek error has oc-
curred, The error detection information and
the track and sector numbers are simpie
haousekeeping data thal the user need never
bc concerned with during data transfer. A
more complex data base management syslem
may siore extensive housckeeping informa-
tion with each block of data. Information
such as forward and reverse linkages (point-
ers 10 Lhe succeeding and preceding blacks
of data in a file}, file name, number of valid
bytes in a partially filled data block, date
and time of the recording of this block of
data, write or read protection, user identifi-
cation, destroy date — all may be recorded
as useful housekeeping data.

It o format of 32 blocks per track, 128
data bytes per block is used, table | shows
that this leaves only four bytes of data
available with each block e record hotise-
keeping data. Going lo 16 blocks of 256
data bytes per block, the avallable house-
keeping area increases to 37 bytes per block.
512 dala byte blocks gives a substantial 103
bytes of housckeeping on cach of eight
blocks per track. The routines presented
here were writien as a first fow level slep
toward a full floppy disk operating sytem,
and the amount of housekeeping required
for the full system necessitated at least the
256 byle block size, The 512 byte block size
was ruled out because it consumed bulfer
space much too quickly, and because a single
byte would no longer be sufficient as a
huffer data counter.

A DOS Block Format

Table 2 shows the layoul of the data
black for my disk operating system [DOS) as
it exisls in memory and as it is writlen lw
and rcad ftom the disk. There are 280 bytes
in the block, 256 of which are usable data
bytes, and 24 of which dre reserved for
housekeeping. Of Lhe housekeeping byies,
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five are not currentliy defined, and all but
byles 9, 10, 11, 278 and 279 are available 1o
the user in the routines listed in this article,
As ol this writing, a full floppy disk opera-
ting system for my peripheral interface to
the BOBO has been completed {see note at
end of this article). The format described
here is that used by this operating system. In
this furmat, the first nine bytes are designa-
ted as the file name, ordered a la DEC as six
ASCIl characters of file name and three
characters of extension. Having the file name
associated with each block of a file is a great
aid in data recovery from crashed systems (a
not unheard of vccurrence) and in trouble-
shooting  medifications 1o the operating
system (a frequently heard of occurrence),
Byte 9 is the number ef the device {disk 0 to
disk 7) where this file was originally re-
corded. This number does nat have to maich
the number of the device that the file is
subsequently read from, Byles 10 and 11 are
the numbers of the track and sector where
this data block is stored. Valid values are any
integer fTram O to 76 for the track, and only
evert integers from O to 30 for the sector.
(With 2556 byte blocks, we have to use every
other sector,) Bytes 12 and 13 indicate the
track and sector of the block of data
preceding this one in a linked data file. If the
current block is the first block, and no
previous data blocks exist, then bytes 12 and
13 are sel o zero, Since track rero, sccior
zero s reserved for the boolstrap copy of
the operating system, no linked file can have
this biock address as a legal forward or
reverse linkage. Bytes 14 and 15 give the
track and sectar of the dala block following
this block in the linked file, [f this is the last
block, values of 0 and O are again used to
indicate an invalid linkage {end af file),

Because no operating system is ever fin-
ished and better ideas are genecrated as o
continuyous tunction of time, bytes 16 10 19
are reserved for whatever [unciions may
become desirable in the future. Byle 20 is
used when the last block in a recorded dala
file is not completely filled, indicating the
actudl number of valid dala bytes stored in
the data area. Bytes 21 to 276 inclusive
contain the 256 bytes of usable data. The
dala in these bytes is usually the only dala
of final concern to a program retrieving data
from a file. Bytes 278 and 279 are the cyclic
redundancy check byles, teast significant
byte first. This 16 bit value i» calculated as
detailed earlier, from (he values of bytes 0 to
276 inclusive,

Now, the Software

Listing 1 shows the software which con-
trols the disk interface and performs the

Listing 1, continued:

asns
a013
aiE2a

ag8aL
Biaq
Bais
BLiv
aacy

EREs

EQ2a
DRl
Eaal
Efad
Eg97
EDBA
E@RE
£Bac
EBED
E@18
Eg13
ERis

E01S
Eo1d
EB18
EOLE
EBAF
£821
ERag
E@R23
EQ24
EAZT
Eaps
ERZC
EAZF
E@x:
EBI%
ER36E
Epze
EQI
ERIF
EQ42
EQ45
EQ35
E®4S
E@48
EWaD
E03E
£051
ERS2
£854
EBSE
EBSE
E@SA
EDTE
E@St
EBSE
£0%F
£0E6
Eas1
E@Sq
E@BT,
E@E3
EBSE
EBSE

ERGF
ER7Z
E@TI
ER7E
ERTS

EBFC
EQTD
ERTE
ERFF
€828
ERB1
£384

s
E@ae
E@a%
EQZR
EQ3Lr
E@wa
BT
ERsa
E@sT
EQSA
EBaD
EQTE
ESR1
EBRT

EBRZ
EBRY
EORD
EBrRa

FZ
L2135
c5
CELTED
CDEFES
cL

(o]

a5
FZRZEQ
Chieas
a1

=]

IASTED
CO2BEL
Z£14EEZ2
AF
G518
Fas

22

s
LEZ1EDQ
3631
2ASSED
ZzagE2
cl1TBE2
LOFZED
£E
TRPIED
COOEBEL
CLasED
117681
Z14BEZ
AF
CIFL
JRSEELS
Fi30R
aF
CL1RES
e
LRz
E&FD
D3IFZ
D3IF4
TE
L2Fe
&7

1iE

TR

Bl
253k
IRAsEZ
EEFT
D2FT
ISMEED
(-]

CORZED
e
Z1FYER
117BE2
asgea
iR

BE

ca

ic

22

as
CITEED
-]

Fz
CORIES
)
CUASEL
COBZEL
COABED
ca
COBLEL
FOAZEL
COAZED
=3
Co1om3
B
ca

ZERZ
SI4TEZ
CLEIES
ce

SC1R [ =] 2
INDX Eot) 18K
HEADLD ERAU 2OH
+ THESE RFE YARIOUS PRPAMETERS
SYHCE Egi) 214 +THIS IS THE SYNC BYTE FO¥F STRPT OF TRACK
I.HEUF Eg) 255 + LENGTH OF THE BUFFER
HTFR EQh Fg EVTRA BYTES FOF HOUSEREEFING
LHZSHC  EQl LHNEUF + X TRA+1 +DISTANCE OF SYNC TO CHECKSUM
DSFLIM EOQQ 2 -UF TO 3 DISKE DRIVES ON THIS COMNTROLLER
OFn BERAEH 1 THIS 1S CISCONTIGUOUS RAM
GOWFT [ -DTSRBELE THE IHTERRFUPT TO MAINTAIM CRITICAL TIMING
BT E. 2 +TPY THIS 2 TIMES BEFORE GIVINMG UP
GOWPL PUSH B
cALL WRTZSS FIRST, WRITE IT
CALL CHYMET  » THEN CHECF FOR PROFPER WRITE
POF B - RESTORE STACH, OON T CHANGE FLAGS
PZ  SUCCESSFUL WRITE., FETFLH MO
DICF B A BAD LWFITE, TPY AGARIN
JP GOWRL  IF WE £TILL HRAVE TIME. TRY AGAIH
CRLL EFTYFP +ELSE. SIONAL THE ERPOF ANC LUTT
[1=3 ERWFT
RET

+ THIS FOUTINE ASSUMES THAT THE TPACR AND SECTOR TO BE WRITTEN ARE IH TREMFT

- AND THE DATA IS5 ALL IM WFDAT

WRFT22:  LDA HRELEY THIZ MUST COMTAIM THE DISk HUMBER!' (1
CRLL DSkt PROCESS ANY UNLT NUMBER CHRMGE
Ll H. HFTEBLF  ELEAR THE CLUOCE SYMC BYTES
ARA ™ CEY FILLING HITH ZEPGEES
n1 & 10H 1la 0OF THER

CLRLOF  mow M. R
T H
£ 4 B
IHZ CLRLOF
vl M. SWHLE . STORE THE SvhC EBYTE
LHLE TRELRT
SHLD TRFHHT ¢ SET WF THE TFRCY RAND SECTOR FOTIHTS
Ll H. MESHCE 1 ETART OF THE CHEUCKSLM ARER
CRLL CHE 436
TITHG
SHLD HECHr S STOPE TRE CALCULATED CHECRSLNM
CALL TRRGET . GET THE DESIRED TRACK
LHALL HEDLOD o LORD THE HERD
Lt O LHEUF + - TRA4 IR
Lot H. WF TBUF .BUFFEF AFEA TO WRITE T THE OIS
oG] A
ouT SPTYFES | TRANEMIT A FILL CHAR OF ZERPD
LDA FOEF 1 THE GUT STATUS
DR1 HRPTOATHFIREST C TURR OM THE HFITE GATE
Moy C.H +HILD THE WRITE CHOMAAND IH C
CALL SCTEHET GET THE PROFPEF SECTOR
HOY R G
o FOOLT +INIT THE WRITE GARTE QUICKLY
AH1 HOT FUREST CTURK OFF FILE WNSRFE FESET
ouT FOOUT

WETLOF  OUT FDDTHT . FLUGE RAMD WRET FOP PEADY FOF DATR
e AL, R
ouT FDWEST
Thi H
[ sl ]
%20 A
OFH E
JH2 HWRTLOF
LA FLELF
ANT HAT WFTGRT < TURKH OFF THE WRITE GRYE
T FLouT + HEW
TR FLEUF < THIS [ THE PRESENMT STATUS
FET

THIS POUTINE FEFFOPMS R FEFERD OF THE SECTOR JUST WRITTEM

JRETURH IS WITH I=@ IF A FEAD FAIL OCCURPED. QR IF A READR DION T

MATCH

THE [MMECIATE PREVIODUE WRITE Z=1 T% A SUUCTETSFIL WRITE
CHEWRT  LALL TFY3RD . TRY 2 TIMES TO READ IT
RHNZ JRPETURM W1ITH Z=2 0t A BAD ERRGE
[ } H. RDSHZE SET UF A 295 BYTE COMPRFE
L=1 0. WRSHCE
[LI0N ] B.& (29E ISM T ALL. BUT [T (5 ENOUGH
CHE 9L LDAx [ GET WHAT WAS KRITTEN
CMP 2] LOMPRPE TGO WMAT WAS FERD
PHZ .RETUFH OH FRli ERFOF
THX o
Tee H 1P THE POINTERS
[alnd oy B
JHE CHFWL
FET  SUCTESSFUL FPETURN, F=31
FMIS ROUTINE TRIEZS I TIMES TO PERD. THEM JOGS 1N, RED GUT AND AGATH
RELZSS D] iDISRBLE THE IWTERFUPT FOR CRITTCAL TIMING
CALL TRYZRD TRY Z TIMES TO RERAL THE BLOCK
FZ - IF SINCCESSFUL. THEN RETURN
EALL TRAF.IH . Jia IH
EALL TRAFQT . SCRAFE OFF FLIES AND FROGS
CALL TRYIFPD THREE MOPE
Pz
CRLL TRAKIT  JIG OUT
CRLL TPAFIN . SCRAPE OFF BIGITS AND DO3S
CALL TRYIRD . LAST CHANCE COWEY
rZ « IF FINALLY SUCCESEFLL. THEH FETURM
ChLL ERTYP IF NOT- THEM TYPE 00T THE ERFCE
25 EFPED
FET
+ THIS FOUTIME TRIES TO FEAC THREE TIMES, FETURHS 2=1 FLAG IF Ok On RER
TRYIRD Myl K= FACTUALLY TEY 2 TIMES
ETR FEDTEY . HOLE DHTD T
TPGP AL FECONL TEY IT JUST DHCE
RZ
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Listing 1, contined:

EGRAC
EQRF
EPES
ERBEL

EQB
EDE?
EQBR
EQBL
EQCA
EBC3
ERCE
EQCs
EQCA
EQCD
EQCF
E201
Ean3
ED4
EQLS
Eabe
Een?
Eens
EaDnE
EaDE
EDEL
ERE%
EREYT
EDEA

EEEL
EREE
EBEF
Egra
ERF1
E@r2

ERFZ
£B8F 6
EBFs
ERFA
ERFE
ERQFC
EQFD
ERFE
EQFF
E1@89
Ei181
EiD2
Exe2
Eip4
[=1-1
Eia7
Eigs
E1@9
El@A
Eips
E1BD
EiQE
Ei@F
Elie
Elig
Eii}
Ei14
El1%
Eilé
EilB
Ei12
E11R
E11E
(351
E11D
E1iF
E128
Eiz1
Ei2=
Er27
E1324
E1z%
E126
12V
E12A

E128
£120
Ei30
F133
E134
EL3IS
E135
E137
E139
E13R
EL3p
E13E
€148
El41

214%E2
a3
F&
E3AZEQ

ZR4REZD
Ci2gEL
LDOBEL
TbasER
11iR8d
Z17SES
JEBL
D3IFZ
CD1AEZ
GEF3
DEF4
LerFe

g
C2CFEG
Z1MNED
COF3ER
IRIREL
I27FET
2AYES
CIEDED

EilS
92
e
D
k]
-]

BLiER
11886k
7E
EZ
CS
RE
4F
aF
aF
BF
aF
aF
R3
E&Fa
AR
&F
b4
T
EEGLF
AL
EF
7a
-F
Ee01
AR
AL
LI
7o
EaaF
[21:4
=F
kel
1]
a7
ESER
AL
SF
CL
EL

aE
5
Bl
CRFSED
ca

FERE
Fag3kEl
Z213RED
BE

ca

3

ES
3ERS

FR4EEL
4E
21115 )
a3

23

Ll H. RERTFY

DR L]

P « IF TOO MANY. THEH FETURN Z=3
P TRGF . TRY TRY AGALN, AGHIH

L THIS POUTIME TRIES ONLY DHCE rAND [ DON° T SLAME 1T ATALL?
FEDONT - LDA DSKWNT o THIE MUST CONTAIN THE DISK HUMBER!' '
CHLL DEFHUM 2 PROCESS ANY URIT CHANGE
CRLL TRFGET . GET THE TRACK
CRLL HEDLOD . LOAD THE HERD

Ll [ LHBUF +TRA+a

LAl H, FRLSHER JFOINT T THE BUFFER RRER
Ml fi. SYNCE . FREMPT THE UWSRT WITH WHAT T9 EXPECT
T SRTRSS . SHOVE [T

CALL SCTGET 1 GET THE PRIFEF SECTOR

1] SRTRR JRESEY THE WSRET TO LoD FOR THE SYHCE
FEDLOF IH FOINNT | SPECIAL Z¥NC KLUGE TO HOLD ONTQ THE BUD
1] FRRED JUNTIL DATA TS5 RYAILABLE
MY M A
THR H
[nlwrd [}
Moy A
aRA E
JHT FERLOF
LHl H. ROSNCE « POLINT TG THE BUFFEF AREA
CALL CHE 436
LA LETDSY |, GET THE HUMBEF OF THIS D151
aTR FODEY CARD STOFE LT In THE FEAD AREA FOF FUTURE W3E
LHLE POCHES L HL HAZ THE CHECHSUM
JHF COMFAP
s THIS FOUTINE COMPAPES HL TO DE
COMPAR  MOY A.H
EuB 7]
FHZ
Moy AL
SHE E
RET

1 THIS ROUTINE DOES A OOMELE PRPECISE CHELRSLM
CHraZe Ll B, LIBUF+XTRR

CHESLN  LY] ()

CRELOP MOV A, o -GET THE BYTE TO 5UI
PUSH  H
PUSH B +SAVE RLL THE REGS
~RA E
moy B A
RRC
RRE
RRC
RRC
oy [
»RA E
ANl GFeH
*FR o
oy LA
oy AT
RLE
ANl 1FH
XFA L
MY LA
My AB
RLE
ANI 1
“RA 2
¥RA L
noy bR
noy . C
RHI BFH
¥FA e
moy E.A
oy Al
“RR 8
FLE
AME DERH
PR £
MOy E. A
FOP B
FOPR H
Tt H
DL B
MOy a.e
oRA ©
JNz CHELO® . NEXT BYTE IF NOT ¥ET COHE
RET

+ THIS ROUTINE 1S ENTEFED HITH A COMTRINING THME HUMBER OF THE

- BISF DRIVE UMIT ON WHICH THE CESIRED OPERATIONS ARE T AE PEFFORMED
v B-DERLIM=10. IF THE LRET DFIVE (JEED WAS THIS DPIVE. THEM

« RETLPH 1% TMMEDIATE., AHD HO ACTION (% TAKER I[F A HEM DRIVE

+ IS CALLED., THEM THE HERL: OF THE PRESENT DRIVE !5 FORCED TJ UNLORD

+ AND THE CURRENT TRACK HUMBER RSSOCIATED WITH IT 15 STORER

+ THE HEW ['ISKF S LAST TRACK 1% REMEHBEFEL. AND IF vALID, CONTROL (S

+ PETURMEDQ ELSE. THE NEW DISK IS IMITED. RMD THE TRACK B IS FOUND

OSKHUM  EF1 DSELIM . @-7 15 CONDITIONALLY RCCEPTRELE

JF DEkRL +HO SUCH DESK EXISTS'!

