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of a mental iceberg. That mental iceberg hit
a mental Titanic which led to this theme and
editorial when | attended a session entitled
“Is the US Losing Its Technological Leader-
ship?” at the [EEE EASCON gathering held
at Stouffer’s National Center Inn in Alex-
andria VA, September 26. The session was
an informal round table discussion organized
by Dr Russell C Drew of the National
Science Foundation. The purpose of the
discussion was to air issues of Federal policy
which would encourage and promote con-
tinuation of a tradition of leadership and
innovation which has been perceived by the
participants as losing ground in recent times.
The theme of the discussion is stated in the
EASCON 76 transcript on page 12:

Since the end of World War 11, US
technical leadership has been largely
unquestioned. The growing technical
sophistication and economic strength
of the developed world however has
caused increased attention to pros-
pects for the future and the conse-
quent  policies  that should  be
considered.

The discussion started out with an intro-
duction by Dr Drew, stating the problem
perceived, then emphasizing that the major
area of concern was commercial leadership
through technological innovation in world
markets. A list of indicators was mentioned,
indicators which if believed indeed point to
an area of concern. The problem was then
defined as a search for federal policy options
and incentives needed to restore a healthy
situation of technology leadership. This led
into a presentation by the first panelist to
speak, Dr Betsy Ancker-Johnson of the US
Dept of Commerce. Dr Ancker-Johnson's
presentation was largely statistical and
empirical in orientation, with concern ex-
pressed for numerous points:

® Nontechnologically oriented industries
are shrinking in world significance.

® US capital investment is seemingly
becoming less productive.

® 1 out of every 6 people works for a
state or local government {the federal
byte was not even mentioned).

® “‘|nventiveness’” as measured by vari-
ous patent office statistics is down for
Americans.

® The statistics for new companies on
Wall St and the capital markets are
down.

Dr Ancker-Johnson’s presentation led in
turn to a talk by Dr Courtland Perkins of the
National Academy of Engineering, emphasiz-
ing what he perceived as a lack of excite-

ment with technological innovation and
progress in the universities. He complained
about the trend toward the academician,
rather than the ideal type of a combined
teacher and commercial innovator who
inspires a generation of engineers and experi-
menters to creative results. Words to the
effect of ““where are the faculty boosters of
technology?” summarize a great portion of
what Dr Perkins had to say. The next
panelist to speak was Dr Burt Edelson of
ComSat Laboratories, summarizing his per-
ceptions in the field of satellite communica-
tions as practiced by an international
bureaucracy called Intelstat, where he per-
ceives a less than optimal role for US
interests.

John Eger, currently of the Office of
Telecommunications Policy and a lawyer
somewhat experienced with the Washington
bureaucracy, came out sounding like a
genuine natural rights liberal. His answer to
the question was cffectively “yes, the US is
losing its technological leadership, and
nobody cares.” Washington, in his view,
certainly does not help the matter. There has
been considerable loss of freedom of action
in the marketplace, saddled with regulations
of every sort and manner. Since the innova-
tions of free enterprise are based on uncer-
tainty and action designed to alleviate this
uncertainty, every regulation which con-
strains action has the effect of a brake on
innovation. This led into the round table of
discussion including panel members and
various questioners from the audicnce.

During the round table discussion, one
comment was mast interesting, in that it was
made by Dr Ancker-Johnson of the Depart-
ment of Commerce. The comment was to
the effect “can American business [ie: the
American people] afford to waste 150 bii-
lion dollars annually on unproductive gov-
ernment overhead?” The fact that such a
comment was made by one of the minions
of the Washington establishment based on
experience and empirical evidence at her
command lends quite a bit of credibility to
the statement. The consensus of the panel
was that US industries are becoming relative-
ly less competitive internationally, and that
the US government must reorient its prior-
ities to emphasize our natural advantages in
high technology activities. Since markets and
consumer desires make the innovation sys-
tem go, this reorientation requires empha-
sizing innovation in the marketplace and the
incentives of economic upward mobility
which produce the needed cornucopia of
innovation. Which brings us back to a certain

Continued on page 34

Articles Policy

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

Articles which are accepted
are typically acknowledged
with a binder check 4 to 8
weeks after receipt. Honorar-
iums for articles are based
upon the technical quality and
suitability for BYTE’s reader-
ship and are typically $25 to
$50 per typeset magazine
page. We recommend that
authors record their name and
address information redun-
dantly on materials submitted,
and that a return envelope
with postage be supplied in
the event the article is not
accepted.m

With this issue, Ray Cote joins
BYTE as an assistant editor.
Ray is an electrical engineering
student taking part in North-
eastern University's Coopera-
tive Education Program.










Samples of Machine

Readable Printed Software

Walter Banks

Computer Communications Network Group
Roger Sanderson

Dept of Electrical Engineering

University of Waterloo

Waterloo, Ontario CANADA

Introducing PAPERBYTESTM

The idea of machine read-
able software published on
paper in a magazine article,
book, or pamphlet is a com-
pletely new and inexpensive
way to mass-produce and dis-
tribute software. Since the use
of a printing press is nowhere
near as labor intensive as tech-
nologies such as magnetic
recording reproduction, we
can build a library of PAPER-
BYTESTM  programs which
can be sold quite inexpen-
sively, yet retain a healthy
royalty arrangement with pro-
gram authors. PAPER-
BYTESTM software packages
will  consist of optically
encoded object text, source
listings and complete docu-
mentation, marketed through
BYTE magazine on a royalty
basis. Parties with systems
software or applications soft-
ware potentially marketable to
a wide audience via PAPER-
BYTESTM should explore this
possibility by sending a sum-
mary of the product, its pur-
pose, and implementation to
PAPERBYTES, c/o BYTE
magazine, 70 Main St, Peter-
borough NH 03458.=

PAPERBYTES, PAPERBITS
are trademarks of BYTE Pub-
lications Inc.

One of the papers at the standards session
of Personal Computing 76 was our proposal
that the popular magazines adopt a printed
machine readable standard which would
allow programs to be widely distributed.
Following the Atlantic City conference the
full impact of this proposal has been brought
home.

Our initial goal was not to provide yet
another mass storage means but to suggest a
means of distributing programs through
magazines without forcing every rcader to
retype the program in order to take advan-
tage of it. There is however a second very
important reason for adopting some form of
printed machine readable code. That is mass
distribution of low cost software.

Economically there is no current means
by which simple application software (and
sophisticated software as well) can be mar-
keted at reasonable cost allowing for author
royalties and profits for the publisher, distri-
butor and seller. This is especially true when
trying to attract the end user with attractive
market prices. The highest cost component
of the current most popular method is in the
labor cost of cassette tape duplication and
the cassette itself.

It is our goal to reduce the duplication
costs to that of printed matter but retain the
machine readable characteristics essential to
successful software marketing and distribu-
tion. Bar code in printed form has this
characteristic. It can be shown that both
printing and reading technology are well
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enough advanced to permit acceptable data
density and reliable reading.

[t is anticipated that both the machine
readable code and the accompanying docu-
mentation would be printed in booklet form
and sold as a complete software package.

At the present time there is considerable
evidence that software theft has become a
standard rather than cxceptional means of
software acquisition by individuals. Software
theft exists whenever an individual uses a
software package created by the mental
energies of another, without the author’s
permission. In the cases where authors have
made an honest attempt to provide good
software at reasonable prices the incon-
venience of ordering it and waiting has often
made copies from friends a simpler means of
obtaining software. Printed software has the
advantage of allowing the normal distribu-
tion channels for printed material to service
user needs.

There is also a need for a medium which
will allow mass distribution of software
placed in the public domain. Several institu-
tions and clubs have developed extensive
software packages as public service projects,
to be made available inexpensively. The
requirement is that software be mass dupli-
cated accurately and at low cost. There is a
need for this software to be rcad by a
computer employing a reader at low cost.

The last requirement is a scheme which is
practical in the user sense. It is essential that
the making of the printed master and the
reading of the copy be easily accomplished.
Printed books and journals are readily repro-
duced; but they have, for lack of a method,
restricted their software distribution to non
machine readable forms such as listings or
program dumps.

The authors proposed that a simple com-






Figure 1: Three possible formats. These are proposals at this time, with the appropriate parameters indicated.
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Figure 1a: Format 1: Bar
width modulation, with al-
ternate dark and light. The
parameters to be specified
in printing are widths TO
and T1. A trailing bit com-
plementary to the last data
bit in a string is required,
The leading bit of a string
will be assumed to be in
the dark state. In reading
this code, time between
transitions falls into two
categories, long for a 1 bit,
and short for a 0 bit.

NOTE: Figures 1 to 3 accom-
panying this article are re-
prints of the illustrations ac-
companying the article “A
Proposed Standard for Pub-
lishing Binary Data in Machine
Readable Form'' appearing on
page 10 of BYTE’'s November
1976 issue.
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Figure 1b: Format 2: Ratio recording. The
parameters to be specified in printing are the
bit length, TB and the TO and T widths for
stutes of the data. This format has a fixed
length per bit which is independent of the
state of the data. In reading this code, the
time from one light to dark transition to the
next light to dark transition is the duration
of the bit cell, which is compared to the
duration of the dark period to find out
whether a 1 bit (long) or O bit (short) was
read.

puter readable code be adopted which can
be printed by a normal offset press and can
be read by an optical rcader. Bar code can be
typeset by a conventional phototypesetter,
driven perhaps by a special program. This
scheme is not intended for use by individuals
in exchanging software, but it will enablc
magazines, publishers and larger clubs to
provide such services.

Magazines and journals will have at their
disposal a means other than printed words of
conveying a product of immediately usable
value.

In designing the code, we set out to
achieve simplicity and reliability. Any bar
code that one uses should be self clocking
and self calibrating in some manner. If it is
to be read with a hand held light pen, it also
should be reading-speed independent. A bar
code will have to have some error checking
mechanism.

There are many ways to generate bar
codes; three of the simplest are shown in
figure 1.
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Figure Ic: Format 3: Fixed gap bar width
modulation. The parameters to be specified
in printing are the interbar gap width TG,
and the bit length parameters TOand T1. In
reading this code, the length of the interbit
gap gives a calibration for judging the next
dark period as a 0 bit (short) or 1 bit (long).
The data density (as in format 1) varies with
the statistics of the number of Os and 1s in a
given region of the printed data.

a. Bars which have two widths repre-
senting a 0 or 1. This scheme often
alternates dark and light bars to repre-
sent successive bits. This scheme is
quite speed sensitive. It represents a
byte which has predominately all Os in
a shorter space than a byte which is
predominately all 1s.

b. Bars which have two widths repre-
senting O or 1; however, the space per
bit is constant. This code is essentially
speed independent.

c. The second system can be compressed
by making all the light bars equal to
the narrow bars in width. It is the
function of the light bars to provide a
reference for the reader to interpret
the data value of the dark bars. With
the light bars at constant width this
function can still be performed and
record length can be saved.

It is this last bar scheme which is being
proposed. The data will be represented by



Microcomputers are highly
complicated devices. When you
buy one you want to make sure
the manufacturer has a solid repu-
tation for reliability and support. You
want to make sure he’ll be in your corner
a year or two down the road.

The Altair*8800 from MITS was the first
general-purpose microcomputer. Today, there are
more Altair computers up and running than all the
other general-purpose microcomputers combined.
Today, Altairs are successfully used for literally hun-
dreds of personal, business, scientific, and industrial
applications.

Because we are so popular, many people have tried
to copy us. The pages of microcomputer magazines
are full of advertisements for Altair compatible devices

and Altair imitation computers.

Because we are NUMBER ONE,
we offer a much broader range of
products and services than any of
our competitors. One manufacturer
might be able to copy one of our
computers. Another might be able
to produce a working memory card.
But no one can copy the overall
Altair concept.

The Altair concept is a system
concept aimed at practical, cost
effective applications. That's why
we offer three mainframes includ-
ing the Altair 680b, Altair 8800a,
and Altair 8800b; ten peripherals
including a multi-disk system; and
over 20 plug compatible modules
including our new, low power 16K
static memory board. That's why we
are the only microcomputer manu-
facturer to go to the extra expense
of providing our customers with
quality, higher language software.

When you buy an Altair, you're
not just buying a piece of equip-
ment. You're buying years of reli-
able, low-cost computing. You're
buying the support of the NUMBER
ONE manufacturer in the micro-
computer field.

0“ T ESS

2450 Alamo SE/Albuquerque, NM 87106/505-243-7821
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Figure 2: Frame Format. The timing bits may not be required, but provide a preliminary leader
before the ASCII SYN character (hexadecimal 16) which leads off the frame. All data is
transmitted most significant bit first. Following the synchronization character is an 8 bit check
sum representing 2’s complement modulo 256 summation of all the remaining data on the
record. The FRAMEID field is an 8 bit integer used for relative positioning within an extended
file. Its purpose is to allow manual rescan in the event of errors, so that the software will
recognize the input as the same record, The length field contains a direct integer value for the
number of bytes in the data field. From 1 to 255 bytes can be in the data field; a length of 0 is
reserved for a special case ‘‘end of file’’ frame. Finally, the remainder of the frame contains 8

bit bytes of data.

having a O displayed as the same width as a
light space and a 1 either two or three times
as wide. In the examples which accompany
this article both types of 1s are shown.

We expect a bar code of this type can be
printed and read reasonably using appro-
ximately 50 bits to the inch on the average.
A conventional magazine page has a working
area of 7.0 by 10 inches (17.8 by 25.4 ¢cm).
At 5 columns to the inch (2 columns per
centimeter) this would give 350 column
inches (889 column-centimeters) of bar code
or (350 by 50) 17,500 bits per page. Even
with losses due to the frame overhead for
synchronization and checksums this gives a
reasonable amount of code per page, using a
layout shown in figure 3.

A simple hand held reader with sufficient
logic to tell a computer that it sees light or
dark passing is all that is really needed. Fred
Merkowitz in his article on page 77 provides
examples of typical signal processing circuits
needed to convert light and dark image

information into TTL levels for a computer.
Software such as is outlined by Keith Regli
in his article in this issue would be needed to
time the bits and reassemble the data
characters. Such a reader should be quite
inexpensive to build. A more elaborate
version would read a line of bars and
indicate if the checksum was correct and
pass a line of bytes to a computer.

The record frame (see figure 2) is broken
into two parts: a header consisting of four
bytes and a data part which may have up to
255 bytes.

The first byte of the header is an ASCII
SYN character (10010110). It is to be used
by a reader to synchronize on the correct
byte boundaries.

The second byte of the header makes the
sum of all of the bytes in the record except
the SYN character equal to 0. This sum
includes the byte count byte, record id, and
the data bytes. This is called CHECKSUM
byte.

FRAME N START SCAN =

FRAME N+

FRAME N+2

FRAME N+ 3

FRAME N+4

FRAME N+5

CENTER MARGIN OF MAGAZINE PAGE

T
C R B
C
L -
R
AR A~

¥

N\

Figure 3: Page Layout., A
page of data in printed
form [as we would run in
BYTE] would be laid out
with the data running par-
allel to the center margin
of the magazine. This al-
lows the maximum
amount of data in a frame,
thus minimizing the over-
head bits of the frame
format,

.
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Figure 4: A Selection of Bar Code Sample
Texts. In each case, the same text is used, an
ASClI alphabet. Different data densities are
shown to test print reproduction quality.
This set of samples should be used by our
readers to check out their own experiments
with this technology. To read a line of bars
place a ruler or other straightedge next to
the line, start the input software, then run
the optical scanning head (in its simplest
form a photodetector and light source)
down the line of bars so that the sensitive
area of the detector is in the center of the
line.

The third byte of the header is a record id
number used to identify to the computer the
sequence number of the record.

The fourth byte of the header contains a
count of the number of bytes in the data
portion of the frame. If this byte should be
0 it is interpreted as an end of file record.
The data part of the record follows the
header.

It should be noted that the last byte of
data must be followed by a single data bit,
either a 1 or 0, in order to read the last byte
of data. This is required to give a light to
dark transition after the last data bit of the
last byte.

The data portion of a frame is not data
sensitive in any way. Here conventional
computer standards can be used to format
data. In the case of ASCII, data characters
can be strung one after another with normal
carriage return and line feed characters used
to terminate lines quite independent of their
position in the frame, or position on the
printed page.

Binary data can also be placed in the data
area of the frame. As in conventional binary
files there is a need for an additional
protocol to be used to identify load points
and possibly other things like start addresses.

In the samples shown with this article all
the records are identical except in density
and bit size. In each of the records the
ASCII alphabet is used as data. The intent is
to provide some copy with which to test
experimental readers.

There is a need for a better low cost
software distribution means. Personal com-
puting is one of the fastest growing activities
today. Distribution of information is ex-
tremely important to sustain this growth. We
believe this new machine readable method of
printing will make a valued contribution to
this growth. It is our conclusion that some
form of machine readable printed software is
the key to wide distribution of software for
computer hobbyists.®

(a)

(a) Test string with weight-
ings of gap = 1, one = 2,
zero = 1, narrow width,
high density.

(b) Test string with
weightings of gap = 1, one
=2, zero = 1, wide widlth,
high density.

(c) Test string with weight-
ings of gap = 1, one = 2,
zero = 1, low density. This
pattern consists of two
parallel rows of identical
information.

(d) Test string with
weightings of gap = 1, one
= 3, zero = 1, high density.
(e) Test string with weight-
ings of gap = 1, one = 3,
zero = 1, low density.

17

MR

N

O OO OO

RN



Software for Reading Bar Codes

About the Author

Keith Regli is employed
as a programmer at Elec-
tronics Corp of America,
Cambridge MA. He writes
from professional experi-
ence with the adaptive
software necessary to read
bar codes in commercial
and industrial applications.
His avocational interests in
addition to computers in-
clude amateur radio
(WB6BIG|/WATWOE).

Keith Regli
6 Vernon St, Apt 2R
Waltham MA 02154

The problem of transferring programs and
data from one computer system to another
has long been a problem in industry, but for
the hobbyist it is especially difficult. Paper
tape and cassettes have solved the problem

for communication between individuals, but

what about a program published in BYTE
magazine? Keying in a hexadecimal listing is
painful and error prone, and machine read-
able forms such as phonograph record inserts
are too expensive for regular use. A possible
solution is at hand!

Bar codes are gaining increasing accep-
tance in industry for transmission of ma-
chine readable information via a printed
medium. The technology which makes this
possible is the microprocessor. While most
industrial and commercial bar codes contain
40 bits of information or less, therc is no
reason we can't scan cnough information in
one pass to make the transmission of long
programs a snap.

In this article | will discuss some algo-
rithms for reading bar codes which are
adaptable to any of the popular micro-
processors assuming suitable input signal
conditioning hardware. While translating
these algorithms directly into code will
produce a working system, they should be
thought of as a starting point for experimen-
tation.

There are many ways in which to design a
bar code. We will use a simple but effective
method of dealing with binary information.
Each bit of information will consist of a
dark bar followed by a white space, the
combination being called a module. We
represent a 1 by a module consisting of a bar
twice as wide as its space and a 0 by a
module consisting of a bar the same width as
the space. Eight such modules strung togeth-
er give one byte of information. If we made
the width of a space 0.01 inches {0.25 mm)
we could get about 5 bytes per inch (about 2
bytes per centimeter) — this allows plenty of

18

information to be printed on one magazine
page, as Walter Banks and Roger Sanderson
point out in their article,

In order to see what it takes to read
information in this form consider a paper
tape system. There is a read head which
senses the coded information, a hardware (or
software) code converter which converts the
sensed information into a form suitable for a
loader which loads the information into the
computer’s memory at appropriate loca-
tions. We need exactly the same elements in
order to read bar codes. The “‘read head,”
called a scanner, and its electronics are
discussed in some detail in Fred Merkowitz’s
article and are not repeated here. Loaders
are fairly well understood, but the code
conversion process is not nearly so widely
understood and thus commands the main
emphasis of this article.

There are two approaches onc may take
for inputting the data in a microprocessor
controlled code converter. The data may be
processed as it is read in, or it may be read
first and then processed after the data is in
memory. The critical factor is how many
instructions the processor can exccule be-
tween data samplings. In order to keep
things simple we will not plan 10 do any
processing on the fly. Suppose that the
average scanning rate is 20 inches per second
(51 cm per second) and the basic element
width is 0.0 inches (0.25 mm). Then we sce
one basic element every 500 us. Now, if we
increment a counter every 20 us and read it
every time our scanner detects a transition
[rom light to dark or dark to light we will
get a nominal count of 25 for each basic
clement. The readings for our standard
modules would be 50/25 for a binary 1 and
25/25 for a binary 0. This means that we are
well within 8 bits while counting a double
width element, even at a slow scanning rate
of 10 inches per second (25 cm per second).
Assuming 50 bytes of data on onc recading
pass, we will need 800 bytes of memory to
store a perfectly read image of the code as a
series of counts. Assuming a few white and
black specks on a line we should leave at
least a 1 K buffer size for reading in a line of



code (if we can do a little filtering on the fly
or in the hardware, we can push it back to
around 800 bytes).

The algorithm for inputting a line of
coded bars becomes very simple in this
scheme,

SCAN Program:
0) Set the buffer pointer and the
( counter to zero.
1) At the next 20 us interrupt,
continue.
2) Has the counter reached 255?
If YES then test and go to
processing routine (step 4).
If NO then increment the
counter and continue.
3) Has the level of the input
changed?

INTERRUPT If YES then store counter
SERVICE value at buffer pointer lo-
ROUTINE cation,
increment the buffer
pointer,
set the counter to zero and
go to step 1.
1f NO then return to step 1.
4) Is buffer pointer equal to 0?
If YES then return to step O.
If NO then jump to processing
N routine.

We may, of course, replace the interrupt
by adding some do nothing states so that the
service routine requires 20us no matter
which way we go through it, and so that it
operates as a scanning loop. (The 20 us
interval is not sacred; 18, 21, 32 or 50 us
will do).

The next thing to do is process our buffer
trying to pick out bytes of data which can
be loaded into memory. If we have been
very lucky, each pair of bytes in our buffer
represents one bit of data. However, Murphy
is a part of life and we must expect dust
specks and other noise to get in and make
some sort of filtering necessary. A simple
scheme is to ask if the next count is more
than one fourth (shift right twice) the last
count. If the answer is yes we have a valid
count, but if the answer is no we assume it
was a dirt speck and combine the last count,
the next count and the one after that as a
replacement for the last count. Murphy has
at least one other trick up his sleeve. If you
take a bar 0.01 inches (0.25 mm) wide and
put it next to a space 0.01 inches wide and
then scan the pair at a constant rate, you
will almost certainly find that the scanner
thinks the bar is wider. This can be taken
care of by adding a bias to the space count.

For convenience we will convert the
input buffer into bytes of data and store
them in a line buffer before passing them to
the loader. We need a line buffer of

SCAN Program:

Converts light and dark
periods sensed by the wand
into a series of bytes con-
taining timing counts.

WAND —3» INPUT BUFFER

SCAN

( CALL AT END OF SCAN

BITPACKER Program:

Invoked at the end of a
scan, transforms the input buf-
fer into a “frame buffer’” of
bytes with adaptation to speed
and timing variations.

INPUT BUFFER —® FRAME BUFFER

BITPACKER

(CALL AT END OF PACKING OPERATION

FRAMER Program:

Invoked at the end of bit-
packer, framer carries the re-
duction one step further by

transforming the frame buffer
image into an absolute binary
image in memory while check-

ing for errors and setting up
for rescans if necessary.

FRAME BUFFER t: MEMORY
ERROR MESSAGES &

RESCAN

FRAMER *

RETURN TO SCAN
OR
BACK TO OPERATING
SYSTEM

Figure 1: Software Structure. The design of the scan conversion software
presented in this article contains three major program components. The
SCAN program is an interrupt handler (or dedicated scanning loop if you
don't use interrupts) which creates an INPUT BUFFER of integer time count
values for alternating black and white zones sensed from the manual scanner.
The BITPACKER program carries the conversion further by reducing the 16
bits (on the average) of count information for each bit into a single bit within
a string of bytes in the FRAME BUFFER. Finally, the FRAMER program
transfers the contents of the FRAME BUFFER to memory, checking the
checksum information and giving error messages if needed. Structuring the
software in this way makes it easy to isolate and experiment with the
functions, The timing requirements of the input scanning operation require
that SCAN be separate process; an alternate configuration in which
BITPACKER and FRAMER are combined in one pass is quite possible.
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Bar Codes and Morse Codes

Author Regli made an
interesting comment on
his author’s proof copy of
this article: The problem
of decoding optical bar
codes is entirely analogous
to the problem of de-
coding Morse code as de-
scribed in BYTE’s October
issue, In fact, it is simpler
and more reliable, for
while the speed varies, the
local ratios of bar lengths
are always “perfect” due
to the fact that the type-
setting and printing pro-
cess fixes these ratios.
Thus for detailed software
ideas consult BYTE's Oc-
tober issue.

50 bytes, an input buffer pointer, a line
buffer pointer, a bias value, a bar count, a
space count and a basic unit count. We can
now describe the algorithm for converting an
input buffer to a line buffer.

BITPACKER Program:

0) Set the input buffer pointer and the line
buffer pointer to zero, and set the basic unit
count to 25. (A nominal starting value.)

Set the bar count and the space count to

zero.

2) Have we reached the end of the input

buffer?

If YES then jump to the loader routine.

If NO then load the next input buffer
position into the bar count and incre-
ment the input buffer pointer.

Is the bar count greater than one fourth the

current basic unit count?

If YES then continue to step 4.

If NO then add the next two buffer posi-
tions to the bar count, increment the
buffer pointer twice, check for the end
of buffer and resume at step 3.

4) Repeat step 3, but filling the space count.

5) Add the current bias value to the space

count.

Is the bar count greater than 1.5 times the

space count?

If YES then set the next bit in the current
line buffer word (after 8 bits increment
line buffer pointer),
set the basic element count equal to
{basic element count + bar count + space
count)/4,
set the bias equal to
({{bar count)/2) — space count +
2*bias)/2

If NO then leave the next bit in the current
line buffer word cleared (after 8 bits
increment the line buffer pointer), set
the basic element count equal to
(basic element count + (bar count +
space count)/2)/2,
set the bias equal to
(bar count — space count + 2*bias)/2

7) Return to step 1.

1

3

6

In order to load the line into memory as
usable codes we must process the frame
format for the input line. There are many
variations, but all contain basically the same
information — a sync character, a check
sum, a base address and a length. In our case
the base address is not encoded in the frame
format, and is replaced by a line number
which is used to determine whether a frame
has been repeated. The actual memory
pointer is maintained separately by the
decoding software and is incremented as
each byte is decoded. The decoding algo-
rithm for the format described by Banks et
al [given on page 12, figure 2 in BYTE's
November 1976 issue and page 14 of this
issue] is as follows when specified in verbal
pseudo code:

FRAMER Program
0) Obtain the start address from the user and
set the next free address to that value.