(%1} Hy LETDvEK 1 FOLHTER TO THE LAST DSk
L=y o M 4 HER=0LD?

RZ viF SO0 THEN RETURN W] RCTIOMN
PUSH =" -ELSE. SAVE THE HEEGED DATR

PUSH H

Fv1 A.DSKLIM «WAS THE 0L ORE LEGRL?
CHF M

W 1= 1 IF HOT, BON T STOPE THE QLD TRACK
MY [ ="y ] « C=LAST HUMEBER

[ 8./

LA B

THx H JHL=LSTOSK +OLE DISF+1
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aperations described above. There are Lhree
main entry points to this sofiware; DKINT,
GDWRT and RED256, When called, these
routines initialize a disk drive, srile a data
block, and read a data block, respectively.

DKINT

DKINT (for DisK INiTialize) is a subrou-
line called with the accumulator containing
the number (0 thru7) of the disk drive to
be initialized, DIINT causes the selecled
disk drive to unload its data transfer head,
step the head 1o track zero, and resetl the
track counter associated with that drive two
zero, DKINT destroys the contents of all of
the 8080 registers, so appropriale precau-
tions should be taken when using it, This
routine must be used after powering up the
pracessur, and should be wsed both before
disks are removed from Lhe disk drives, and
before they are referenced by programs after
insertion,

GDWRT

GDWRT (for GooD WRIiTe) causes a data
block to be wrilten 1o a specified track and
sector on a specified disk. When the GDWRT
subroutine is called, all of the data relevant
10 the transfer is assumed Lo already reside
in the 280 byte buffer area from WRFLNM
to WRFLNM+279, The number of the disk
10 be written on {0 thru 7) must be in
lucation WRDEV {which is WRFLNM+9),
the track number {0 thru 76) must be in
TRKWRT {which is WRFLNM+10), and the
sector number {an even number from 0 to
30) must be in TRKWRT+1 {WRFLNM+11),
The data 10 be stored on the disk may reside
anywhere in bytes 0 Lo 8 and 12 to 277 of
the buffer area, but in the context of my
operating  system, the 256 bytes from
WRFLNM+21 1o WRFLNM+276 are specif-
ically reserved for data, GDWRT performs
the steps previously described for the write
data block operation: generating the pre-
amble, calculating the cyelic redundancy
check, selecting the disk and positioning the
head, writing the block, verifying the write
operation and attempting to rewriie if nec-
essary. Control will return (o the program
which called GDWRT after a delay of from
0.2 to 2 seconds, depending on the distance
that the head had to travel and the occur-
rence of any write errors. The user need not
worry about the timing of the operation;
however, no inlerrupts or hold operations
longer than 2 pgs may occur during GDWRT.
Specifically, no memory slower than 500 ns
response lime may be used, and no device
using direct memory access (DMA) opera-
tions may occur during GDWRT. If such a
delay happens at the wrong lime, the data



will not be properly recorded, and fallowing Listing 1, continued:
data blocks on the same track may even be

H - H E142 IA4TED LoA TRAI'HO
averwritten and deﬁtroye.d. CaLIlIDn mist EL143 ?3 MGy MR + STORE THE OLD CURRENT TRACH HUNMBER
alsa be observed when using both GDWRT E::g EIFS DEkHL gg; :DIJHLE- «FORCE THE HERD T4 UHLOAD
and RED256 from the same program, since E443 F1 POP  PSh  ,RETRIEYE THE DLD DATA
R . E14R 77 TGN ™A -STORE THE HEW NUMBEF RS THE OLD GNE
the write check operation of the GDWRT Ei4E aF HOV coa i BESMEMT DISK
- . EiaC aF RRC
routine reads data into the buffer used by E14D oF RRE
. ~ N E14E @F RPLC i A=NERTRACE 32
the RED256 routing, thereby destroying EL4F 324ce2 SR FOBUF CONSIDER THIS THE MENT DRIVE COMBAND
- - 152 DEFZ BT Foour +SET UP AHEAD OF TIME TO DEGLITCH
dala previously present in the buffer. E154 oerd IN FOSTAT . CHECK THE STATUS OF THIS DISK
- " + H i & 04 ANT FORCY S 15 1T LORDED RNHD LUSEFUL
GDWR:]— pel folms LI:'e error dEtecucn and ELSE CZESE1 JHZ LEKFL +HO. TELL USER ABGUT §T°
correclion steps outlined above the returns e o2 o W
with the zero flag true whenever the write E15D 7E My R, 0l iTHIS 1S WHEFE THE OIS} WRS LEFT
s } . E15E ZZ9VER STR TRAFMO DECLAFE IT THE CUREENT COHNT
operation was successful. If some write error E1f1 FE4C R e B-rer
. ElsT F& Fr
occurs, the zero flag will be false {a |NZ
instruction will jump). The contents of the Z:Z oorL pTma o ToeTAn
8080 registers are destroyed by GDWRT in faoe ol L T
nl 3 E16E COAZEL CALL TRAK 1M
cstll_'l;t crzlse, aln‘d only the Z flag returns with E162 CORIEs B TRAKI
vaha information, EiP4 £LAZEL CALL TRAE [
E1#? CDBE2EL  TRILP CRLL TRAKOT
E17A DEFL IH FODSTAT
EATL ES@ AN TREZR
RED256 E1%€ Ccarrel T TPZLE
E181 224qVEX STR TREHHOD
RED256 {for REaD a 256 byie block} €184 €3 NODSL  RET
reads a data block in fraom a specified disk, EA85 £DLa00  CSKRT  CALL  ERTYR Dish aundeR o7
. . g 2 il
track and sector. When RED256 is called, it E189 L5 FET
initiates the read operation, and assumes £16R 1EFF 1T mvI A 295
that the disk, track and sector of lhe data i rImeR R ST
F: 1 - E198 FS IHLY PUSH PS5
block to ‘be read are stored in the mem Ea98 FY s RuSH e
ory locations DSKWNT, TRKWNT and E194 Fi FOP FEM
. . E193 IC IHR A
SECWNT, respectively, with the same re- EL1%E FE@S =41 DSKL L1
. . Ei98 C252E1L JHZ INIL
strictions on the disk track and sector values Ea98 13 RET
as in the GDWRT rouline. Afier being £190 FEZBEL  CEINT AL oSrnum
calied, RED256 will return to the caliing EaoF hedEl il L
pl’DnglITl after a del?y Dth flom ?I'] _tD 3 + THESE ROUTIHES MQVE THE TEAHE
K 55 P THESE FOUTINES MOYE THE  EAD 1H ¢ TOWARDS HUB: OF U7 (TQWARDS CIPCUMFER
seconds. 'EJDD,“ returning, tne zero flag | ?L LOME TRRCY FOR EAGH cALLS CALL LASTS 18 MLSECS
{true) to indicate that the data block read in E1AZ 2147E2  TRAKIN LXI H. TRAKNG
. E1R& =4 1R M  COUNT UP OHE TRACH
had the proper cyclic redundancy check ESR7 2R4sE2 LA FLBUF
bytes, and that the read operation was A N = BRI
b Ei1RF CZBEEL JHP TEAE MY
successful, The zero flag is cleared (false) to O paeEEl e o A
H H 1 Ei1BS X% LR M QT D2WH THE TRACH
indicate that the read failed to produce the EiB3 35 E- DEF
proper check value even after the multiple E1B3 ESFE fifi} GIRAT | CLERR FOR AN OUT MOYE
. . . E1BE 3246EZ2 =TH FDEUF CERAVE IT
reads and head jogs described in the read E1SE 610 TRRKNY DRI STEPP 1 SET THE STEP E1T
. . E1i8a [3F3S auT FLQUT +ANC THE START EIT
error correction section. After a successful EiC2 E€EF AN STEPM . CLEAR STEP BIT
+ E1C4 [IF: T FOOUT
read, the block of data read will be present FACE COCAEL TALL  TEMMIL . WAIT TEM MILSECS
in the 280 byle bLIffer ared frDm RDFLNM gacw 2 TH1S F‘DSEIHE 15 JUST A SOFTHARE 18h5 WAIT
to RDFLNM+279, in the format shown in Each @aFFaz  TENMIL Lii B. 17770
table 2. Because the buffer area is also used £LCE 08 TMLE  DCx 6
. - N Ei1CF B% [ I
1o check far errors during a write operation, €100 C2CEEL hz THLP
A o ELD? B2 CHP E
a5 noled previously, the data read frem the Eips C2CEEL Iz Thie
H H EADV O3 FET
disk by a call to REDQS'{’ should be.copled . THIS POUTINE GETS THE OESIREL TRACK ¢FOUND IM TRAWNT s
into another buffer area if the data is to be €08 3M4ZEZ  TRKGET LDA TRKHNT /GET THE GESIRED TRACH NUNEEF
kept beyond the time of the nex1 data block Eio Fa R - PP
n Al e = (4 H. L
read or data block write. None of the BOB( E4EL 7E "o At
registers are sacred during a call to RED256, E1E2 Bore fai Mol tosEl
and the programmer must take this into E1ES 3naser Loa TeewT
account. ElEA F2FlE: JP TRKIGL
. . EL1ED FE Mg (2 ]
The three entry points described, DKINT, ELEE Fem ol e
GDWRT and REDZ256, are sufficient for all ' TRIG1
. . - ElF1 ZR47TEZ TGETLF  LDA TRAND i GET THE PRESENT TRACE HUMBEF
operations involved in any data base manage- EiFa a7 MO B.A 1B 1S WERE WE RARE AT
n‘Ieﬂl or Operatlng System wh'Ch uses [I_,“3 Eiig 3348E¢ :.:.52 ;Rl’i—lflf rA [ WHERE WE HAMT TO EBE
EAFS TH RZ : TADA WE ARE THERE
data block format of 1able 2. However, _lh‘e b A "z e Ge n
personal computing enthusiast (by defini- EFD Comacl CRLL  TRAMOT @ "B ThEW OUT
tion never satisfied) may wish to use differ- €202 COAJEL  INGIN CRLL  TRAKIM
. . . EIRe CIFLEL JMP TGETLP
enl data formats or different disk drives. CTHIS POUTIHE LEALS THE HEAD AND WALTS 30 MS FOR SETTLING
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Artificial Intelligence,

Part 2: Implementation

{FROM FI5 &)

ADDSTATE

As described last month in part [, there
are five types of muldalions (hat can be
performed with the simuiated evolution
technique. A separate subrautine will be
used Tor each mutation Lype. Four of the
subroutines rely heavily on a subrouline
which generates a random number between
limits. {For Lhose sysiems nol already pos-
sessing random number gencrators, a box

MUTATION i ADD S5TATE
[MuTaTE SUBROUTINE ]

60 TO
MUTCHK

(FIG. &)

SELECT RANDOM
NUMBER OF
MUTATIONS

(sevEcr aaunon |

SELECT RANDOM

NEW STATE {EINKAGE AND " |

LINKAGE IREPOINT 1T TO |

INEW STATE |

e —— - -

ENCUGH
MU Tﬁ;lGNS

Figure 1: Mutation tyvpe |,

add o state to the model.
ggy}f’z NEW This routine determines
if there is room for
anotfier state. If there isit't
enough roomt the mode!
INDICATE faifs, Il there s enougi
SUCCESSFUL room the routine deter-
MUTATION . .
mines o new state Hinkage

6D 10
ISREM of

(F16. T

utidd then builds the new
state. This is ¢ component
the MUTATE  suh-
rotitine,
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Michael Wimble
6026 Underwood Av
Cedar Rapids 1A 52404

accompanying this articie gives an algorithm
o produce pseudorandom numbers by the
power residue method.)

Figures | through 9 are Howcharts of the
basic modules which were extracted from a
fairly sophisticated system of FORTRAN
programs. These are intended 1o serve as a
starting point for the reader in implementing
hisfher own program. If there is sufficiemt
reader interest, | would be happy 10 program
and publish program listings of implementa-
tions for one or more small system proc-
essors, in any popular computer language.

The rest of this article then is a descrip-
tion of the modules used to impiement a
2 symbol gaming program using the artifi-
cial intelligence technigue. It more detail is
needed 1 suggest you lock first into the
book Artificial Intelligence Through Simu-
lated Evolution by L ] Fogel, A | Owens and
M | Waish {John Wiley and Sons,
Mew York, 1966) or send questions
and a seif-addressed stamped envelope to
me. Although there are many flowcharts and
the technical jargon may seem complex at
times, | wish to emphasize that the
programming is simple and the technique
can be implemented on any personal
computing system with sufficient memory.

Mutation | — Add a State

Figure | describes the first mutation
type. As shown, the number of states is first
compared to some maximum number, Most
programs will have a fixed amount of mem-
ory aliocated for conlaining the model, and
so a check is made to see il any memory is
yet available for expanding the model. The
2 symbol version previously discussed can
conveniently be implemented using two
bytes per state with the maximum number
ofl states being 127. The programmer must
determine the internal representation of the
madel and Lthe amount of memaory available
and then set a variable 1w represent the
maximum number of siates the model can
hold.



An Evolutionary Idea

The random number subrouting is called
to provide an iteration counter, This counter
is the number of randomly selecled transi-
tions that will be pointed at the new state. If
no transilions were peinted to the new state
then it would be an impossible state, ie: it
could never be reached and could contribule
no value to the model. Next, random Lransi-
lions are changed to point to Lhe new stale
which is to be created. Then, the new stale is
crealed. Finally ISREM is entered 1o remove
any impossible states from the model.

Mutation 2 — Delete a State

Figure 2 describes Lhe sccond mutation
type. As with mutation Llype 1, a check is
made of the number of stales currently in
the model. f there is only one state in the
madel, the mutation fails, since to delete the
state would tolally eradicale the model. If
there is more than one state Llhen the
mutaiion will be able (o proceed success-
Tully.

Next, ong of the states in the machinc is
randomly selected to be deleted. The oniy
state thal cannol be deleted with this sub-
routine is the state designaied as the first
state. To delele this stale would result in the
same mulation as mutation type 4 and is
thus prohibited 1o this subroutine.

The actual deletion is accomplished in a
rather roundabout manner, Every Lransilion
in the model s checked to see if it refers o
the state being deleted. If so, it is repointed
te some cther random state number. The
resutt of course is the greation of an impos-
sible state, one that cannot be reached and s
thus uscless to the model. Entering the
ISREM routine, as explained in the descrip-
tion of mutation type 1, will remove any
impossible stales from the model and so
affect Lhe aciual deletion of the desired
stale.

Mutation 3 -- Change a Transition

Figurc 3 describes Lhe third mutation
type. The model is first checked for having
more than one state. If there is only onc
state, then all transitions must necessarily
point to that sizle, and so no change can be
made and the mutation fails. Otherwise a

{(FROM FIG. B}

DELSTATE

SELECT
RANDOM
STATE

|

REMOVE At L
AEFERENCES TO

STATE

INDICATE
SUCCESSFUL
MUTATION

GQTO
ISREM

Fle. 7}

IFROM FI1G. 8)

RANSTATE

CHOOSE AND
REPOINT RANDOM
LINKAGE

|

INDICATE
SUCCESSFUL
MUTATION

GO TO
ISREM

(Filg 7

m

MUTATION 2: DELETE STATE
[MuTATE SUBROUTINE]

60 TO
MUTCHK

[FI6. B}

Figure 2: Mutation type 2, delete a state
from the model. This routine checks to
make sure that there {s more thun one stale
it the model or efse it faifs. If there is more
than one state it deletes all references to a
randomiy chosen stale thereby severing it
from the rest of the model. This s ¢
component of the MUTATE subrowutine,

MUTATION 3.
RANDOM TRANSITION CHANGE
[MUTATE SUBROUTINE]

6o TO
MUTCHK

{FiG. &)

Figure 3: Mutation (ype 3,
change a transition. This
mutation witl fall if there
is only onpe state in the
maodel, If there is more
than one state o transition
will be randomiy chosen
and repointed (o anather
state from that to which it
is presently pointing. This
fs o component of the
MUTATE subroutine.



A Pspudorandom Number Algorithm

1. Yest X, a 16 bit variable. If X i5 egual to zero,
than set ¥ to any number such as the time of
day, or some other indeterminate number, and
repeat step 1. This defines the initial seed of a
pseudorandom sequence.

2. Mustiply X by 259 to yvield new value for X,
Keap only the 16 teast significant hits of the
result. Increment X by 1.

3, If X iz zero go to step 1.

4. Divide X by the input argument but do not
destroy original value of X, The remainder of
this result is a pseudorandom number between
zero and one jess than the inpul argument.

(FROM FIG. B)

INISTATE

CHANGE FIRST
STATE TO ANY
OTHER STATE

{NBICATE
SUCCESSFUL
MUTATION

Go TO
1SREM

IFIG 71

{FROM FIE 6}

PS|STATE

SET FIRSY
STATE TO SECOND
STATE

INDICATE
SUCCESSFUL
MUTATION

eQ TO
ISREM

(FIG. 7}

MUTATION 4. CHANGE INITIAL STATE
[MUTATE SUBROUTINE]

GO 1O
MUTCHK

{FIG. 8]

Figure 4: Mutation lyvpe 4,
change the first state num-
ber. This mulation fails if
there is onfy one state in
the madel. If there is more
lthun one stale the first
state will be changed (o
any of the other states.
This is a component of the
MUTATE subroutine,

MUTATION 5 ADVANCE | STATE
[MUTATE SUBROUTINE

GO TG
MUTCHK

{F16 &}

Figure 5: Mutation type 5,
wdvance model by one
stute, This mutation fails if
the first state is equdl to
the second state. IF this Is
not true the first state is
sel equal to the second
state of the model, This s
@ component of the MU-
TATE subroutine.
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randam clement in the model is chosen and
its transition pointer is changed ta point o
some other state, ISREM must be entered at
the end of the rouline since the changing of
a trapsition may have resulted in the cre-
ation of an impossible state.

Mutation 4 — Change the First State Number

Figure 4 describes the fourth mutation
lype. Again, if there is only one stale in the
model, then it must necessarily also be the
first state, and the muiation would then fail.
Otherwise the first state number is set to any
other state in the model. Also it is possible
that an impossible state was created as the
result of this mutation, so ISREM is entered
to remove such impossible states,

Note that earlier discussion described the
fourth mutation type as changing Lhe cur-
renl stale number of (he machine. The
mode! must be driven by history from the
first state when performing evolution, and it
is seidom possible ta work backwards from
the current state number to determine the
first state number. It is practical, therefore,
to modify the mutation from change current
stale number to change first state number.
The resull of changing the first state number
will usually end up changing the curren(
state number.

Mutation 5 — Advance Model by
One State

Figure 5 describes the simple bul power-
ful mutation type 5. If the first state number
is equal 1o the second state number of Lhe
model, then the mutation fails. Otherwise the
first state number is set Lo Lhe second stale
number.

Earlier discussion of mutation 5 described
it as advancing the current state number by
one. As wilh the case of mulation type 4, it
is impractical to change the current state
number directly, so the first state is ad-
vanced by one and evolution routines des-
cribed later will run the model over its
historical recall to result in the current state
number actually being advanced by one
stale.

Mutation Control

Figure 6 shows the logic involved in con-
trolling the mutation process. A random
number is generated and used to select one
of the five mutation types to be performed.
Upon return from the mulatlion routine, a
check is made for successful mutation, If Lhe
attempt was unsuccessful, a random selec-



Llion is again made unlil a successful mula-
tion is finally made. Finally, the routine
OPTIMIZE 15 used to perform delerministic
optimization and to assign a value to Lhe
maodal.

For those who implement this artiflicial
inteligence game and would like to improve
the intelligence forming process, the muta-
tion control routine of figure 6 offers the
greaiest potential for improvement. The
mulation seleclion process shown is simple
and effective, but is essentially a brute force
method. One of the firsl improvements |
made 1o the program was to allow dynamic
altering of Lhe probability of selecting a
mutation type. That s, if ADDSTATE was
called successfully and resulted in a model
with a higher value than befare, then the
probability of selecting ADDSTATE in the
future was increased slightly. Similarty, if
any mutation type was performed success-
fully and decreased the value of the model,
then the probability of selecting that muta-
tion Lype again was made slightly less. The
most sophisticaled versions of this artificial
intelligence program use the very artificial
intelligence pracess to oplimize Lhe selection
of mutation types, thus aiding the evolution
Drocess.

ISREM — Remove Impossible States

Figure 7 describes Lhe subroutine thatl
removes impossible states. An impossible
state is any state that cannot be reached. For
example, the model:

Czb f=X

has the impossible state Z. An impossible
state cannol contribute to the value of a
motlel but can hinder the mode!. 1T a model
already had the maximum number of states
permilted, but Ffive of these siates were
impossible states, then the ADDSTATE mu-
lation could not be performed until some
states were deleted to make room.

The flowchart of figure 7 will not remove
all impossible states. For instance, if in the
figure above, the current slate was changed
from X to Z, then X and Y would now be
impossible stales instead of Z. The sub-
routine described will only find those states
which are impossible solely because they
cannot be reached from another state of the
curreni model. In practice, this has never yel
failed to eventually find all impassible states.

{CALLED FROM FIG 91 (FROM FIGURES | TO 5]

MUTATE SURROUTINE
MUTATE ENTRY POINT

|

MUTCHK

RANDOMLY
SELECT
MUTATION
TYPE

G0 70
OPTIMIZE

FIG. 8}

GO TO SELECT-
ED MUTATION

IFIGURES | TQ 5)

Figure 6: The MUTATE subroutine entry
point. MUTATE chooses the type of mita-
tion that will be performed using a pseudo-
random number generator, At MUTCHK we
check to see if the mutation wus a suceess, If
it was not then the MUTATE routine con-
tinwes by chaosing another mutation. (I at
Lirst vou don't succeed ., .) If the muration
was @ success then the optimization process
cleans up the mudation by transforming it to
its most weble form before returning cor-
trol  te  the main  program  logic  of
PREDMUT.

{FROM FIGURES | T0 5

: ISREM }
e

IMPOSSIBLE STATE REMOVAL
[MUTATE SUBROUTINE

GO TGO
MUTCHK

IFIG 6]

SET VECTOR TOQ
FLAG STATE |
45 REFERENCED

FLAG ALL
NONSELF
REFERENCES

ANY
STATES

NUMBER OF STATES

NUMBER OF STATES
=1

INTERCHANGE
UNREFERENCED
STATE WITH LAST
STATE

REFPLACE
REFERENCES |
TO OLD LAST
STATE
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Figure 7: Routine ISREM
removes any  impossible
states from the model, It
performs this by checking
all of the transitions to see
that all of the siates are
referenced at feost once. If
it finds a state that is not
referenced it will inter-
change that state with the
fast state of the modef and
delete the last position as
valid, This is a house-
keeping component of the
MUTATE subroutine.



IFROM FIG &I

{ oPTIMIZE )

SET MATRIX
TO ZERQS

DETERMINE
MOST FREQUENT
GUTFUT

STEP THROUGH
MODEL

|

DE TERMINE
OF TIMUM
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{FIG 9)

DETERMINISTIC 0P TIMIZATION
[MUTATE SUBROUTINE |

iUSING HISTORY STEF 1
I THROLUGH MODEL AND :
'COUNT REQUIRED QUTPUTS |

r B
ICHAIN FHROUGH EACH STATE LINKAGE !
:nND SET QUTPUT TQ MOST FREGUENTI..Y{
{REQUIRED SYMBOL, THIS i5 OPTIMUM |

Figure & Routine OPTIMIZE determines
the aptimen prediction for ealh state of the
new model. ft will Hien evatante the madel
using pust history us u moede! Lo determine

the value of the mutution.

This is the final

processitg of the MUTATE subroutine ot

the program,

prediction actuad oocourrence
symbolq | symbolp | symboly
symbolq valugqy valueqg |valueqy
symboly | vaiuegq valuegg |valuegy
symboly | value3yq valuezs |valusaz

Fabte [: The muotriv tned
to evalitaie the optimired
Torim of the dew mutation.
Euclr predicied  mput
symbol s muwichedd wjaiost
the ucltal input. The valow
for that combinutfon iy
then udded to the totdd
valtie of the model. I this
manier,  using  historical
methods, the new mode!
ot be compared to e
olfder modet 1o see ff it is
mare etffcient.
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Looking Jt the Tlowchart then, the proc-
ess is sitnple, Firsl o Llable is sel o sero.
Every transition is then examined, Il the
head of the arrow puints Lo a different state
than the tail, then the entry in the wable
corresponding to the stale pointed tu by Lthe
head ol the arrow is Tlagged.

After looking at all wansitions, the Lable
s examined. If any swae in the model
remdins unflagged then it is an impossible
state, H the impossible state is the last slate
in the model, then one need only decrement
the variable denoting the number of states in
the model 10 resull in the deletion ol the
state. Otherwise the impossible state is firsi
swupped wilh the lust state in the muodel
belore the variable is decremented.

OPTIMIZE — Evaluate New Model

Figure 8 describes the most important
segment uf the program. OFTIMIZE per-
forms the delerministic optimization men-
tionee previously, and evaluates thwe muoded
with respeet 1o the poal. Optimizalion and
evaliation provide (he criteria lor the evolu-
Lion selection procedure.

OPIIMIZE is conceplually simple, al-
thowgh olten large ol implementation. The
moedel is made to perform with historica
data. As cach inpul observation is letched
and the appropriate lrapsition made, the
required output Is noted. Thus for each
Lransition we have a table of the number of
timies each outpul should have occurred o
pericct prediction. The output symbaol that
should have occurred most frequently for a
transition is then made the outpul for tha
transition. If the transition was never used
duting this historically driven run, then the
transition is made W output  the most
trequently occurring oulput symbol over ali
of history.

After optimization, the maoade! is rerun
using Lthe same historical data, Now, how-
cver, ithe optimized model is evaluated in
terms of ils dbility Lo achieve the woal
provided. The goal is expressed in a matrix
of the Torm shivwn in table |.

For each transition Lhe prediction and
actual wccurrence are used to extracl a value
from the table. The sum of these values is
the value of the model.

For the purposc of predicting primes, Lhe
matrix is delined in table 2a, while lor
earthquakes Lhe matrix is defined as in lable
2b. You see then that cach accurale pre-
diction of an actual carthquake or no carth-
qudke adds 1600 to the value for the model.
To predict an earthquake when onme does not
oceur adds 500 to the value of the model,






Figure 9: This is the main
control logic of the simu-
lated evolution technique.
it first builds a dummy
madel, predicis an eveni,
and receives the response.
It then performs repeated
versions and variations of
the mode! fooking for the
optimum model to predict
the correct answers.

(a) (6)
prediction actual prediction actual
prime not prime earthquake no earthquake
prirna 1 Q garthguake 1000 500
not prime 4] 1 no earthquake 0 1000
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REFLACE
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Teble 2: Two tables which illustrate ex-
amples of goals used to evaluate the models
using historical data methods. Table 2a
shows that when a correct guess of either
prime or not prime is made a value of 1 is
acided to the total value of the state. Table
2b iHustrates another manner of weighting
onswers., A correct gnswer receives @ weight
of 1000. Predicting an earthquake when
there {sn't one onfy adds a weight of 500 to
the model. Not predicting an earthguake
when there is going to be one adds rothing
to the model. This is a more subtle farm of
welghiing since it not only allows a good and
bad answer but also g not so good answer.,

while missing an earthquake prediction adds
nothing to the value of the model.

PREDMUT — Putting It All Together

Figure 9 shows the mainline logic for the
program, The flowchart should be obvicus
excepl perhaps for the use of the terms
search limit and generation limit.

In order to prevent the evelution proce-
dure from taking hours or days, it is con-
strained as 1o how long it can take. Each
time an evolulion cycle must occur, Two
variables are set. The search limit variable
defines the number of times the parent may
be serially mutated when searching for a
better offspring. The generatian limit vari-
able defines the number of offspring to be
generated.

The result is that a fixed number of
offspring are generated. Further, each off-
spring can undergo a maximum series of
mutations, since it is seldom that a singic
mutation results in a better model. To make
the program more intelligent, one can in-
crease these limit constants, but the resuit is
a grealer amount of computer time required
between responses,

Again, for those adventurous program-
mers who want to make their programs even
smarter, other methods can be employed to
determine dynamically how many offspring
and how many mutations are to be per-
formed. There are ather advanced evoiu-
tionary techniques that can also be em-
ployed. Interbreeding, majority logic and
second order pattern recognition are just a
few terms describing the advanced tech-















top values,
professionalism

Computerland stores
are exciting, enjoyable
places to visit. From the
striking decor to the fun
and challenge of the
Computerlandw Game
room, you’ll find
Computeriand stores a
completely new
shopping experience.

You can count on
Computeriand stores for
total professional
support whether your
needs are those of a
computer hobbiest,
education, science or
business user. The
skilled, management-
trained staff offers
knowiedgeable service,
expert maintenance,
and software guidance.

breadth of
products

At Computeriand stores
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quality products. Major
brands like Cromemco,
DEC, Diablo, IMSAI,
Lear Siegler,
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TDL and Vector

Graphics to name a few.

Every store is
completely stocked with
tools, books and a
broad range of
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Computerland Corp.ms
1922 Republic Ave.
San Leandro, CA 94577
{415) 895-9363
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beginners
welcomed

Do you want to get
started with
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your nearest
Computerland.
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opening near you soon,
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in February 1977 BYTE,
puge 132, we published
arr article by Charles
Howerton, giving the soft-
watre of a package of utility
rautines for an 080 pro-
cessar. jfoseph Newcomer
of Carnegie-Metlon Uni-
versity sends along this
critigiie of the methods
of coding the BARC rou-
tines. It should be noted
that within the context
of an interrupl free sfngle
process  compiiter,  the
BARC routines wilf work
as described. The subtleties
nccur in cases where inter-
rupts are allowed or ane
desires to put the program
inte  wrile protected or
regd only meamaory regions.

floppy disk contolier, unibus 10 Altair
address mapper, DMA IEEE-448 hus iner-
face, data acquisition controller, ete. I you
usc it Tor ils intended purpose, you cannet
he anything but delighted.

Finally, a note about Scientific Micro
Systems, They are the only company to
provide really complete  documentation.
Their products work as advertised. They

gave me the shirt off their backs in helping
with the nuclear instrumentation. IUis Iruly
refreshing to deal with such a company. |
urge you Lo drop them a note as the
microcantroller is only one ol a large group
of components they make. All are so
pleasant o use, you kind of forget about
them, which is the highest compliment |
know how to give lo an |CH

A Critique of Self-Modifying Code

Joseph M Newcamer
Coemputer Science Dept
Carnagie-Meallon University
Pittshurgh PA 15213

Mr Howcorton's article in the February
BYTE waould have performed a much greater
service Lo the community of programmers if
he had coded it 1o allow recorsion and pro-
vided o fow extra itemy of documentation.
After having expended a great deal of effort
and rleverness 1o fit his code into 256 bytes,
he then compramises reliability by having il
modify itsell. The concept of code madity-
ing itself iv undoubtedly the worst single
idea that neophyle programmers fall in love
with, Since the mast obvious thing in the
warld is to lake his BARC package and pul
iLin a PROM, my first critigue is that he has

carefully made sure that is not possibte!
Nol only is self-modifying code useless in
the world of read only memary, but ex-
perienced  programmers  know  that code
which maodifies itself is inherently harder to
debug.

b should like tn offer the obvious solu-
tion: Instead of storing the dispatch address
in line in the code, store it out at ine in the
writable programmable memory. Thus, one
must reselve a certain number of bytes for
this address. However, since none of the
routines in BARC call one anothey, only
one dispatch address area is required, Then
une only need do a2 “call indirect” through
this address. Of course, the 8080 does noi
have o call indirect instruction, so one has
lo fake it; use 4 3 byte dispaich area, and
madake the first byte the op code of a |MP
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NeW 8080 and 8085 ReEFERENCE GUIDE

A TOTALLY NEW APPROACH! SAVES TIME AND MONEY!

A powerful new tool for every sericus B080 user — professional and novice alike. Priceless timesaver for engineers,
technicians, and programmers. Saves time and meoney in the fab, on the production line, or in the field.

This convenient pocket size guide (3% by 7% inches) gives quick and easy access to all vital refarence data. No mare
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PRAMMER

by XYBEK

An extraordinary 2k memory board
for your Altair-bussed computer
* On-board 1702A PROM programmer

* Space for 1792 bytes of read-ocnly memary (seven
1702A EPROMS)

* 256 bytes of RAM

% Supplied with ane 17024, pre-programmed  with
stand-alone programming software - no sense
switches are used

* Supplied with programming power supaly

W PRAMMER's own on-board clock makas it compatible
with almaost any Altair-bussed systam,

* All read and write sequences are genersted via an
an-board micre-programmed state machine, thus
gliminating ail ane-shots.

w* Camplets 1702A programming in 18 saconds

COMPLETEKIT: ................5209

{$189 through Juna 14, 1977}

Irmmediate loff-the-shalf) delivery
California residents pleasa add sales tax.
Master Charge and BankAmaricard accepted.

XYBEK ¢ P.O.Box 4925 » Stanford, CA 94305
Telephone: (408) 296-8 188

IBM SELECTRIC
TYPEWRITER
INPUT OUTPUT
CONVERSION KIT

Easy to install on any
IBM Selectric | and II,
providing quality hard
copy output for all
microprocessor devices.

PRICE . . . . $395

EDITYPER SYSTEMS CORPORATION

A SUBSIDIARY OF TYCOM CORPORATION
26 Jusl Road, Fairfield, New Jarsey  D7D06  [201)1227-4141
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The use of a single dispatch vector does
make it possible, with care, to use BARC
from an interruptl routine. Before invoking
any BARC routines, push the current dis-
patch address onte the stack; after using
BARC, pop it off, If BARC was active,
the program has correctly preserved state;
if nat active, anly a few cycles have been
last.