20

1) Set the line buffer pointer to zero.

2) Have we reached the end of line buffer?

If YES then get set to scan the next line
{step 14).

1f NO then continue to the next step.

Is the next BYTE the sync character?

If YES then continue 1o the next step.

If NO then increment the line buffer pointer
and return to step 2.

Increment the line buffer pointer, load the

two's complement of the next byte into the

checksum location.

Increment the line buffer pointer and load

the next byte into the line id location, add

this byte to the checksum. [f this is a repeat
scan, then back up all pointers to repeat the
erroneous load attempt.

Increment the line buffer pointer and load

the next byte into the line length location,

add this byte to the checksum.

Are the line length and the line buffer

length consistent?

If YES then save the line buffer pointer and
continue.

If NO then jump to the error on read, step

13.

Increment the line buffer pointer and add

the next byte to the checksum. Decrement

the line length.

Is the line length zero?

If YES then continue to the next step.

If NO then return to step 8.

Is the checksum zero?

If YES then set the line buffer pointer to
the value saved in step 7. Load the next
byte into the line length location and
continue.

If NO then jump to the error on read, step
13.

11} Increment the line buffer pointer, load the

next byte at the next free address pointer,

increment the next free address pointer and
decrement the line length.

Is the line length zero?

If YES then jump to step 14,

If NO then return to step 11.

13) Report a read error and the line number, set
up for repeat scan.

14) Report ready for next scan and return to
the scanning routine.
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These algorithms, specified in pseudo
code, are but a simplified first pass through
the problem. Figure 1 summarizes the struc-
ture of the software. These routines should
prove sufficient to read the bar codes into
your computer given processing front end
hardware and optics sufficient to resolve the
light and dark states of the code. More
elaborate adaptive algorithms are of course
possible, but with the software specified
above it should be possible to read the
codes. Further work is certainly needed in
the area of defining the data formats within
the raw byte capacity of the frame, and for
the moment we assume that an application
program or a system program (such as a
relocating linkage editor) knows what to do
with the data if it is not an absolute binary
memory image for a machine language pro-
gram which can be executed once it is in
place.®



Hereitis, TDL's ZPU™the high-
est point of technology for an
Altair/IMSALI system. Now,you
can multiply your present cap-
abilities without creating cost-
ly obsolescence. Take advan-
tage of the wide range of exist-
ing hardware backup for your
current system. The ZPU is
compatible and dependable
with many plus features you'll
want to know about.

To further round out your
system we also have available
the fastest and lowest power
static ram boards going (from
4 to 16K with expansion) and
a system monitor board with
a Z-80 monitor, powerful 1/0
and audio casette features.

As for software, TDL'’s user
support program is unmatched
in the micro-processor indus-
try, currently available are the
Z-80 monitor, basic, and the
most sophisticated MACRO-
ASSEMBLER yet developed.

Join the Z-80 revolution —
it's more than just hardware!

ZPU Kit $269.00
Z16K Kit $574.00

HOW TO ORDER Just send check or
money order, or use your BankAmericard
or Mastercharge, and your orders will be
shipped to you postpaid. COD orders must
be accompanied by a 25% deposit. Your
credit card order must include the serial
# of the card, expiration date, and your
order must be signed. New Jersey resi-
dents add 5% state sales tax. For more
information, send for our free catalog.

We've got
Z-80 power
the Altair bus.

Dealer Inquiries Invited.

609-921-0321

/

Research Park

Bidg. H

1101 State Rd.
Princeton NJ 08540



Theres

another side

of IMSAI

vou should know

Sure you know our IMSAI 8080
computer. Its size, quality,
performance and price set the
industry standard for value.
There's another, equally important
side of IMSAI— our broad and
ever growing [/O product line.
Right now IMSAI offers an array
of sensibly priced, versatile, high-
quality interfaces and peripherals
that live up to the IMSAI 8080 for
quality technical leadership,

and value.

IMSAI VIDEO DISPLAY. We
call it the most powerful, flexible
video display interface available.
With up to 3 boards that fit into
your IMSAI you can display color
characters and color graphics.
simultaneously. - Unlimited
image control. - Large capacity
display. - Eight colors; 7 half tones.
- All cables included. - Full
ASCII character set. - Character
blink, reverse video, multiple
cursor and double-width
characters.

IMSAI KEYBOARD. 53-key,
ASCII encoded keyboard with
good touch quality and upper
case alphanumeric keys that

duplicate functions of the ASR-33.

Supplied with commercial grade
cabinet and cable. Interfaces to
any 8-bit parallel port.

IMSAI 44 COLUMN PRINTER.

44 column dot matrix printer
offering hard copy output at an
affordable price. Interfaces to
many computers using an 8-bit
parallel output port. Simple
programming and installation.
Self-contained with case, cable,
power supply, timing, control and
character generation included.
Produces 75/lines/min.; double

size characters software selectable.

IMSAI VIDEO DISPLAY
Assembled $1199.00/Unassembied $699.00

IMSA! MULTIPLE 1/0 BOARD
Assembled $350.00/Unassembled $195.00

IMSAI MULTIPLE I/O BOARD.
Simultaneous control of key-
board, printer, tape cassette (Byte
or Tarbell) and teletype (or CRT)
by a single MIO board. Our 5-port,
multiple /O board combines the
most commonly used I/O inter-
faces including a cassette interface,
two parallel I/O ports, one serial
channel and one control port—
all on one board!

And many other IMSAI I/0
interfaces to expand your system.
Examples:

IMSAI Programmable
Parallel I/O board offering 6-ports
for the ultimate in /O flexibility
and control.









CRAYON

Graphics Software

Some of the pcople at Dartmouth
{Arthur Luehrmann in particular) are work-
ing at defining a set of graphic extensions for
the language BASIC. This is a good idea, but
it's slow work. Getting different groups with
different interests to agree on anything is
pretty difficult. We'll be following this activ-
ity at Soloworks, and may try extending one
of the microcomputer versions of BASIC in
this direction. In the meantime, we think
much attention also needs to be given to
what pcople may want to do with graphics,
especially the low cost type.

Onc way to do this is to “imagine”
something you'’d like to do, and also
“imagine” a language for instructing the
computer to do this. You can then try to
write subroutines in assembly language to
implement these macro instructions. True,
that’s hard work, but eventually the detailed
code could be hidden from the user (pos-
sibly in BASIC, or possibly in ROM). Then
programmers (including young children)
could do most of their thinking at the higher
level.

Let’s illustrate this idea by looking at a
first attempt we made along these lines in
defining what we call our “cybernetic
crayon box.” We had lots of ambitious ideas
for using the Dazzler, but decided to start
very simply. Our thinking was that new
features could then be added one at a time
in the form of additional subroutines. In
other words, the approach we took was to
build a total system from what are usually
called program ‘“‘modules.” (It’s worth
noting that this is a good idea for most large
programs where clarity is essential. In fact
it’s the basic idea behind the new rage for
what is called “‘structured programming.”)

COLOR TV

Ol com
[o}e]

\/;E] 0000 coior oprion

PROGRAM[

CRAYON MEMORY ﬂ( DAZZLER I

I__

SWITCHES

IMSAI 8080

The Cybernetic Crayon ldea

Let’s imagine that we want to make the
system of figure 1 possible. The idea is that
it would be neat if a child could move some
kind of clectronic ‘“‘crayon” around and
experiment with drawing colored pictures on
a TV screen. In the back of our heads was
the thought that it would be even neater if a
“big” child (gucss who) could drive a space
ship around a full color galaxy in some
futuristic Star Trek type game.

Let’s imagine a computer program to do
this using an imaginary high level language.
It might look like the following:

1. Turn on the Dazzler and start dis-
playing memory.

2. If desired, erase memory (to get a
blank screen).

3. Look at where the crayon is pointed.

4. Sec what color it is.

5. Decode this information into proper
machine language.

6. Now put information into the com-
puter’s memory for display.

7. Go back to step 3.

The “hardest” parts are steps 2, 3, 5, and 6.
We decided to make step 3 “easy’’ by using a
special piece of hardware, an $80 surplus XY
digitizer which was sold by Delta Electronics
Co (their ad appeared in the May 1976 issuc
of BYTE). Steps 2, 5, and 6 were handled by
software subroutines that can be thought of
as simulating macro instructions. Let’s look
at each of these four steps in further detail.

Using an XY Digitizer as the Crayon

There are several options for the
“crayon.” One would be a light pen. An-
other would be a two axis joystick. The
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Figure 1: The Cybernetic
Crayon System. The XY
digitizer position is set by
the young artist, and inter-
preted by the 8080 pro-
cessor running a program
shown in Listing 1. This
program uses the position
information along with the
settings of front panel
switches to determine the
color value of each posi-
tion in the picture as it is
drawn.



third possibility is to use what’s called an
XY digitizer. All of these devices can be
expensive, since they usually require special
interfacing electronics. The exception Lo this
rule is when the devices produce digital data
divectly, cither through brush type contacts
or optical disks that control the light falling
on photo electric cells. We chose to use an
XY digitizer with brush contacts, partly
because it was available as surplus, and
partly because the XY frame of reference
looked like a good way to help even very
young students learn about Cartesian co-
ordinate systems {more about this later).

How the Digitizer Works: the Gray Code
The digitizer is a mechanical device which
works something like a plotter in reverse.
When the user moves the pointer (what we
call the crayon), this moves two sets of
contacts to positions corresponding to the X
and Y coordinates of the crayon. These
brushes slide across metal templates that
look something like the pattern in figure 2.
The output for cach coordinate is a 7 bit
binary number. This means that 128 values
(2#*7) for ecach coordinale are possible.
Each output can be connected directly to
onc 8 bit parallel input port of your micro-
computer. The way the digitizer is wired,
cach bit that is enabled by the digitizer (that
is, contacted by a brush) is grounded.
Therefore it is necessary to complement the
number read from the port belore (urther

processing. Thus the input pattern (1, 1, 0,
1,0, 0, 1) becomes (0,0, 1,0, 1,1, 0).

The second trick to using this particular
digitizer involves decoding the patterns used
on the templates for representing X (and Y)
positions. Instead of using a standard in-
crementing binary code to represent values
for X and Y, the digitizer templates use
what’s called a Gray code. The way that this
code represents the X and Y positions
between 0 and 127 is shown in figurc 2. One
may ask, why not use a standard binary code
instcad of this “strange” version? The rcason
becomes apparent when one examines cach
successive number representation. Note that
only one Dbit ever changes between two
consccutive positions {or numbers). On the
other hand, if the conventional form of
binary code were used, many instances
would occur in which several bits would
have to change at once. {eg: 0111 to 1000
for 7 to 8). This must be avoided because it
would be impossible for a low cost mechan-
ical device to succeed in changing all the bits
at exactly the samec time. Instead, the
computer (being as obedient as it is) would
read incorrect values as the bits changed. Use
of the Gray code solves this problem, but
requires that some means be used to trans-
late back into the standard binary code
cxpected by your computer.

The following algorithm will translate the
Gray coded numbers into standard binary
codes. An example helps to illustrate.

GRAY PATTERN GRAY CODE BINARY CODE DECIMAL

il

0000000 0000000 0
0000001 0000001 1
0000011 0000010 2
0000010 0000011 3
0000110 0000100 4
0000111 0000101 5
0000101 0000110 6
0000100 0000111 7
0001100 0001000 8
0001101 0001001 9
0001111 0001010 10
0001110 0001011 11
0001010 0001100 12
0001011 0001101 13
0001001 0001110 14
0001000 0001111 15
0011000 0010000 16
0011001 0010001 17
0011011 0010010 18
0011010 0010011 19
0011110

0010100 20

Figure 2: Detail of the Cybernetic Crayon’s Surplus Digitizer. The rough artwork of an image may be drawn on paper, or the
image can be created without such a layout. The Gray code pallern of the inputs can be seen in diagram form und equivalent

binary form at the right.
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Problem: Change Gray code 0110100
into a standard 7 bit binary code.

Example
(in the
example,
x's indicate
bits yet to
be deter-
mined, ini-
Step tially zero.)

1. Look at the high Bitis 0
order (left most) bit
first.

2. 1s the exclusive or No
(XOR) of this bit and
all bits toits left 17?

3. Put a O in the high RT =
order bit of a “‘run- OxXXXXX
ning total” RT.

4. Look at next bit. |

5. Is the XOR of this bit Yes
and all bits to its left

1?7
6. Then put a 1 bit in RT =
RT on right. 0T xxxxx

7. Look at next bit. ]
&. Is the XOR of this bit No
and all bits to its left

1?

9. Put a 0 bit in RT on RT =
right. 010xxxx

10. Look at next bit. 0

11. Continue until fin- etc.
ished.

Using this algorithm, you can see that
0110100 decodes at the test with exclusive
OR to (NO, YES, NO, NO, YES, YES,
YES), that is, to 0100111 (which is decimal
39). It is fairly easy to write a program for
an 8080 or any other processor which does
this, and it is shown in listing 1, relative
addresses 004D to 0066. It will be part of
our final crayon program. The variable C is
where RT is kept in binary form, using the
trick of putting higher order bits in at the
right, and then shifting them (rotating) to
the left until 7 bits have been accumulated.
The Gray code is in A at the start.

; ROUTINE TO DECODE GRAY CODE

DCR E ; COUNT DOWN LOOP

MOV AE

JNZ Locp

MOV A,C iPUT BINARY CODE IN A
RET

A Subroutine for Erasing Memory

If we want to draw a picture in the
“memory space” of our computer, the first
thing we may want to do is erase the space.
This is accomplished simply by writing zeros
in each location. The routine in listing 1,
relative addresses 009B to 0048, erases
memory, beginning at the location specified
in the 8080's HL register pair, and erases a
number of locations equal to 256 times the
number in the A register. (It’s a good idea to
keep subroutines such as this as general as
possible when developing flexible software.)

sROUTINE TO ERASE 256*A BYTES STARTING AT H,L

ERASE: MVI D,0 ;CLEAR D,E
MoV E,D
MV 1 M,0
NEXT: INX H sADVANCE POINTER
MUI M, 0 3 CLEAR THAT BYTE
INX D ; INCREMENT COUNTER
CMP D 3SEE IF A BYTES WRITTEN
JNZ NEXT 3 IF NOT, GO BACK
RET
END

It will be seen later (in the main program)
that the erase routine is called by flipping
the left most switch of the “programmed
input’ register on the IMSAI front panel.

A Subroutine for Mapping XY
Coordinates Into Memory

Before showing how to translate (or
“map”) the decoded X and Y values into a
memory location to be used as part of our
TV picture, it is useful to understand how
the Dazzler works. In particular, we want to
know somcthing about how it interprets a
block of memory and translates it into a
color TV picturc element.

The Dazzler uses two output ports of the
microcomputer. Through these two ports,
the computer tells the Dazzler whether to
turn itself on, where in memory the picture
begins, how many bytes the picture com-
prises (the choices are 512 or 2048), and
what type of picture (color and resolution)
should be displayed on the TV. The output
to the TV comes directly from the Dazzler.

Figure 3: Color Command
Word of the TV Dazzler.
This is the layout of each
4 bit nybble in the color
display memory region of
2048 bytes.

COLOR COMMAND WORD

0 1 LS8

DECOD: MVI c,0 ;CLEAR REG. C
uov D,C
MUt £,7 JINITIALIZE LOOP
Mov B,A ;PUT GRAY CODE IN B
LOOP: MOV A,C
RLC ;ROTATE C LEFT
Mov c,A
MoV A,B
RLC ;ROTATE B LEFT
MoV B,A
ANT 80H iMASK ALL BUT MSB
RLC ;PUT MSB IN LSB mMsB 1 0
XRA D iXOR IT WITH ALL HIGHER ORDER BITS
Moy D,A ;REPLACE RESULT
ADD c iPLACE IN LSB OF C INTEN-
MoV C,A SITY
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64 Rows

LOCATIONS RELATIVE TO STARTING LOCATION

32 half bytes

32 half bytes

0 —  +~ 15 512 — o 527
496 —— 511 1008 ————— 1023
1024 ——~ 1039 1536 ——— 1551
1520 1535 2032 —— = 2047

\

Figure 4: Memory Map of the Dazzler Peripheral. This map correlates the dis-
played picture to the array of memory bytes. The addresses are indicated here
in decimal.

Listing 1: The Cybernetic Crayon Program. This shows the complete assem-
bly listing (relative to address 0), The major subroutines discussed separately
in text are the gray code conversion routine DECOD, the memory clearing
ERASE, and the address calculation routine TRANS,

0ooo
0000

0000
0oe2
0004
0006
0008
gooB
000D
000E
0011

0014
0016
0019
001B
0o01cC
001F
0020

0022
0023
0026

0027

0028
g02a
002D
002F
0031

0032
0034
0035
0038
0039
003A
003B
a6ac
003D
003E
003F
ac4l

0042
0045

0046
0048
0049
004A
004D
004D
004D
004F
0850
pos2
00S3
00S4
0055
0056
0057
00s8

3E

3E
D3
31

DB
17
D2
2]

JE
cD
DB
2F
cD
67
DB
2F
CD
4F
44
1E
CD
DB
E6
4F
3E
BA
CA
79
07
07

07

07

4F

E6
Bl

c3
7E
Eé6
Bl

77
c3

0E
St
1E
47
79
07
4F
78
07
47

88
30
17
EF
FF
19
00
08
9B
10

4D

4D

10

FF
0F

00

45

oF
49

FO

oB

og

07

00

00
10

00

00

00

00

a0

o0

00

sMAIN PROGRAM

INPUT:

NOERS ¢

SNOT:

STUFF:

16

3TURN ON DAZZLER

H

H

;-

3 SET STACK POINTER

sGET SWITCHES

$CHECK FOR MSB

3 IF NOT SET, GO GET POINTS
sIF SET, LOAD H,L AND A

$AND CALL ERASE

iGET X DATA FROM CODER

s COMPLEMENT X

sTRANSLATE X INTO BINARY

3 SAVE X

sGET Y DATA FROM CODER

3 COMPLEMENT Y

sTRANSLATE Y INTO BINARY

iSAVE Y

3PUT X IN B

;L0OAD HIGH ORDER STARTING ADD OF PIC
jTRANSLATE INTO MEMORY ADDRESS
$READ SWITCH REGISTER

3} SCREEN OUT OTHER SWITCHES

3 SAVE SVITCH REGISTER

s IF REGISTER D=0

H

$THEN GOTO SNOT

5GET SWITCH REGISTER

$SHIFT LEFT 4 BITS

sRETURN TO C

GET OLD WORD IN DESIRED LOC
GET RID OF THIS HALF

sPUT IN NEW GROUP

OLD WD IN DESIRED LOC
3GET RID OF HALF

sPUT IN NEW GROUP

3WRITE NEW WORD IN M

sGET ANOTHER POINT

5GET

H
3 ROUTINE TO DECODE GRAY CODE

DECOD:

LOOP:

ORG 0

My1 A,B88H
T 16H
MV1 A,30H
ouT 17H
LX1 SP,0EFH
IN OFFH
RAL

JNC NOERS
LX1 H,1000H
MUl A,08H
CALL ERASE
N 10H
cMA

CALL DECOD
MoV H,A
1N 11H
cMA

cALL DECOD
MoV C,A
MOV B,H
MV I E,10H
CALL TRANS
N 0FFH
AN 0FH
MOV c,A
MY 1 A, 0
cMP D

Jz SNOT
MoV A,C
RLC

RLC

RLC

RLC

MOV C,A
MOV A M
aNI OFH
ORA c

JMP STUFF
MoV A,M
ANI OFOH
ORA c

MOV M, A
JMP INPUT
MV1 (]
MoV p,C
MV 1 E,7
MoV B,A
Mov A,C
RLC

MOV C,A
Moy A,B
RLC

MoV 8,4

s CLEAR REG. C

$INITIALIZE LQOOP
3 PUT GRAY CODE IN B
3 ROTATE C LEFT

sROTATE B LEFT
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All these functions are represented on the
output ports of the IMSAI 8080 we used, as
follows:

Port 16: Bits O to 6 contain the most
significant 7 bits of the starting
picture address. Note that only
multiples of 512 are possible.

Port 17: Bit 6 is a resolution multiple of 4 if
on, normal if off.

Bit 5 is a picture in 2 K bytes of
memory if on, 512 bytes if off.

Bit 4 is a color picture if on, black
and white picture if off.

Bits 0 to 3 are intensity and color
bits used only in high resolution
mode. We will not be concerned
with these 4 bits.

It is not necessary to understand all of
these options and modes to use the Cyber-
netic Crayon. We will therefore concentrate
on the mode in which 2 K of memory is
used, and in which each byte represents two
picture elements (small rectangles). In this
mode, the picture is composed of 4098 (64
by 64) such elements, the color and inten-
sity of each element being specified by one
half of a byte (called a color command
word). Each half byte has the meaning to
the Dazzler shown in figure 3.

The command word shown in our example
is for “high intensity red.” Another important
thing to understand about the Dazzler is that
it is able to read memory on its own, just
like the computer, and at the same time that
the computer is running its own program.
This is called Direct Memory Access (DMA).

Once the computer tells the Dazzler
{through ports 16 and 17) where the picture
starts, the Dazzler simply takes over and
puts the picture right on the screen. Every
1/30th of a second it reads through the
entire 2 K of memory and displays it. This
arrangement means that the computer can
be changing the picture at the same time it is
being displayed.

The way in which the Dazzler reads
memory can be seen with the illustration of
figure 4.

We see that the picture is divided into
four quadrants. As the Dazzler reads across a
sequence of locations, beginning with the
starting location, it displays the least sig-
nificant half byte first. It is important to
remember this when figuring out exactly
where in memory a particular color com-
mand word should go.

Let’s now go back and see if we can piece
this information together to enable us to
translate our XY coordinates from the digiti-
zer into a memory location that will cor-



respond to the samec place in the Dazzler
picture. A logical way to go about this is 1o
foad a register pair with the beginning
address of the picture, and then add to this
address an amount derived from the XY
coordinates. We could envision the following
sequence of events:

1. Load register pair with picture starting
location.

2. Ask: “What quadrant are we in?”" That
is, “arc X or Y or both =2 64?" If X =
64, we arc in the right half of the
screen, and must add 512 to the
starting location. If Y 2 64, we arc in
the bottom and must add 1024 to the
starting location. (If both are true we
add both.)

3. Subtract 64 from X or Y if they are
greater than 64. This way, every point
would be transiated into the first
quadrant, with X and Y values ranging
from 0 to 63.

4. Add the final displacement to the
register pair as follows:

A. Multiply Y by 8; this translates the
range from 0-63 to 0-504.

B. Mask out last four bits to have this
address at far left of quadrant
(X=0).

C. Divide X(0-63) by 4 to get 0-15,
remembering the right hand carry
bit to determine which half word to
write (done by shifting right twice).

D. Add this to the address calculated
from Y. Now add total result to the
previously  calculated  quadrant
address.

Example: X=47, Y=71. Picture begins at
memory location 4096.
1. Load H,L registers with 4096.
2. X < 64 while Y > 64. So add 1024 to
H,L. (We are in lower, left quadrant).
3. Subtract 64 from Y, so translated
point is X=47, Y=9,
4. A.Multiply Y by 8. 9X8=72 (hexa-
decimal 48).
B. Mask out lower 4 bits to get 64
(hexadecimal 48 AND FO gives

40),
C. Divide X by 4. 47/4 = 11. Carry
bit =1,

D. Relative location is 64 + 11 = 75.
Add this to H,L. 5120+ 75=5195

So, the digitizer is pointing at location 5195
in memory. All this calculation would be
done in 8080 machine code, resulting in the
hexadecimal address value of 144B.

The 8080 subroutine TRANS (sec listing
1 addresses 0067 to 009A) translates the XY
coordinates stored in the B and C register

Listing 1, continued:

0059 E6 80 AN1 80H ;MASK ALL BUT MSB
0058 07 RLC $PUT MSB IN LSB

005C AA XRA D ;XOR IT WITH ALL HIGHER ORDER BITS
005D 57 MoV D,A i REPLACE

00SE 81 ADD C i PLACE IN LSB OF C

0OSF 4F oV C,a

0060 1D DCR z ;COUNT DOWN LOOP

0061 783 MoV aLE

0062 C2 53 00 Jnz LooP

0065 79 MoV A,C ;PUT BINARY CODE IN A
0066 C9 RET

0067 H

0067 ;ROUTINE WHICH TRANSLATES 8,C INTO ADDRESS IN H,L
0067 {E MUST CONTAIM PICTURZ STARTING ADDRESS (MOST SIG HALF)
0067 78 TRANS: MOV A,3 ;PUT X IN AC

0068 E6 4l ANT 40H ;GET RID OF ALL BUT 64 BIT
006A CA 73 00 J7 NUADL ;1F ZERO (X<64) GQ ARQUND
006D 1C INR £ 3ADD 2 TO

BOGE IC INR o

006F 78 MOV A,B

0070 DE 40 SB1 40H 3SUB 64 FROM B

0072 47 MOV 3,A

0073 79 NUADL: MOV A,C 3GET Y COORD

0074 E6 at ANI 40H $GET RID OF ALL BUT BIT 64
0076 CA 81 00 Jz QuUADY ;IF ZERD (Y<64) GO AROUND
0079 7% MOV AE

007A Co D4 ADL 04H 3 INCREMENT THIRD BIT OF £
007C SF MoV E,A

007D 79 MOV A,C ;SUB 64

007E DE 40 S8l 40H

0080 4F MOy C,A

0081 78 AADI: MOV A,B 3GET X AGAIN

0082 OF RRC 3DIVIDE

0083 1F RAR 5DIVIDE 3Y 2 AGAIN

0084 47 Moy 3,A 3 STORE

0085 3E 00 MU A,D ;CLEAR A

0087 BF ADC A 3 PUT CARRY IN A

0088 57 Moy D,A 3 STORE CARRY IN D

0085 78 oy A,S 3GET X/4 AGAIN

008A E6 OF AN OFH $ZSRO HIGHER HALF-WORD
00&C 47 MOV B,A ; SAVE

008D 79 Moy A,C 3GET Y AGAIN

008E 07 RLC ;MULTIPLY BY 8

008F 07 RLC

0090 17 ]AL

0091 D2 95 00 JNC LOWER ;1F NO CARRY, DONT INCREMENT E
0094 1C INR 3

0095 E6 FO LOWER: ANI OF 0K ;DUMP LOWER HALF-WORD
0097 80 ADD n 3ADD X DISPLACEMENT

0098 6F MOV L,A 5LOAD L

0099 63 MOV H,E 3LOAD H

009A C9 ]ET

0098 H

0098 SROUTINE TO SRASE 236%A BYTES STARTING AT H,L
009B 16 00 ERASE: MVI D,0 $CLEAR D,E

009D SA Moy E,D

009E 36 00 MUl M, 0

00A0 23 NEXT : INX H :ADVANCE POINTER

0o0Al 36 00 MV I 1,0 3CLEAR THAT BYTE

00A3 13 INX D : INCREMENT COUNTER

00A4 BA CcMP D ;SEE IF A BYTES WRITTEN
00AS C2 AD 00 JINZ NEXT ;1F NOT,

00A8 C9 RET

00A9 END

into a Dazzler byte location, and places it in
the HL register pair. At the time it is called,
register E must contain the most significant
half of the starting address of the picture. At
the end of the routine, register D is equal to
1 if the most significant half of the byte is to
be used, and equal to O if the least signif-
icant is to be used.

sROUTINE WHICH TRANSLATES B,C INTO ADDRESS IN H,L
iE MUST CONTAIN PICTURE STARTING ADDRESS (MOST SIG HALF)

TRANS: MOV A,8 ;PUT X IN AC
ANIT 40H 5GET RID OF ALL BUT 64 BIT
Jz QUADL 3 IF ZERO (X<64) GO AROUND
INR E $ADD 2 TO E
INR E
MOV A, B
SB1 40H 3SUB 64 FROM B
MOV B,A

QUADL: MOV A,C sGET Y COORD
ANI 40H 3GET RID OF ALL BUT BIT 64
Jz WADY s1F ZERO (Y<64) GO AROUND

Continued on page 138
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The Buried Gold in the SR-52

Clif Penn
911 Northlake
Richardson TX 75080

About the Author

Clif Penn reports on
these features as an enthu-
siastic user of the SR-52.
Though he is employed by
T1’s Central Research
Laboratories in Dallas, he
wrote the article as an
individual user, and much
of it is based upon infor-
mation passed around by
the SR-52 users’ grapevine
in Dallas.