The requirement that the parameter
lists be in line also seems to be a bad choice
to me; it would be much better 1o simply
store a pointer to the parameter lists, or
even better pass a pointer in a register.
Since speed was not of the essence and size
was, it seems to me that something which
reduces the size of the code at the call site
would be more desirable. Furthermore, if
the addresses or values of the parameters
must change, in line parameters force the
yser to write self-modifying code. This
means that the user cannot, after having
developed some neat system, convert it to
a PROM region of memory.

A good criterion for evafuating a program
is: Can itbe put in PROM? If, after separating
cul the data areas, it cannol be pul in
PROM, then from my experiences | consider
il to be badly written, no matter how useful
ar amazing its functions may be. Then ask:
Can it be called recursively? If not, do not
call it from an interrupt routine if it can ever
be called from outside an interrupt routine.
And don't forget multilevel priority inter-
rupts, which are very easy to handle on 8080
architecture. Do nat call the routine from
outside an interrupt context if it can be
called from within one, which is the com-
plementary condition, Note that these are
not always obvious errors to detect, since
the interrupt routine may call something
which calls something which eventually calls
something else; and one day the “something
else’” is madified so that it calls one of the
nonrecursive routines. The scenario is now
set for disaster: Let an interrupt come in at
the wrong time and you are set for a long,
tedious and probably unrewarding debugging
session attempting to locate a source of
“random’ behavior.

Charles Howerton Replies

In response to the critiqgue of BARC by
Mr Newcomer of Carnegie-Melion Univer-
sity, I should like to begin by saying that |
agree with his comments without equivo-
cation for the environmen! which he hy-
pothesizes. | also agree that the concept of
modifying running code s very Chairy.”
However, even Mr Newcomer's proposed
“fix'' requires the modification of running
code,









machine uses a hardwired control unit. All
control lines are fixed and cannot be changed
easily, On the oather hand, a microprogram-
mable machine uses a changeable micropro-
gram in implementing Lhe control unit and
thus by changing the microprogram, the
machine can be altered within certain limits
of i1s design, Let us now lake a look a1 the
contral unit of a microprogrammable com-
puler and ligure out how it works.

A typical microcontrel unit would consist
of 2 mapper, a microsequencer, a micracon-
trol sterage ¢nd a decoder, The last ftem, the
decoder unit, is optional and may not be
found in some machines, The interconnee-
lions between these units are shown for a
typical design in Figure 3.

In operation, a machine instruction is
fetched from main memory and is stored in
the instruction register. The mapper converts
this machine instruction into the starting
address of the microprogram routine which
is supposed to execule the instruction as a
sequence of microoperations. This address is
passed on to the microsequencer whose job
is to slep through the microprogram. As
cach microinstruction is read out, the de-
coder transiates it into contral signals For the
various control lines.

Originally, the mapper was Implemented
using @ decader tree made up of discrete
logic gates. Nawadays, array logic blocks in
the form of read anly memory and so called
programmed logic arrays are used for this
purpose. [It should be noted that pre-
grammed logic arrays are especially suited
for this lask, Read only memories contain
many more bits than are needed, and are
thus more expensive than programmed logic
arrays. The array is powerful enaugh to
implement most tfunctions needed and its
lower cost makes il a very atiractive candi-
date for the mapper.)

The function of the microseguencer is Lo
provide a value for lhe next address of an
instruction in the control memory. It can be
thought of as having a microprogram
counter and additional logic to lest for
conditional branches. Thus, in its simplest
form, it could just be a presctiable counter
wilh associated circuilry for performing
branches and condilional tests. However,
maost cammercially  available micro-
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Figure 3: Block diagram of the connections between various parts of o
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mupper, o microsequencer, contral storage and an optivnul decader.
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Figure 5: Tvpical micro-
insiruction word  format,
The instruction alfocations
ure generglized but are
found in almost oll such
data formats. The word
format itseff can be of any
length, The wusual length is
from 24 to 60 bits af-
though a field width of
10 bits is used by [BM in
some applications,

e 1 NSTRUCTION
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LOGIC UiT MEMORY DATA
AND SHIFTER o SOURCE

DATA
DESTINATION

NEXT USER
ADDRESS FUNCTIONS

sequencers {such as the Intel 30001 or
AMD 2909) are more sophisticated than
this; some {eg: AMD 2909} even to the
extent of having a built-in stack for proc-
essing microprogram subrouting linkages.

The mictocontrol store is usually some
kind of read only memory. Wilkes en-
visioned this as a dinde matrix such as shown
in figure 4. Of course, immense technologi-
cal advances have been made since Wilkes'
time and now the microcontrol store is
usually implemented by read only memorics,
of which the discrete diode matrix can be
thought of as the forerunner. In addition 1o
read only memories, some microprogram-
mable computers have a form of program-
mable memory as parl of their microcontrol
store. This allows for dynamic changes of
microprogramming which lead 1o an cven
more flexible and powerful machine. With
such a configuration, Lhe microprogrammer
can easily rewrite, add or delele portions of
the microprogram lo suit the particular tash
at hand.

From a consideration of the microcontral
store, we next proceed to a discussion of the
micreinstruction. 1t is the microinstruction
that forms the control mechanism which
causes cach data register change. A lypical
micrainstruction word format is shown in
fipure 5. Generally, there has 1o be a field to
control the arithmetic logic unit and the
shifter, ane for memory, and one for 10
control. In addition, another field has to be
reserved for information regarding the
routing of data. Some kind of sequencing
field which specifies the next microprogram
address is usually also included. Finally, 1o

e Jo ! oor |
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IF: INSTRULTION FETCH
D:DECODE
DF: DATA FETCH

Figure 0: Timing diagram for the sequence of interpreting an instruction. This
process is divided into five stages. instruction fetch, decode, dato feich,

E: EXECUTE
T: TESTS

! Pl 1 I

TIME —=

execulion and testing. As soon as the testing is finished, the instruction fetch
cycle is again encountered to start the next sequence.

18

suit the architecture ot a particular machine,
there is a field left for user definable
functions. These vary from machine to
machine but would usually include condi-
lional tests and branches, From this brief
discussion, it should be apparent that there
is no fixed widih for the microinstruction.
Indeed, it varies from 16 bits for the
Signetics 8X300, chip, to 24 bits for the
HP21IMX minicomputer te 100 bits far
various models of the iBM360, However, the
width of the microprogram word in most
small and medium size computers ranges
fram 24 bits to 60 bits.

If the microinstruction is wide encugh,
we can allocate a single bit to a single
contrel line, In such a case, the micro-
instruction is said to be unpacked or hori-
zonlal, However, if we want to save control
memaory space, we may wan! to encode the
data so as to compress the word width. An
external decoder can then be used 1o recover
the data. This is the packed or vertical
format. A machine seldom takes on a fully
packed or unpacked format for its micro-
instruction, Instead, mosi machines have
microinstructions which Tlie somewhere be-
tween the two extremes; some fields are
encoded while others are not, _

When deciding on the widih of the
microinstruclion, several factors have Lo be
considered, The first and maost obvious is
cost: The wider the microinstruction, the
higher its cast. This is 50 because memaory s
more expensive Lhan a decoder, The penalty
paid for having a vertical or packed format is
a decrease in speed and flexibility. In the
case of a horizontal machine, there are
separate bits contralling the individual lines.
Thus, there can be more paralielism in the
contral as mare resources can be controlled
simulltaneously. However, for this same
reason, horizonlal machines are much harder
o program. The micrainsiruclion sel of
vertical machines resembles the assembly
languages of minicomputers.

Instruction Interpretation

Lel us consider Lhe sequence for the
interpretation of an instruction. in figure 6,
we see that the process of interpreting an



[
TIME SAVED—J L

instruction cap be roughly divided into five
stages, The first stage is that of an instruc-
tion fetch. The contents of the program
counter is sent to the memory address
register and a read memory command is
initizted. The program counter is now in-
cremented and the microcontrol unit wails
until memory s ready with an instruction,

Once memory is ready, the instruction is
loaded into the instruction register. This
completes the first stage. On the time chart
(Figure 6}, this corresponds to the scgment
[F. The mapper decodes this instruction into
a microaddress which is passed on to the
microsequencer. This is the decode phase,
segment D on the time chart. As the
microsequencer steps thyough the control
memaory, we have control signals coming oul
of the microconirol memory. Depending on
the instruction, we may need to initiate
anolher memory read to fetch data. This
would be segment DF. Once this is com-
pleted, we can proceed Lo instruction execu-
tion, segment E. Finally, upon completion
of execution, a series of tests can be per-
farmed. These could include software tests
for conditional branch hardware or software
tests for interrupt, and hardware Lests for
direct memory access requests. The sequence
for an add accumulator to register B (store
results in accumulator) and skip if overflow
may look like listing 1.

Of course the listing has lo be coded
inlo micromachine language farm. DMA,
SERVICE, INT.SERVICE and INSTRUC-
TION.FETCH would then be microprogram
subroutines ta service the various requests, A
register, which holds data coming from
memory, is assumed to be present. If no
buffer register is used, then step 10 in the
routine should be changed to:

(10} IR:= MEMORY DATA.
This will epable the mapper and lnad the
microseguencer,
Why Microprogramming?

Beforc microprogramming was developed
and firmiy incorporated inta computer de-

e (o] e | B [T
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sign, most computer designers had to rely on
multiphase “hardwired” logic for their de-
sign. Multiphase logic uses multiphase clocks
1o control the various register Lo register
transfers and other functions. Hence, the
designs are extremely complicated. Qnce the
machine has been hardwired, it becomes
virtually impossible 10 change the instruc-
tinn set without redoing the design once
again, ie: rewiring it

Microprogramming overcomes these dis-
advantapes and provides a means for obiain-
ing relatively simple and flexible designs. To
illustrate, reconsider the microprogram for
the add instruction. IT we look at the time
chart of figure 6, we see that wailing for

Step Instruction

1 MAR:=PC

Figure 7: Timing diagram
Hustrating the time that is
saved when implementing
the changes of fisting 2.
This time Saving occurs
only when an interrupt or
direct memory dccess re-
quest does not have to be
processed. I a request
does have to be processed,
the timing diagram of fig-
vre 7 applies to the
process.,

Caommentary

memory data counter:= program counter;

[read mermary]

PC:=PC+1
[wait for memary] ;
IR:=MDR

TEMP:=REG B

ADD, ACC:=RESULTS

IF OV=1 THEN PC:=PC+1

IF ODMA REQ=1 THEN NP
DMA SERVICE

IF INT REQ=1 THEN JMP
INT.SERVICE

JMP INSTRUCTION,FETCH

routine;

[ IR B (IR N U

—y

iNCrement program counter;

enable mapper, Ioad microseguencer;
disable mapper;

add and store resuhts in accumulator;

if overflow increrment program counter;
if direct memory access requested, go 1o

if interrupt requested, go to routing;

fetch next instruction;

Listing [: A progrom listing for the sequence: Add vocwnalater to register B,
slore resulis in accunilator and skip if overflow exists. Lines 1 through 4 are
the instruction fetch routine. Lines 5 gnd 6 add register B fo the accumidator
and stores the result i register B. Line 7 checks for an overfiow, und fines 8
throwgh 1Y check for interrupt and direct memory aceess requests, When the
program {isting is encoded into nucromachine languuge form the DMA.SER-
VICE, INT.SERVICE and INSTRUCTION.FETCH will become micio-
program sibroutines fo service the various requests.

Step Instruction
9 MAR:=PC read memory,;
10 IFINT REQ=1 THEN IMP
INT.SERVICE

17 JMP INSTRUCTION.FETCH+]

Commentary

if interrupt requested, go to roputine;

skip first step of instruction fetch;

Listing 2: Revisions of the program of listing 1 which aflow a savings of time
hr the exectttion of the program. This savings s shown graphically in the

titning diagram of figure 7,
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memory o be ready with an instruction
takes up a good portion of our time. Thus,
to speed Lhings, we may want to initiate a
read memory instruction before we proceed
to the various tests. Accordingly, we rewrite
our microprogram with the modifications
starting on line 9 shown in lisling 2,

The new Llime chart oblained with this
modification is shown in figure 7. Note that
if no direct memory address requests or
interrupts have been requested, then there is
a savings in time, This is because we do not
have to wail as long for the instruction
fetch: a resull af the early initiation of the
read memory. f there has been an interrupt
or direct memary access reguest, then no
gain in speed would be obtained, However,
since these requesls are relatively rare, this
new madificarion would result in an overall
increase in speed.

If hardwired logic was used for Lhe
contral unit, it would be very difficult o
make the modification just described. Thus,
we see that microprogramming is a very
powerful tool in the design of digilal
computers..m
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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.

Qur Basic Floppy Disc System (BFD-68) must, in all mod-
esty, be called suparb. It comes completely assembied
with a disc controller that is plug compatible with the
SWTPC 8B00. The cabinet and power supply are capable
of handling 3 Shugart Mini-Floppy Drives. One drive is
included in the basic system price of $785 and cther
drives may be added easily at any time for $330. Or, you
may save money by ordering a dual or triple drive sys-
tem initially. The price for the BFD-88-2 is $1162 and for
the BFD-68-3 triple drive system $1539.

Remembering that we are prone o understatement, we
must say that while the BFD-688 hardware is superb, the
software is even better. Our 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 OF FILES 1S LIM-
ITED ONLY BY THE SIZE OF THE DISC

s MERGING FILES REQUIRE NO EXTRA DISC SPACE
s NO WAITING FOR THE DISC TO RE-PACK
s 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 atl the features of the P-3B-1 plus one 2708
EPROM cantaining the 1COM bootstrap software. Just plug the
P-38-FF into your SWTPC 6800 and your iCOM inta the P-38.FF
and you're ready to use the Frugal Floppy and ICDM's 6800 soft-
ware pachage. Price $2949.

Qur P-38 is an BK EFROM board containing room for 8 2708's.
Or, you may use it te hold up to 7 2708s plus your Motorola
Mikbug or Minibug Il ROM. The P-38 addressing is switch select-
akle to any BK location, Price $179.

The P-38-| contains all the faatures of the P-38 plus an interface
to the OHver Paper Tape Reader and our EPROM Programmer.
Price $229,

The PS-1 Power Supply Kit provides plus and minus 16 volis
required for the P-38 series hoards, Also, it allows a wiring mod-
ification to be made to the 8 valt supply that will increase jis
output by one voit, Price 524,95,

Cur M-15 is a 16K single power supply STATIC RAM memary
systern. The M-18& Is fully buffered and requires only half the
power of a similar size system using iow power 2102's. With the
M-16, you can expand your systern to 48K and still have roam
left aver for one of gur EPROM boards. Price $3585.