In the April 1976 issue of BYTE, a good
overview comparison of the programmable
SR-52 and the HP-65 was presented by
Bradley Flippin [page 36]. Now some hid-
den but powerful features of the SR-52
organization will be discussed. At this time
these features have nol yet appeared in the
literature Texas Instruments supplies with
the SR-52, but the capabilities are worth
documenting for readers who use this cal-
culator.

Register Organization

The SR-52 is arranged internally with 100
programmable registers numbered 00
through 99. The first 20 registers (00 to 19)

Clearing

Register Normal Use Function
00-19 Data Storage *CMs
20-59 Internal and not —

externally available
60 - 69 Operational stack CLR
70-97 Program storage with 8 Affected by

program steps per register program edit
98-99 None None

Table 1: SR-52 Register Organization. The
documentation of the SR-52 mentions user
programmable data storage in registers 00 to
19. In fact, the internal organization of the
machine has a total of 100 registers allocated
according to this map. Registers 60 to 69 are
the operational stack used in parsing alge-
braic data entry (see BYTE's February 1976
issue for two articles on the subject). Reg-
isters 70 to 97 normally store the calcula-
tor’s program with 8 program steps per
register. Registers 98 and 99 are '"free” and
can be used for temporary data storage or as
a flag. (The registers from 20 to 59 are not
available for user programs.)
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are those normally used for data storage and
called from the keyboard such as RCL 06,
STO 19, *EXC 05 and so on. All 20 of these
user data registers are cleared simultaneously
by pressing *CMs. [All secondary functions
are shown with an asterisk (*) convention
rather than writing (2nd) (CMs).] Many
users have discovered by accident that there
are other registers which may be accessed
from the keyboard but have an incomplete
understanding of how to take advantage of
them. Table 1 shows a detailed listing of the
registers, their conventional use and how
they are cleared.

All of the registers except the internal 20
through 59 can be used in exactly the same
way as the conventional 00-19, that is,
indirectly addressed, conditionally addressed
and so on.

Operational Stack Registers 60-69

If you use a “'0" strike over rather than
the clear button, registers 60 to 69 become
available. Remember, however, that any
time a “(" is actually necessary in your
program, you use these registers in order
from the bottom up. It is rare to use all
levels of internested brackets, so start from
69 and work down if you need extra storage.
(When in doubt, do the problem manually
and RCL the register of interest and check
for O contents.)

Program Storage Registers 70-97

The program storage registers 70 through
97 normaliy store the program at 8 steps per
register. These registers are loaded either
manually or when you read a prepro-
grammed magnetic card. In addition they are
recorded on the magnetic card in the WRITE
mode. This allows you to store data on a
magnetic card for later use or updating. The
statistics program used as an example incor-
porates this feature. Any time you delete or
insert program steps after storing data in the



program memory, you will alter the register
contents. BEWARE! To make lifc easier,
table 2 shows the program locations nor-
mally stored in each register.

If you use this feature regularly, here are
some memory aids — 8 program steps per
register; the first register stores locations
starting with 000 (ending with 007 so
register 70 may be associated with this);
register 80 starts with location 080; register
97 is last.

Bonus Storage Registers 98-99

There are numerous cases when you wish
access to the CLR and *CMs feature without
losing a constant you may be using regularly.
Registers 98-99 are quite useful for this.
None of the clearing functions affect them.
Power off of course kills everything. You
may cncounter cases (as on the included
programs) where you desire the effect of a
flag but are still free to use CLR, *CMs, and
reset. Although not nearly as efficient as flag
usage, you can simulate a flag condition by

Reg Loc Reg Loc

70 000 - 007 80 080 - 087
71 008 - 015 81 088 - 095
72 016 - 023 82 096 - 103
73 024 - 031 83 104 - 111
74 032 - 039 84 112-119
75 040 - 047 85 120 - 127
76 048 - 055 86 128 - 135
77 056 - 063 87 136 - 143
78 064 - 071 88 144 - 151
79 072 - 079 89 152 - 159

storing any number in register 98 or 99 and

use the followi

ng sequence:

..... *LBL
*EXC 1

9 *EXC
9 9

*if zro 9

#]7

*EXC

9

9

Just as flag usage, this preserves the data in
the display register for further use following
the conditional branch instructions. Keep in
mind you may need to clear 98 or 99 as an

Reg Loc

20 160 - 167
91 168 - 175
92 176 - 183
93 184 - 191
94 192 - 199
95 200 - 207
96 208 - 215
97 216 - 223

Tuble 2: Program Storage
Registers and locations
Stored. This table gives the
correspondence  between
program step numbers and
register locations 70 to 97,
Note that editing opera-
lions shift program data
throughout this region, so
any use of the program
storage registers for data
should be avoided when
editing programs.

program steps than needed but
programming and debugging.

the order of operations is:

tan, etc).

NSRANEE
3. Multiplication and division.
4. Addition and subtraction.
5

each hierarchy level.

For example:
(5x7)+(8+2)=39

(5+7)x(8—-2)=72
but
5+7x8—2=59.

A Note About Special Features to Save Program Steps

with or without the parentheses while

As a preamble let me emphasize forcefully that
short routines should be written with parentheses
in normal algebraic form without worrying about

the “bells and whistles.” This will use more

time in

Invariably you will encounter long programs
where you need every “twist of the screw’ to
reduce program steps. The main thing to master is
the algebraic hierarchy (pages 46-48 in the SR-52
Owner’s Manual). Except as altered by parentheses,

1. Immediate function evaluations (sin, cos,

2. Exponentiation and root extraction (\2, vX,

Perform operations from left to right on

One equal sign at the end of the equation may
replace several right parentheses one might require

at the end of an expression.

Another useful

feature involves recalling the
display register contents by the use of either math

functions or memory functions.

3 ++/3 = may be programmed 3 +/\ =
3 + 1/3 may be written 3+ 1/x =

3+ 3 =cannot be keyed 3 + =
but rather 3 + RCL = 6.

Any of the memory functions may be used in this
“"dummy instruction’’ manner. On occasion you
may wish to store an intermediate result at the
very same time as you use the display register

contents like this:

4 x5+S8STO 01 x 3=280,
20 stored in register 01.

The "+ sign causes the first multiplication to take
place, the STO inserts the display register contents
back in the equation and the 01 directs 4 x 5 =20
to be stored in register 01. Had you wanted 5
stored instead, you could have used a dummy

memory instruction — — —

4 x5STO 01 + RCL x 3 =80,
5 stored in register 01,
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one records only 18 to match the previous
program. Register 98 is used in a compatible
manner with the previous program to pro-
tect against off loading the updated data in
the wrong order, even if the flags have been
reset. Several safety precautions are used to
protect against losing a long accumulation of
data. When the card is dumped into the
calculator memory, the card still retains the
old data in case of blunders. After the data
are updated, if the registers are in their home
position, register 98 will contain 1. In the
memory to card program this branch condi-
tion is used. Up until this point you have
lost no data that could not be restored. If
you start to transfer memory to card and

find the registers are incorrect, don't panic!
Simply reload the standard deviation card,
press *E’ which replaces the registers where
they belong.

To alert you that caution should be used,
a blinking error condition display must exist
to start the alternate transfer of memory to
card with key A. This is readily accom-
plished in several ways but + = is the one |
use. The only keys used are

E — — transfer program storage registers
{magnetic card) to data memory

+ = A — — transfer data memory to
program storage registers for card
writing.®

Continued from page 9

high technology field in which we computer
people are all involved, and to the subject of
surprising people with new products and
industries.

The history of the small computer field
to date hardly fits the negative and dismal
attitude towards American technological
progress cited by the pcople participating in
the session last Monday in the nation’s
capital. For the present, the USA is where
it’s all happening in this field: Herc you have
a large body of people with an cducation
and interest in computers and the middle
class wherewithal to exercise that interest;
here you have quick reacting entrepreneurs
who create a new industrial segment over-
night by discovering the people who need
compulers; here you have a situation where
a person can take risks and accept challenges
where rewards, while uncertain at the start,
can be achicved with diligence, hard work,
persistence and a dash of luck. This whole
field, created overnight as a response to the
pioneering technological innovations of the
semiconductor manufacturers, is practically
unheard of in the rest of the world. | have
personally met several individuals from
abroad who are outstanding in their own
countries, who have ‘“had their minds
blown’ by what they’ve see here on recent
trips.

What makes it happen? The pioneering
spirit is not dead in this country. While the
geographic frontiers are for the present
restricted, the technological frontiers have
hardly begun to run out. [Geographical
frontiers are now opening up again — there’s
a whole set of planets, the Moon and Mars,
which we now know are just waiting to be
colonized by a combination of technology
and pioneer risk taking. | The freedom of the
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marketplace and the pioneering response of
consumers and entrepreneurs are what |
identify as key elements in such leadership.
It is an example of diffused responsibility
and decision making by individuals, people
who perceive a demand and react to it by
allocating their own scarce capital and ef-
forts far in advance of the slower and more
burcaucratic organizations left over from the
previous waves of the same process. Whether
involved in small companies or large organi-
zalions with proper incentive approaches,
these individuals become the focal points of
new organizations which grow and achieve a
market niche.

For the people in Washington who worry
about “America’s position” in the world
order of commerce, | have a simple conclu-
sion to present: reproduce conditions in a
more general context which are similar to
those we have seen in personal computing
over the last two years. In personal com-
puting we have product definition done by
entrepeneurs in response to the actual
demands of people; we have a situation
where the winning or successful product is
measured by the votes of the people pur-
chasing the goods; we have a situation where
performance and reputation in the market-
place carn each product a unique position.
Increase the competition (and thercfore the
insecurity) of laggard industries by removing
protective regulations and paternalistic sub-
sidies. Minimize the artificial requirements
ol paperwork done for government agencies
and thus maximize the scarce time of the
people who are hard at work actually creat-
ing a better technological state of affairs.
Leave people alone to manage their own
business and affairs, and the results will be
quite amazing. Let’s institutionalize this
kind of technological surprise by creating
conditions under which it occurs with regu-
larity and civilization progresses as a result.®









the display is normally white characters on a
black background, a cursor byte will be
displayed as a black character on a white
background. By setting one position on the
DIP options switch, all cursor bytes, if any,
will blink at about a one second rate.

Other positions on the DIP options
switch cause control characters, such as
STX, DEL, etc, to be blanked. If not
blanked, they appear as strange characters.
Another switch controls the two special
blanking characters: carriage return and ver-
tical tab. If the switch is on, a carriage return
character will automatically blank itself and
all data following it on the line. The vertical
tab character will blank itself and all data
following it in the memory buffer. In both
cases, only the data on the screen is blanked;
the data in memory is left unaltered. If
unused portions of display memory are to be
used as a program segment, this prevents
“garbage” from appearing on the screen.

The 1K static programmable memory
buffer is directly addressable as memory in
the Altair. Displaying data on the screen
involves nothing more than storing data into
the VDM’s memory. Sounds easy, and it is.
The display is essentially instantaneous. The
sample dump program shown in listing 1 is
impressive in that memory is dumped in-
stantly.

The VDM board contains two 4 bit
registers which control the scrolling and
window shading of the display. “What is
window shading?” you ask. Window shading
is the process of blanking a display from the
top down to a specified line. This is per-
formed automatically by simply loading the
window shade register. Scrolling is also easy
and performed the same way. Both registers
are loaded simultaneously by issuing an
output instruction to the board.

This all sounds pretty simple, but it turns
out that a fair amount of software is
required to simulate the operation of a
dumb CRT. This is because a carriage return
and line feed sequence requires that you set
your memory pointer back to the beginning
of the line, add 64 to it, and check that you

Listing 1: A bootstrap loader, modified from Processor Technology'’s
Teletype bootstrap loader, which allows entry of data in hexadecimal with
instant display on the video output of the VDM-1. The author’s ASCIlI
keyboard is interfaced through 8080 ports 10 and 11 (hexadecimal). The
VDM-1 control register is interfaced to port 8C. The VDM-] memory in the
author’s system is located at hexadecimal addresses 8800 to 8BFFE.
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D38C
JERG
D3y
cy

DRIn

CUKSH
VDM
vUMND
STACK
vT
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Listing 2: A hexadecimal memory dump program which displays 256 bytes of
memory formatted 16 bytes per line, 16 lines in all. This program displays
one page starting at the location stored in address 0074 (hexadecimal) and
then waits for a keyboard input before proceeding to display the next page.

gvio: 1 ACKD ASSEMBLER, vEX 2.3 DU4P MEMORY ON SCREFN ERKORS = A4 PAGE 1

TTTLE 2DUMP MEMORY N SCREEN?

FATS PROGRAM DISPLAYS MEMORY O8 THE SCRERN, ONE PAGE

Al A TIME. 16 RYIES ARE JITSPLAYED I HEX ON FACH LINE.
16 LINES ARE DISPLAYED AT ONCE. RACH LIN:Z REGINS

AlTH IdE AFX ADDRESS. AFTER EACH PAGE 1S DISPLAYED, THE
PROGRAM HALTS [TWOFFINITELY, UNTIL ANY CHARACIE®

[S TYPELY THEN THE NEXT PAGE 1S DISPLAYED.

haven’t exceeded the limit of the memory
buffer. You then must store your cursor
byte, and add 1 to your scrolling counter,
and verify that it has not passed 16. All of
this adds up in memory requirements and
programming time. |t might have been better
to have an automatic carriage return, line
feed sequence handled directly by the
hardware.

Another unusual feature of the board is
that it has a circuit that creates a pulse
approximately four times per second. You
can tie this to the interrupt line or vectored
interrupt bus if you wish to try some real
time programming. Or you can test this
timing pulse by issuing an input command to
the board: Data bit 0 will go high every

i fn IRG wnlaM
B viu ENY 880WIH
(174 STACK  EOU 404
w43 T8 ENU  oudiH
vy Ck EQu 13

3
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wATE  CDAduA CALL  RIiH
1274 [} MOy AL
212 R CLAdu CALL BInH
WEBo  ClHEAA CALL  RLANK t FOLLOWED RY A HLANK
wAgY a1y My [ Cyle 316 BYTES PER LInE
wIaBR 1t DMLP 23 MOy AM ¥ GeT 8YTE TO CONJERL I'0 HEX
wigC ClAdun CALL BINH i CONVERT 10 ASCIT HEX
wngk CLREWA CalLl.  RLAxK $ DISFLAY A BLAWK
Y2 23 INX H 3 POINT TO NEXT RYTE 00 RE DISPLAYED
VIv 3 wlr JCk o}
e C2818v9 Iz Nui.re t O ALL 16 RYTES
wiayy Cchcauy CALL CRLF P OPOINT TO HEXT LINE ON SCREEN
WAYA vh UCR R
VIR C2iEna JNZ MLP + DO ALL 16 LINES
WAYk Cha3na CALL T8 ¢ WATT FOR INPUT
WAA L C319ma Jup Diipp+3 t DO NFXT PAGE

i

% CONVERT ACCUM T0O ASCIT HEX WHERE D, POINT

3
A4 F5 RInd:  PUSH PSwk 3 SAVE RYTE T RE CONVERTED
AR g HAR t SHIFT RIGHT 4 BITS
WAAG Ik HAR
WAAT 13 HAK
WRAE I+ RAR
PHAY  CLRHUA CALL BIN § CONVERI 10 ASCII
VWAAC 12 STAX D $ DISPLAY ASCII BYTE

8o MACRO ASSEMBLER,. VER 2.3 DUMP MEMORY ON SCREEN ERRORS = & PAGE 2

VAl 13 INX b t POINT TO NEXT POSW 0N SCRFEN
Wi AE k1 rOp PSH t GET ORIGINAL RY[E

WAAE ChR»WA CALL  RINI ¥ CONVERT TO ASCII

whR2 12 STAXx D $ DISPLAY IT

WAR3 13 INX D 3 POINT TO HEXT POSN (ON SCREEN
VwaR4 co HET

CONVERT A BYTE TO ASCII HEX

BURY EOUF Iwls ANI AFH + Low 4 BITS
R/ C630 ADI 48 ¢ MODIFY FOR ASCII
wnBY FE3A CPl 58 1 DIGIT 9-972
“ARR ol RC
WURC Cowl ADI 7 t MODIFY FOR A=F
WHRE cy RET
]
3
i OISPLAY A RLANK
¥
WaRE 3E20 RLANKS MVI A2 7 1 GET A BLANK
aaci 12 STAX D 3 DISPLAY IT
wuc2 13 INX D § POINT TO HEXT POSN ON SCREEN
wac3 ce RET

ISSUE CARRIAGE RETURN LINE FEED FOR VDM

vuc4 /B RLFr  Mv AGE $ POINT TO NEXT LINE ON SCREEN
WwACos E6CH ANI ocod
wac? Cé46 ADI 70 i LENGTH OF LINE + 6 OFFSET
wBcY 5F MOV E A
VACA 3EWQ V1 A0
vace BA ADC D
vecn 57 MOV D.A
vnCE co RET
3
3 BLANK VDM MEMORY
]
VuCH 11pv8s8 CLEARt LXI D,vDM + POINT TO VDM BUFFER
w2 3E20 MVI A2 ? t GET A BLANK
#aD4 velo MVl B.16 $ 16 LINES
D6 VE4Y DMLP3: mVI C.64 ¥ OF 64 BYTES
o] 12 DMLP4t STAX D + BLANK | BYTE
(5719 13 INX D 1 POINT TO NEXT BYTE IN BUFFER
GUDA 4% DCR [of
©ADLR c2D8en JNZ DMLP4 ¥ DO ALL 64 BYTES
VADE 95 DCR R

Product: Altair-compatibie video display
board.

Manufacturer: Processor Technology.

Price: $199 kit.

Power +8 V/1 A max; +16 V/50 mA

Consumption: typical; —16 V/30 mA typical.

Size: 5.3 x 10.0 inches (13.56 x 25.4

Display Size: 16 lines of 64 characters,

Storage Medium: 91L02A low power static
RAMs.

Features: ® upper and lower case dis-

Auxiliary Television Monitor.
Equipment Interconnection Cables for
Required: Monitor.

Board Quality: Excellent.
Documentation: Excellent,
Delivery: Slow, 60 days minimum.

Comments: 1. More software required than

VDM-1 SUMMARY

cm) (Altair/IMSAIl card cage
dimensions).

played, as well as many
special characters,

® instant updating of display.

® lacquer protected board
{both sides).

® quarter-second timer on
board.

® scrolling and window-shad-
ing software controlled.

e gutomatic blanking with CR
and VT.

® control characters may be
blanked.

e multiple (optionally blink-
ing) cursors,

To be used with an Altair com-
patible mainframe.

dumb CRT or TTY.

2. Instant update of display.

3. Monitor may not be able to
display very many inverse
video bytes.
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later the processor raises the read write line,
RW, then places 2 memory address on the
bus, and then activates the valid memory
address line, VMA. All of this occurs during
the @1 portion of the cycle. ®1 is active for
approximately 500 ns for a system running
at 1 MHz. ®2 becomes active after the fall of
®1. It is during the $2 portion of the cycle
that data is retrieved from memory. The
data from the memory device must be stable
at least 100 ns before the fall of ®2. The
access time of the M6800 is measured from
the rise of VMA line to the presentation of
data from the memory element. If the

Photo 1: This is an oscilloscope camera trac-
ing of the slow memory interface timing
resulting from the author's circuit. The
upper traces are &; and & (see markings).
The lower trace shows the slow memory
line, which stretches the ®5 out for one full
clock cycle of extra time.

4—/¢1

D>

——————— SLOW MEMORY LINE

Figure 2a: Nominal Mem-
ory or Peripheral Read
Cycle, stretched by hold-
ing the ®5 state to accom-
modate sfow memory cir-
cuits. This diagram is re-

j— Start ot Cycle
i ‘CVC
'
o Vee 0.3V 1
F-i03v
d

- e 1

02 / a.

i[/—
N

- Tas = savy produced  courtesy of
aw 2OV T Motorola  Semiconductor
RN
2av Products Inc, from page
 Adaress Qv 4-52 of the M6800 Micro-
rom MPU g g v 04v R .
e—Tasc—e 24v processor  Applications
20V
vma T Manual. /n the SWTPC
e Tusc Tacc Tosu—s] fe—Th sys‘tem mod/f/cat/on‘ de-
. ! . 2av scribed, the actual timing
ata .

From Memory values are scaled to its

or Peripherals o8v oav

clock speed, but the idea is
the same.

m Oata Not Vatid

teye ~ 1.425 us
Tasa - Tasc Tvsc ~ 300 ns Min
Tacc - 1.0 us Max
Tpsy = 100 ns Min

©1 PWgG - 430 ns Min
@1 PWQG Y = BIS ns Min

Figure 2b: Nominal Mem-
teye ory or Peripheral Write
Cycle, stretched by hold-
ing the ® state to accom-
modate a slow memory

/— Start of Cycle
Vee -0.3 v
®' oav / \

—IL .

02 ee 0 \ circuit. This diagram is re-
P —— produced courtesy of
A N v Motorola  Semiconductor
08 Vv ey Products Inc, from page
Address 2.0 VR N 4-53 of the M6800 Micro-
From MPU 08 v 0.4V . .
— ion
20 v Tasc—= c2av processor Applications
vma 3 Manual.
— 0.8 VvV
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DBE - 62 \ 2'“/] \ 0.4V
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\\\“ Data Not Valid

®1PWGoy 430 ns Min

teye 1.425us
02PWoH Ten 895 nsMin

TASR - Tasc Tysc 300nsMax
Tasp 200 ns Max

43



system is running at full speed, this access
time is 575 ns.

Figure 1b shows a write data to memory
cycle of the processor. The cycle starts with
®1 going high. Approximately 300 ns later
the processor drops the read write line, puts
a memory address on the bus, and raises the
valid memory address line. This is the same
as in the read data sequence except that the
read write signal is inverted. As soon as ®1
drops, ®2 goes high. It is during the ®2
portion of the cycle that data is written into
the memory element. On the rising edge of
$2, the processor activates the data bus
enable line, DBE. Approximately 200 ns
later, the processor places the data it wants
to enter on the bus. The cycle is completed
before the fall of 2.

It is easy to see from the timing diagrams
that stretching the ®2 portion of the read or
write cycle would have the effect of increas-
ing the allowable access time of the proces-
sor. The circuit | have designed stretches the
®2 portion of the cycle for one additional
half cycle. This has the effect of adding an
additional 500 ns (for a 1 MHz clock) or
560 ns (for the SWTPC 6800 system), thus
increasing the allowable access time into the
microsecond range. This is sufficient for
most of the UV erasable EROMS available
on the surplus market.

Figure 2a is a timing diagram for a read
cycle with a 1.0 us memory. The ®2 portion
of this cycle is increased by a factor of two.
This is ample time for a 1.0 us memory to

place its data on the bus before the fall of
&2, Figure 2b is a timing diagram for a write
cycle with a 1.0 us memory. Again, ®2 is
stretched by a factor of two thus giving
sufficient time for the write cycle to com-
plete before the fall of ®2.

Photo 1 shows the effect of the slow
memory line on the M6800 clock signals,
shown as oscilloscope traces. Notice that the
processor clocks run at full speed when the
slow memory line is low. When the slow
memory line is high, the ®2 portion of the
clock is stretched an additional one half
cycle and @1 is held low during that time.

About the Circuit

This interface was designed to mount on
the SWTPC MPU board. The remainder of
this article deals with the specifics of the
SWTPC M6800 MPU board and the modifi-
cations required to implement the slow
memory interface on this system. The design
philosophy presented here is certainly not
limited to the SWTPC system alone. Any
M6800 user can take advantage of this
approach to the slow memory problem.
Owners of a SWTPC M6800 Computer
System should find the slow memory inter-
face a very simple and clean modification to
their system.

A schematic of the slow memory inter-
face is shown in figure 3. The circuit consists
of three integrated circuits, two resistors,
one capacitor, and a component carrier

[s> POWER PINOUTS Figure 3: Schematic of the
fo>—o +5V  GND slow memory interface as
12 P 9 1Cc1 7474 14 7 desi d f th thor’
> o Q 162 7474 14 7 esigned for the author’s
ICIb 1C3 7408 14 7 SWTPC 6800 system.
>l e
R
@——-“3
7474
T0 2
1020 > 2f P s SYSTEM CLOCK 2 s
OF SWTPC MASTER ICla 1] 1c3 IcC20
6800 cock 3l 5 To @1/ &2
> 7408 LOGIC
R OF SWTPC
D—J' 6800
> "1 SYSTEM CLOCK +5
CONGITIonmG ' ﬁt“
? 21000
.——_t——’ py vs 3
i.on,;r -
GRD 10 4
0=SLOW CYCLE} Rl 12 9 2 EX
i = FAST CYCLE} i flo00—° @ D Q
To "upI" Ic20 1C2a 5 IC2b .
SLOW MEMORY LINE [78™> Q
(OPEN COLLECTOR OR .- e 9 e @
THREE STAT!
&) 13 7474 |'













HANDS ON!

WHY? WHO?

LCITORAL JERC

RESOURCES

USED ELECTRONICS.

Clubs and Newsletters

Fayetteville-Fort Bragg NC

Robert G Lloyd and some friends have
formed the Fayetteville-Fort Bragg Compu-
ter Club. Robert has a KIM-1 and another
member is trying to get started on an 8080.
Anyone who would like more information
should write the club c/o Robert G Lloyd,
7554 Southgate Rd, Fayetteville NC 28304,
or phone (919) 867-5822.

JounnaL of tie Ceutaar Texas (oMputen Asse. (AT 10w

Vorume 1. Numaer | Aurws1 1976

PRINT-OUT
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HANDS ON!

HANDS ON! is a new newsletter emanat-
ing from the Technical Education Research
Centers (TERC), a nonprofit, public service
corporation, a major curriculum developer
for technical education.

HANDS ON! is a project of the TERC's
Northeast Curriculum Development Labora-
tory located at 575 Technology Sq, Cam-
bridge MA 02139. An editorial by Robert F
Tinker says: ‘“With this publication we
launch an experiment in the improvement of
science education. We hope that this news-
letter will grow into a grass roots cooperative
venture among educators who have ideas to
share on ways to bring reality and practicali-
ty into teaching.” Some of the articles
included in the first issue are ““ICs Workshop
for Junior High,” ‘Laser/Electro-Optics
Technology,” “Starting Small with Micros,”
and more. For more information write to
Robert F Tinker at the above address.

ON-LINE

ON-LINE is a buy and sell forum for the
computer hobbyist. Published by DH
Beetle, it lists commercial and noncommer-
cial classified advertisements, and is mailed
every three weeks or 18 times a vyear.
Subscriptions are $1 for four issues, $3.75
for one vyear, and $7 for 36 issues. Write
ON-LINE, 24695 Santa Cruz Hwy, Los
Gatos CA 95030.

Davenport IA-Rock Island IL Area

Bill Bangasser, (319) 326-2147, is inter-
ested in contacting computer hobbyists in
the Quad Cities area. Write: POB 4133,
Davenport |A 52808.

Central Texas Computer Association

Jay Bell, editor, and Ray McCoy, presi-
dent of the Central Texas Computer Associa-
tion, has sent us PR/INT-OUT, volume 1,
number 1, August. This well printed newslet-
ter of 16 pages included several articles,
““How to Stop a Micro-computer,” by George
Morrow; “The Intecolor 8001,” by David M
Philips; and “Up Your VDM,” by Jay Bell,
along with reviews of six computer hobbyist
magazines and journals, and much more.

The club would like to extend an open
invitation to anyone in the area to communi-
cate with them, join the organization, or just
come and visit. Its primary purpose is
educating any interested persons in the
computer arts and sciences, making group
purchases, and helping the community in
whatever way it can,

All interested parties should address R D
McCoy, 508 Blueberry Hill, Austin TX
78745, or phone (512) 443-0971.
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Letters

ACE IN THE HOLE (OR ELECTRONY)?

Bryan Patterson in the October BYTE
notes that amateur radio operators are
known as ““hams.” He suggests that a similar
name be designated for the amateur com-
puter enthusiast. May we suggest ACE?

James E Hubbell
4719 Squire Dr
Indianapolis IN 46241

Yes.
COMMENTS ON DESIGN EVOLUTION

| fully concur with Webb Simmons {(Octo-
ber 1976 BYTE) that the PDP-8 is an
obsolete design. This opens up the question
of design obsolescence. There are still some
Intel 4004s around (working in simple con-
trol systems), but no one is going lo pul
anything less than an 8080 into new systems
because the price to performance ratio is so
much better. Performance includes things
like speed, reliability, size and power of the
instruction set, and number of bits per byte.
As Simmons says, 12 bits are cither 4 too
many or 4 too few, and nobody designs 12
bit machines nowadays. Few present day
hackers will need more than 8 bit bytes and
16 bit addresses. The important difference
between chips is in the instruction set, or
rather in part of it since all have a large core
of similar instructions. A good set is one that
experls enjoy using; it is also likely to allow

amateurs to write fast, efficient, bugfree
programs with relative case. The DEC vs
Data General case cited by Simmons is only
one of many instances ol designers leaving
one company and going off clsewhere to
create what they believe will be a better
machine, Other examples are the Motorola
(6800) 10 MOS Technology (6502) and the
intel (8080) to Zilog (Z-80) moves.

All microprocessors (except the IM6100)
have quite good instruction sels. Some scts
allow one kind of operation to be done
faster than others, while another kind may
be done slower. ldeally, important opera-
tions should be the fastest, and the problem
is in deciding (at the design stage) what
operations are important. The 6800 allows
one to clear any memory location with 2 or
3 program byles, while the 6502 (whose
designers thought this operation less impor-
tant) needs 4 or 5 bytes. On the other hand,
the 6502 has one byte instructions to
transier the content of its accumulator to or
from either of its two index registers, while
the 6800 nceds 4 bytes to do such transfers
indirectly, from one register to memory and
from memory to another register. Dif-
ferences of this kind exist in all microproc-
essor designs. The larger set of the Z-80
allows it to do more things with fewer bytes,
but competitors will surcly add some of the
more valuable Z-80 clements Lo their own
chips il they have room for expansion.

Any ol the modern designs will code and
run most algorithms on the average about
equally well. Benchmark problems can be
devised that will make any one chip look
better than any other, by playing on its
strengths, but this only proves that for some
kinds of problems one design will be some-
what better. The furor about instruction scts
involves the harder question, whether one
design will average out better for more of
the complex problems microprocessors are
going to be asked to solve. No one can
answer that without knowing what these
problems will be and also being able to
estimate performance by looking at the
design. Like it or not, the software priest-
hood (disparaged unfairly in your article by
Wilber and Fylstra) will be needed and called
on by business execulives to guide their
decisions. The real trial of all these chips will
be in commercial uses, where the best price
to performance ratio will be decisive.

HT Gordon
641 Paloma Av
Oakland CA 94610
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IF YOU'VE GOT A PDP-8, USE IT!

I am fifteen, and | have been program-
ming since | was cleven. All of it was on a
DEC PDP-8/1. The machine is located at
Ripon College, and our high school buys us
time and a terminal. Since | do not have to
pay for any of this, | have access lo a very
good system that doesn't cost me a dime.
Since last year, | have been spending up to
four hours daily running the machine.

| read Mr Simmons’ letter on the PDP-8
in your October issue. Certainly | feel that
he is much more experienced than | am.
However, | love that PDP-8, and | want to
stand up and defend it from people who say
that | should get rid of it and get something
better.

True, the PDP-8 is old (as computers go),
and the memory is a mess as far as ad-
dressing. The PDP-8/1 can address up to
32 K; however, the TSS timesharing monitor
limits each user to 4 K so that there will be
enough memory to go around. For those
users who want a personal computer, not a
timesharing machine, you can do with 32 K,
and write your own monitor, too. Besides,
how many of you who have a capacity for
64 K really have all 64 K?

As Mr Simmons said, the PDP-8 and ROM
do not get along together at all if you have
to use subroutines. Which means that you
use programmable memory. Which means
that you lose all your data in a power
failure. Which brings us Lo mass storage.

QOur system is very fortunate. We have a
disk and three Dectape drives. | would like
to emphasize one important fact about
Dectape compared to conventional magnetic
tape and the cassette systems. Dectupe is
addressable. Conventional magnetic tape and
cassette are not. That means that you can
usc the Dectape for your system device and
put all the programs, like BASIC, and
FOCAL, on it, and then buy a [limited
amount of programmable memory to use as
the working memory. With conventional
tape or cassette, you would have to have one
program per tape, and do the sorting of
ltapes yourself. That is time consuming at
best and intolerable at worst. So you want
the computer to do it. You will be required
to buy enough memory to hold the entire
contents of the tape, plus a tape directory,
indicating where on the tape each program
may be found. You will have to copy each
program on the tape, and then selcct the one
you want from your programmable memory.
Most microprocessors don’t have enough
addressing capability to do that, and you
certainly would not want to buy enough
memory if your microprocessors could
handle it. So all this must be made up for by
software. Any way you look at it, it’s a lot
of work and money.

Concerning the wealth of data available
from DECUS, there Mr Simmons is right. An
enormous amount of programs have been
written for the PDP-8, and they range from
small Space War games to complex monitors.
| do not yet have my own personal com-
puter, but when | get one | pian to obtain
software from DECUS. Even though their
software will not run in a Z-80, | will buy
BASIC from them and then rewrite it for my
device. | would suggest that other users with
access to DECUS look into a similar ap-
proach. Even if you are not able to read
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feature could be implemented “lebenty-
leben” ways and would be very useful at
times.

And in reference to Don B Keek's letter
on an interpretive translator/emulator, what
he describes is indeed an interpreter. A
software interpreter (there are hardware
interpreters) is a computer program which
accepts, as input, a program (source code) in
another language and for each statement
input to the interpreter, it translates that
statement into a set of machine instructions
and then exccutes those instructions.
Usually the use of interpreters is regarded as
inefficient because (1) the source code must
be stored {which usually takes more space
than the cquivalent machine instructions),
and (2) each statement must be translated
each time it is cncountered. |t must be
noted, however, that there are advantages 10
using interpreters, but I'lf not discuss that
here.

Instcad, let me suggest that compilers
would be more useful. A compiler translates
a problem-oriented language (say PDP-8
PAL) into a set of machine instructions (say
8080 machine instructions) for execution at
some later time. Although one usually asso-
ciates compilers with high level languages
such as FORTRAN, there is no restriction,
really, as to their use. An assembler can be
considered a compiler, but by convention an
assembler is defined to be a program which
translates only a symbolic representation of
machine language into actual machine in-
structions. Finally, the PDP-8’s 12 bit word
should not infer inefficicncy with respect to
8 bit microcomputers. It would depend
upon the actual application of the original
PAL program, of course, but in general |
would suspect that allocating only one 8 bit
word for cach 12 bit PDP-8 word for data
storage would be sufficient. And for those
cases where just an 8 bit word would raisc
problems, go ahcad and splurge with two
bytes!

Earl P Weaver

Computer Consulting
PACE Associates

2302 Titan Ter

Havre de Grace MD 21078

SECOND LAW OF THERMODYNAMICS
APPLIED TO MAILING LISTS

(Paraphrased: TANSTAAFL)

The following good humored note was
sent back to us on g BYTE subscription
promotion letter.

How come the ‘‘sales pitch.” I'm a
Charter Subscriber to BYTE from is-
sue T and I've renewed for two additional
years, So what gives? Maybe computers
aren’t so “hot” after all.

PS: This is the third promotional letter
I've received so far from you.

John Hitt KOKFV

Well, John, it's a matter of economics. It
costs X amount of dollars to send a redun-
dant letter to you, and several others, versus
Y amount of dollars to coordinate and run
what is called a “merge/purge’’ operation on
lists obtained from various sources. If Y is
greater than X by a significant amount, as is
the case, then it is-obvious which course of

action will prove most cost effective. Ac-
tually, we've heard more complaints about
the lack of promotion for BYTE (that we
have to be found out about on the "grape-
vine,” as it were) than about too much
direct mail murketing of subscriptions.

BACK ISSUES?

May | compliment you for your superb
publication. | am a recent subscriber, and
having received thus far only three issues, |
am very impressed with your publication’s
consistent quality. Your articles are infor-
mative, practical and especially crystal clear
in their presentation.

I would very much like to complete my
library of BYTE, and would appreciate being
advised on the availability of the following
back issucs: September through December —
1975, January through june 1976

Peter Raiti
40-16 Ithaca St
Elmhurst NY 11373

Sorry, Peter, we're all sold out of buck
issues through September at this time. We
expect eventuully (o see the editorial con-
tent in print in the form of books, und
arrangements will be made for microfilm
versions of all the back issues.

AN INFORMAL NEW PRODUCT RELEASE

As a matter ol news, let us take this
opportunity to inform you ol the beginning
of a new company devoted entircly to
microprocessor software. We hope to make
available a variety of software products in
the near future at reasonable prices. Source
code versions will be available to commercial
interests (nondisclosure agreements will be
mandatory, however) and special binary
versions will be available to hobbyists on
both cassetie and paper tapes, thus making
quality software available to the hobbyist
for the first time.

We mention this in lieu of sending you a
formal news release in the hopes that as a
service to your readers you might mention
our name. Our initial offering will include a
powerful and sophisticated macro assembler
(yet still onc pass!) that generates relo-
catable binary code and features global and
local symbol capability, unlimited macro
nesting, and much more. A complimentary
linking loader is also included with the
package.

Also available now is a fast and accurate
{uses BCD arithmetic for accuracy) (loating
point processor. Twelve digit mantissas, ex-
ponents from -127 to +127, and the capabil-
ity to implement imaginary numbers also,
are all included in the system. Also included
at no extra charge are all library functions!
Sine, cosine, tangent and their hyperbolic
counterparts, logeX,eX,aX, and all logical
operators. Also included are formating rou-
tines and a reverse Polish stack operating
system, plus conversion routines (ASCII to
FPP and vice versa) and much more!!

A very powerful debugging program has
just been completed that can significantly
reduce the time and eflort spent in this
tedious procedure. {1 is casily comparable to
systems available only on much larger ma-
chines and featurcs tracing, symbolic ad-
dressing, location monitoring, logical opera-
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tions, multiple break points, etc. We think
your readers would like to know. Thanks.

Stephen M Freeman
Managing Partner
Freeman Associates
POB 859

Hopkinsville, KY 4224Q

HEXABUS?

In the July 1976 issue of BYTE on page
102 is mentioned a hexadecimal calculator
called “Hexadat.” | want to inform you that
an equivalent calculator has been on the
market for approximately 3000 years. My
abacus has 13 rows of 2 and 5 beads. The
combination is sufficient to represent any
digit in any base up to 16, including basecs
2,4,8 and 10. By assigning appropriate
weights to the upper 2 beads, they form
subdigits.

In base 10, the two beads arc weighted 5
cach, which allows a carry of 5 out of any
position before having to carry things in
your head. By using the same weighting, one
can work in hexadecimal but you have to
carry some things in your hecad. Base eight
uses a weighting of one for cach bead. Bases
1, 2 and 3 can be done on the top row, and
4 and 5 on the lower row. That really isn't
bad ftor a caiculator that cost me $4.95 plus
tax.

Robert Dalgleish

Box 281 Sub 6
Saskatoon Saskatchewan
CANADA S7N 0W0

But you missed the point: You have lo
do a lot of mentul manipulation (o run your
ubacus in hexadecimal mode,

VOCAL COMMENTS

Your August issue was, as usual, (illed to
overwhelming with good ideas and products.
The two articles devoted to specch synthesis
were particularly well written. Looks like
talking microprocessors are on the way, As a
programmer who has worked with a
VOTRAX, | would like to add some com-
ments on using a synthesizer,

The translation of English to phonemes
presents an interesting challenge. There are
many ways to tell your computer how to
pronounce words. This includes creating
pronunciation dictionaries and programming
sounding-out rules from old high school
English textbooks.

Many approaches have been published,
notably the Bell Lab implementation on a
PDP-11/45 (mentioned in the Atmar article)
and at the Naval Research Lab (NRL Report
7948, Jan 21 1976, Office of Naval Re-
search, Arlington VA 22217, written in
SNOBOL). These programs have speech rules
as well as a vocabulary list of exceptions. |1
is hoped that anyone attempting to try and
develop English to Phoneme translation soft-
ware will make his or her work more
worthwhile by keeping a few points in mind:

® Write “synthesizer independent”’ codec.
This means using a standard set of
phonemes. The 64 VOTRAX
phonemes are not the same as thosc
used by the AI11000. The Naval Lab
used the International Phonetic Alpha-
bet in its program and converted the



output to a form used by a particular
synthesizer. The IPA is used in some
dictionaries.

® Implementations must be fast and
casily accessible by other software. It
has to be callable from a big Star Trek
simulation and not slow up the Warp
drives.

Warren A Leach

NEW PRODUCT: SNOB DETECTOR

| have read with interest your “What’s
New?"” column on page 78 of the August
issue of BYTE. What | see between the lines
of the review is a large gap developing in
what should be one whole family of personal
computing fans; a gap | have termed
"“‘cybersnobbery.”

I refer, of course, 1o your article on the
HP-91 calculator, by Hewlett-Packard. To
wit:

Sometimes, one gets the impression
that all the manufacturers of program-
mable (and non-programmable) cal-
culators  have gotten together and
agreed to have a calculator a month hit
the murke!.
And:

Will the calculator a month trend
continue? Read the next BYTE und
find out. Maybe HP will take the
HP-55, put it into a case with a printer
and batteries, and call the result a
portuble desk top programmable
machire.

Both these statements demonstrate the
negative attitude the personal compulting
community apparently has toward the
calculator field, and a prime example of
cybersnobbery. [t also, | venture to say,
shows the inexperience of the reviewer,

The reviewer suggests that maybe HP
might produce a programmable desk top
unit of similar design to the HP-91. Nat-
urally they would . . . that idea alone had
been raised and agreed upon by several P2C
(Programmable Pocket Calculator) owners

some months ago. Next the reviewer suggests
further that it will be a desk top version of
the HP-55. Anyone at all who knows any-
thing about P2Cs would know that would be
the last machine HP would make into a desk
top unit. The HP-55 was mainly a prepro-
grammed calculator with, as one of its
features, the ability to store and execute
limited programs. It was never meant to be a
contender as an excellent programmable
machine.

A more realistic suggestion would have
been putting the HP-65 in a desk top unit.
At lcast there, the user would have some
versatility. As it turns out, of course, HP is
releasing a new breed of calculator, one of
which will be the desk top unit, the HP-97.

Since it is becoming exceedingly clear that
those who put down these pocket miracles
have little or no idea as 10 how powerful
P2Cs are, let me cite a few examples.

In 100 6 bit instructions, | can load in a
program that will perform ''Parallax Trans-
formations in a Celestial Reference System.”
How about a game of Hexpawn or Cyber-
Nimb, both games that learn as you play
them. | can also balance my checkbook,
perform trend line analysis, compute com-
ponents for a Chebyshev filter, check male
pulmonary functions, navigate a ship, fly a
plane by one or two VORs, have a game of
Hangman using an alphabetic overlay of the
keys, or simulate a dime slot machine that
duplicates standard payoffs. All on the
HP-65.

An owner of the SR-52 has the ability to
do binary searches; linked lists; manipulation
of subscripted variables and arrays; interrupt
processing; dynamic code modification; op
code translations; linked editing, loading and
execution; overlays paging and even output
graphics with the attachable printer. With
the new HP-67/97 line, even more advanced
programming is possible, including software
control of chaining programs too long to fit
into program memory.

It also appears from the article that the
reviewer is a bit dismayed by the fact so
many calculators are showing up on the

market. I’ve never seen anyone yet complain
because new microprocessor systems and
accessories appear almost daily, however.
What would have happened if companies like
Intel had stopped with the 8008 and the
like? Let us hope the calculator a month
trend, as well as the cheaper memory cards
and the new systems trends, continue for
some time.

As a final proof to the abilities of the
lowly P2Cs, | offer a program [page 29/
written for the SR-52 with attachable
printer. The program will play a game of
SHOOTING STARS, as first described in the
May issue of BYTE /page 42/. The rules for
play are the same and | refer any user to that
issuc for full play instructions. Naturally,
alphabetic output is not possible, but the
game functions in the same manner outside
of that.

I like BYTE and micros (I own one too)
and | find this to be the most interesting of
all hobbies; but | also like the pocket
programmables and it disturbs me to see
others make light of some powerful little
machines.

Down with Cybersnobbery.

Craig A Pearce
2529 S Home Av
Berwyn IL 60402

NOTE: Description of possible functions
capable on the SR-52 was provided by Mr
Vanderburgh, editor of 52 Notes, the news-
letter of the SR-52 Users Club.

Snobbery is in the eye of the beholder.
Have you ever thought that maybe there is
un element of amazement and fascination in
the attitude against which you protest?

KUDOS FOR SWTPC

Good news ought to be shared, and my
experiences in building a particular micro-
processor kit may be of value to other
readers. Since | hadn't undertaken any signi-
ficant solid state assembly work for a long
time and because | thought it would be a

CASSETTE OR FLOPPY DISK? - PERCOM GIVES YOU A CHOICE!

THE CASSETTE 1/0 THAT WORKS! THE NEw LI'L FLOPPY!

NEW!

$59.95 Kit

» Inexpensive mass data storage

« 28 byte/sec-upgrade to 220 b/s

« ‘Kansas City’/Biphase Standard

« Self clocking-immune to tape spd
« Works with any cassette recorder
» No ‘tricky’ adjustments

» 25 page instruction manual

$72.95 Assembled
Altair/IMSAl version — add $20.
Upgrade to 220 byte/sec $10
Instruction manual only $ 4

“now you can afford a floppy!”
e Compact 3.5x5.75x9"”
« 110Kbytes/diskette
« Hi speed random access
« Altair/IMSAI interface
(others also available)

- 8080/6800 Software

$695 Kit $810 Assembled
Manual only $10

Available Dec. '76

Delivery less than 60 days

UARTs

PerCom Special!
$6.95

Call or Write for complete specifications

Per Com Data Co.
4021 Windsor + Garland, Texas 75042 o«

(214) 276-1968

BANKAMERICARD
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Ask BYTE

Some letters to BYTE are
technical in nature and are
best served by some form of
response., We will try to
answer as many such letters as
possible. If you have a puzzie
concerning some aspect of the
personal computing field,
write down a clear statement
of your question and send it
to:

Ask BYTE

Byte Publications Inc

70 Main St

Peterborough NH 03458,
We will publish names and
addresses of individuals
making Inqguiries unless you
specifically request us to omit
the reference.m

Feedback

In your reply to Dr Sydney B Schrum of
Goldsboro NC in the “Ask BYTE” column
of July 1976 [page 95], you picked num-
bers which “looked ‘typical’ ” to estimate
his storage requirements. My studies on the
characteristics of clinical data base files and
their usage indicate that your estimated
numbers are quite conservative when com-
pared to some of the statistics that | have
recently prepared.

Let’s take a look at Dr Schrum’s record,
field by field. The enclosed table gives
BYTE’s estimate along with some of my
statistics. Note that the total of the mean is
approximately 50 percent of BYTE’s
estimate while the total of the 99 percentile
column is roughly two-thirds of BYTE’s
estimate.

| assume that the patient’s name is stored
in one field in the format, surname, comma,
given names. One to two characters can be
saved by the use of a simple editing trans-
formation which eliminates periods, trailing
punctuation but not embedded punctuation,
and compresses multiple blanks and blank-
comma combinations. It is assumed that no
decimal points, as contrasted to periods,
appear in this field. The field will be longer
or shorter depending upon how completely
specified the users desire the given names to

Table 1: Estimated Field Sizes,

Field BYTE’s Estimate Mean6 a9 Percentilt!6

Patient name 30 14 22
Street address 30 15 22
City, state, and zip 351 161 231
Zip alone 5 5 5
Street address, city,
state and zip 65! 321 43!
Telephone 10 -2 _2
Age {Date of birth) 2 {16 bits) {16 bits)
Rx text 307 23 23
Date of last exam 6 16 bits 16 bits
Date of present exam 16 bits 16 bits 16 bits
TOTALS 145 70 91
Notes: 1. Not counted in totals,

2. Assume the value of 10.

3. Assume the value of 30.

4, Allvalues are in bytes unless otherwise specified.

5. Eight bits per byte are assumed.

6. Data from Greenfield’s studies.
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be; contrast  “Smith,JohnHenry” to
“Smith,JohnpH" to “Smith, JH".

The street address field can make even
better use of the above editing transforma-
tion. Note that in most cases the zip code
completely determines the city and the state
as defined by the U S Postal Service. This
may differ from the actual legal definition of
the city and state, but it is the correct
address for postal purposes. If that is suf-
ficient, a large compression can be achieved.
Table lookup then serves to complete the
generation of a printable address. This tech-
nique is used in one of the data bases
designed in our laboratory. Also, note that
by definition the maximum length of a place
name is 13 characters when using approved
postal abbreviations, add two characters for
the state, and five for the zip, which sums to
20 to obtain a more conventional form of
address storage. Notice that since the zip and
the state codes are of fixed length no
delimiters are required.

| have no comments on the telephone
field other than to add that it may be
necessary to provide storage for a possible
extension number on a business phone.

My studies have not included pharma-
ceutical data storage. Yet some of my
colleagues are knowledgeable in this area. |
do know that several standard codes for
pharmaceuticals are in existence.

Dates, and age, can be rather nicely
handled as the number of days since a
specific date, say since December 31, 1840.
True, conversion is required upon input and
output; but some very nice characteristics
which facilitate searches and data verifica-
tion appear in return.

I was uncertain whether the date of the
last exam was the same information as the
date of the present exam. Therefore, | added
an extra field.

This letter touches upon a few aspects
of the design of clinical data bases which
have for the most part been treated in an gd
hoc manner. The design of a useful clinical
data base can be a difficult undertaking. In
no way should this letter be taken as the last
word on these design aspects. Careful study
as to the purpose each field is to serve and
the context in which it is to serve s
required.

| hope that you and Dr Schrum might
find this information of some value in
designing clinically useful data base systems,

Robert H Greenfield

Washington University

School of Medicine

Biomedical Computer Laboratory
700 S Euclid Av

St Louis MO 63110






Don’t Waste Memory Space

(One Way to Squeeze Fat Out of Text Strings)

Robert Baker
15 Windsor Dr
Atco NJ 08004

If your system uses plenty of canned
messages, chances are you're wasting valu-
able memory space. Most small systems are
currently using a 7 bit ASCII code with one
character per 8 bit byte of memory space.
Why use a 7 bit code, capable of selecting
128 characters, when you really only need 64
or even 40 different characters for simple
alphanumeric text? Your simple video dis-
play may only be able to handle 64 charac-
ters anyway, so why waste memory space
needlessly?

By using less bits for a character code,
messages can be condensed or packed in
memory very easily. For example, a 6 bit
ASCII code that is a subset of the standard 7
bit ASCIl code allows a character set of 64
characters. The 6 bit ASCII code is easily
obtained from the 7 bit code by converting
all lower case letters Lo upper case letters
and simply subtracting octal 40 from the 7
bit code {or adding octal 40 10 the 7 bit

X6 =X7—A;
or
X6 = (X7 & B) + A;

X7 =X6 +A;

(C1,C2, C3):
C1=X/A;
C2=(X—-A*C1)/8B;

radix 40 (X):

using table 2.