AtLL QUR PRODUCTS EXCEPT THE PS-1 ARE COMPLETELY AS-
SEMBLED. AVAILABLE AT MANY SWTPC DEALERS OR FROM US
BEY MAIL. BANKAMERICARD AND MASTERCHARGE WELCOME.
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P.0. Box 2017, Hollywood, CA 90028
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The Midwest Affiliation of
Computer Clubs invites you
to attend the Second Annual,
Midwest Regional Computer
Convention and Exposition....
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>Manufacturers’ Reps & Exhibits Still only
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The M.A.C.C. Convention is Where It's At in the Midwestern region.
See you there! And if you plan te attend NCC, why not fly with us?
Ask for information about the charter flight to Dalias. Drop a line to:

MI DWEST AFFI LIATION OF c0M PUTER CI.U BS

P.O. BOX 83, CLEVELAND, OHIO, 4414l










Continued from page 52

Selectric mechanism found in the Keyboard
Printer is a set of switch contacts which are
closed by movement of the tilt rotate bails,
and by movement of the cams in various
stages of the prinling cycle. These contacts
can also be secn in pholo 4. Again, na
electric power is applied to these contactls
inside the Sclectric, but six of them, called
Cl to C6, are wired together thru certain
pins in the receptable at the back of the
machine {more on this later}. For printed
ueipul, Lhese contacts can be tested Lo
determine  when the prinling cy¢le s
complele. For keyboard input, Lhere is
another set of contacts which must be tested
at the proper instant in order Lo capture the
code for Lhe key just depressed. Other
conlacts arc provided which make it possible
lo determine whether the machine is cur-
rently  locked in upper or lower case,
whether the end of line margin stop has been
reached, and so on. According Lo the
documentalion, the contacts are ralted for
40mA al 10V (minimum) o 300 mA at
48 V {maximum),

BCD and Correspondence Machines

At this point, | should ¢lear up Lhe
mystery  surrounding  the  differences  be-
tween the so-called "BCD" and ‘“Corre-
spondence’’ versions of the Selectric Key-
board Printer. There are differences in three
areas;

i. The arrangement of characlers on the

typebal! that is used,

2, The arrangement of the fingers on the
interposers connected lo  particular
keys,

3. The vode ablained for keyboard inpul
4t the S0 pin receplacle when a key is
pressed,

lhe Currespondence  version is  the
simpler of the two. All of the office type-
wrilers arc built this way, and nearly all the
typehalis available from I1BM use the Corre-
spondence drrangement of characters. In a
Correspondence encoded Keybuard Printer,
the Lilt and rotate bail contacts are wired
directly 1o the 50 pin receptacle, and so the
code nblained when a key is pressed is Lhe
dctual Ll rotate code, Note that the lill
rotate code is the same for, say, an upper
case A and a lower casc a, so the current
state of the shift contacts must be checked
whenever 4 character is read,

Many Sclectric Keyboard Printers were
built for use in equipment which employed a
6 bil byle and the old BCD (hinary-coded
decimal] characler code, and so |BM
devrloned the “BCD” versian of the Selec-

tric. I this machine, the ll and rotate
contacts {there are several sels of contacts
for cach bail) are wired through a maze of
diades and shift contact connections ta yield
a unigue 6 bil code for all of Lhe essential
characters in the BCD set. Henee the code
which reaches the 50 pin receptacle can be
read directly inte a 6 hit byte, and the shift
contacts themselves need not be tested, Of
course, a G bit byte can represent only 64
different characters, and after allowing for
the digits and various special characters,
there was room for only Lhe upper case
alphabetics. In Tuact, because of the limila-
tions of wiring through diodes and switch
conlacts, only 48 distinct codes are actually
produced, Even so, in order to accomplish
this wiring leal, il was necessary Lo move
some ol the essential characlers to con-
venienl spals on the typeball, and hence the
inlerposers with certain finger combinations
also had 4o be moved around in order to
preserve Lthe usual layout of Lhe keyboard,
This is why the characlers are all mixed vp
when you type manually on o BCD machine
with a Carrespendence Lypeball. Indeed, just
te make cvervihing fit together, 1BM puts
only the wpper case characters on most of
the typeballs intended for use with the BCD
machine. {An exception is Lhe Model 963
typeball which is used in many limesharing
terminals.) But, in faci, the mechanism is
slifl capable of tilting and rotatling o any
character posilion,

Whal does all this mean for the computer
hobbyist? I you are using Lhe Setectric asa
printer only, it muakes nu dilference whether
you have . BCD or a Correspondence
machine, since in cither case you have direct
access o the Ll and rolate magnets. By
energizing the pruper combinations of the
seven maghuls, you ¢an use both BCD and
Correspondence  typeballs  with  either
machine. {My Sclectric is a BCD muchine
and | regularly use it with 4 Correspondence
encoded Courier 72 1ypeball)

If you waat Lo use the Selectric keyboard
for computer input {and you want upper
and lower case}, or il you wanl 1o vse the
machine off line with a variety ol Corre-
spondence encaded typeballs, you are con-
siderably better off with the Correspondence
version of Lhe Keyboard Printer. But, since
maost of the units available through surplus
channels {al least at reasonable prices) are
BCD machines, you may have o settle for
one of lhese. With some mechanical and
electronic skill {and lots of courage), you
could convert a BCD machine into a Corre-
spondence version by:

I. rearranging the interposers 1o match the
Correspondence typeball wrrangement.
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power source for the un-
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power the solenoids of the

Selectric Kevboard

Printer. o

48vAC

+* ‘ I
S0uF -
T 100VDC 12K &

— !

2. tearing oul all the wiring for BCD code
generation and replacing it with direct
cannections from the bail switch con-
tacts to the 50 pin receptacle,

So much for the theory of operation of
the Selectric mechanism. Now let'’s gel on to
the design of an interface unit which will let
us contrel the Selectric printer using stand-
ard TTL level signals trom a computer
output port. Mindlul always of our potential
exposure to Murphy's Law, we will keep Lhis
interface  as  simpleminded a5 possible,
Readers with more sophistication in elec-
trohics may usc Lhis approach as 4 jumping-
off point (so Lo speak) For their own designs.

Interface Design

To control the operalion of the Seleciric
printer we must provide three types of
functions:

1. Signal conversion of TTL levels to
magnel currents.

2, Code conversion of ASCII codes Lo Lilt
rotate code.

3. Control and timing tu lype successive
characters, wait for cariage return,
elc.

It seemed to me that the most appropriate
division of labor was to provide the [irst
function in hardware, and the second one in
software, Signal conversion reguires an ex-
ternal power source, while code conversion
requires some flexibility 1o accommodate
different typeballs, For the third function, |
have experimented with both open loop
control {realized entirely in software) and
closed loop conwrol {which uses a hardware
feedback signal); both approaches will be
discussed briefly here,

5y +4ay

e S | S — e — -
r l
_ |
_ naools : TILT-ROTATE
- | SYRR RELAY | HAvyich
| INGDOIA |
|
J
| RELAY DRIVE I 4]
e e -
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Signal Conversion

For signal conversion, we simply need a
power source for the Selectric magnets and
means of swilching the power on dand otf
using TTL level signals. For the power
source, we need @ maximum of aboul | A of
DC (for seven simullaneously energized
magnets al 125 mA per magnet) in the range
of 43 1o 53 V. The source necd not be
regulated nor even. filtered. {See “Waits
Inside a Power Supply,” by Gary Liming,
lanuary 1977 BYTE, page 42, for a further
discussion.) Figure 2 is a circuit diagram for
the power supply which | built around a $4
surplus transformer. The only really essential
element is the full wave reciifier. The
capacitor was included simply to jack up the
voltage ol the parlicular transformer | was
using ta the point where it would energize
the magnets.

To switch power on and off, 1 used a set
of reed relays {optoisolalors or power (ran-
sistors could be used instead). These par-
ticular reed relays have a coil resistance of
290 ohms, so they can be driven by an
ordinary TTL gate {17 mA at 48V, or
10 TTL loads). They are available from
Digi-Key Corporation, POB 677, Thief River
Falls. MN 56701, for $1.70 each (part
nuintber 5VRR). | used a toral of 12 relays,
six for the print magnets (since | forgol
about the ‘‘check” magnet) and six for the
mast important control functions {space,
backspace, tab, carriage return, and upper
and lower case shift).

The reed refays were each connecied Lo a
computer output port and a Selectric
magnet through the circuit diagram shown in

Frgure 3: Switching of the solenoid ucluator
muagnets i the Selectric Kevboard Printer is
wccomplished by this busic circuit. A reed
refay which is within the drive capubilities of
TTL is driven from o TTL logic gute, with
protection against buck EMF provided by
the diode A. The reed relay, in turn, drives
the magnet in the printer from the 48V
{nominal} supply of figure 2. Diode B
provides buck EMF protection for the relay
contacts to prevent arcing which would
sharten the life of the relay. The dotted line
oullines the detailed circuit repeated many
times in figure 4,
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The last problem in code conversion is
the handling of control functions such as
carriage return, iab, backspace, ctc. Forlu-
nalely, the ASCI character set assigns
unique 7 bit codes for functions such as
these, For example, the ASCIl carriage
return character (hexadecimal code 0D} can
be used for carriage return, and the ASCII
horizontal tab (hexadecimal code 09) can be
used for the tab function. Since in my
interface a special contral line determines
whether Lhe six output ports affect Lhe print
magnets ar the control function magnets, |
can use the eighth bit in each table entry
byte ta set the conurol line appropriately.
The table eniries for the printable characters
have this bit sel to 1, wilh six bits providing
the tilt rotate code; the entries for the
contrel characters have this bit set to 0, with
the hit corresponding to the given control
funciion magnet set to | and the other five
bits sct to Q. This encoding is illustrated in
figure 7.

Once we have this encoding of the infor-
mation needed for code conversion, the
actual program logic (o accomplish the
conversion is straightforward. A flowchart of
the legic is presented in figure 8, and an

Figure 8 A flowchart giving the logic of o
simple open loop driver program which takes
o given ASCH character, looks up its tuble
entry, und then takes appropriate printer
wctions. As art open foop program, each time
delay in this chart (the ATs) is picked (o
reflect the worsi case response time for the
action fnvelved., This mukes the Sefectric
tvpe successfully, but does nol optimize
operation for the maximum speed, since us
evervone hnows, the worst cuse js often not
identical  with the typical value of u
parametey,

Figure 7: The coding scheme for each conversion table entry is given by the
general box at the rop of this diggram. Bit 7 telfs the software whether the
mechanism should be in the upper or lower case mode. (The need to shift
explicitly in o Selectric is reminiscent of the shift requirements of Baudot
Teletypes.) The Hit rotate code contained in bits 6 thru 2 s derived from
figure 1 for each character in the tuble, {For other bafl arrangements, o
version of figure 1 would need to be generaied.) The low order bit of the
word is used to indicate to the logic of figure 4 whether o control command
() or print command (1} is being sent,
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l: RETURN }
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SEND CONTROL
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CHARACTER OUTPUT ROUTINE FOR
SELECTRIC KEYBOARD PRINTER

QUTCH TAY

LSR
BCC CTL
ROL A
Bl LLOWER
LDX #4
LDY  CASE
BEQ QK
ING CASE
JMP SHIFT
LOWER LDX  #2
LY  CASE
BNE OK
DEC  CASE
SHIFT STX PORT
JSR ENERG
LOY  #50
JSR WAIT
oK STA PORT
JSR ENERG
LDY 50
J5R WAIT
RTS
CTL ROL A
STA PCRT
JSR ENERG
LDY  #120
JSR WAIT
RTS
ENERG LDY  #10
JSR WAIT
1Y &0
5TY PORT
RTS
WAIT LDX  &#200
LOOP DEX
BNE LOGP
DEY
BNE  WAIT
RTS

Listing 1: 6502 gssembly
lunguage source code of o
program  wiich  imple-
ments the Jogic of the
flowchart in figure 8. This
program is a subroutine
which will drive the Selec-
tric Keyboard Interface in
unt open loop mode and is
i on g Kid-1 symiem,

LDA  {TABPTL Y
A

ASCII character ro index register
get code byte from table

test low order bit

0 means control character
test high order bit

1 means lowcr casc characrer
code for upper case shift
check current case

0 means upper case

indicate shift to upper case
go initiate shift operation
cote for lower case shift
check current case

—% means lower case
ingicate shift to lower case
send shift code to port

for 10 milliseconds

delay for 80 milliseconds
until shift operation is done
send tilt rotate to port

for 10 millisecands

delay for 50 milliseconds
unitil print operation is dong
return to calling program
restore control code

send ta output port

for 10 milliseconds

delay for 120 milliseconds
until contrel operation is done
return 1o calling pragram

set up for 10 millisecand delay
logp far that lang

send Os 1o autput part

1o turn off magnet current
return to caller

numbler times thra inner loop
decrement inner loop count
loop until count is
decrement outer logp count
lgop until count is 4

return to caller

equivalent assembly language program for
the MOS Technology 6502 used in my
system is shown in listing 1. (1 this simple
version of the program, delay loeps are used
for timing purposes, and sullicient lime is
allowed cithet Lo prini a4 character or to
complete the worst case conlrol fungtion
{carriage return across the enrire length of
the page}. OF course, this version of Lhe
program will operale the Selectric al far less
Ihan ils maximum rated speed, and  will
monopolize the processor’s Lime while wail-
ing for completion of cach operation, n
orcler to improve on this, we turn nexl to
the subject of control and timing.

Control and Timing

Now thal we have a working Seleciric
interface, we can turn our allention to Lwo
major improvemenlts: driving the Selectric at
maximum raled speed, and minimizing use
of the processor's time for Selectric control,

Tao drive the Seicclric at full speed we can
adopt an approach ol "open luop™ control
or "closed loop' control. Open Joop control
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nvoives keeping track of the carriage pasi-
tion, margin, tab stops and similar informa-
Ltion in software (changing the margin and
tab stop information via software inter-
preted commands), and calculating Lhe delay
time necessary for each operation, Closed
loop contral involves testing the Keyboard
Printer’s switch contacts to delermine when
each operation has been compleled. The
worsl case delay approach used in the
program ot listing 1 is a simplified version of
open toop control. For [ull specd operation,
the closed leop approach is much simpler
and more reliable; so tet's consider it here,
Nearly every mechanical operation opens
or closes some set of switch contacts inside
the Sclectric. Sets of contacts are wired Lo
the 50 pin receptacle in a variety ol ways o
reflect operalions such as printing, tabbing,
backspacing, ctc. We will not consider all the
possible methods of achieving feedback con-
ol using these contacts, but will oulline
one particularty simple approach, which
remains to be lested in my own system. The
pin labeled a on the receplacie s wired
through a se1r of normally closed contacls,
and the pin b through corresponding nor-
mally open contacts, associated with Lhe set
of common contacts connected 1o pin X,
Figure 9 shows how Lhese contacts may be
debounced o yield a clean TTL leve! signal
(fgnoring the nominal voltage ratings for the
conlacts), Here we use the last half of the
7400 package left over from figure 4. During
any printing or control Function operation,
pin & will go from ground to +5 V and back
to ground again, while pin b does Lhe
reverse, Hence the Teedback line will go from
logic 1 to D Lo |. By sensing Lhis change in
sollware through a loop testing Lhe feedback
input port after energizing the magnets, we
can closely control the operation, When the
line goes to logic 0, we can turn off currem
10 the magnels, and when it returns to logic
1, we are ready o stari Lhe next operation,
The second problem we face in conlrol
and timing is how Lo minimize use ol the
processor’s 1ime {or Selectric control. Here,
of course, Is where Lhe interrupl sysiem
comes inte play. If we are using the circuil
outlined in figure 9 for closed loop ceniral,
we can tie the feedback line (o a4 processor
interrupt rather than to a data inpul port. If
we are relying instead on open loop control,
we can use 4 programmable interval timer
which is capable of causing an interrupt as
an alterpalive o delay loops. The software
to handle interrupls (rom the Selectric is
slightly complicated by the need Lo <hil
between upper and lower case prior 1o
typing the next character, bul this can be
handled by initiating the shift aperativn and



then arranging to retry the character printing
operation on lhe next interrupt, at which
time Lhe Selectric will be locked into the
proper case,

Actual Experience

Hopefully this article has given the reader
afl the information he or she needs to build a
Selectric Keyboard Printer interface similar
to, or better than mine. Lest you are unduly
embaldened by the foregoing discussion,
however, consider what can go wrong.

| carefully tested the interface in stages,
by using an chmmeter to verify that bit
palterns senl to my computer oulpul port
closed the proper combinations of reed
switches, and by testing the power supply on
some of the Selectric's magnet coil con-
nectlons. Nevertheless, when | [irsl lesled
the entire setup, | thought | saw a blue flash
arcund one of the reed relays when | tried to
pulse the R2 magnet. Nothing seemecd Lo
happen when | ried again, excepl that the
R2 magnet wasn’t being energized. Then,
listening carefully, | heard a telltale sim-
mering sound Lhat senL me leaping Tar the
electric outlet, The R2 reed relay had stuck
closed, and on further examination | found
that most of the arc suppressing diodes
inside  the Selectiic had been destioyed,
After painstakingly replacing the R2 reed
relay and installing the diodes visible In
phote 5, | tried again. This time | found cut
why the reed relay, like its replacement, was
sticking closed! The R2 magnel in the unit |
purchased had been burped out and was a
short circuit. No wonder the unit was a
surplus item,

NoL willing to give up, | managed 1o
remove the coil rom the R2 magnet core,
and replace it with the coil from the unused
{by me!) check magnet. Afier this feat, |
found that when | typed manually on the
keyboard, only @s, Os, and a few other
characters could be printed! Only alter
hours of reading and experimentation did |
discover that the adjusiment of Lhe plate
hotding the wmagnet armatures in  place
fwhich | had removed 10 change the coils)
was critical, and could be sct only by
considerable Lrial and error,

These are the kinds of things thal can go
wrong. You cannot be too carelul in playing
with these machines! Readers ceriainly
shoufd investigate the possibility of an IBM
maintenance contract on alleast the mechan-
ical portion of the Keyboard Printer, which
needl not be Loo expensive.