ASC!l 6 bit code (X6) to 7 bit code {X7)

16 bit packed radix 40 (X) to unpacked radix 40

C3=(X-A*C1—B*C2);

Unpacked radix 40 {C1, C2, C3) to 16 bit packed

X=A*C1+B*C2+C3
C1, C2 and C3 are converted to ASCIi and back

CONVERSION FORMULAS — SUMMARY

ASCIHl 7 bit code (X7) to 6 bit subset code (X6) ASCII

Conversion Constants

Name | Decimai | Octal | Hex
A 32 040 20
B 63 077 3F

Radix 40

Packing Constants

Name| Decimal [ Octal | Hex
A 1600 (3100 | 640
B 40 50 28
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code and truncating to the rightmost 6 bits).
With a 6 bit code, four characters can be
packed into three 8 bit bytes of memory
providing a 25% saving on the required
memory storage space for a given message.

On the other hand, the normal text
typing routine must be modified to unpack
the compressed 6 bit character codes and
convert them back to standard 7 bit ASCII
for output to the terminal device. To unpack
the characters, use a combination of shift (or
rotate) and bit masking (logical AND) in-
structions, then add octal 40 to the 6 bit
code to restore it to 7 bit ASCII. Unused
printing characters may optionally be de-
coded by the typing routine and converted
to special function characters such as car-
riage return, line feed, etc, for special
applications.

Another possibility is to use a radix 40
coding scheme that provides a character set
of 40 characters, packed three characters per
16 bit double byte unit of data. A typical
radix 40 scheme is summarized in table 1.
This scheme takes advantage of the fact that
a 16 bit integer has 65,536 distinct states,
while a set of three radix 40 characters has
403 = 64,000 distinct states. To create a
given 16 bit radix 40 three character field,
X, from characters C1, C2 and C3 (assumed
to be integers from O to 39) the following
arithmetic expression must be evaluated:

(1) X =C1*1600 + C2*40 + C3;

All arithmetic is assumed to be unsigned,
performed with 16 bit precision for the
results. Similarly, to unpack a given 16 bit
radix 40 field into individual character
codes, evaluate the following expressions:

(2) C1=X/1600;
(3) C2=(X — 1600*C1)/40;
(4) C3= (X —1600%C1 — 40%C2);

Going from the radix 40 character represen-



tations C1, C2 and C3 to ASC!I equivalents
and back is done with a table lookup using
information found in table 2 accompanying
this article. For conversion to radix 40, each
three character grouping of text is converted
from ASCII to radix 40 values C1, C2 and
C3, then formula (1) is evaluated giving the
16 bit value to be stored. For conversion
from radix 40 packed storage into ASCII,
formulas (2), (3) and (4) are evaluated in
sequence, then the ASCII codes equivalents
of the C1, C2 and C3 values are looked up in
the conversion table.

Using cither coding scheme you gain
space by packing characters in memory but
lose space elsewhere due to modified type
routines to unpack and convert the codes to

Table 1. One assignment of radix 40 char-
acter values to printable graphics is provided
by this table. Using 26 letters, 10 numbers
and 2 special characters leaves two stales
unassigned. One, the value 0, is given the
“null” assignment, and the other, value 29,
is left open in this table. Conversion can be
done between ASCIl and radix 40 codes
using table 2.

Character
Graphic Decimal Hexadecimal Octal
null 0 00 000
A 1 01 001
B 2 02 002
C 3 03 003
D 4 04 004
E 5 05 005
F 6 06 006
G 7 07 007
H 8 08 010
| 9 09 011
J 10 0A 012
K 11 0B 013
L 12 ocC 014
M 13 oD 015
N 14 0E 016
(¢} 15 OF 017
P 16 10 020
Q 17 11 021
R 18 12 022
S 19 13 023
T 20 14 024
U 21 15 025
\ 22 16 026
W 23 17 027
X 24 18 030
Y 25 19 031
Z 26 1A 032
$ 27 1B 033
28 1C 034
unused 29 1D 035
0 30 1E 036
1 31 1F 037
2 32 20 040
3 33 21 041
4 34 22 042
5 35 23 043
6 36 24 044
7 37 25 045
8 38 26 046
g 39 27 047

usable ASCII. The amount of space you gain
is variable, depending on the length and
number of messages to be stored, as well as
the coding scheme used. On the other hand,
the amount of space lost is fixed and
depends only on the coding scheme used.
Thus the overall saving in memory space is
totally dependent on the application. The
more messages you use in your system, the
more memory space you can save by imple-
menting these ideas.m

Table  2:  Equivalences
between ASCIl 7 bit
codes, ASCIl 6 bit subset
codes, and radix 40 codes.
This table can be used to
design lookup tables for
use in compressing char-
acter strings and expand-
ing them for external
formatting purposes.

Standard 7 bit 6 bit Modified Radix 40
Character ASCII Code ASCIlI Code Character Code
Graphic Hex Octal Hex Octal Hex Octal
Space 20 040 00 000 00 000
! 21 041 01 001
" 22 042 02 002
= 23 043 03 003
$ 24 044 04 004 1B 033
% 25 045 05 005
& 26 046 06 006
! 27 047 07 007
( 28 050 08 010
) 29 051 09 o1
* 2A 052 0A 012
+ 28 053 0B 013
, 2C 054 ocC 014
- 2D 055 0D 015
R 2E 056 0E 016 1C 034
/ 2F 057 OF 017
(0] 30 060 10 020 1E 036
1 31 061 11 021 1F 037
2 32 062 12 022 20 040
3 33 063 13 023 21 041
4 34 064 14 024 22 042
5 35 065 15 025 23 043
6 36 066 16 026 24 044
7 37 067 17 027 25 045
8 38 070 18 030 26 046
9 39 071 19 031 27 047
: 3A 072 1A 032
; 3B 073 1B 033
< 3C 074 1C 034
= 3D 075 1D 035
> 3E 076 1E 036
? 3F 077 1F 037
@ 40 100 20 040
A 41 101 21 041 01 001
B 42 102 22 042 02 002
C 43 103 23 043 03 003
D 44 104 24 044 04 004
E 45 105 25 045 05 005
F 46 106 26 046 06 006
G 47 107 27 047 07 0Q7
H 48 110 28 050 08 010
| 49 111 29 051 09 o1
J 4A 112 2A 052 0A 012
K 48 113 2B 053 0B 013
L 4C 114 2C 054 ocC 014
M 4D 115 2D 055 oD 015
N 4E 116 2E 056 [0]33 016
e} 4F 117 2F 057 OF 017
P 50 120 30 060 10 020
Q 51 121 31 061 11 021
R 52 122 32 062 12 022
S 53 123 33 063 13 023
T 54 124 34 064 14 024
U 55 125 35 065 15 025
\ 56 126 36 066 16 026
w 57 127 37 067 17 027
X 58 130 38 070 18 030
Y 59 131 39 071 19 031
z 5A 132 3A 072 1A 032
[ 5B 133 3B 073
\ 5C 134 3C 074
| 5D 135 3D 075
1 5E 136 3E 076
— 5F 137 3F 077

59









Do It Yourself Weather Predictions

Michael R Firth
4712 Northway Dr
Dallas TX 75206

One of the most challenging tasks for a
computer owner can be working up the
software and hardware Lo permit analysis of
the weather and prediction of what is
coming. Whether you wish to develop some
software and take readings yourself or de-
velop the hardware and do your own analy-
sis or have the computer carry out both
tasks, you can enter into a challenging and
fascinating world of computer applications.

In this article, | shall not present specific
solutions for specific computers. Instead, |
shall outline thinking needed in software and
make suggestions about hardware. In most
cases, there are alternate solutions and some
of the solutions are useful for other prob-
lems (such as cycle analysis for scientific
biorhythm experiments).

Software for weather prediction falls into
two categories: that for gathering data and
that for analysis of the data gathered. The
former is partly related to the kind of data
gathered and the device used, and it will be
discussed along with the devices that it
applies to.

Gathering Data

The general requirements for gathering
data include a need to code both the data
from various instruments and the time of the
readings, so the analysis program will know
when it was collected. Depending on how
often the data is analyzed and how much is
gathered, there may be a need to dump
accumulated data to tape. Assuming you
have enough memory for the maintenance
program, the analysis program, the most
recent data, and intermediate results, then
you may still wish to dump to tape for
analysis of longer trends. If you have limited
memory, you will have to dump to tape,
loading the analysis program and a tape
input routine for analysis later.

If your processor is to gather data, your
first task is to set the time interval at which
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data is collected. Unless you want to tie up
your computer as a clock, you will want to
generate an interrupt from an electronic or
mechanical clock. With a mechanical clock,
you could conceivably create a way of
turning on the computer and then auto-
matically bootstrapping the data acquisition
program. But it is probably less complicated
to simply leave the computer on all the time
and use an electronic real time clock.

The advantage of using the computer to
gather data is that it can do it when you are
asleep or at work. Upon receipt of a trigger
signal, the data acquisition program executes
subroutines to test each device, reads and
formats the data, perhaps does some pre-
liminary analysis, stores the data, perhaps
outputs results to tape or hard copy, then
goes back to resting.

If you use the most basic devices, there is
little point in gathering data more often than
every hour. With more accurate devices,
there may be some point in gathering data
every five, ten or fifteen minutes.

If you do not have an actual time input,
then you can use a mechanical or solid state
device to generate the input at regular
intervals; and by keeping count of the
intervals, you can note the time of day. The
significance of various bits of data depends
on the time of day it was gathered.

Forming the data will depend on the
device used to gather it. Some devices might
deliver concrete numbers which can be
stored immediately, but most of the cheaper
choices will return a value that corresponds
to a voltage or resistance. The value can be
converted to a number matching human
experience typically in the data acquisition
subroutine or with a conversion routine
during analysis. Conversion basically consists
of a table lookup of the received value and
output, or interpolation from two entries
and output. An example would be a thermis-
tor reading in which a given resistance is



returned as a number, such as 208, which is
not linearly related to temperature because
of the method of reading or non-linearity of
the thermistor. Within the computer, a
lookup of a table based on experience
(rather than expensive external hardware to
create linearity) converts the reading to a
temperature, perhaps 82 (degrees Fahrenheit
or the equivalent Centigrade value).

While the computer could happily deal
with resistance values and other odd num-
bers, if you stored these values for later use,
any additional routines you wrote {or that
others wrote for you) would be more com-
plicated than necessary since conversions
might be needed. It is better to store the
data in a form you and | can relate to, such
as temperature, humidity, wind velocity, and
time of day and date.

Analysis

Once more than one set of data is at
hand, analysis can proceed. (Well actually,
with one set of data, you can do a few
things, such as reporting the current values
and announcing singular events like sunset
and freezing, but more of that later, since
prediction is our goal.)

Analysis of the data consists of com-
puting relationships between pieces of data
and then comparing them to a pattern. The
pattern may be one created by the program-
mer or one computed from previous data.
The latter is far more complicated. The
pattern will be different for each part of the
country and may have to be developed by
using a bit of common sense.

I will use a specific example of analysis
and cite a few examples of patterns and local
variations. The first step is to create interval
information. We do this by subtracting the
previous reading from the current reading. If
we are working with the temperature, the
intermediate result will tell us whether the
temperature is increasing or decreasing and
by how much.

One pattern having to do with tempera-
ture is the daily increase in temperature
from the low to high point. The analysis
program can easily detect the point at which
a reversal occurs. For a prediction of the
high (or low) temperature, one need only
add an average figure (which varies through-
out the year). In midsummer in Dallas, the
range is 22° F. The average range holds
whether temperatures are generally above or
below average; and it depends mostly on
local conditions, such as distance from
water, type of soil, latitude, and amount of
human building in the vicinity.

If the carly morning temperature is higher
than normal, you can predict a higher than
normal peak temperature in the afternoon.
If the midafternoon temperature is lower
than normal, you can predict a lower than
normal temperature at night. With proper
connections, this information could warn of
a freczing condition and set off alarms and
causc you to protect plants or pipes ahead of
time. (The same alarm could be triggered
when the temperature actually approached
freezing.)

Besides the extremes of temperature, you
can work with the pattern of variation,
which often looks like a distorted sine wave.
After you have gathered data for several
days, you can sketch a good approximation
of the curve and then can use it for analysis.
If the temperature shows considerable vari-
ation from the curve, your program can
report that a cold (or warm) front has passed
through. Combined with other data (such as
barometer readings and rain gauges), you
may be able to predict rain (or snow) or
other upcoming factors.

The more kinds of data you can gather,
the more complex your computations and
(hopefully) the more accurate your predic-
tions. Generally it is easier to do a micro-
forecast (very local) than a more general
one.

You will have to examine the details of
weather in your city to improve your predic-
tions. For example, in Dallas, where | live,
we have to keep a record of the barometric
pressures over a period of time to decide
whether a falling barometer is going to lead
to rain. Normally we only get rain ufter high
pressure has passed to the south of us,
sweeping moisture up from the Gulf. Low
pressure, unless it is very strong, normally is
dry because it is pulling air out of Mexico as
it approaches. By way of contrast, in west-
ern New York, a west or northwest wind,
from across the Great Lakes, tends to
produce considerable moisture including
record winter snowfalls. This sort of factor
varies considerably depending on exactly
where a person lives. These local conditions
face everyone, no matter where they live:
mountains, bodies of water, expanses of
agriculture, concrete, or industry, and lati-
tude make their influence felt in unique
ways.

Synthesis

The synthesis of a pattern by the machine
is a complicated and time-consuming task
and | will only outline it. Most patterns
related to weather vary on a 24 hour or
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Authors Take Note:

This article gives some
ideas for home weather
sensors; there is plenty of
room for additional mate-
rial on algorithm design
for weather data acquisi-
tion, actual experiences of
individuals building instru-
ments such as those out-
lined here, and prediction
algorithms.



Figure 1: Conceptual Design of Humidistat. The relative humidity of air is calculated from the physical properties of water and
the difference in temperature between a “wet bulb” and a “dry bulb” thermometer. The evaporative cooling efficiency of the
wet bulb temperature sensor’s cotlon shroud depends upon the relative humidity. A measurement cycle is started by turning on
the fan, and momentarily energizing the solenoid. Then, with the fan still on, the wet bulb thermistor is allowed to stabilize its
temperature. Finally, the computer reads the two analog input channels, and can proceed to calculate the temperature of each
channel, then the humidity. The dry bulb temperature can also be retained as the current ambient air temperature in the weather
record. For weather data, this device must be mounted oulside, in a protected area which is open to the air. ==

annual cycle and some of these are periodic,
reaching a peak, gradually moving to a low
point, then rising to a peak again. The first
picces of data to gather arc the times during
the day (or year) the maximum and mini-
mum occur and the average valuc of the
readings. Mathcmatically, the curve of the
pattern can be approximated by a sine wave
above and below the average with a period
equal to a day (or year). For temperature,
this might be TEMP = (K * SIN (2m * (L +
T)/24) + ), where | is the average tempera-
ture, K is half the daily range, and L is the
part of the time interval between midnight
and when the curve crosses zero (average)
going up, and T is the time variable.

It is unlikely that a pure sinc wave will
match the pattern, so that further harmonic
components might have to be added to form
a Fourier serics representation. And that is
where life gets complicated, for the com-
puter has to calculate cocfficients and com-
pare these to actual data until the best values
arc found.

The purposc of the synthesis is to permit
storage of a general formula and coefficients
instead of several long tables of approximate
values. For those who do not want to work
with formulas, the lookup table approach is
finc and will give acceptable results, or even
very good results if the form of the pattern
is messy and the formula is not worked out
far enough.

Hardware

There are a number of approaches to the
hardware of gathering weather data. Perhaps
the most extreme would be to buy profes-
sional telemetering cquipment; | won’t even
go into that, because of the cost, other than
to mention that remote weather stations are
available.

A second possibility would be to buy
commercial items which provide digital out-
put. For example, Heathkits are available
which report temperature (Fahrenheit or
Centigrade) and wind velocity in digits {and
wind direction by lighting lights) and it
would be a relatively straightforward task to
decode the 7 segment readouts or get the
data from some other point in the circuit
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after it had been digitalized and allowance
had been made for nonlinearity.

But such kits cost money, and you would
not really be taking the best advantage of
your computer; that is, using software to
save money on hardware. So let’s work on
some suggestions for make-do hardware. We
are concerned with temperature, humidity,
wind, barometric pressure, rainfall, and time.

Temperature is taken with a thermistor,
cither an extremely linear one or anything
else that varies with temperature. Using a
method of digitizing the resistance with
some form of analog to digital converter, the
computer gets a number to work with,
which (as | mentioned previously)} it can
then look up in a table to report a
temperature.

Humidity

Humidity is rather more difficult. Most
humidistats use human hair and only manage
to open or close a switch at a specific point
(like a thermostat). After much searching |
found one company which makes a resis-
tance type sensor for humidity; but at $50
each, I'm not buying one. | suppose one
solution would be to use a motor to drive a
humidistat and a potentiometer, taking a
resistance reading just at the point the
humidistat opened, but that scems rather
complicated.

Another possibility would be to compute
the humidity from the wet and dry bulb
temperatures measured with thermistors.
The wet bulb temperature is obtained by
covering a thermometer with a cotton sleeve,
wetting it, passing air over it (which lowers
the temperature) and taking a reading. The
distance the temperature is lowered is re-
lated to the relative humidity — at 100%
there is no lowering, since no evaporation
occurs; at low humidity rapid evaporation
occurs, lowering the temperature quite a bit.

When you take wet bulb readings by
hand, you spin the thermometer. Mechani-
cally, it is easier to blow air over the fixed
thermistors. So | offer a design for a
computer operated ‘‘woodpecker ' (see
figure 1) that dips the cotton in water (but
doesn’t rest there) and turns on a fan for
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W\_C TO ELECTRONICS

—MERCURY RESERVOIR

Figure 2: Conceptual Design of an Electronic Barometer. The mercury
barometer can be adapted to electronic reading by using the properties of
mercury and a resistance wire which is not wetted by mercury. A barometer
is constructed from a long glass tube (approximately 800 mm) which is sealed
at one end with a torch, after inserting about 100 to 200 mm of resistance
wire. The resistance wire becomes the element of a variable resistance with
the mercury of the barometer as the “‘wiper.”’ A voltage across this resistance
is measured by the analog to digital input channel AB and converted to a
barometer reading by the software. Although exaggerated here, the residual
curves in the resistance wire within the tube will lead to nonlinearities in the
barometer readings. Whenever a barometer reading is to be taken, the analog
to digital input channel AB is read, and the 8 bit number resulting is
converted into a pressure reading for later calibration. This unit can be
mounted indoors, since pressure in a house is rarely different from external
pressure.

forced evaporation in a computer controlled
sequence. With proper output from the
computer, a single latched bit is used to
drive the solenoid, a second bit to control
the fan, and a time delay in the program to
allow the two temperatures to settle. In
theory, a specific air speed (1 meter/second)
is needed, but that can be a later refinement.

Computation of the relative humidity can
take several forms and you can find explana-
tions in encyclopedias and other places. The
relative humidity is close to H = 100% —
Tc*5) where Te is the difference between
the wet and dry bulb temperatures in
degrees Centigrade.

A potentially more accurate formula |
have found is E = Ey, — 0.00066B (t — ty,) *
(1 + 0.00115ty); where t = dry bulb temp,
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tw = wet bulb temp, E,y = vapor pressure at
tyw, B is barometric pressure, 3 E is the
actual vapor pressure. Relative humidity is
E/Ey, the actual vapor pressure over the
potential maximum. Values of E may be
found in reference books, or you can ex-
trapolate from these values:

0°C,E=4.6
10°C,E=9.2
20°C,E=17.5
30°C, E=31.8
40°C, E=55.3

[One reference source for |
formulas is the Handbook ot Chemistry and
Physics, 71971, Chemical Rubber Company,
pages E-39 and D-148.] If you have no way
of measuring the barometric pressure, using
the number 740 mm will produce less than
5% error under normal conditions. (le:
You're not in the center of a or
sitting on top of a mountain at 12 et.)
A high relative humidity is usually needed
to produce rain. Normally, unless a humid
front arrives, the relative humidity is highest
with the Jowest temperature and falls as the
temperature rises, because warm air can hold
more humidity and the absolute amount of
moisture remains relatively stable in a given
day. A change in the pattern suggests a
change in the weather. Relative humidity is
rather pointless and impossible to measure
by the wet bulb method at temperatures
close to and below freezing.

Pressure

Speaking of barometric pressure, let’s try
to measure that. One way would be to take
apart a dial type barometer, curve a piece of
resistance wire and use the meter needle as a
wiper. But I would like to offer a kind of
wild alternative (which | have not tested), as
seen in figure 2.

A mercury barometer consists of a glass
tube about 800 mm (32 inches) long which
is sealed at one end, filled with mercury and
stood up with the open end submerged in a
bowl of mercury. Since there is no air
pressure inside the tube. the outside air

‘essure supports the ¢ mn ¢ mercury
and we may measure the height from the
surface of the bowl to the top of the column
{which is why barometer readings are in
inches or millimeters of mercury, even on a
dial type barometer). A very low atmo-
spheric pressure would be about 28.5 inches
(724 mm) while 760 mm (29.92 inches) is
standard sea level pressure. A fal
eter reading, especially a rapidly iaing one,
usually is taken to mean bad weather is
approaching. High pressure usually suggests
clearing.









forward. A funnel collects the drops and
feeds them to a tilt pan as in figure 4. As
each side of the pan fills, the pan tilts,
draining the full side and setting a new side.
A modest counter simply counts the tilts.

The amount of rain that has fallen is
given in inches. To compute it, you first
measure the amount of water coliccted in
the tilt pan for each tilt (in a graduate or
measuring cup). You then compute the area
of the open face of the funnel and the inches
of rain per tilt is the volume of water per tilt
divided by the area of the funnel. (For
example, a 3 inch (7.62cm) funnel has an
area of 7.07 square inches (45.6 cm2). If
eight tilts of the pan (four on each side),
yielded 2 cubic inches (32.7 cm3) then the
inches of rain per tilt would be 0.0354
inches (0.090 cm)).

Real Time Clock

The final item needed for dealing with
the weather is the actual time. As mentioned
before, this can be computed if the inter-
rupts come at very regular intervals. How-
ever, it would be much neater to interface an
actual clock with your computer. This
would allow you to store specific times and
dates with your data. An additional step
would permit generation of interrupts at far
longer intervals than the real time clocks of
most computers.

The simplest actual time clock would
consist of a simple TTL counter from line
frequency with digit decoding (as for input
to 7 segment decoding). Four inputs, two 4
bit digits to each input, would provide day,
hour, minute, and seconds to be read at any
time. Very simple decoding could set an
interrupt, and your interrupt subroutine
could check the time to see what to do (take
the weather or wake you up).

A far snazzier clock might deserve an
entire article to itself. It would require one
input and one output port and would use a
CMOS clock chip. On the same card would
be decoding from 7 segment to digits and
demultiplexing of the display. And since we
have done that, how about throwing in a
calculator chip for floating point arithmetic?

Operation of the snazzy clock would
involve sending a code to the input port
which would: 1) Set an interrupt latch, 2)

CHANGES STATE AT THIS LEVEL,
DUMPING WATER

/
SENSOR

Figure 4: Conceptual Design of an Automatic Rain Gauge. The rain is
collected by a funnel of known area, and piped down to the metering setup.
The metering is accomplished with a "tilt pan.” When the pan fills up to a
level which depends upon its design, it flips over into a second state, dumping
the previous water and causing a lever arm to pass the sensor. The amount of
water needed to reach the tilt point is a known volume. By counting sensor
output pulses during a rain storm, the total volume is measured. Given the
area of the funnel, the weather data acquisition program can calculate the
“inches of rain” from the volume count. The sensor might be a magnet and a
reed switch, or a photocell and an LED source. (It is even conceivable that
the sensor could be a microswitch with a feeler arm.)

Request a digit to be output, or 3) Load a
digit to the calculator. Assuming the inter-
rupt occurred, the computer would look at
the input port and find a number repre-
senting the kind of interrupt, which it could
then use for a subroutine jump. To get the
time (or a calculated digit), the computer
would send the appropriate code with the
digit number to the output port. The display

would be demultiplexed and the appropriate
number would be latched to the input.
Stepping through the digits would get the
whole number.

But enough of that. Predicting the
weather can be a fascinating challenge, per-
haps the ultimate game, in which the prize is
being right (or dry). You can begin simply
and build to any level you wish.m
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This month’s cover is by Victor Ivashin,
engineering project manager, Transamerica
Computer Co, 2470 Estand Way, Pleasant
Hill CA 94523. He is one of ten—ves,
ten—grand prize winners of BYTE’s first
(but probably not last) computer art con-
test. We were pleasantly overwhelmed with
so much excellent art that our original
modest list of prizes {one grand prize win-
ner, two runners up, five honorable mention
winners) had to be revised upward.

Each of the following talented entrants
will receive $100, lifetime subscriptions to
BYTE, bound volumes of BYTE Volume 1
(numbers 1-16), and will see his or her work
on the cover of a future BYTE:

Duane Bibby
Mt View CA 94040

Sandra Crandall
Naragansett RI 02882

Walt Donovan
University of lllinois
Urbana IL 61801

Larry Jubb
Melanie Jubb
San Jose CA 95112

Scott Juds
Lynnwood WA 98036

Henry Lieberman
Steve Phillips

Ken Kahn

Aubrey Jaffer

Bonnie Dalzell
Cambridge MA 02139

Birgit Quednau
Giessen, GERMANY

Dave Sheppard
Viroqua WI 54665

A ur C Taber
San Francisco CA 94127

v A

Runners up will receive one year BYTE
subscriptions, see their art appear through
the months on the inside pages of BYTE and
be paid at our usual rates according to the
size and number of their illustrations used.
They include:

Ken Aupperle
Melville NY 11746

i

Joseph P Jacobson
Maple Shade NJ 08052

Christian Kuebler

David Caulkins
Los Altos CA 94022

Trevose PA 19047

Michael Mozer

Margot Critchfield

Pittsburgh PA 15260 {see page 139)

Berkeley CA 94707

Mike O’Shaughnessy

Keith Paul Ewanco
Pittsburgh PA 15204

Durham NH 03824

Stephen J Rogowski

Anthony Harper
Garden City AL 35070

Cohoes NY 12047

James Templeman

Gary Hill
Woodstock NY 12498

Tedd Wolf
New York NY 10034 ®

B Lynn lrwin
Longmont CO 80501
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Sol Systems put it all together.
One source for hardware and software.