And, to conclude, although | probably
never would have undertaken this project
had | known at the outsel what it would
ultimately entail, it certainly is satisfying to
have that Selectric typing away under the
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control of my home compuler. To anyone
else who is ready (o undertzke such a
preject, | hope that this article has helped,
and | wish you the best of luck.®
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A 6800 Selectric 10 Printer Program

Listing 1. The listing of SWTEC N-6800 ASSLEBLER
, . : ENTEK Fa8S ¢ 1P,1%,2F,2L,2T
the Selectric printer inter-
face routine for g 6800 opool un¥ SRLECTRIC
svstem driving the 10 ver- ongoz YSELECTRIC DRIVEW FPROGRAM FOR SWIPC 6800 ASSERDLLE
sion of the standard office :ggz: 3‘:‘ .
. . - f v
typewriter. This listing is 00005 ot L
extracted from two os- 50006 0100 GRE 0100
semblies done using the 06007 0108 7E 17Ch JHE  START
Southwesr Technical Pro- 00008 0212 CRG $ozz
dﬂfrs Corpo."an.onjs ver- o0Ga% 0312 BL 1TFY4 JGR STARTI ChLL DUTPLT{IEW]
sion of the MO800 seff 00010 GBFT ORG 08T
assembier, The first part of 00011 0BF7 LEFF FOH  $1BFF  WAKE HUOH FOR PATCH
the listing is the actual po012 DI CRG  $0930
code, and the second part 00013 0930 1900 ruk £1900
n . Il
is a table of Selectric cor- opoLl 13p6 ORG A3k
respondence codes which 10035 130 1500 o 1900
. ;j ) fpglé 17Ce OhG $17CD
is referenced using ASCIH QDOLT LTCD CG FF START LDA B 4$FF INITIALIZE PTA
codes ags ‘G.-"J' index into the 08018 17T 77 8000 STA B PIAGUT
table which Is computed at 0001y 1707 TF 6A02 CLR  PIACHK
CONVI. uo029 1705 C6 U4 LEA B #504
qg021 1707 F7 BOol STA B PIAQUTHL
apo22 1704 F7 8003 STH B PIACHE+L
0aee3 170D of 81 LoA B F3EL START ALWAYS IN LOWLIt CAGEH
00024 17DF FT 8000 STA B PLAGUT
00025 17E2 F7 18¢A 514 W CASE
0po26 17ES Fi 181a LDX COUMTL SEAUP TIMER FRM SHIFT CYCLE
0o027 17EH FF 18CE 5T COLNTR
Ogo28 17ER BD 1803 JOR TIKER
0BO29 LTEE 7F BOOD CLR  PIAOUT
{4030 17F1 TE 300 JRE $300 GUTO MAIN PHGRE
00031 17FU BN 7F  STARTL ANb A FETF RESET EARITY

00032 17FE FF 18CD SAVER SAVE XREG FOR MAIN PHGHM

E5]
=]
=

QU033 17F% 81 10 CHP & #3410 TRAF HOME-UF
00034 LTFR 26 02 BHE tR

00039 17FDL 20 04 BRA CAl FRINT IT AS CR,L¥
Qo036 LTFF BI 0D R CMP &4 FS0D TRAT CR

po037 1801 26 0B BNE 5¥

00038 1803 BS A4 CRI LDA A #$81

00039 1805 FE 1d1C LEX COURTZ SETUP TIMER FOHCR,LP

oopap 1808 PF 18CH 3TX COUNTR

o004l 1608 7E 1BBA JHMF EXl

poo42 1BOE 81 2¢ 8P cMP A #3220 TRAF SPACE

00043 1BLD 26 05 BRE CONVD

poonh 1812 B6 88 LDA & #4B8

00o4S 1818 TE 1884 JHF k&2 GU PRINT BUT DO HOT RESET MSD

00046 1817 TE 18Bo CONVO  JMF CANVYRT
opoN? 1Bia 2000 COUNTL FDB $2000
oook8 181¢ 1000 COUNTZ? FRB §1000
0009 181E 0400 COUNT3 FDB $ohon

noos0 1880 QRO $1380

00051 18B0 Bl 20  CONVRT CMF A #$20 IS IY A PRINTING CHARACTENT
goo%? 1882 27 o¥ BHI CONVY YLE

D053 1884 20 39 oRA EXIT 2}

0pus4 18RE B} 18DO CONVDI STA A TABLEF+] CONVERT COBE
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The following letter and listing T were re-
cefved from an ftalian reocler of BYTE, Ful-
vio Guzzen of Rome. Fulvio purchased the
same print mechanism (18M Model 735 10
typewriter} which is described by Dan
Fylstra in his article in this issue. We're treat-
ing Fulvio’s letter as a short article, since jts
technical content is far above that of the
usuaf letter, The {istings photographically re-
produced here were typed on pin feed paper
using his printer mechanism. The text of his
fetter was submitted using a text editor with
the Selectric 10O mechanism gs s output.

I understand Lhere is some interest among
your rcaders in using a Selectric \ypewriler
for hard copy. As you can see | have fun-
neled an editor program (SWTPC) and an
assembler program (SWTPC, too) through a
Selectric \ypewriter. [The original of this
note was typed on the Selectric. | 1 bought
the machine on the surplus market in Boslon
and it had some prablems: It was stuck in
upper case by a bal serewed on the right
side of the frame, it had some unrecoveriable
backlash in the head rotate mechanism, and
many feedback and interlock conlacts were
missing or badly damaged, ! had the machine
setviced here in Rome {lialy} and at last,
with a new carriage, a new motor {here we
have 220 V 50 Hz power}, and a new sel of
shift magnels, the printer was ready, | de-
cided to use it only as a printer in order lo
reduce the hardware and software efforl to
a minimum.

On the underside of Lhe machine there
are seven printing magnets. In table 1 1 have
paired them with the bits from 0 to 6. Seven
transistors pravide lor the interface between
the PIA and the printer.

There are seven more magnets for the
machine commands; space, backspace, tab,
carriage return, index (line feed), upper case,
and fower case; so seven more ransistors are
required. Seven output lines from the PIA in
slot 0 are switched between the two sels of
magnets by digital logic. The various feed-
back and interlock contacts were wired in
series anel filtered for bounce by a condenser
and a software loop. The conversion table
shown in the assembly listing pravides for
the characlers used on the so called Cor-
respondence’ balls. As | later found out,
there are minar variations betwecn the balls
of this series,

The MSB in the table is set when the
character to be printed is on the upper case
half of the ball. (The upper or lower case of
ASCIl code bears no relation to the upper
or lower side of Selectric golf balls}. The
MSB of the output byle to the printer

Listing I, continued:

Looss
QUUSE
opogst

ooosd
09053

Gopba
¢o061

poo&2
nooé3
onoGh

DODBS
0ooO6E

pooEY
ooo&d
noagy

negre
06071
s007T2
bEOT3
onoTY

aooTs
el v
Ll
0ouT8
0qoTe
plelo]: 0]

o008l
ogode

00083
a0

nuogs
oboBe
ool
oookd
00089
opogo
o009l
Lk

00193
060Gk
Goog5

0ou9E
o003t

a0058
pooa9
GU1RY

00lol
Golo2
10103

o0luk
06105
0olaé

oole?

1889
188¢C
186L

1890
189z
pY:oL

1895
1696
1854

1890

189r ¥

1342

1848 T

1848
18aB
184D
1880
1882

1BBY

1857
188A

188G
18BF

18c2 3%

1803
1BCe

18CT
18c9

18CA
18cy
18c0
18cF
1Bp1
1803

LEDS ¥

1808
1EDA

180D
18DF

18E2
18E4

1BE8

1BER
1BES

1BEA
16888

Fl

Gl
2n

20
20

18CF
an
u2

b
oh
]

o2
81
18Ca

13

8oap
18cA
1814

18CE
18
Bnog
11
¥

181E

18¢D
8ooq

iz
1d8co

i8ce

" Booo

E4
Booz

Fg

18EC 20

1BEE
18EE
18F0
18F1
1BF2
18¢3
1874
1875
1878

20

FFFF

FFFF

181

Lpx
LDA A
BHE

* THE BALLY
BAA

CASECK BFL
Lpa B

BRA
CASELW LDA B
SKIF CKP B

#48 THE PREVIOUS OHE?

BEQ
aTh B
STa B
LD
5T
B5R
LLE
BSH
IINTL AKD A
EXz LDx

STX
EX1 STA A

EXIT LDX
ATE

TIMER LDA
LOQP  DEX
BHE
TR
PIAQUT EQU
PIACHE EQU
CASE  FCB
COUNTR FDB
SAVEX FIB
WABLEF FDB
WAIT1 BSR
LDA B

BIT B
BEQ
CLR

Wh1T2 BER
BI1 B

BHE
RTH
QRG

"1 NEXT FAOE
FCB
Fce

FbB
FCB
FCC

FLD

TABLEP
0.4
CASECK

EXIT
CASELY
1§Co

SKIP
1481
CASE

FRINT1
PIACUT
CASE

COUKTY

COUNTA
TIMER
FIAQUT
TIMER
#TF

COUNT3

COUNTR
PIAOUT

WAITL
SAVER

COUNTR

LOOF

58000
$8002

$1800
TIMER
1l

PIACHK
WAIT1
PIAOUT

TIMER
PIACHK

WATYZ

S$1BEBR

$C1
R

JFFFF
$c2
N

FFFF

IS IT AVAILABLE SOFEWHERL O}

HO, RETURM
MEB CLEARY

NO,CEECK IF FRINTER IS IN WL

YES,CHECK IF FRINTER I2 IN Lt
HEW CHAR. SANE HALFBALL

YRS GO AND FRINT IV
NDO, ROTATE BALL 1806 DEGRELS
AND RECORD IT

SLTUP TIMER FOR SHIFT CYCLE

RESET CASE BIT AND

SETUF TIMER FOR PRINT CYCLE

HOW FRINT

RESTORE X REQ

GO AND FETCH HEXT CHARACTLE

SETUF MASK
ERINY CYCLE STARTED?
KO

YLE Ob J1'S WAY

HEADY FOR A NEW ONE?
HO
TES!

SHIFT START OF SYMBOL TALLE



Listing 1, continued:

oplel 18FB DB
00109 18¥9 20
18FA 20

1878
18F¢
18FD

20
20
20

00110 1BFE FFFF

0011l

START

START1

CR

CRl
5P

CONYVD

COUNT1
COouNTZ
CUUNTI
CONYRT

COKY1

“ASECK
CASELW

SKIP

FRINTI

EX2
EX1
gxIT
TIMER
Logr

PIADUT
BIACHX

ChSE

COURTR

SAVEX

TABLEP

WAIT1
WhIT2

TOTAL ERRORS 00000

SWTE

ENTER
auuol
00002
00003
GODgY
00005
ngoet
50007
o008
00009
06010
06011
oou1z
poold
pOYLh
oeols
DOOLG
DAUlT
conld
00019
00020

17¢D

17EU

1TFF
18463
1BoE
1817
181
181c
1818

1880

1886

1832
1358

1854
1882
1884
18BA
18EF
1863
18c6

Boag

dooz
18CA
18LE
18CD
18CF
1BD1
18pp

1821
1821
1Raz
1823
1Bzl
1825
1826
14827
1828
1629
1824
1828
1B2C
182D
1B2E
162F
1830

C M-8800
FASS 1

FE
Dl
BE
CE
D6
it ]
1]
:
]
9E
B0
18
a1
34
L]

h
1

&
H

]

E
1

]
5

B
]

LE.
2

FCB
FCC

Foa
ERD

i)
pEL, 2T
HAN
orT
opT
URa
¥CB
FCB
FCO
FCB
FCB
¥CB
re|
KCH
FCH
[aw:]
FCB
[{H:]
5 :]
341]
FLE
FER

5

$FFFP

TABLE

$1821
SFE
ST
$BE
$CE
$DE
08
354
jia

$9E
$BC
118
E1iH
138
348
$U6

Table 1: Assignment of bits.

BIT 6
aITs
BIT 4
BIT3
BIT2
BIT %
BITO

opoz2l
gooaz
ooo2l
nooak
paoz5
Luozé
ooo2y
oo02B
Q0023
ooo3e
Q6031
onn32
ooGi3
ooo3Y
ppd3s
0o0i6
oog37
oou3f
oog3g
QaoND
ool
LT Y]
L LK
ooy
00045
Jo0uE
ooay?
cooud
ool g
[aliagied
Jogst
Goo52
49053
auash
oanss
ooast
50057
oonsh
aoasy
00640
onoal
goos2
06063
Qonéh
[eloslis
[ils[ <18
BOoaT
00058
Jooia
oooya
nooyl
0ooTe
00073
sooTh
oOeTs
oQo7h
ple7y
0O0TR
3079
e lilali}
lelukina
nonez
000R3
aoa8h

1871
1832
18133
1834
18135
1836
1837
18148
1819
1834
1038
1d3c
1830
183E
183F
1Bho
1841
1842
1843
184N
1845
18H6
1BAT
1B4B
1B49
1Bhn
1B4p
184C
1B4D
1B4E
164F
1850
1851
1852
1853
1854
1855
1856
1857
1858
1659
1R85
1058
185C
1850
185E
185F
1860
1B61
1862
18673
1B6N
1B&%
1866
1867
1868
1869
1864
1868
1REC
1BED
1BEE
1B6F
j: ke

ROTATE+1
ROTATE+2

ROTATE+2A

ROTATE-5

TILT 1
TILT 2
CHECK

£8
ul]
io
1]
]

FCh
rch
FCE
]
FCH
FCH
FCa
39
[34:)
FCB
ECH
]
FCB
FCp
FCb
FCB
FCD
FCR
e
FCbs

FCB

FCIs
FCHE
FCh
il
¥CB
FCR
FCn
FCR
FEb
et ]
Fep
ren
FCB
FCB
FCH
b
FCB
FoB
bl ]
ch
FCE
(A1
Feu
FCB
¥ohb
FCh
Fob
FCh
FCL

$7E
§36
$3E
$UE
856
416
$5¢
$1E
306
$DB
§50
400
$30
$00
scl
$BG
39C

$94
304

$p2
$20

$ag
$R1
$00
$1C
02
514
$54
$52
§38
378
thz
$14
$70
§$12
YT
$7C
432
$UC

interface is set to select a machine com-
mand, OQnly one input line of the PIA is used
to sample the status of the printer READY
or BUSY,

Since the shift feedback and interlock
contacts were missing, a timing loop pro-
vides for the timing here; however, for the
carriage return it has been necessary Lo build
an interlock contact to lock out the printing
function till the completion of a carriage
return which takes a variable time.

A commented assembler listing of the
program driving the printer was written for a
6800 and assembled with cutput o my
Selectric (see listing ). It can be loaded
after the original SWTPC tape has been read
in. A refinement which could be added is to
provide for motor on or off via software as
the printer can be powered up only after the
program is running. This is because the
power up reset of the computer leaves the
PIA LINES all programmed as inpuls, ie:
apen circuited and this simullanecusly turns
an all the machinc magnets,

Another refinement gould be to sense via
an unused input line if the motor is on or off
and steer the output to a TV terminal when
the printer is off. Ta probe into undocu-
mented programs like the SWTPC assembler
or editor, | used a little program which
searches the memory for a particular string
of bytes and prints outl the address af the
first byte when and if found, | think it can
save |ots of lime.

Fulvie Guzzon

cfo L Alessio

Via Anassagora 63
Casalpalocco 00124
Rome ITALY ™

oooBs 1871 10 ¥CH $10
oooBE 1B¥2 sC FCH $5C
00087 1873 44 FCH $ui
oooBBE 1B7H T2 j34:] 372
Deody 1875 34 FtD £34
ooode 1876 3¢ Fca $30
00031 1677 04 FCH o
o0gy2 18T TA FCB $74
04093 1879 bo Fca $hg
00094 1974 76 FCB $7h
a0o9s END

TOTAL ERRORS 00GOG

when energized removes the ROTATE+1 taich

when energized remaves the ROTATE+2 latch

when energized removes the ROTATE+2 supplementary |atch

when energized activates the ROTATE-S latch

when energized remaves the TILT 1 latch

when energized remaves the TILT 2 tatch

this one unlatches the print clutch {and so dees every one af the previaus six)
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When vou get your home or

office computer,

will vou

know what to do with it?

The typical home or small business computer system starts
wilh a microcomputer, keyboard, cassetie recorder, and TV set.
From there you can add the peripherals, sensors. controllers,
and niher devices you need for your own special applications.

Music, Speech
keyboard Color TV Set Systhesis
Casselle
Recorder Piinler

Micracomputer
Flappy Disg
1 Joysticks
Citpat

Inpul Sensars Control Lings

Creative Computing Magazine is dedicated to describing
applications for home, school, and small business computers
completely and pragmatically in non-technical language. You
won't need a Ph.Din Computer Science, or a techrucal reference
library, or a computer technician beside you to get these
applications up and running. We give you complele hardware and
software delails. Typically, applications utilize commercially
avallable systems. However, if an application needs a piece of
home-brew hardware, we tel! you how ta buildil. Orifit requires a
combination of high-level and machine language code. we give
you the entire hstings along with the (lowcharts and algorithms.

We also run no-nonsense revigws of computers {assembied
and kits}, peripherais, terminals, software, and books We're [rank
and hpnesl, even if it costs us an advertiser. whitchit occasionatly
has.

Here are just some of the applications you'ti see fully descnbed
in future issues of Creative Computing.