One source for

engineered compatibility
of computer and peripherals.

That’s the Sol plan.

Though the microprocessor made the
powerful small computer possible, a lot of
folks found out early efforts in the market-
place were selling the sizzle a lot more than
the steak. After an initial investment of sev-
eral hundred dollars, you ended up with
some nice parts, but no memory of any kind,
no I/O devices or interfaces, no display, print-
out or software.

The Sol plan ends all that. Processor
Technology takes the position that it's far
better to be right than first. So let's get down
to the Sol no fricks plan.

For $995 in kit form, the first complete
small computer

Standard is a basic word at Processor
Technology. The Sol-20 has more standard
features than any other small computer we
know of. Here's what you get.

8080 microprocessor”™ 1024 character
video display circuitry® 1024 words of static
low-power RAM* 1024 words of prepro-
grammed PROM* a custom, almost sensual
85-key solid-state keyboard® audio cassette
interface capable of controlling two record-
ers af 1200 baud™ both parallel and serial
standardized interface connectors™ a com-
plete power supply® a beautiful case with
solid walnut sides™ software which includes
a preprogrammed Prom personality module
and a cassette with Basic-5 language plus
two sophisticated computer video games®
the ability to work with ail S-100 bus
(Altair 8800/IMSAI/PTC) products.

There are no surprises. Everything
you need to make it work is here. In kit
form, nominal assembly time from our fully
documented instructions is four to seven
evenings.

Or start with the Sol-PC for just $475
You can begin your Sol system with the
all on one board Sol-PC kit. It has all the

memory and intérface electronics including
video display, keyboard interface, audio
cassette interface, all necessary software
and the ability to accept the full Processor
Technology line of memory and interface
modules. Use the Sol-PC as the basis of a
microcomputer, low cost CRT terminal or
editing terminal

And these specs are standard

Display: 16 lines of 64 characters per line.
Character set: 96 printable ASCIl upper
and lower case characters plus 32 select-
able control characters.

Display position: Continuously adjustable
horizontally and vertically.

Cursor: Selectable blinking. Solid video
inversion. Programmable positioning standard.
Serial interface: RS-232 and 20-mA current
loop, 75 to 9600 baud, asynchronous.
Parallel interface: Eight data bits for input
and output; output bus is tristate for bidirec-
tional interfaces; levels are standard TTL.
Keyboard interface: Seven-level ASCI!
encoded, TTL levels.

Microprocessor: 8080, 8080A, or 9080A.
On-card memory: 1024 bytes PROM (ex-
pandable to 2048 bytes), 2048 bytes RAM.
External Memory: Expandable to 65,536
bytes total ROM, PROM, and RAM.

Video signal output: 1.0 to 2.5 volts peak-
to-peak. Nominal bandwidth is 7 MHz.
Power required (=5%): +5 volts at 2.5
amperes, +12 volts at 150 mA, and —12
volts at 200 mA.

The Sol plan, completely expandable.

By filling the basic main frame with
tailor made Processor Technology plug-in PC
boards, you can really expand the computing
power and flexibility of your Sol-20 Personal
Computer.

New items are being announced fre-
guently, but right now, here are some of the



things you can add fo your Sol-20. The
ALS-8 Firmware module is an assembly
language operating system fo give you the
power to develop and run programs. Use
it to quickly write, edit, assemble, de-bug
and run your own programs. Some say it's
the most useful software development on the
market today, but modesty prohibits.
E And when it comes fo add-on memory
boards, you’ve come to the right place.
We've probably got more than anyone else.
Choose from 2K ROM or 4, 8 or 16K RAM
(read all about the 16KRA board on the last
page of this ad). The PT 2KRO will accept
up to eight 1702A or 5203Q erasable,
reprogrammable memories (EPROM’s) with
the ability to store in a non-volatile fashion
up to 2048 eight-bit words.

Our read/write memories are the
industry standards for high reliability. We
know, because we have literally scores of
customer letters saying “Your memory
modules work and keep on working.”

To help you solve additional interfac-
ing problems, add the 3P+S 1/O module.
Here’s a board with two 8-bit parallel 1/O
ports with full handshaking logic and a serial
data rate that can be set anywhere between
35 and 9600 baud. Set up control conditions
for both parallel and serial ports. Data and
error flags can be polled.

A full line of Sol-20 tailored peripherals
No computer can do the full job with-

out the right set of peripheral gear. PT has
sought out the best manutacturers of periph-
“eral equipment and worked with them to
give you a choice of quality so you can get
the most out of your Sol-20. Choose from
line and serial printers, perforated tape
readers and punches, floppy disk memories,
black and white or color graphics displays,
A/D, D/A converters and more.

Software, the Computer
Power Essential

A big part of making the first complete
small computer is providing you with a wide
range of easy to use, easy to obtain, low cost
software. For the Sol-20, we've developed a
whole group of offerings. And more are on
their way.

TREK 80

Based on the NBC television series
STARTREK, this 8K assembly language pro-
gram uses the VDM graphics capability for
real time war with the Klingons. No holds

barred, they’re out to get you from each of
the 100 quadrants. TREK 80 resides and
runs in 8K of memory and requires the PTC
Sol or VDM-1.

New PT 8K Basic

Processor Technology has the fast new
BASIC you’ve needed for so long. Using our
superior BCD math, the speed of the new
language is double that of our own fast
BASIC-5. To multiple program capability,
we've added strings, multidimensional arrays
and multi-line, multi-variable, user functions.
This is the BASIC for full capability systems.
Look at the BUSINESS ANALYSIS program
example in the manual fo find out how PT 8K
BASIC gives you more while using less
memory for the working program.

Five reasons why it's so good

1. Strings are not limited to a length of 256
characters and can extend to the bounds
of memory.

2. Renumbering of lines with full gosub, efc.
updating. Also EXAM and FILL allow for
direct memory operations while IN and QUT
provide direct I/O capability.

3. Every statement is fully implemented.
RESTORE, for instance, restores the data
pointer as usual. BUT, with PT 8K BASIC,
RESTORE 100 will set the pointer to the
data located at line 100.

4. Fully implemented string and math func-
tions include all of the standards — VAL,
STR, ASC ... .EXP and LOGI and LOG. Also,
the more advanced statements such as ON-
GOTO and {F THEN ELSE along with a loop
EXIT are provided.

5. PT 8K BASIC has a ‘perfect’ implemen-
tation of PRINT USING which saves program
memory space while still providing more
capability than the usual PRINT USING.

The new PT BK BASIC is similar to the
version we're developing for ROM. You use it
here before buying the more expensive ROM.

You'll find your PT 8K BASIC also
includes both a built-in VDM driver and
special editor. The cassette version also
includes named program SAVE and LOAD for
the CUTS Cassette interface or Sol.

New 8080 FOCAL™ °=¢

8080 FOCAL has been updated to
include operator precedence and all other
standard FOCAL conventions. It also has a
driver for VDM-1 display and PT Cassette
program SAVE and LOAD This version is
available only on CUTS Cassette and resides
in 8K of memory.



GAMEPAC 1 to entertain family and friends
Show off your VDM-1 and computer
with this lineup of video games. Each
is included on the cassette or paper tape.
TARGET keeps track of your hits and
misses while you blast away at the moving
target. You and your family can get together
for whole evenings at a time with this one.
ZING. Learn hexidecimal arithmetic
fast with this VDM game as two players keep
the five balls in the air. If both of you get too
good... ZING, of course, will make it harder.
LIFE. The Sol or VDM makes a good dis-
play for the game of life and this version
allows two modes of operation. The universe
can be flat or wrapped around on itself.
The real meaning of life we'll leave to you

but it's fun to watch.
PATTERN. We haven't figured this one

out ourselves but it's sure nice to have your
computer doing it. You choose the geometric
design and how rapidly it changes.

Sol Systems Price List

(prices are net, effective Dec. 1, 1976)

SOFTWARE
CUTS Paper

ITEM with manual Source cassette tape
BASIC 5 software

#2 yes ** $19.50
8K BASIC no $29.00 $37.00
New 8080 Focal no $14.50 N/A
TREK 80 video

game no $ 9.50 $14.50
GAMEPAC 1

video games no $ 9.50 $14.50
MATHPACK video

calculator yes $14.50 $19.50
ASSEMBLER

software #1 yes $14.50 $19.50

**CUTS cassette of BASIC 5 is included FREE with all orders for Sol
units or CUTS cassette interfaces. Additional cassettes available
for $14.50.

Sol system owners be sure to note Sol
system on your order. These special versions
use less code and provide easier loading
along with more convenient operation.
SOLOS, SOLED and CONSOL all have provi-
sion for the special versions.

All Processor Technology software is
distributed on an individual sale basis for
personal use. No license to copy, duplicate
or sell is granted with this sale. Each software
package has been copyrighted by Processor
Technology and all rights therein are reserved.

Sol Terminal Computers

SOL-PC SINGLE BOARD TERMINAL
COMPUTER™

Kit Price

$475.*

SOL-10 TERMINAL COMPUTER™
Sol-PC with case, power supply
and 70 key solid state keyboard.  $795.*

SOL-20 TERMINAL COMPUTER™
all features of Sol-10 with larger
power supply, 85 key solid state
keyboard, fan, and five slot
expansion backplane.

*Sol prices include CONSOL
Personality Module. If SOLED Intelligent
Editing Terminal Module or SOLOS Stand-
alone Operating System Module is desired
instead, add $100. If ordered separately,
personality modules are $150 each.

$995.*

Memory Modules Kit Asmbld.
ALS-8 PROM Resident Assembly

Language Operating System — $425
SIM-1 Interpretive Simulator

add-on option for ALS-8 — $ 95
TXT-2 Text Editing add-on

option for ALS-8 — $ 95

2KRO Erasable PROM module $ 65 $ 89
4KRA 4096-word Low Power

Static RAM $159 $195
8KRA 8192-word Low Power

Static RAM $295 $375
16KRA 16384-word Dynamic

RAM — $529
Interface modules
3P+S Parallel,Serial 1/O

module $149 $199
CUTS Computer Users Tape

System cassette interface $ 87 $119
VDM-1 Video Display Module  $199 $295

Mass Storage Systems

Helios Il Disk System™
includes dual PerSci 270
floppy disk drive, cab-
inet, fan,S-100 bus compatible
controller, power supply, sys-
tem diskette with complete

PTDOS software $1895 $2295
Misc.
EXB Extender Board $ 35 $ 45
WWB Wire Wrap Board $ 40 —_

Prices, specifications and delivery
subject to change without notice. Please allow
up to two weeks for clearance of personal
checks. Mastercharge accepted. All orders
amounting to less than $30 must include $3
for handling.
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v yassembled,
$529

More bits per buck than ever before on a
fully burned in and tested board uncondi-
tionally guaranteed for one year.

Processor Technology made the first
4K static RAM modules for the home com-
puter market. Now in a price performance
breakthrough we offer you a 16,384 byte
dynamic memory module assembled, tested
and burned in. Not a kit—and at $529
who'd want to build it from scratch?

rocessor Te  ology gives you the features
to make 4K dynamic RAMS work for you.

* Invisible refresh, no waiting while
CPU is running.

* High speed 400 usec access time worst
case Z-80 and 8080 compatible.

Processor Technology Dealers

CALIFORNIA The Byte Shop ILLINOIS

509 Froncisco Blvd.

* Versatile addressing, each 4096 bvte
segment is individually addresse to
any of the sixteen available 4K
segments.

* Low power —typically 5 watts when
running — the same as most 4K
memory modules.

BATTERY BACKUP capability built-in
for standby operation.

IMPORTANT NOTICE—No 16K
memory module availabie is fully,
truly static. 4200/4402 type “static”
RAM's have high level, high current
clocks with high transient power
levels. Any RAM with 12 volt 30 mA
clock pulses should not be called
“STATIC" just because each memory
cell is a flip-flop.

Specifications

400 nsec max
500 nsec max

Access Time
Cycle Time

Rams Used Intel 2104 or Mostek 4096
types
Capacity 16384 8-bit bytes
Memory
Protect standard on card
Addressing each 4096 byte page
addressable
Operating  +7.5t0 10 VDC at 0.4 A typical
Power +151t0 +18V at 10 mA typical

—15to —18 VDC at 20 mA max

The new Processor Technology 16K
board is available for immediate delivery.
See your nearest dealer listed below or
contact us directly. Address Processor Tech-
nology, 6200 Hollis Street, Emeryville CA
94608, Phone 415/652-8080.

The Byte Shop
1514 University Ave.
Berkeley CA 94703

The Byte Shop
2559 South Bascom Ave.
Campbell CA 95008

The Computer Mart
624 West Katella #10
Orange CA 92667

The Byte Shop
2227 El Camino Real
Palo Alto CA 94306

The Computer Center
8205 Ronson Road
San Diego CA 92111

The Computer Store

of San Francisco

1093 Mission Street
San Francisco CA 94103

Son Rafael CA 94901

The Byte Shop
2400 El Camino Real
Santa Clara CA 95051

The Byte Shop
2989 North Main St.
Walnut Creek CA 94596

FLORIDA

Microcomputer

Systems Inc.

144 So. Dale Mabry Hy.
Tampa FL 33609

Gt 1A

Atlanta Computer Mart
5091-B Buford Hwy.
Atlanta GA 30340

The Numbers Racket
518 East Green Street
Champaoign IL 61820
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Signal Processing for

Optical Bar Code Scanning

. "

PHOTO PHOTO
DETECTOR— | FlR LIGHT DETECTOR—] ~IR LIGHT
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CODED BAR PATTERN CODED BAR PATTERN

Figure 1: Typical Commerical Fiber Optic Heud Assemblies. The left diagram has a simple head; the right diagram shows a
transparent sapphire ball used as u rolling contact point. In either case, light from the infrared source enters one set of fibers,
passes to the end of the tiber assembly, through the lens(es) to the paper, is retlected or absorbed depending on color, returns
through the lenses, and finally passes back up the other set ol libers to the photo detector. A disadvantage of this particular
contiguration is that the vertical incidence of light and retlected images can cause specular reflection problems.

Frederick L Merkowitz
134 N Main
Natick MA 01760

To input bar coded data into your system
it is necessary to convert the printed variable
width bars into logic level signals suitable for
serial data entry. To convert the serial bit
stream into parallel, bytc organized data,
pattern recognition techniques are nccessary.
This articie outlines the basics of the hard-
ware aspects of bar code scanning covering
various optical systems, deteclor characteris-
tics, and signal conditioning. The software
aspects are covercd in another article in this
issuc of BYTE.

Optical Systems

There are two prime optical techniques
for imaging the coded bar pattern onto the
active region of the photodetector. The first
and most widely wused in commercial
products are fiber optic bundles such as
illustrated in figure 1. With this method,
energy from a light source {cither an infrared
or red light emitting diode or an incandes
cent bulb) is focused onto the polished end
of one of two plastic or glass optical fiber
bundles while the photodetector receives the
reflected light energy from the polished end
of the other bundle. The two bundles are
randomly merged and formed into a Y
shaped assembly. At the bottom of the Y,
light emerges from the polished end, is
focused through a lens cither onto a clear or
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Figure 2: Some Alternate Physical Configurations of Opticul Heads. (a) Coaxial optics uses a detector and its source moun ted
coaxially with separate lenses. As in all vertical viewing systems, specular reflection is a potential problem. (b) Side by side optics
uses a separale source und delector lens, with an oblique angle which fessens specular reflection problems. (c) The floodlight
approach eliminates lenses for the source, and floods the bar puttern with more light than it needs. (d) Laser fixed beam scanners
dispense with lenses ar a price: the much higher cost of the laser. At the lefi, the target is at right angles to the beam; at the
right, the target is in line with the beam.
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About the Author

Fred Merkowitz has
¢ 1sid experience
with bar code electronics
as it is commercially prac-
ticed, through employ-
ment over the years with
Electronics Corporation of
America, RCA and ldenti-
con. Like a number of
people in this field, elec-
tronics is both his hobby
and profession.

red colored sapphire ball and thereby onto
the printed bar pattern or direcily onto the
bar pattern. Light reflected from the bar
pattern returns through the ball and lens or
lens and is refocused onto the optical fiber
bundle. One half of the light travels back
through the detector bundle to the detector.

Figurce 2 illustrates the other morc direct
methods ol imaging the bar pattern onto the
photodetector. In figure 2a light is focused
through the larger lens onto the bar pattern,
reflected through the small lens and then
onto the photodetector. This method, called
coaxial optics, is used in another commercial
scanning system.

Figure 2b illustrates a side by side
approach where the light from the source
and the light reflected from the bar pattern
pass through identical lenses.

In figure 2c the source floods the viewing
arca of the bar pattern with light, thereby
saving the cost ol onc lens. While there is a
lens used for focusing the reflected tight
onto the photodetector, the total cnergy
incident on the detector is quite low and
therefore more gain is necded in the signal
conditioning circuitry.

Figure 2d illustrates a novel use for your
hobby laser (such as those purchased from
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Edmund Scientific). This is called a fixed
beam laser scanner (to distinguish it fr a
scanning beam reader) and will operate with
fasers of 0.5 mW (500 microwatts) power
output or less. In this system the laser either
shines through a beam splitter (50% mirror)
or is reflected from the mirror onto the bar
pattern and reflected directly back to the
mirror where it either is reflected from the
mirror or passes through the mirror onto the
photodetector. The advantage of t|  system
is that because the laser beam spot size is
approximately 10 mils (0.01 inch, 0.0025
cm) at the half power points, no lenses are
needed for focusing either the incident or
reflected light.

With all of the systems described, there is
always the choice of either moving the light
source and dctector past > coded bar
pattern or fixing the source ar dctector
assembly while moving the bar pattern past
the beam of light.

Detector Characteristics

Light reflected from the coded bar nat-
tern (10 nW to 1 mW) impinges on a ¢« on
photodetector, either a photo transistor or a
photo diode. While the photo transistor,
either in a single or Darlington transistor
configuration, inherently offers far more
detector gain, there are tradcoffs in + »d
(10 to 100 us rise and fall time for the photo
Darlington, 1 to 10 us rise and fall time for
the photo transistor) signal linearity, and
dark current. The photo diode or photo PIN
diode offers the highest speed (10 to 100 ns
risc and fall time for a photo diode, | to
10 ns risc and fall time for the PIN photo
diode), linearity (7 decades of nge Hr the
PIN photo diode) and lowest dark current (1
to 10 nA for the PIN photo diode).

While the light may originate from an
incandescent, red or infrared LED +  helium-
neon laser, the spectral characteristics of the
silicon detector, whatever its configuration,
is such that approximatcly 80% of its re-
sponse to energy occurs in the near infrared
wavelengths of 0.75 to 0.9 microns (see the
GE Optoelectronics Handbook, 1976 edi-
tion); therefore, an efficient electro-optical
system will have a source with the majority
of its emitted energy in thc¢  ne band.

Signal Conditioning

After the photodetector converts light
photons into clectron-hole pairs, the signal
conditioning circuitry amplifies the faint
signal (10 nA to 1 mA peak to peak, 100 uV
to 100 mV peak to peak) to a useful level, in
most cases logic level (1.6 mA, 5 V).

There are a number of elements to the
“standard” signal conditioner, as illustrated
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Figure 3: A “Standard” Signal Conditioning Circuit. This circuit processes the
low level signal from a photo diode, converting its current output to a voltage
in the first amplifier, amplifying it further with a second stage. The amplified
signal is then routed to peak holding circuits which set the reference level and
a comparator which outputs a 0 or 1 level based on the reference level

in figure 3: The current to voltage converter
(assuming you are using a photo diode for
speed and linearity), a post amplifier, a black
and white level peak holding circuit and
finally a comparator that acts as a 1 bit

analog to digital converter,

The current to voltage converter illus-
trated is a bit unconventional in that the
volts per microampere conversion factor is
adjustable from 10 V/uA down to 0.5 V/uA
with the component values shown. The post
amplifier is again adjustable with a gain
factor of 1 to 100. The peak holding circuit
holds the peak values of the white level and
the black level for the length of time
necessary to read through a line of coded bar
pattern. The difference between these peak
values is divided in half. This 50% peak to
peak voltage is presented to the reference
input of the comparator while the amplified
signal level is presented to the inverting
input. If the signal level is greater than the
reference level (implying a white space), a 0
logic level is output from the comparator;
and if the signal level is less than the
reference level {implying a black bar), a 1
logic level is output.

Another, possibly superior, experimental
signal conditioning circuit is shown in figure
4a. It combines a “‘super differentiator” for

established.

edge detection, a high gain AC amplifier, and
a dual window comparator. In the “‘super
differentiator” the DC current level at the
base of the photo transistor (Q1) is main-
tained at a constant level by DC servo action
whether the change in DC level is caused by
temperature variations, ambient light, fiber-
optic cable crosstalk, varying gray level of
pattern background or any other DC or low
frequency factor. Q1 may also be any NPN
high speed transistor with the electro-optical
input through a photo diode, as shown in
figure 4b, for maximum bandwidth.

The amplified differentiated electro-
optical signal is picked off at the collector of
Q2 where it is further AC amplified and
passed to a dual threshold comparator. The
output of the comparator is a short pulse at
each transition of the space to bar and bar to
space edge. These pulses can either tickle the
interrupt input of your microcomputer or
when fed to a flip flop (toggle) they can be
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Figure 4: A “Super Differentiator” Signal Conditioning Circuit, This circuit is
edge sensitive and outputs short pulses at each black to white or white to
black transition. The timing diagram shows the oulputs of the circuit,
corresponding to the bar code pattern shown.,

Software Structure For Interrupt Driven Scanning:

COUNT LOOP: A background program with a tight foop which increments a
counter untif an interrupt occurs. The counter js reset by interrupt service.

INTERRUPT SERVICE: Response to the interrupt which stores away the
count, clears the count, then resumes the COUNT LOOP. Initialization of the
scan follows the first low (ie: approximately correct) count. The first black
bar width should go into the first address of the input table, with alternating
pairs of black then white counts filling the input table until the end of the
scan. When the count exceeds a predefined maximum value, the scan is

presumed done.

BIT PACKING and FRAME analysis are as discussed in Keith Regli’s article.
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read by a serial IO port. These two circuits
demonstrate some of the serial signal con-
ditioning schemes currently in commercial
or experimental use, For those of you who
wish to input bar coded data in a parallel
format, figure 5 shows a block diagram of a
software oriented scheme, an analog to
digital converter feeding an 8 bit 10 port.
When using such a parallel voltage level input
scheme, your software must handle the task
of making a 0 or 1 {white or black) decision
instead of the hardware as in the serial
schemes of figures 3 and 4.

System Considerations

When working with electro-optical signals
a number of factors are vital for a successful
scanning system:

1. The printed bar pattern [we take care
of this. ... CH].

. Use of the hand scanner.

. Use of a fixed scanner.

. Low level signal amplification.

S

-—

. Though it may seem trivial to worry
about printing black bars on white
paper and being able to read them,
there are problems such as the carbon
content of the black ink., Unless the
“carbon black’ content of the ink is at
least 15%, the ink may be invisible in
the near infrared which happens to fall
in the maximum sensitivity band of
the silicon photodetector. For exam-
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point pen is invisible to an clectro-
optical scanner using an incandescent
bulb or infrared LED as the light
source, yct may be seen by a scanner
using a helium-neon laser or red LED
as its light source. Of course, in the
latter case considerably more gain is
needed in the signal conditioning cir-
cuitry because the quantum efficiency
of the detector is down considerably.
The other problem in scanning a
printed bar pattern is the grayness of
the white paper. The ratio of the white
level to the black level is called the
contrast ratio and determines the peak
to peak signal level seen by the photo-
detector.

. When using a hand scanner that you've

built or purchased, the first considera-
tion for a successful line scan is the
matter of reading speed. 10 to 30
inches per second (25 to 76 cm per
second) is the ‘“‘normal” scanning
speed range. People using a hand scan-
ner, or light pen as it's more normally
called, for the first time inevitably
scan at a rate too slow for the signal
conditioning or for the software
counter to handle. The ideal rate is
reading from one end of the page to
the other (11 inch or 28 cm distance)
in about 1/2 second for a reading rate
of approximately 22 inches per second
(56 cm per second). The second con-
sideration is the acceleration or instan-
taneous change in scanning speed. This
is usually caused by pressing too hard
on the paper or guide and thereby
reading in a jerky manner as the light
pen skips from one rough spot to the
next. Normal software techniques that
compare a running numerical value of
the bar width with that of the running

numerical value of the space width
cannot handle more than a 2 to 1
change in instantanecous scanning rate.
The third consideration is that of the
angle of the light pen to the surface of
the paper. Holding the light pen per-
pendicular to the paper is not correct.
The best angle is about 15° to 30°
from the vertical when the paper
surface is lying flat; that is, about the
same angle as you hold a pen or pencil
when writing. The reason for this
strange problem is a condition called
“specular reflection.” Specular reflec-
tion can be experienced by taking a
page of BYTE and holding it in such a
manner as to cause a bright light to
reflect off the paper into your eyes.
Notice that the light reflected off the
black ink is just about as bright as that
reflected off the white surface. Your
light pen experiences this same effect
when it is held perpendicular to the
paper and will cause either a no read
or a high error condition. The best
signal  conditioning and software
techniques cannot help.

3. If you build a laser fixed beam scanner
to read BYTE's bar coded programs,
you might place a page on a fixture
mounted on a turntable. Imagine a
large coffece can with a guide hole
sitting on your turntable, with a page
of printed program material taped to
it. If the can werce 12 inches (30.5 cm)
in diameter and turning at 33 rpm, its
rotational speed would be about 20
inches per second (51 ¢cm per second),
just right for the signal conditioner
and hardware to handle; also the same
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Figure 5: Block Diugram
of a Software Oriented
Signal Processor. A track-
ing analog to digital con-
verter connected to an 8
bit port can be used to
follow the signal and allow
software to implement the
peak sampling and bar
stale determination algo-
rithms.  The front end
processing of the current
to voltage converter and
post amplifier would be
similar to figures 3 and 4
as noted. A typical 8§ bit
DAC useful in this applica-
tion would be the Motor-
ola MC1408L8 part.
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bit TTY.
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bled units.
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Offer may expire Dec, 31, 1976

Write to us for more info on chips,
sockets & floppy disks, also circle
A126.

Circle A127

TURN ON
WITH COMPTEK

Now your micro can control AC
power outiets with COMPTEK's NEW
PC3200 Power Control System.
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Here s a spot, concocted partly in response to Craig A Pearce’s letter
[“Snob Detector,” page 53]}, for examples of creative uses of programmable
calculator products. We start this off with SHOOTING STARS, expressed in
the form of a program for the SR-52 calculator by Texas Instruments, with
the PC-100 printer attachment.

Program Listings

(Initialization Card):

000
010
022
032
045
056
068
079
092

*LBLC
123
STO 13
.24568
STO 16
.789
STO 19
789 *prt
*pap *rin

(Game Play Card):

000
012
022
033
047
058
070
078
088
101
113
128
140
151
166
179
190

*LBL A HLT
= *prt *pap

RCL 98

10 *PROD 99

1EE12=

INV SUM 99

2+

GTO 033

9STO 001

2STO 05

3STO 00

x { RCL 00 —

1 SUM 98

SUM 99

RCL 97 —

RCL 10 +/— *prt

*LBL *B’

002
014
025
038
048
060
071
083

003
016
025
038
052
062
072
082
093
105
17
134
144
154
170
184
192

Desk Top Wonders

SHOOTING STARS
(for the SR-52 and PC-100 Printer)

by

Craig A Pearce
2529 S Home Av
Berwyn IL 60402

Instructions:

No

1.

te: Beforc recording program card 2
(play section) onto a magnetic
card, perform the following steps:
A. Input the number 222212222
B. Press: STO, 9,7
C. Record in the usual manner

[nput initialization card (card #1) and
press C.

2. Printer will show the 9 star positions
by their number on the thermal paper
strip. The LED display shows the same
positions in an in-line fashion.

.1245 007 STO 11

STO 12 017 .2356

147 029 STO14

STO 15 041 .369

4578 053 STO 17

STO 18 063 .5689

123 *prt 075 456 *prt
12345 088 6789

B—1= 007 INV *ifzro 018
GTO A 018 18SUM t0
+10 = 029 *B'STO99
RCL 99 — 042 1 EE12+

INV EE 054 *ifzro 105
*B'—1-= 066 *ifzro 072

2= 074 *IND STO 98
*LBL E 084 0STO 10
*IND STO 00 097 *dsz 093
0ST0O 99 109 1 8TO 98
1000 *PROD 99 124 *IND RCL 98
1) INV *log 138 =+

*dsz 124 148 0= *prt
RCLO98 —10= 161 INV *ifzro 113
RCL 99 = 174 INV *ifzro 184
*pap RCL 99 188 GTO A

STO 98 195 *IND RCL 98 *rtn
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. Following

Load in the play card (card 2) — both
A & B sides.

. For a new game, press: E

Printer will show the star ficld at the
start of the game:

111

121

T 11

. Each 1 represents a black hole. Each 2

represents a star.
standard rules of play
(shooting stars only) the user inputs
the star position to be shot and keys:
RUN
for each move of the game. The star
field is reprinted with the stars af-
fected by the shot having been modi-
fied (stars become black holes and vice
versa). The object is to end up with a
star ficld as follows:
222
212
2272
. When the game is completed correctly,
the number of turns used in the game
will be displayed just below the final
grid pattern as a negative number. This
number can be recalled at any time by
pressing:  RCL 10
. If no moves are possible, (all positions
are filled with black holes), the game
has been lost. Shooting a black hole
causes the display to blink and the
PC-100 to print: 0. ?
Before continuing, press CE to stop
blinking.
. To begin a new game, go to line 4
above.

How Shooting a Star Affects
Its Neighbors

All
stars
star is

affected neighbors will change from
to black holes and vice versa when a

shot.

Patterns are shown below,

1 # % #2# * #03
HOHox * k% * 4
# o* * # * L
4 k 5 6
H# ok * % * x4
* % * ok % * ok
# # * ¥ ok % * o #
7 # * # 8 # # 9

n —

unaffected position
position that is affected
(where 1 <n < 9) the star that was shot
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The First West Coast Computer Faire

Another big convention and technical
meeting ground for the personal computing
field is being organized for the West Coast
for April 1977 by the people in the Bay
Arca, Thanks to the efforts of Jim Warren,
editor of Dr Dobb’s journal of Computer
Culisthenics and Orthodontia, and Bob
Reiling, editor of the Homebrew Computer
Club Newsletter, it looks as if the event will
be the star attraction for personal computing
folk in the western US. The show was
organized by Jim and Bob in planning
sessions begun late in August of this year.
Tentative dates for the FWCCF are April 15,
16 and 17. Jim and Bob have lined up the
following sponsoring organizations to help
make the show a big success:

® The Homebrew Computer Club,
sccond largest computer club in the
us.

® The Southern California Computer
Society, largest computer club in the
Us.

® San Francisco Peninsula and Golden
Gate Chapters of the Association for
Computing Machinery (ACM).

® Stanford University Electrical Engi-
neering Department.

® Community Computer Center and
Pcople’s Computer Company (non-
profit educational institutions).

® Amateur Research Center, affiliated
with the Foothill College Space Sci-
ence Center.

® Protessional and Technical Consultants
Association.

Call for Papers

The Faire will of course include confer-
ence sessions designed to communicate and
expound the theoretical and practical knowl-
edge which makes personal computing work.
The following sessions have been tentatively
planned:

® Personal Computers for Education,
inluding a university credit short
course arranged through the University
of California.

® Computer Graphics for Personal
Computers.

® Personal Computers for the Physically
Handicapped.

® Spcech  Synthesis  Using  Home
Computers.

® Computers for Use in Very Small
Businesses.

® Microprogrammable  Processors  for
Hobbyists.

® Panel Discussion of Digital Tape
Standards.

® Peripherals Interface Standards for
Personal Computers.

® Bus Standards for Personal Computers.

® Software Modularization for Program
Portability.

® Floppy Disk Systems for Home
Computers.

® Computer Games, Alphanumeric and
Graphic.

® Clectronic Music and Home Com-
puters.

® Public forums and panel discussions.

This list is by no means final, and if you
perceive a topic which is not covered, be

sure lo write or call the organizers of the
convention. Il you want to present a tech-
nical talk or tutorial at the conference, write
outlining your area of knowledge and topic.
The pointers arc:

Jim Warren, Dr Dobb's, PCC, POB
310, Menlo Park CA 94025. Phone:
(415) 851-7075.

Bob Reciling, Homebrew Computer
Club News/etter, POB 626, Mountain
View CA 94042, Phone:  (415)
967-6754.

Trade Show Booths Availabie

According to Jim Warren, there has been
considerable manufacturer interest in the
first West Coast Computer Faire. He has
verbal commitments to date from an impres-
sive list of organizations and manufacturers,
including:

Zilog

AMI {American Microsystems Inc}

Dr Dobb’s Journal of Computer
Calisthenics & Orthodontia

Northern California Electronic News

MITS

Processor Technology

Cromemco

0OS! {Ohio Scientific Instruments}

Technical Design Labs

Polymorphic Systems

Southwest Texas Products Corp

Quay Corp

Apple Computers

STM Systems

Project Support Engineering
AEC (Associated Electronics Co)
DTC {Data Terminals & Comm}
Monolithic Systems

Hueristics Inc

Byte Shop of Palo Alto

National Semiconductor

MOS Technology

Interface Age

ARRL {American Radio Relay League)
PerSci Inc

Shugart Associates

iCom

Percom

Personal Computing
Microcomputer Associates
Minicomputer News

BYTE Inc

Call Computer

Solid State Music

National Multiplex

Computer Converser

Triple | — The Economy Company
Votrax

CompuMart inc

Action Audio Electronics
Computer Store of San Francisco
Osborne & Associates

People’s Computer Company
Microcomputer Digest

BYTE will of coursc be present at the show
in force, and we expect 1o scc a large
number of our west coast readers. The show
will be coordinated by a professional organi-
zation and is expected to be held in San
Francisco’s municipal convention facilities.m

* i

Hands on microprocessor short course with
free take home microcomputer included in the

$495 tuition.

Jan. 25, 26, 27 Dayton, OH

Feb.1,2,3 St. Petersburg Beach, FL

Feb. 9,10, 11

Los Angeles, CA

Feb. 14, 15,16 Palo Alto, CA
Feb. 22, 23, 24 Philadelphid, PA
Mar.1,2,3 Washington, D.C.

Mar. 8,9,10 Boston, MA

Mar. 15,16, 17 Chicago, IL
Mar. 22, 23, 24 Huntsville, AL

Learn microprocessors first hand from the

original hands on people.

For more information call Alice Anderson,
(317) 742-6802 or write Wintek Corp.,

902 North 9th Street, Lafayette, Indiana 47904.

W 6800 Hardware/Software
M m W Custom Hardware/Software

M In-house short courses
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101 Basic
Computer Games
David H. Ahl. An anthology of games

Yahtzee, all in the BASIC language.
Contains a complete listing, ple run,
plus a descriptive write-up of each game.

248 pp. $7.50 {6C]

and simulations—from Acey-Deucey to |

Our meost popular book! Large format, °

What to Do After
You Hit Return

Another collection of games and
simulations—all in BASIC—including
number guessing games, word games,
hide-and-seek games, pattern games,
board games, business and social science
simulations and science fiction games.
Large format. 158 pp. $6.95 [8A]

Fun & Games
with the Computer

Ted Sage. “This book is designed as a
text for a one-semester course in com-
puter programming using the BASIC
language. The programs used as il-
lustrations and exercises are games
rather than mathematical algorithms, in
order to make the book appealing and
accessible to more students. The text is
well written, with many excellent sample
programs. Highly reccommended.” — The
Mathematics Teacher 351 pp. $5.95[8B]

Game Playing
With the Computer,
2nd Ed.

Donald Spencer. Over 70 games, puzzles,
and mathematical recreations for the
computer. Over 25 games in BASIC and
FORTRAN are included complete with
descriptions, flowcharts, and output,
Also includes a fascinating account of the
history of game-playing machines, right
up to today’s computer war games. Lots
ol “how-to” information for applying
mathematical concepts to writing your
own games. 320 pp. 1976 $14.95 [85]

BYTE Magazine

If you are considering a personal com-
puting system now “or later, BYTE
provides a wealth of information on how
to get started at an affordable price.
Covers theory of computers, practical
applications, and of course, lots of how-
to build it. Monthly. 1-Year sub'n $12.00
[2A]. 3-Ycars $30.00 [2B]

Games & Puzzles
Magazine

The only magazine in the world devoted
to games and puzzles of every kind —
mathematical, problematical,
crosswords, chess, gomoko, checkers,
backgammon, wargames, card games,
board games, reviews, competitions, and
more. Monthly. 1-Yearsub’'n $12.00[3A]

Games With The
Pocket Calculator

Sivasailam  Thiagarajan and Harold
Stoloviteh. A big step beyond tricks and
puzzles with the hand calculator, the two
dozen games of chance and strategy in
this clever new book involve two or more
players in conflict and competitior. A
single inexpensive four-banger is all you
need to play. Large format. 50 pp. $2.00
8H]

Games, Tricks and
Puzzles For A Hand
Calculator

Wally Judd. This book is a necessity for
anyone who owns or intends to buy a
hand calculator, from the most
sophisticated (the HP635, for example) to
the basic “four banger.™ 110 pp. 32.95
(8D]

So you’ve got a
personal computer.

Now what?

Creative Computing Magazine

So you've got your own computer. Now what? Creative Computing is chock full
of answers — new computer games with complete listings every issue. TV color
graphics, simulations, educational programs, how to catalog your LPs on
computer, etc. Also computer stories by Asimov, Pohl, and others; loads of
challenging problems and puzzles: in-depth cquipment reports on kits, terminals,
and calculators; reviews of programming and hobbyist books; outrageous
cartoons and much more. Creative Compuiing is the software and applications

magazine of personal and educational computing. Bi-monthly.
I-year sub'n $8.00 [1A]. 3- years $21.00 [1B]. sample copy $1.50 {1C]

The Best of Creative
Computing — Vol. 1

David Ahl, ed, Staggering diversity of
articles and fiction (Isaac Asimov, etc.},
computer games (18 new ones with
complete hstings), vivid graphies, 15
pages of “foolishness,” and comprehen-
sive reviews of over 100 books. The book
consists of material which originaily
appeared in the first 6 issues of Crearive
Computing (1975), all of which are now
out of print. 324 pp. $8.95 [6A]

Computer Lib/
Dream Machine

Ted Nelson. This book is devoted to the
premise that everybody should under-
stand computers. In a blithe manner the
author covers interactive systems, ter-
minals, computer languages, data struc-
tures, binary patterns, computer
architecture, mini-computers, big com-
puters, microprocessors, simulation,
military uses of computers, computer
companics, and much, much more.
Whole carth catalog style and size. A

Problem Solving With
The Computer

Ted Sage. This textis designed to be used
in a one-semester course in computer
programming. It teaches BASIC in the
context of the traditional high school
mathematics curriculum. There are 40
carefully graded problems dealing with
many of the more familiar topics of
algebra and geometry. Probably the
most widely adopted computer text. 244
pp. $5.95 [8]]

A Simplified Guide to
Fortran Programming

Daniel McCracken. A thorough first text
in Fortran. Covers all basic statements
and quickly gets into casc studies ranging
from simple (printing columns) to
challenging (craps games simulation).
278 pp. 38.75 [7F]

Problems For
Computer Solution

Gruenberger & Jaffray. A collection of
92 problems in engineering, business,
social science and mathematics. The
problems are presented in depth and

cover a wide range of difficulty. Oricnted

Understanding Solid
State Electronics

An excellent tutorial introduction to
transistor and diode circuitry, Used at
the T Learning Center, this book was
written for the person who needs to
-understand electronics but can't devote
years to the study. 242 pp. $2.95 [9A]

to Fortran but good for any language. A
classic. 401 pp. $8.95 [7A]

A Guided Tour of
Computer Programming
In Basic

Tom Dwyer and Michael Kaufman,
“This is a finc book, mainly for young
peaple, but of value for everyone, full of
detail.  many examples (including
programs lor hotel and airline reser-
vations systems, and payroll), with much
thought having becn given to the use of
graphics in teaching. This is the best of
the introductory texts on BASIC."—
Creative Computing Large format. 156
pp. $4.40 [8L]

doozy! 127 pp. $7.00 [8P]

Computer Power and
Human Reason

Joseph Weizenbaum. In this major new
book, a distinguished computer scientist
sounds the warning against the

BASIC Programming -

2nd Ed

Kemeny and Kurtz. “A simple gradual,
introduction to computer programming
and time-sharing systems. The best tcxt‘ﬂ
on BASIC on almost all coums. Rating:
A+"—~Creative Computing. 150 pp. $8.50]

dangerous tendency to view computers

[7E]

and humans as mercly two different
kinds of “thinking machines.” Weizen-
baum explains exactly how the computer
works and how it is being wrongly
substituted for human choices. 300 pp.
$9.95 [R)

Artist and Computer

Ruth Leavitt, ed. Presents personal
statements of 35 internationally-known
computer artists coupled with over 160
plates in full color and black & white.
Covers video art,-optical phenomena,
mathematical  structures, sculpture,
weaving, and more. 132 pp. $4.95[6D]
Cloth cover $10.95 [6E]

Computer Science:
A First Course (2nd Ed.)

Forsythe, Keenan, Organick, and
Stenherg. A new, improved edition of
this comprehensive survey of the basic
components of computer science. There
has been an updating of important areas
such as Programming, Structured
Programming, Problem Solving, and
other Computer Science Concepts. The
quantity of exercises and problems has
been increased. 876 pp.$16.95 [7D]

Mr. Spock Poster

Dramatic, large (17" x 23") computer
image of Mr. Spock on heavy poster
stock. Uses two levels of overprinting.
Comes in strong mailing tube. $1.50[5B]

Microprocessors

A collection of articles from Electronics
magazine. The book is in three parts:

device technology; designing with
microprocessors; and applications. 160
pp. 1975 $13.50 [9J]

Microprocessors: Tech-
nology, Architecture
and Applications

Daniel R. McGlynn. This introduction
to the microprocessor defines and
describes the related computer structures
and electronic semi-conductor processes.
Treats both hardware and softwarc,
giving an overview of commercially
available microprocessors, and helps the
user to determine the best one for
him/her. 240 pp. $12.00 (7C]

] Creative Computing

Catalogue

Zany 12-page tabloid newspaper/
catalog lists books, magazines, art prints,
and T-Shirts. A conversation piece even
if you don’t order anything. Free. [SA]

P ikttt il |

Please send me the following:
Quan. Car.

CREATIVE COMPUTING, Dept.
P.O. Box 789-M, Morristown, NJ 07960

Description

B

Price

Books Shipping charge $1.

NJ Residents add 5% sales tax

00 USA, $2.00 Foreign

[ Cash, check, M.O. enclosed TOTAL

O BankAmericard Card No.

O Master Charge } Expiration date

Name

Address —
City State e Zip
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300 baud (30 characters per second). Marks
or logic ones are represented by recording a
2400 Hz sine wave on the tape while spaces
or logic zeros are represented by recording a
1200 Hz sine wave. With the proper circuitry
this recorded data can then be read off the
tape and converted into parallel data using a
self clocking UART system which will
tolerate audio recorder speed variations of
approximately *30%. This figure is far better
than that of most other modulation tech-
niques and is a real advantage when you
consider the degree of worst case speed
variation between inexpensive audio re-
corders, in addition to which we have speed
variations due to line voltage, battery volt-
age, wow and flutter, mechanism wear, etc.
Thus evolved the “Kansas City"” standard. It
should be noted that the standard does not
specify how the data is to be organized on
the tape, so there can be, and probably will
be some incompatibility among various
manufacturer’s software. This is a software
problem which is fairly easy to resolve, given
documentation of the data being sent.

Since the definition of the ““Kansas City”
standard, there have been several articles
printed on circuits conforming to the stan-
dard, but there has yet to be a true audio
cassette interface ‘‘system.” When con-
sidering an audio cassette tape interface
system, | think the potential user should ask
the following questions:

1. Can the cassette interface be added to
the computer system in such a way as
to take full advantage of the computer
system’s existing resident tape load
and dump routines?

2. Can the cassette unit be interfaced to
the computer system without re-
quiring the use of an additional inter-
face port for the computer system?

3. Can the single cassette interface unit
simultaneously or independently
operate two audio cassette recorders
(one reading while the other is re-

cording) and if so can the user simply
switch select the function of each
recorder instead of swapping a multi-
tude of patch cords?

4. Will the cassette interface provide
manual or computer control (switch
selectable) over either cassette re-
corder’s motor operation in both read
and record modes?

5. Does the interface have status indica-
tors to show read and record states as
well as valid data flow?

6. Can the cassette interface unit simul-
taneously operate with a computer or
a 300 baud terminal, switch selectable,
allowing you to use your terminal in a
stand alone mode to record or visually
examine data on tapes before loading
them into your computer?

7. Can the unit be tied to a 300 baud
terminal like the TV typewriter Il so
as to respond to reader on, reader off,
record on and record off control com-
mands just like a teletypewriter with
automatic reader/punch features?

8. Is the cassette interface unit complete
with chassis, cover and 120/240 VAC,
50 to 60 Hz internal power supply?

Well, these are the questions | asked when
I set about to design the SWTPC AC-30
audio cassette interface. This article contains
my answers to these questions as built into
the AC-30. Although it has been designed
for and used extensively with the SWTPC
6800 computer system and CT-1024 (TV
typewriter 11) terminal system, the AC-30
has been designed to be as universal and
flexible a system as possible. If your com-
puter’s control terminal is interfaced to the
computer through a 300 baud, RS-232
compatible serial interfaces with accessible
clocks at 16 times the data rate on both
computer and terminal, the SWTPC AC-30
cassette interface unit is simply plugged
between the computer and terminal inter-
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B position it will read data from
cassette recorder B.

Record Status On or Off: This three
position switch is normally left in the
center position allowing computer pro-
gram generated control commands to
set the state of the record latch.
Momentarily flipping the switch to the
ON or OFF position will manually
update the status of the record latch.
Leaving the switch in either the on or
off position will override computer
program control entirely. An LED
status indicator just to the left of this
switch always shows the state of the
record latch. The operation of the
cassette interface as a function of the
state of the record latch is dependent
upon the setting of the motor control
switch which is described in detail
later.

Read Status On or Off: This three
position switch is normally left in the
center position allowing computer pro-
gram generated control commands to
set the state of the read latch. Momen-
tarily flipping the switch to the on or
off position will manually update the
status of the read latch. Leaving the
switch in either the on or off position
will override computer program con-
trol entirely. An LED status indicator
just to the left of the switch always
shows the state of the read latch. The
operation of the cassette interface as a
function of the state of the read latch
is dependent upon the setting of the
motor control switch which is des-
cribed in detail later.

Record Data Indicator: This LED
indicator shows the transmission of
valid data out of the cassette interface.
[t lights only when the record latch is
on and logic zeros or spaces are being
transmitted. This allows the operator
to confirm that a tape dump is in
progress when lit, since the null data
marking output does not light the
indicator.

Read Data Indicator: This LED indica-
tor shows the receipt of valid data into
the cassette interface. It lights only
when the read latch is on, valid FSK
data is detected on the tape, and logic
zeros or spaces are being received. This
allows the operator to confirm that a
tape load is in progress when lit, since
the null data marking input or a loss
of audio tones does not light the
indicator.

Motor Control — Manual or Auto-
matic: The position of the motor
control switch actually determines the
function of the record and read status
latches. In the manual position both
the cassette recorder motors are
always activated through their respec-
tive remote jacks. If the record latch is
off, the interface’s selected recorder
MIC jack will always output a constant
marking carrier, even if there is data
flowing back and forth between the
computer and terminal. As soon as the
record latch is turned on, either by the
computer or manual control, all data
transmitted from the computer to the
terminal is simultaneously transmitted
out through this same MIC jack. Data
flow out of the MIC jack ceases as
soon as the record latch is again reset
by either manual or computer control.

If the read latch is off, the interface
will ignore all data incoming through
its selected EAR jack and yet pass data
back and forth between the terminal
and computer. If the read latch is
turned on either by manual or com-
puter control and valid audio tones are
sensed from the selected EAR jack,
read data is stored from the cassette
unit to the computer. This same data
is simultaneously displayed on the
attached terminal system only if the
computer is programmed to echo the
incoming cassette data. Data flow
from the cassette to the computer
system ceases either upon resetting the
read latch or loss of audio tones on the
tape.

Operation in the automatic position
is quite different. If both the record
and read latches are reset, cassette
recorder motor operation is- inhibited
through the respective remote jacks on
both the recorders. The interface’s
selected record MIC jack will output
no audio data, even if there is data
flowing back and forth between the
computer and terminal. As soon as the
record latch is turned on, the re-
cording recorder’s motor is turned on
through the respective remote jack and
a variable delay timer is fired which
delays the output of audio marking
data to allow this same cassette re-
corder’s tape to come up to normal
tape speed. This hardware delay circuit
must be supplemented with a software
delay loop written into your programs
to guarantee that you don’t start
outputting record data until after this
hardware delay timer on the cassette
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Figure 2: Control Logic of the AC-30. This diagram shows the computer and terminal interfaces of the AC-30.
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interface has already timed out. When
the record latch is again turned off,
the interface will cease to output
audio data and the selected recorder’s
motor is turned off. Here again it is
wise to include a software delay loop
in your programs to give the recorder
time to come to a complete stop. This
guarantees a sufficient gap between
multiple recorded segments to allow
one to do either incremental (start-
stop) or continuous reads from the
same tape.

When the read latch is turned on,
the read recorder’'s motor is started.
The interface inhibits all read recorder
data until valid audio tones are de-
tected, at which time all incoming
cassette data is stored in the computer
and simultaneously displayed on the
terminal only if the computer’s echo is
enabled. Reads may be either continu-
ous or incremental (start-stop). Since
incremental tapes have blank gaps be-
tween recorded segments, the cassette
interface’s audio tone sensing circuitry
has been designed to ignore all but the
valid data segments stored on the tape.

Local/Remote switch: The local/re-
mote switch on this cassette inter-
face is analogous to that on standard
teletypewriters. In the local mode
there is a direct data link between the
terminal and cassette recorder(s). The
computer is electrically eliminated
from the system. In the remote or
normal mode of operation, the com-
puter, terminal and casselte re-
corder(s) are all linked together.

Power On/Off: This switch controls
AC power to the cassette interface
unit. 1t must be powered up con-
sistently with the interconnected com-
puter and terminal systems even if
cassette operation is not desired.

Attaching the Interface
to the Recorders

If you will be using the interface just for
loading and storing programs and data files
to and from tape, you will probably need
just one cassette recorder. If, however, you
will be doing tape file editing or using
assembler packages, you will probably have
to use two cassette recorders. The same
interface will handle both configurations.
Electrical connections between the cassette
interface and recorders are best made by
cutting several 3 to 4 foot (90 to
122 cm) audio patch cords with the

molded RCA connectors on both ends, in
half, and fitting the newly cut ends with the
appropriate recorder jack mating connectors.
Some cassetle recorders such as the ones
used with the prototype have both high level
auxiliary and low level microphone inputs.
In our case it was necessary to use the
auxiliary input since the cassette recorder
circuitry would not permit the reading of a
tape with a plug simultaneously installed in
the microphone jack. Be sure to use a
cassette recorder featuring an AGC (auto-
matic gain control) circuit. Most late model
cassette recorders have this feature. Since
cassette motor control is available, you will
want a recorder with a remote jack that
stops the recorder’s motor. Here again re-
corder circuitry varies. Some units disable
just the motor while others disable every-
thing. [t is best in this instance to just
disable the motor. This will minimize the
recorded transients between blocks of data
when using the interface in the incremental
(start-stop) mode of recording. The re-
corders used with the prototype were Super-
scope brand model C-101A |Superscope is a
registered trademark of Superscope Inc.].
Although they were reliable, close examina-
tion of the quality of recorded data with an
oscilloscope left a lot to be desired. The
optimum volume control setting was around
7 on ascale of O to 10.

The quality of the cassette tape used with
your recorder(s) will also affect the reli-
ability of your system. Here the best rule of
thumb is to assume you get what you pay
for. The more expensive tapes will generally
give better reliability. Remember too that
you are recording audio frequency data, not
saturated pulses. So don’t use digital com-
puter grade cassette tapes. Always erase
previously recorded tapes with a bulk tape
craser such as a Radio Shack No. 44-210
($9.95) beforc rerecording them. This is
especially important when using the system
in the incremental (start-stop) mode of
operation. Bulk tape erasers generally do a
better job of erasing than a recorder’s
internal circuitry and guarantee that you
don’t pick up segments of previously re-
corded programs or data.