Building Management and Contro)

1. Alarm momilerng/potice notification

2 Envireanmentai cantrol (beating, air conditiomng, humichiica-
hon, dehumiddication, air purity, ele.)

3 Fire and smoke detection

4 Appliance contro! {microwave oven, gas oven, refrigeralor }

5. Penmeter system control (sprinklers, outdoor lights, gates )

6. 5olar and/or auxiliary energy source control

¥ Walerinyg system conlrol based on soil maisture

8 Fuel ecanomizing systems

9. Mamlenance alert system for househoid devices (key
component sensing and periadic preventative maintenance)

Household Management
1. Address/lelgphone file
2. Investmenl analysis
3 Loansannuity/interest calculatrans and analysis
4.Checkbook maintanance
5 Penodic comparisons of expenditures vs. budget
6. Monitor time and cost of telephone calis
7. Record incoming lelephone calls and select appropnate
response tq caller
8. Recipe file
g Delsnuintion analysis
10. Menu planning
11. Panlry inventory/shopping list

Health Care
1 Medical/dental record keaping
2 Insurance claim processing
3. Heallh maintenance insfrumentation contral (EKG. blood
chemical analysis, diet analysts. self-diagnosis)
Education and Training
I Mathemalics drill and practice
2.Problem sGlving lechnigues
3 Tulorial instruction In a given field
4.Simulaton and gaming
5. Music instrustion and training
6.Music composition and synthesis
7 Learning lo program
& Soflware development
9 Perception/response/mantpulation skills )ymprovement
Recrealion and Leisure
1. Games, games, games
2. Puzzle solving
3. Animation/kinetic art
4 Sports simulations
5 Needlepoinl/stitchery/weaving patlern generation
& Compuler arl
7.Library cataloging {books, records, etc.)
8 Collection catalog/inventory/value {coins, stamps, shells.
antique auto parts, comics, ete.}
9 Model raliroad conlrot
10 Amaleur radio station control
I Astronomy, star, planet, satellite tracking
12. Rabolics
13. Speach recogrilion and synthesis

Business Functions
t.8mall business accounting
2. Word processing/tex{ editing
3 Customer files
4 Soitware development

5. Operations research WO QF
&. Scientific research <

7.Computer conferancing ,‘s,o Qr &QJ
8. Telephone monitoring 90 q\é (6*9

9 Engineering calculalions X

10. Stalistical analysis g’b
11 Survey tabulalion b
12. Inventory cantrol ‘s c’o NS

13.Malling lists

____________ —_—————— e ——y

SUBSCRIPTION ORDER FORM

Sued b Credative Compueiing  Alln: Backy
| B O Bos 789-M Morrslown NJ 07960

— A — —— ———— — . S S S - ——

I |

| Type Term UsA Foreign I

I Intlvirtal t-¥ear T8 B [T |
3-Year oo ! 27

) Liletime Z ano .A00 |

I stk i-Ypar L 15 [ 15 |
A-Year 4 oA

: W Rencwal I

I Cash chech o M O enclosed |

l BankAmencard Card No [ l

: Masinr Charge Expiratian date I

Please il me (51 00 bidhing fee will be addedy

I

I Nare 1

I Agoress =

I 280 -

I ity - Slate A R l

| |

|

Circle 87 on inquiry card,





















Location Code

000
001

002
ao3
004
0056
006
007
o008
008
0310
011

012
013
014
05
016
017
018
019
020
021
022
023
024
025
026
027
G28

066
067

072
073

D75
076
077
078
79
QBO
081
082

o

81

3z
42
Q0
03
02
51
32
01
51
32
a4
12
46
a2
42
00
an
22

Rey

1
SBR
SIN
STO
0

3

2
8BR
SIN

SER
SIN
GTO
CB
*LEL
SiN
STO

1NN
*fix

M+ =xm
m

== W
-
[»]

*ifz
Cos
1NV

tifp
TAN

GTO

*LBL
COSs
*IND
RCL

2=y
<

-
B~
Zu

T YT

Commentary Listing 1.
Deal card to dealer
Store a5 face down card,

Deal card to player.

Creal card to dealer.

Jump around subroutine

Bagin "Deal Card'' subroutine

} Generate random number in R99
~

> Convert random number to a card value.

Store card value

Is card = 11 [ACE] ? if so then go to COS

Is card in range 2 to 10?7 If so then go to TAN,

Farce card value of 10 if outside legimate range

e e " e ot et ? i ot N

Blackjack Logic:
> Would hand go over 2, if ace counted as 117

1 50 then ACE = 1 else ACE = 11

h

150

JeskTop Wonders

SR-52 Card
BLACKJACK

Michael | Garvey, vice presidenl and
sysiems consultant with General Computer
Services Corporation, 2308 Central Av, Mid-
dietown OH 45042, sends in a game program
for the SR-52, which was accompanied by
this note:

! appreciate your article in your
December [ssue on the "buried gold’’ in

Operating Procedure For “SR-52
Card BLACKJACK":

1. Load the pragram card, both sides, after it has

been preparad.

2. Prime the random number generator with a S or
10 digit numhber as its seed. A good choice
of a priming number is the current time of
day (24 hour clack], follawed by the date.
This gives 10 digits total in the format.

Enter: hhmmyymmdd
Then press: 5TD,9,9

3. Enter the amount of your bet and start the
game:

Enter: het amount
Then press: A

4, Dutcome:

If the display flashes, then the game is over. The
display shows the total of dealer and player
hznds.

Prass: CE to stop flashing.

Then press: RCL, 9, B to read out the
cumulative score if desited.

Go to Step 3 to restart game,

If the display i5 not flashing, the dealer's face
down card is not shown,

5. Player options:

To take a “hit,"”

Press B

Then go to step 4.
To “stand,”

Press C

Then go 1o step 4,

To “rouble down'™ {if player's hand is 10 or 11
and not initial deal}.

Press D
Then go to step 4.

Notes on operation of the game:

The player always wins at 21.

House afways draws o 15 or lower, stands on
17 or higher,

On a “push™ (both hands equall neither side
wins unless player has 21.







Listing I, continued:

Location Code

083
084
085
0B&
087
088
08g
090
091
092
093
094
095
096
097
098
098
100
101
102
103
104
105
106
1G7
108
108
110
11
112
113
114
115
116
1nyv
118
118
120
i21
122
123
124
125
126
127
128
128
130
131
32
133
134
1356
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
183
154
155
166
167
158
159
160
181
162
163

a5
65
a3z
00
05
a6
34
43
00
b
36
a4
0
00
56
a8
1
47
4z
01
)
86
46
14
02
40
01
09
50
ab
45
12
02
51
a2
41
45
46
13
50
00
a6
45
43
G0
Q2
75
02
01
95
90
88
80
87
a3
00
01
75
02
01
95
90
87
80
ag
22
€0
00
68
43
Go
at
75
a1
07
95
80
89
a1
51
32

Key

“LBL
X
5TO
0
5

o
[+
*rtn
*LBL
A
*CMs
STO
1

a
*rset
*LBL i

-

*LBL
TAN
RCL
0

5
*IND
sum

e e e it gy gl e e Y, "

ol e

Commentary

Store adjusted carg value.

Aded card to total band of receiver.

Game entry (start here)

Clear bet in R19

Go to 000
“Dauble down’ entry

Multiply bet by 2
Turn on “'stand’" flag
“Hit"” entry

Deal card to player

Skip around *stand”’
From step D12

Turn on “stand” flag

tf player’s total = 21 then go to 2°
else if player's total >21 then go te 1°

1f teater’s total = 27 thengo to 1°
else if dealer’s total >21 then go to 2'

If “stand’’ switch on then go to 8’ |to
display]

le dealar's total =177

If 50 then go to 3°

Crraw another card for dealer

152

the Texas Instruments SR-52 Program-
mable Calcwlator; it confirmed my suspi-
cions that my SR-52 had more power
than the instruction manual said.

Enclosed is a program listing for a
program that | have written that will
alfow you to play BLACKJACK with an
SR-52. This program was the toughest
that | have written for that machine,
since the 224 program steps aflowed just
didn’t seem enough for the game; several
days were spent in working and
reworking the code in ovrder lo ge! the
game to fit with the fegtures | wanted. As
Vou can see, it just fits, exactly,

! have sent this program to you in case
any of your readers would be interested
in it. My family and friends have had a
great desl of fun with i, ond it's
especially great for killing time on a long
trip; one persan can ‘‘stake’ the "house,”
while another person is the plaver. The
program outematically keeps score for
the plaver, and even handles the
“double-down"’ feature of the game.

! submit it for the entertainment of
anvone who wants to use it.

Listing | shows the program code, which we
typeset using column headings from the
ariginal form, along with the register allo-
calions. The procedures for using the SR-52
Card BLACKJACK program are summarized
in the box labelled '"QOperating Procedure.”

Location Cade Kay Cormentary
164 41 GTO

165 13 C } GatoC

166 46 “LLBL

167 89 Ll

168 43 RCL

168 oG 0

170 o] 1

:;; ig ECL Is dealer’s total = player's total?
173 Q0 0

174 02 2

175 a5 =

1;? gg ¢I}-f-z l I1f 50 thengato 7'

gg gg ‘I‘:\#\; : |s dealer’s hand less than player's
180 83 "2 Ifsogo to2'

:g; gg »!I'-BL ‘ Otherwise, dealer wins

183 a1 1

184 94 o

185 49 "PROD So make bet amount negative.
186 m 1

187 09 g

188 46 *LBL

189 88 .2

190 43 RCL

54 o L Add current het 1o player's totsl
1oz 09 2 scora

193 44 SUM

194 0o [}

195 08 8






A Guide to Baudot Machines:

Part 3, A Teleprinter Test Circuit

Michael S McNatt
4658 E 57 5t
Tulsa OK 74135

Now that you've found out what type of
Baudot teleprinters are available on the
surplus market, and whete to go o gel
information on how Lo interface them to
your microprocessor, it might be convenient
to build a test box to check the working
condition of your new acquisition. What
follows is a circuil for just such a test box
which can be used to provide the 60 mA
current loop required by the Baudot ma-
chine. Circuils are alse included in the box
1o generate signals which can verify correct
machine function. Although not as handy as
the test box, a Baudot keyboard may be
used to tesl a page printer of the same speed.
The test box has variable contral of data rate
for testing all Baudot teleprinters. The test
box circuits supply the following functions:

1. Standard RY test signals, either con-
tinuously or al twa secend intervals,
for mechanical alignment purposes.
These signals result in a maximum
amount of slipping and sliding of
adjacent gears and parts within the
machine, canditions which are also
most likely to cause malfunclions 1o

D: LoOP
SUPPLY
—

VOLTAGE
SUPPLY

HIGH VOLTAGE

—*TO CMOS CONTROL

-

X
TTL

Hicesson A o Cinraor
INTERFACE

surface. The two second interval used
with the RY test prevents a rather
large waste of paper or tape during a
long test,

2. Individual Baudot characters at two
second intervals. Five bit-switches
select the particular character desired
(see table 1 in part 1 of Lhis article for
it codes). One use of this function is
to check various machines 1o see
which keys are actually installed far
selected bit combinations. For exam-
ple, there are at least three different
"figures' code assignments, Another
use is in troubleshooting, for instance
when the wrong character is appearing
on the printer or punch in response Lo
a processor output command. The test
box can be quickly switched from
"CPU" to local “char™ mode to verify
that the source of the problem is or is
not the machine itself.

Also included in the test box Is circuitry
to accept serial TTL or CMOS level Baudol
coded outpul from the processor or hard-
ware code converter, The "MODE" switch

Figure 1: Block dlagram of

CURRENT SWITCH a Baudot machine res_r box
allowing the generation of
TELEPRINTER

continuous or intermitte!
'RY’ test signals, or indi-

vidual Baudot characters.
KEYBOARD |

— A

GEMERATOR

alT 2 SECOND
SWITCHES TIMER

| | d ] CLUTCH
DATA CLOCK

BAUDOT

CHARACTER ggNTINUOUS
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Figure 2: A Baudot machine test box and interface. This circuit generates 5 level Baudot code to be used in testing the working
condition of a Baudot teleprinter. All resistances are meastired In oluns, and unless otherwise marked are 1/4W and T70% ac-
curacy. The circuit alfows either continuous RY test styings or intermittent 2 second test sirings. The RY test string catises the
most movement of gears and will show any difficuities In operation quicker than other test string combinations. All unused

inputs of any CMOS jntegrated circuic must be grounded,

be wasted in Lhe series resistors, results n a
fasier response in the printer selector
magnets, which Is especially important at
the higher speeds such as 100 words per
minute. Do nof put the standard Lransient
suppression diode across the coils because
selector magnet release will be slowed down.

Since CMQS logic elements are used, the
low vallage secondary winding can be of any
voliage which will result in from 5 1o
12VDC for the +V supply. The series
resistor capacitor network across high voli-
age transistor Q1 is used ta suppress the
voltage (ransient occurring in the maghet
coils when Q7 is turned off, A low logic
state at IC4, pin 10, results in 2 mark or
clutch state, since this will switch Q2 and
thus Q1 on, causing loop current 1o flow,
Resistor R1 tied (o +V insures thal the
machine will remain in the mark state
while ¢changing the MODE switch.

The data clock and Lhe 2 second interval
clock, IC3 and I1C4, are standard CMOS
oscillators. In substituting CMOS, uy to
avoid 4049 invertets in these oscillalars, The
character gencrator is formed by 8 bit shift
register 1CS, which is parallel loaded with
the 5 Baudol dala bits, a start bit, pin 15,
and a stop bit, pin 7. The remaining bit, pin
1, is tied high. Characters arc generaled
every 2 seconds when the load control, pin
9, is pulled high for one half period of Lhe
data clock. Flip flop |C6 synchronizes the
Ioad pulses from the slow interval ctock wilh
the much faster data clock. Note that serial
input 1C5, pin 11, is tied high, This provides
marking Is to be introduced into the shift
register after the parallel loaded Baudal bits
have been shifled oul.

The RY generator is essentially a CMOS
version of an RTL circuit published in Ham
Radic magazine, March 197), pages 23 to
29. Briefly, 1C1 and IC2 form a four bit,
labeled A through D on schematic, binary
counter which skips two  stales when
counting from O to 15, The RY pattern thus
generated s shown in the timing diagram
of figure 2. Referring to the schematic,
counler state 1, DCBA = 0001, causes (lip
flop A to be resel, thus clocking flip flop B.
This occurs when (C1, pin 2, goes high,
causing Lhe reset pulse ai 1C3, pin 4. Counter
state 14, DCBA = 1110, causes Tlip flop A 1o

be set, with no clocking of fiip flop B, This
occurs when [C1, pin 1, goes high, causing
the set pulse at 1C3, pin 10.

The RY cantrol is a three positions SPDT
minitoggle switeh with the center positian
off. A neal feature of this circuit is that no
matter when the RY control is switched
from anc position to another, complete RYs
are always generated,

Miscellaneous Nates

® | used six TN914 diodes and two
resistars in place of 1C7, hence the 16
pin sockel was used as a tiode holder,
{see photo 1). The 4075s are more
convenient, but the diodes were in the
jtnk box at the Uime. If diodes are
used, connect three of the anodes in
place of 1C7, pins |, 2, 8, and the
cathodes in place of IC7, pin 9, and tie
a |M resistor Lo ground at this point.
Ditlu 1o replace the second gale,

® To avoid the self-smoke or reach for
the sky mode, all unused CMOS inputs
must be grounded or tied to +V,

® Obviously the test box can be as
simple or complex as one desires. The
minimum configuration would proba-
bly be two Eveready No. 416 67.5 V
batteries and a resistor in series, using
the “sparking” method to generale
random characters!

® Seriously, the RY generalor is manda-
tory, wilh the character generator and
2 second timer as options, Of course a
more sophisticated Baudot test box
would have an BOBOA, a 1702A, an
8231, and maybe some hexadecimal
character readouts . . .

Summary

An old surplus Baudot code teleprinter is
the most inexpensive hardcopy peripheral
available to the computer hobbyist 1oday.
This serics ot articles has presented ap-
proaches o acquiring, using and testing
these units, as well as sources of reference
material and interfacing hardware and soft-
ware. It iy boped Lhat the information
provided will greatly ease Lhe acquisition and
interfacing tasks facing the hobbyist who
owns of is planning to own one of these
practically indestructible machines.®
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Circle 168 on inquiry card.

74H10 Dual 4 Input Buffer ......... ..o vvinvnnn..

7480 Decade Counter ............ e e e :49
745175 Quad Flip-Flop withelear ..., ... . ............... ag
74283 4 Bit Binary Adder ................... e 99
2" round speaker, B0bms .., ... ... L. 1.00
2% round speaker, 100 Obms . ... ..o 1.10

Spaco miniature replacement speakers from 1" to 3%", SASE for list.
Brand New GE Stsreo Tape Ampiifier Board with all companents 4

Watts 12 Vacsupply limited .. ............ ... .. ......... 3.500
Mono Amplifier Board 1 ontrol .. ... .. ... ... ........... 2.25
6 foot black or brown zipeordandplug ... ... ..., 35
RGITAGD cail L e e 4.50
2%” round speaker, 8 0bms . ... ... . .15
VHF Ferrite Beads . ..............ccooioieannns 15 fur 100
Hain & CB Slide Mounts with lock & coax connectors .......... 84956
2 Amp Bridge Rectifier, 200 Valt ... ... . ... ..., 50
2 Amp Bridge Rectifier, 600 Volt . ............... ...... . 1.25
3 Amp Bridge Rectifier, 208 Valt ....................... ....B5
Gauld AASDD mA Nicads . ... .. ... ... ... ... . 168
2Amp 1000 valt rectifier . ... ... ... . . 1EI fnr 100
LM72314pinVoltage Reg . ... ..o vviiiien e 49

RF DEVICES

2N3ITEIWA0CMHz ... ... .. .. $5.50
ZN3BGE TWA0OMHz ................ 1.5

2MS588 3WITAMHz ... ...l 4.75
ZNGRB0 1IDWITS MHz . ..., .. e 7.80
2N5531 25W 17 MHz ... ... 10.95
BEKIT 3.95
ISCI226 .. ... ... 1.25
INGOBD AW I7SMHz ... .. ... ... 5.40
INGOBT1BW 176 MHz ... .......... .. 848
INBOB22BW I7aMHz ... . ... ... 10.45
NBORIIDWIPS MHz .......... ... 1230
ZMG0BA 4DW 175 MKz ., ... ... .. 16.20
5C1AG6 ... . 4.30
2BC0T ... 5.25
2N28T6. ... ... e special 10.85
ZENERS

IN74B o INTSE ... ... 400 Mw _ .. ea. .25
IN&T28 1o TN4764 . Swant ... . ... 8
TNA333t0 INBI7E . .Swalt .......... 2.10
IN2870 10 IN3O05 .. 10watt . ... ..., 2.40
IN3305 (0 IN3340 . S0watt ,......_, 4.75

a3 . £31.25
JAMPSATA 40
IN3OGS ...
MPFI02FET ...l
2N39D4or 2N3906 . ..............
2NEA9Gar ZNGIDB ... ..., .....
MJE340 |ZNGESSE) . . ..
A0B73RCAFET ........

741 ar 708 14 Fin DIP

BASTimer ......................
BE6 Dual 899 . ...l 1.76
200 Vel 25 Amp Bridge . ........ 1.50
TNITA-INJISB . .. ..., 15 for 98
IN34-1NGO-TNGE .......... 10 for 99
CA 3028 Dif, Amp ... ......... 1.50
40B0CMOS ................... 2.00
LM303K VolrReg............. 110
MJ3OS5 ... 2.20
M3 Clek Chip ... ... .. 3.95
5314 Clock Chip ... ..._.. .. 4.50
5316 Clack Chig ............... 195
2NBW3 ... L 9
LM3G9 or 741 Min DIP Op Amp ... _. 45
LMZMCETOS OpAmp .....,..... 45
14o0r 18 Pin IC Sockets .. .......... 30

00T Pacer Cap. 192P10292 200 WVDC . .18
12BkHz Crystalin TOS Can . ... ... 495

2N918 . ...

2N2218 ...

2N2219A .. ..., ..

2N2222A ..., . ...... Kits, Books, Boards, Magazines. Special 2102L1 8 for
ATy IR AR $17.50, 80B0OA CPU Chip $29.95. We stock OK Battery
2N2484 .. ... Operated Wire Tool $34.95, OK Hand Wire Wrapped
2N2905 ... ... Tool $5.95 7400 ICs CMOS, Timers PLL's IC Sockets.
2N2807 ... ... . . " :

INIOIEG ... All kinds of transistors, rectifiers and diodes. Plus other
2N292BY ... ... ... 24 electronic parts.

2N3053 ... ...

gmgggg --------- : HOURS: MONDAY TO SATURDAY, 9:30-5:00
IN3440 . OPEN WEDNESDAY UNTIL 9 PM {516} 378-4555.
2NISIZ .. ... ) _

2N3583 ... ... . We quote on any device at any quantity. Add for
gmggg: """""" shipping. Minimum order $6.00. Out of USA send
IN3IB3BA . ... ... certified check or money order, include shipping costs.
IN3BA6 .. ... .. ... ..

gmg;‘zg‘a' : ' ' : ' ' | rEU Frint Spool =30 wive wrap

2NITT . | Whoe, Llue, red or yvello

Build the W7BBX Praogrammable Keyer {Ham Radio
Aprit 1976) We can supply the four PC boards and a
Comprehensive Construction Manual all for only
$29.95

Write for qur catalog featuring other Kits including
the hard to get Keyer switching transistor 24888 as
well as other Keyer parts and boards.

Clubs contact us for quantity discounts on any of our kits.

We have Wire Wrap Sackets and Wire Wrap Wire - 50 leer  $1.98

NATIONAL 80BDA SPECIAL $19 95  PAREIL ISR, 14,35
2NS913 .. .. ... ... 1.70

Slide Pots Tapered Y K or 15K . § 50
Egg bnsufators ... ... . ... ... 45

STOPWATCH KIT QOperates an 4 9
Volt  battery, Inctudes Crystal,
Switches, 7205 MODS Chip & LED
Displays and Board .. ..... 52996
STOPWATCH HAND CASE for
BHOVE . \u i niaiea s 336
CLOCK CABINETS Buautilul
wood simulated walnut grain $3.495
Plpxiglass in Blue, Whire, Black or
Smoked .. ... ... .5285

51X DIGIT AUTO OR BDAT
DIGITAL CLOCK KIT Has =
beautiful Charcoal Gray mowlded
high temperature plastic case with
chrome rim. Dimensions are T%"
tugh x 4" wide x 4% daap,

targe 0.4 LEDs display hours,
minutes and seconds. Works on 12
Volt AC or DL as well as automatie
switching o a $ Volt battery for
power tfailures, Battery {not sup-
plied) fits in case. Provision lor
blanking display LEDs for out of
car ar beat wse, Adjustable Crystal
Time Base included, as well as

ALDELCO KITS

Maobile Mounting Bracket,

KIT GNLY $29.95
Theee or mora Kits 2786
Wired and Tasted 39.95

Power Pack for use on AC 295
NOW NEW IMPROVED DIGI-,
TAL ALARM CLOCK KIT Hours
* Minutes * Seconds displayed on
sx BIG 05 Fairchild 7 Segment
Chsplay LEDS 12Z-howr format
24-howy alarm wath snooze fes-
ture, plus elasped tme Indicaror
and lreaze feature, Eight pages of
picterals and inslructions. NEW
gn-board powet  ransformer
and circurtey for cptinnal time
base ., eeo. ..5$1999
&0 Cycle ||n'u-‘I base- kit fnr de use
N autamoble or for bhanery
operation . ., ., .. . 54 95
12 OR 24 HOUR CLOCK KIT.
Comes with Big 0.5 Seven Segment
LEDs. Uses Mational 5314 Clack
Chip, Fits our Walnut Grain or
Plexiglas Cabinets, ONLY $1895

L LC 2281A BABYLON TURNPIKE, MERRICK NY 11566
516-378-4555
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World’s Lowest
IC Prices

* SPECIAL PRICES *

74109 .30 745174 2.05 CMOs
MEMORIES 74116 1.50 745175 2.05 % 4001 16
Rams 74123 45 ¥ 745181 2.95 4002 16
745200 2.95 74141 80 745197 2.20 4006 90
2102 1.50 % 74345 75 745257 1.50 4007 16
21021 1.70 74150 60 % 4008 70
Proms 74151 60 HIGH SPEED 4011 . 16 %
82523/5123  1.95 % 74152 .90 74Ho0 .20 4012 A6 %
p2s129 3.25 74155 60 T4HO1 .20 4013 30 %
Fr'm;?aus 200 74157 60 74H04 .20 4015 .80
- 74160 .75 74H10 .20 4016 35 %
MM 5013 1.50 74161 75 % T4H11 20 4019 70
NS 5260 1.50 :
NS 8619 2.00 74163 75 % 74H40 20 4020 .90
MH 0026H  3.25 74185 .80 74H51 -20 4021 95
L 74173 1.25 74Hs2 20 4023 16 %
7400 12 % 74174 75 74H74 A0 4025 20 ¥
7402 s 74175 75 % 74H103 .50 4027 40
: 74177 70 TAH106 50 4028 £0
7403 A4 % 74180 80 4030 s
7404 16 % 74181 1.50 LOW POWER 4040 25
7407 20 74191 85 SCHOTTKY 4042 60
7410 12 74192 70 % 741500 29 4043 75
7416 25 74193 70 % 74LS02 .29 4044 '.,0
7420 a2 % ' 74508 29 )
7497 25 74194 .85 . 4049 a5 %
: 74195 68 74L510 29 4050 35 %
7437 .20 24198 125 741527 .30 4066 5
7438 .20 ¥ 9602 50 % 74LS73 A5 4068 '35
7440 32 % TALST7S .65 ’
9300 75 4071 16
7441 65 % 74LS151 1.10
9312 .70 4073 16
7445 60 74L5153 1.10 4075 16
7447 75 SCHOTTKY 74LS157 1.10 4518 ‘88
7450 14 74501 25 74L5161 1.25 ¥ 4528 75
7451 A4 % 74502 25 74L5163 1.50 ’
7473 28 74537 a0 74L5164 1.50 LINEARS
7474 .28 74538 £0 74L8174 1.10 % DMBB20/30  1.75
7475 .40 74585 2.00 74LS8175 1.50 NES36T 275
7480 A0 ¥ 748113 .80 74L5193 1.50 NESS5V 43
7483 68 745138 1.50 74LS221 1.25 % NESS6A -80
7486 28 745139 1.50 74L5251 1.50 1456V 5
7490 45 745140 50 74L5253 1.50 1458V 52
7493 .50 745151 200 7415257 1.50 566V 1.25
7495 .49 745153 2.50 7405258 1.50 567V 1.35
74107 .23 745172 4.50 S40L 2.00

Order Minwmum §10 00 Add $1 00 shipping and handhng charge per order Caltorria residents add 6% sales
tax Al orders shipped First Class withun 24 hours

Order the famous lasis 6 volume Programmed Learning Course "Microcomputer Design is a Snap” for
$99.50 and receive a special $10.00 credit on any group of IC's,

Satisfaction 100% guaranteed. €.0.D. Orders: Phone {day or night) 408/354-1448
€TRON  smioidizie
Sunnyvale, CA 94087

Free catalog--Just send us your name and address Circle 102 on inquiry card,

L-----—-----------
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S_ D; SALES co_ P.0.80X 28810 - @)  DALLAS, TEXAS 75228

JUMBO LED CAR CLOCK

Alarm Option — $1.50
AC XFMR — $1.50

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

A. Bowmar Jumbo —.5 inch LED array. c\_'oc\(_(
B. MOSTEK — 50250 — Super Clock Chip. T\SF‘EDG ANNO
C. On board precision crystal time base. 000 S OME._RS ol

D. 12or 24 Hr. Real Time Format. 80 7c(STH aoN

E. Perfect for cars, boats, vans, ete. K BE'

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

THIS MONTH'S SPECIALS

AMD — 8080A $14.85
Z-80 CPU 49.95
825129 1K PROM 2.50

60 HZ CRYSTAL TIME BASE
S.D. SALES EXCLUSIVE!

17024 2K EPROM
We tell it [ike it |5, We couid have salg
thase were factory new, but bere i5 the
straight scoop. We bought a jsad of

UP YOUR COMPUTERI
21L02-1 1K LOW POWER 500 NS
STATIC RAM Time is of the essenca!

new computer gear that contalned And so §s power. Not only are our
a quantity of 1702 A's in sockets. We RAM's Taster than a speeding bullet
carefully removed the parts, wveritiod but they are now very |ow power.
their guality, and are offer|ng them We are pleased to offer prime new
on one heck of a deal. First come 21L02—-31 low power and super fast

first served.

Satisfaction guaranteed
LY. Eraseable.

RAM's. Allows vyou to STRETCH
MEW PRICE! $2.95 pa.

your power supply farther and at the

{2.3 US access time) same time keep the wait light off.
$5.95 ea. 2,3’10,00 8 for $12.85
KiT FEATURES: o $.D. SALES EXCLUSIVE
A, 60HZ output with accuracy comparable to a digi- $12.95 MOS & DIGIT UP—DOWN COUNTER $1295
tal watch. i_gatPIN Dg’f Es;elr_s;itgfng you teuaerl' war;te:il ina countarl chip.
. . . ips. LUres: rec segment drive, single power supply {12
8. Directly interfaces with atl MOS clack G?;p; MA ) WDC TYPE.), six decades up/down, pre-loadable coun{er.
C. Super low power BBI_'IS_lIr‘I’IPtIOH - typ. separate pre-lovadable compare regisiar wlth compare out-
D, Uses latest MOS 17 stage divider IC. {:g.lt. g&gsanu sauaipblseglrnecll'rit outputé.l In;lemal gﬁa.lnz os::lllat-
E. Eliminates forever the problem of AC line glitches. pbs = compatinle, Jeading zera blanking. 1 z coun
F. Perfect for cors, boats, campers, or even for port- nput freguency. Very limited gquantity! WITH DATA SHEET
Smah slee; e bo. ased | FiD2od%o. JAITER TaRATISE Ta0oete, TaisiSe
G. Small  size; can @ Use in  existing enclosures. = —50c 7453—19c [ -1.00
it inclues Crysa, Drve IC.PC board pus i necomry | 12020155 41680 110 ot s Mg
parts and specs. At last count —~ aver 20,000 sold! 404—19c ~ 7430—19%c 74L574-59c 7495—75¢c  74164-1.10
74 04—29¢ 7432—34c T7A475—69¢ 7496—B9¢ 74)65-1.10
s Javataabe 7a38—39¢ Jao—a5c Jalodcsr 74lb1zgs
i witch -40¢ —3%¢ 7480—49¢C -65¢ -2,
1000 MFD S:sdan th 7406—20c = 7440—19c 74B3-95¢ 74132.1.70 74181-1.25
Filter Caps sortmen 740B—19c  7447—B5c 74B5—95c 745138-1.95 74192-1.25
Egtr?ghiiﬁ W;e& ::mrl cl‘:last sellim;. #1{_0'—“:19& ?4?‘263(:5':&(?6?1@5—45: 74141-75¢c  74193-1.00
ncludes mini- TEGRA —
with PC  leads. ature and stan- RESISTOR 74195—69¢
Most popular daret  sizes; sin- ASSORTMENT Diisc Cap
value for nobby- | gle and multl- [ W 5% & 10% Assortment
ists, Compare at position  units. | PC leads. & good P.C. LEAD PC  leads. At
#Ir%ngﬂ sf%'élngch?sae- Al ]"IheW',c| f_ll_rst mix of wvalues. HEAVY DUTY jeast 10 differant
3 narne brand. Try Full Wave Bridge values. Includes
type electroanic one package and 200/82. 1N411046§é12|?09014 2% AMP S50 gIV i, .bl1, .05,
garts stores, 5.0. you'll  recrder IN8O02- 1A, §1.26 pius cther stan-
pecial 4/%1. more! Special - | 100 PIV 40/51. : dard values,
12/81.00 60/$1.00 )

$9.95 «r

P.C. Board - 3,00
AC XFMR — 1.50
Do not confuse with Non-Alarm
kits sold by our competition!
Eliminate the hassle —
avoid the 5314!

We made a fantastic kit even better. Redesi%ned to take advantage of the
latest advances in [.C. clock technology.

displays, Mostek 50250 super clock chip, single |.C. segment driver, SCR
digit drivers. Greatly simplified construction. More reliable and easier to
build. Kit includes all necessary parts (except case}. P.C.B. or XFMR
optional.

SIX DIGIT ALARM CLOCK KIT

eatures: Litronix Dual %"

NEWI WITH JUMBO LED READQUTS!

Mataorola SCR
2N4343. 8 AMP 400 Plv,
P.C. Leats /51,

FAIRCHILD - TBA 641
4W. Audic power Amp. Just
out! In spaclal heat sink
BDIF. Ope super audio 1€,

£1.50 with data

FND-358 -Led Readout
4 1M, Cemmon Catlr-_!t&dg.

High effeciency. Has
uT. 79¢

FO0PIN OUT

COMPUTER POWER SUPPLY
A very fortunate purchase. One of the best industrial quality REG-
ULATED supglies we have seen. High gperformance, small size.
Input is 120 VAC 60 HZ. Has the following regulated outputs:
-8VDCE800MA; —15VDC @ 1.26 AMP; —25VDC @ 180 MA.
Sold at a fraction of ariginal cost. Do yourself a favor and order
NOW. We expect a quick sellout.

AMD — 1702A
Factary Prime Units. Brand New.

t.5 micro-secends aceess time.
$4.95 each. HUGE FACTORY DIRECT PURCHASE!

OUR CATALOG

Special Thanks to:

Call your Bankamaricard or Dennis, Fred, Aba, Bill, Sam,

is chocked full af rare parts

krargains, deals, RAM or CPU

kits, plus much more. Yours
FREE!

PRICES SHOWN SUBJECT
TO CHANGE WITHOUT
NOTICE.

Terms: Money back guarantsee.
Mo COD. Texas residents add
5% sales tax. Add 5% of order
for postage & handling. Qr-
ders under $10. add 7Sc.
Foreign orders: US funds
aniy!

Master Charge order in on our
continental  United States
toll free Watts:

1-800—-527-3460

Taxas Rasidents Call Collect:

214/271-0022

Hal, Tom, Alex, John, Ely,
and Larry

S.D. SALES CO.
P.0. BOX 28810 )
Dallas, Texas 75228

ORDERS OVER $15.00 — CHOOSE $1.00 FREE MERCHANDISE

Circle 27 on inquiry card,
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