The interface’s read circuitry must be
calibrated for use in the read mode before
using the interface. This is best done by first
generating a calibration tape with continu-
ous ASCI| fives recorded on it and then
reading back the tape to the terminal in the
local mode while adjusting trimmer resistor
R16 for a center setting between errored
reads. ASCII fives have an alternating bit
sequence ideal for calibration. It is a good
idea to periodically recheck this setting using
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The audio cassette inter-
face described in this article is
manufactured by Southwest
Technical Products Corp, 219
W Rhapsody, San Antonio TX
78216. It is sold in kit form
only, No. AC-30 for $79.50,
postpaid in the US. The kit
includes circuit board, com-
panents, chassis, cover, power
supply and assembly instruc-
tions but does not include the
cassette recorders.

your previously generated calibration tape.

Before using your cassette interface unit
in the incremental (start-stop) mode of
recording, it will be necessary to set the time
delay on the carrier enable oneshot, trimmer
resistor R39, so as to allow the recorder’s
motors to come up to speed before out-
putting a marking audio tone. This is best
done by visually measuring your recorder’s
motor start time and then multiplying by
two just for a safety factor. The interface’s
delay is then set by adjusting trimmer
resistor R39 for this same time delay be-
tween the time the record “‘ready” indicator
lights and the carrier enabled indicator (LED
diode D18) comes on. The latter is mounted
right on the interface’s printed circuit board
adjacent trimmer resistor R39,

Whenever you are writing to tape in the
incremental mode you must provide a soft-
ware delay loop in your program that is at
least as long as the adjustable hardware timer
delay plus 0.5 seconds. The additional half
second is required to guarantee a carrier
detect signal before data flow when the tape
is being read. It is also a good idea to put a
header character or characters (*“synchroni-
zation” characters) at the beginning of each
incremental record. Upon reading these
records, your program should be written
such that it ignores all data between these
recorded segments until this header data is
read. The cassette interface is more vulner-
able to error reads between incrementally
recorded data than at any other time. The
end of each data block may easily be
detected by recording some nondisplayed
control character, or your software could
include a block data count in its header. If
you are using the cassette interface with the
SWTPC 6800 computer system and CT-1024
(TV typewriter 1l) terminal system, the
decoded record off ASCII control T com-
mand (hexadecimal 14) not only turns the
recorder off, but is written at the end of the
data record as well, for an end of record
character.

Incrementally recorded records may be
read either continuously or incrementally. In
either case you must provide a software
delay in your program at least one character
time {33 ms) between the time the end of
record character is read and the time data is
output from the interface. The reason is that
there is a slight delay between the loss of
carrier on the tape and action of the carrier
detect circuitry which in turn creates a gap
in the 16 X UART clock. This gap causes nho
problems so long as you are not outputting
data during the clock gap; thus the reason
for the delay.

Fortunately consideration of tape gaps is
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only necessary when using the interface in
the incremental mode. Operating the system
in the continuous mode isn’t much different
from paper tape operation. You will of
course have to manually start and stop the
recorders; but no special recording consider-
ations are necessary, which usually allows
use of unmodified computer resident tape
load and dump routines for limited program
storing and loading in a paper tape emula-
tion mode.

Let’s assume now we have a SWTPC 6800
computer and CT-1024 terminal system
interfaced together with 300 baud RS-232
serial interfaces. As mentioned earlier for
this configuration, the cassette interface can
be connected in series between the two,
taking full advantage of the computer’s
Motorola MIKBUG firmware tape dump and
load routines. Let’s also assume we have a
program we wish to dump to tape which is
already stored in the computer's memory
with the computer’s program counter, stor-
age addresses (A048 and A049), set to the
starting location of the program. Now use
the memory change function to set the
starting and ending addresses of the memory
segment to be dumped in locations A002
through AO005. The cassette interface’s
switches should be set for manual mo-
tor control with the record/read status
switches in the center position and the local/
remote switch in the remote position. Load
a blank or previously erased tape into the
selected cassette recorder and depress the
rewind button to get to the beginning of the
tape. Then depress the play button to
advance several seconds beyond the leader
on the tape. Stop the recorder and this time
depress the cassette recorder record button.
Then enter a P for punch on the terminal’s
keyboard. MIKBUG will interpret the P and
then the record status light will come on,
and the record data light will flicker as
program data is stored to the cassette lape.
When the dump is completed, both the
status and data lights will go out. Do not
stop the recorder; instead set memory loca-
tions A002 through AQOS to dump the data
stored in the program counter storage ad-
dresses as well. Since the record status light
is not lit, none of this data passing back and
forth between the terminal and computer is
written to the still operating recorder. Again
enter a P for punch. The status and data
lights will again come on, but only for a
fraction of a second since only two memory
locations are written to the tape. Now while
the cassette recorder is still recording, flip
the local/remote switch to the local posi-
tion, use the manual record status switch to
set the record status latch and type in on the
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terminal’s keyboard S9 (the MIKBUG end of
program code). Now you may stop the
recorder. Don’t forget to flip the local/
remote switch back to the normal remote
position.

Before trying to load this same program
you might want to momentarily turn the
computer off just to make sure the memory
resident program is destroyed before load-
ing. Reapplying power will force an auto-
reset and start up the resident Motorola
MIKBUG firmware on the SWTPC 6800.
Rewind the tape to the beginning, making
sure the cassette recorder’s volume is set to a
reliable setting, and depress the play button.
Then type in a L for load on the terminal’s
keyboard. The read status light will immedi-
ately come on since the firmware outputs a
read on control command. The data light
however will remain off until program data
is detected on the tape at which time it will
begin to flicker. When it stops flickering it
means that the program data has been
loaded to the computer’s memory but don’t
forget that the program counter data was
also written to the tape, so the next flicker is
that of the program counter being loaded.
An S9 was also written to the tape; it is an
end of tape marker. Upon reading this, the
computer will output a read off control
command forcing the read status light to go
out, hence ignoring all subsequent data
stored on the tape should the recorder be
left to run. The program as well as the
program counter have been loaded. Simply
typing in the character G for go should
initiate the program.

How It Works

For simplicity the cassette interface’s
circuitry has been broken up into three

separate systems: The modulator demodula-
tor circuitry, the switching circuitry and the
power supply. These are shown in figures 1,
2 and 3, respectively.

The modulator works by feeding a
4800 Hz (16 times 300 Hz) clock into the
toggle provided by IC5b. The division by 2
in this flip flop insures a 50% duty cycle
required by the modulator. The carrier
enable input provides a means of suppressing
audio output from the modulator. 1C5a
divides the frequency by two once more if
the data in line is high and simply follows
the clock frequency if the data in line is low.
This gives a 1200 Hz tone for a low state and
a 2400 Hz tone for a high state. The
resulting output is then fed into two pole
active filters provided by the 4558 opera-
tional amplifier section |C4a, where it is
converted to a closer approximation of a
sinusoidal audio waveform which is more
easily handled by audio recorders.

Incoming audio data is first fed into a
high pass filter consisting of R5 and C5 and
then onto comparator IC4b. The compara-

Number Type +5V GND
IC1 4013 14 7
1C2 4001 14 7
IC3 4070 14 7
Ica 4558 — —
1C5 4013 14 7
1C6 4053 16 8
1C7 4049 16 8
1C8 4013 14 7
IC9 4023 14 1
1C10 555 8,4 1
1C11 4001 14 7
1C12 1489 14 7
1IC13 4070 14 7
1C14 4053 16 8
1C15 1488 - 7
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+75V

Table 1: Integrated Circuit
Power List. The supplies
are taken from the cir-
cuitry in figure 3, and
wired to the appropriate
pins of these circuits.

-75V +13v. -13V



tor’s 0.5 V hysteresis reduces the possibility
of false triggering. The 7.5V zener regu-
lated power buses feeding 1C4 arc necessary
to stabilize this hystercsis value. Zener diode
clamp D3 limits the comparator output to
CMOS compatible voltage levels. Each time
the comparator changes states the exclusive
OR functions of 1C3c and IC3d generate a
5 us active low pulse at 1C3 pin 11. This
pulse is repetitive when data is being re-
ceived and pulls capacitor C7 down to
ground through diode D4. The level on
capacitor C7 is in turn inverted and buffered
through 1C3a 1o form the carrier detect
signal. This same active low pulse is inverted
by IC2a where it feeds four separale circuits.
The first is a missing pulse dctector com-
posed of transistor Q2 and inverter |C2b.
This forces the buffered carrier detect signal
jow whenever several cycles of audio carrier
arc missed. The second circuit is also an
adjustable missing pulse detector but this
one times out whenever 1200 Hz data is
being fed into the demodulator. The
20 k ohm trimmer resistor R16 sets the
period for this timer. The third circuit driven
by this pulsc is the clock input to flip flop
4013 ICTa which outputs the demodulated
data. This data out line is high when
1200 Hz audio is being demodulated and
low when 2400 Hz audio is being demodu-

lated. The fourth circuit fed by the pulse is
IC2d which with the addition of the output
of 1C3b synthesizes the 16 X clock out data.
Take note that although on the average this
clock is accurate, it jitters by design.

Within the control portion of the circuit,
figure 2, integrated circuit halves 1C8a and
IC8b form status latches for the record and
read circuitry. Either latch may be indepen-
dently set or reset through manual toggle
switches on the interface’s front panel or
through control pulses buffered and selec-
tively inverted by IC13. Front panel LED
indicators always show the current status of
these latches.

The muititude of data and clock switch-
ing is performed by six data selectors within
1IC6 and 1C14., NAND gates 1C9a and C9b
inhibit data and clock flow out to the
cassctte recorders unless the read latch is set
and valid recorder carrier data is detected.
Timer 1C10 provides the adjustable CAR-
RIER ENABLE delay needed when using
the system for recording in the incremental
mode. All 300 baud data communication
with the cassette interface is done through
integrated E1A RS-232 receiver and trans-
mitter integrated circuits 1C12 and ICIS
respectively. Motor control for each recorder
is provided by reced relays RLY1 and
RLY2.=
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SEX

Now what self-respecting company
resorts to a cheap trick like this to
get your attention.

WE DO

And it works, doesn't it? So does
our new 16K STATIC RAM memory
board. It is fully assembled and
tested and plugs into your SWTPC
6800 microcomputer—allowing you
to expand your system to 48K. The
PRICE?? That's the sexy part. It's
so BARE we can only reveal it
through the mail. (Sent in plain
brown wrapper so as not to offend
a non-computer oriented spouse.)

Name

Street ——-

City

State & Zip

SMOKE SIGNAL BROADCASTING
P.O. Box 2017
Hollywood, California 90028

$100 OFF IMSAI

The Bits, Bytes & Pieces Com-
puter Store is having a sale to
celebrate the grand opening of
their mail order operation in the
Sacramento area. We feature the
complete IMSAI micro com-
puter and peripherals line & our
standard price will be 10% off the
list price for IMSA! computer
kits, board kits and peripherals.
However, our sale prices will be
15% off! computer & board kits.
For example the $599.00 basic
8080 will be only $499.00.
Group purchase prices are avail-
able. This offer expires Decem-
ber 31, 1976. Write us for details
and catalogue,

Bits, Bytes & Pieces
6211 Quincewood Circle
Citrus Heights, CA 95610

(916) 726-6469

IMSAI Dealer
« Systems from $540

-CRT Kit ADM-3 $849

~RAM 4A-4 $125

3240 W LARKSPUR
PHOENIX AZ 84021
(602) 942-8405

Pictured above is the new OP-80A
High Speed Paper Tape Reader from
OAE. This unit has no moving parts,
will read punched tape as fast as you
can pull it through (0-5.000 c.p.s.),
and costs only $74.50 KIT, $95.00
ASSEMBLED & TESTED. It in-
cludes a precision optical sensor ar-
ray. high speed data buffers, and all
required handshake logic to interface
with any uP parallel 1/0 port.

To order. send check or money order
(include $2.50 shipping/handling) to
Oliver Audio Engineering. 7330
Laurel Canyon Blvd., No. Holly-
wood. CA 91605, or call our 24 hr.
M/C-B/A order line: (213) 874-6463.

C)ompufer marf

LONG ISLAND

Christmas gift certificates available

IMSAI, SWTPCo, Digital Group
Processor Tech, Apple, OSI
TDL-Z-80, Seals, Cromemco,
Veras, Tarbell, Oliver

Magazines, books, chips,
sockets, connectors, terminals.

IT’S ALLHERE WAITING FOR YOU
FRIENDLY ADVICE TOO

New York City
314 5th Ave.
(32nd St)

New York 10001
212—-279-1048

Long tsland
2072 Front St
East Meadow NY
516—794-0510

MODULES
FOR ALTAIR AND
IMSAI COMPUERS

8K STATIC MEMORY — KIT $295
ASSEMBLED $375

16K STATIC MEMORY ~ KIT $650
' ASSEMBLED $775

WIREWRAPBOARD — KIT$ 39
EXTENDER BOARD W/C — §$ 30

BATTERY BACK-UP BOARD
ress sATTERIES — KIT$ 55

15V 1/O BOARD - KIT$149
ASSEMBLED $200
THE 115V 1fO BOARD HAS FOUR INPUTS AND
FOUR OUTPUTS EACH 115VAC AT 1.5 AMPS. NO
LONGER A NEED FOR RELAYS WITH THIS BOARD.

To order send check or money order {include
$2.50 shipping/handling) to ELECTRONIC ENG.
& PRODUCTION SERVICES, Rt.# 2, Louisville,
Tennessee. (Tn. users add 6% sales tax)
(615)984-9640 :




Building the AC-30

Cassette Interface

Gary Liming
3152 Santiago Dr
Florissant MO 63033

Any hobbyist who has ever loaded a
sizeable program on a bit by bit or byte by
byte basis, only to have it wiped out when
the power is removed, really understands the
significance of mass storage. Cassette
recorders are attractive mass storage devices
to a hobbyist because they are inexpensive
and can be interfaced easily.

Southwest Technical Products Corp (219
W Rhapsody, San Antonio TX 78216) intro-
duced their answer to mass storage with the
AC-30 cassette interface in May 1976. /See
Gary Kay’s article in this issue./ At that
time | had a 6800 processor using Motorola’s
MIKBUG as a monitor ROM and a CT-1024
with keyboard. While reading the advertise-
ment brochure | was struck with fact that
the interface made use of an already existing
standard, the RS-232 interface. If | decided
to try a different system later on, | would be
able to keep the interface and tapes and use
an easily acquired RS-232 connection on the
new system, [t also provided for two cassette
drives for future system expansion. Seeing
no problems connecting the AC-30 to my
system, 1 ordered the AC-30 by phone for
$79.50 postpaid, and received it by UPS two
weeks and two days later.

When the kit arrived, | immediately
started studying the documentation. As |
was reading, the directions mentioned a
calibration program that should have been
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supplied but was not included. 1 finished
reading the instructions, made sure the parts
were all there, and called SWTPC,
| spoke with an engineer who confirmed
the missing page, and took my name and
address. Only two days later a complete set
of documentation appeared in my mailbox.
The two days were not wasted, however,
because it took me nearly that long to clear
off a space on my workbench to build it!
The documentation package consisted of
22 pages of assembly instructions, complete
schematics, a parts list, and a two color
printed circuit board component layout.
Included are two 17 3/4 inch by 22 1/2 inch
(45 ¢m by 57 cm) charts showing wiring
connections inside the AC-30 and between
the terminal and computer system. Also, 11
pages of diagnostic and calibration software
written for a 6800 system are included.
Assembly began with the 73/4 inch by
71/2 inch (19.7cm by 19.1 cm) printed
circuit board that | inspected, found no
faults with, and which generally looked like
a high quality board. Instructions for the kit
are at a level of ‘‘Place all of the resistors on
the board using the parts list and component
layout drawing...", so you must at least
know resistor color coding and be able to
identify the parts. Using reference charts
from electronics “how to do it” books will
help to prevent mistakes for the novice.
Placing and soldering the 39 resistors, 25
capacitors, 16 integrated circuits and 11
transistors was time consuming, but not
difficult. The soldering pads are placed well
apart from each other, making soldering



easier than on some memory or processor
boards. Solder is included.

Although there is a controversy among
manufacturers, hobbyists, and engineers over
the use of sockets, | decided to use them.
Kit manufacturers don’t advise sockets
because they make a returned board very
difficult to repair if the fault is due to a
socket. A bad solder flow under the socket is
hard to detect without tearing out the
socket. Hobbyists sometimes get low quality
sockets which can cause intermittent prob-
lems that are nightmares to debug.

| used quality sockets and verification
soldering techniques because they help
reduce integrated circuit handling (almost all
of the integrated circuits in the kit are
CMOS) and mainly because | would be doing
my own repair work in the future. However,
if you do not intend to repair your own
equipment, there is little benefit in using
sockets in a kit.

After completion of the printed circuit
board, chassis assembly began. The 12 3/4
by 11 by 3 inch (32cm by 30cm by
7.6 cm) aluminum chassis holds the printed
circuit board, transformer, fuse, and a dress
front panel. A perforated black finish alumi-
num cover and rubber feet arc included. All
wiring to the printed circuit board is made
through connectors which make removal of
the board simple. The large connection
charts are very helpful, and wire and wire
ties are provided. Before starting chassis
assembly, a little forethought about the
routing of wire between the switches, phono
jacks, LEDs, and printed circuit board con-
nectors will help to save mistakes.

Front panel assembly went smoothly
except for snapping the LED retainer clips
into place. | found that using two ballpoint
pen halves to push the clips together saved
wear and tear on my fingernails.

Interconnecting cables between the termi-
nal and computer are routed through a
grommet directly to the printed circuit
board connectors. In addition to the front
panel switches, control inputs are provided
for remote or computer control of the
reader on, reader off, record on, record off,
and Local/Remote modes. If you are using
the CT-1024, these inputs can be controlled
by using the CT-CA (computer controlled
cursor board) which decodes various ASCII
control characters that appear on the
RS-232 interface. Otherwise, the controls
can be operated via computer commands by
building a decoder for the control characters
or by dedicating a separate output port or
address space for these functions. The inter-
face requires both the terminal and com-
puter to provide a X16 clock.

When assembly was completed, | bought
cassette connecting cables (not supplied)
and, like most recorders, mine required two
miniature to phono and one subminiature to
phono cables, | am using a Sankyo ST-50
recorder, picked out solely because it was
the most inexpensive ($44.95) recorder |
could find that had automatic level control,
auxiliary and remote inputs, and a tape
counter. The tape counter is not necessary,
but does allow you to easily catalog a
number of programs on a single tape.

After connecting the recorder, two cali-
bration steps are required. One is used to set
the time between when the record on signal
is received and when the record carrier
comes up. This is necessary to allow the
cassette motor to come up to speed before
the recording begins, and is noncritical. The
easiest way to adjust the delay is to visually
inspect the start up time of the cassette
motor, and set the delay greater than that.
An on board LED is provided to indicate the
carrier enable signal, and the adjustment is
made with an on board pot and 555 timer.

The other adjustment is made to set the
character frequency of the reader circuitry,
and is done by loading the calibration
program. This program outputs a control
character to turn the recorder on, an ASCII
five (chosen because of its alternating bit
pattern), and a recorder off character, all in
a continuous loop. After recording a tape of
fives, the tape is then read back in local
mode to the terminal. The calibration pot is
then adjusted to center between the points
at which errors occur. | found this to be a
very wide range in which the reader would
operate with no errors. This program is also
useful in verifying new tapes for data use. A
little experimentation showed that the best
volume setting was about 7 on a scale of
0-10. The tone control seemed to make little
difference except at extreme settings.

Now that calibration was completed, |
loaded a program byte by byte for the last
time, and dumped it out to my first mass
storage peripheral! The program was
approximately 2 K bytes and took 3 1/2
minutes to load back into the system. This is
fonger than 30 cps would account for, but is
due to the Motorola MIKBUG dump and
load routines that output two characters per
byte (hexadecimal) and includes some error
checking and addressing overhead.

The recording method is compatible with
the ‘‘Kansas City” standard, and | have
successfully read tapes generated by the “Bit
Boffer” interface as described in the March
1976 issue of BYTE [page 30/. If there are
any other 6800s with MIKBUG listening out
there, drop me a card and let’s swap!m
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. TV Typewriter Cookbook by Don
Lancaster. A complete guide to low cost
television display of alphanumeric data,
several chapters of which were published
ahead of the book in early issues of BYTE
magazine. $9.95

Digital Logic Circuits by So!l Libes. An
invaluable tutorial background volume on
digital logic, arithmetic, 10 concepts and
interfacing to analog devices; written by one
of the founders of the Amateur Computer
Group of NJ. This book acquaints the
reader with much of the terminology and
background concepts of digital hardware.
$5.98.

.. —_Modern Operational Circuit Design by
John L Smith. An absolutely essential intro-
duction to the use and application of
operational amplifier systems. The book
contains both theoretical background infor-
mation and practical circuit suggestions
which can be used to advantage by the
exnerimenter. $16.95 (hardbound).

_____ Electronic Projects for Musicians by
Craig Anderson. ‘‘Even if you know nothing
ahout electronics, you can build preamps,
ring modulators, mixers, tone controls, min-
iampls, fuzzes and a dozen other inexpen-
sive musical projects.” Furthermore, even if
you rouldn’t care less about about musical
applications, you can use this book to gain
familiarity with electronic parts, circuit dia-
grams and construction techniques, using
the wealth of illustrations and tips found in
an evtended introductory chapter for the
novice electronicker, $6.95.

Presents:

____ Active Filter Cookbook by Don Lan-
caster. The chief chef of electronics Cook-
books concocts another gourmet appetizer.
Run to this book when you need to find a
starting point for the design of a filter for
use in an electronic application, $14.95.

__ __ Altair
Holiday.
More Aitair Design developed by Ens-
or Holiday.

____Altair Design 3 developed by Ensor
Holiday.

Design developed by Ensor

Keep the loved ones busy while you use
your system . . . give them any one or all of
these computer generated Altair Design
books to start them (or yourself) on endless
hours of creative coloring. No other coloring
books are quite like these unique books.
$2.50 each,

_.__ Artist and Computer edited by Ruth
l.eavit. A visual treat, as you encounter
reproductions of numerous works by com-
puter oriented artists and read about these
works in their own words. $4,95.

Linear IC Principles, Experiments, and
Projects by Edward M Noll. From basic
principles to complicated systems, from
simple amplifier experiments to applications
in radio, TV and control systems, this book
can improve your knowledge of the way
circuitry of the analog worid really works.
$8.95,

S T E— S S S S E—

___Practical Solid-State Circuit Design by
Jerome E Oleksy, A self study course in the
design of semiconductor circuits from the
simple transistor to the complex operational
amplifier. $5.95.

. _Boolean Algebra by Brice Ward. A
background tutorial and study guide for the
design and simplification of static networks
of logic gates. Learn how to combine those
ANDs, NANDs, NORs and ORs to evaluate
complicated logical conditions of multiple
inputs, electronically. $5.50.

__—_Projects in Sight, Sound & Sensation
by Mitchell Waite. Dedicated ‘‘to all space
cowboys,” Detailed theory and practice of
seven fascinating amateur electronics pro-
jects, along with a complete and detailed
appendix on how to make PC boards. $4.95.

Creativity, Invention, & Process by
John A Kuecken, Practical philosophy and
history for the inventor. $3.50.

Inventors Projects Book by L George
Lawerence. 120 well thought out problems
which can serve as a starting paint for the
creative inventor. All are essentially un-
solved by contemporary technology, and all
are highly recommended reading for the
creative mind. $4.50.

____ Security Electronics by John E Cun-
ningham. To catch a thief, apply liberal
doses of ingenuity and a modicum of
cleverness. Find out what's been ftried in
conventional alarm systems before you go
off computerizing your home security sys-
tem, though, $4.95.

Introduction to Biomedical Elect-
ronics by Edward J Bukstein, What's been
done in robot doctors? Nothing so far. But I
in terms of electronic aids to physicians and
practices of health researchers, consult this
background review of the field of biomed-
ical electronics. $5.50.

What to Do After You Hit Return of
PCC's First Book of Computer Games. This
is PCC’s first book of computer games, a
compendium which includes descriptions of
numerous games, and listings of 37 selected
BASIC games. $6.95.

Check payment method:

I

You may photocopy this page if you wish to leave your BYTE intact.

Send to. My check is enclosed
___Bill my MC No. Exp. date
BITS, Ine Bill my BAC No. Exp. date
70 Main St
Peterberough NH 03458
Name i
Address |
Cit i I
v State Zip Total for all books checked $ |
Postage, 25 cents per book for books $ |
Sgrature Grand Total $ =

Please allow six weeks for delivery. |
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Turing

B!IT READ
0 1

0R,1 0,R,1

STATE

Figure 1. A one stuate
Turing machine program
to clear the tape has two
instructions. Whether a 0
or 1 is read, the corre-
sponding instruction
writes 0, advances the
heuad location one step
right, and loops to the
same state.

Jonathan K Miilen PhD
661 Main St
Concord MA 01742

Everyone who has had an clementary
course in the mathematical foundations of
computer science knows you don’t actually
build Turing machines, you just theorize
about them. Besides, what about that infi-
nite tape? Well, the tempiation was too great
to resist. After all, you can do anything with
a Turing machine that you can with any
other kind ol computer. 1t just takes longer.
As for the tape, only a finite amount could
cver be used in your lifelime anyway.

Strictly speaking, a Turing machine is
merely a program in a certain simple lan-
guage. A yniversal Turing machine, or UTM,
is one that expects two inputs: a Turing
machine program, and somc data for that
Turing machine. The UTM then runs the
input machine interpretively. A few medium
scale integration chips can do that job, and
this article will show how.

The language in which Turing machines
are written is the machine language for a
correspondingly simple architecture. Like
most computers, it has a main memory. This
memory is called a lupe because it can be
accessed only sequentially. That is, if
memory location n is being read now, only
n—1 or n+/ can bc read in the next
instruction. Never mind the name “tape’’; as
far as we are concerned, the machine has an
ordinary semiconductor memory, addressed
with an index register that can only be
incremented or decremented by one in cach
instruction. The index register will be called
the head 1o appease the Turing machine
purists.

Each word, or addressable tape location,
contains one “symbol.” A Turing machine
can use any finite set of symbols, but it is
known that a set of two is sufficient (o
perform any computation: 0 and 1. A two
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A Universal

Machine

symbol UTM is discussed here because it is
the easiest to implement, even though a 256
symbol (eight bits per symbol) machine is
better suited for most applications. Look at
it this way: the memory is bit addressable.
(An incidental benefit is that there are no
worries about parallel to serial conversion
for serial 10 devices with a serial UTM!)

There is only one instruction in the
language; it combines the functions of load,
store, increment or decrement index register,
and conditional branch. Its format is:

w,d,a

where w, d, and a are all operands, since you
don’t need an operation code when you have
only one instruction. The first operand, w, is
a bit value to be written into the lape
location currently addressed by the head.
The sccond operand, d, tells whether 1o
advance the head left (L) or right {R). The
Turing machine's memory goes from left to
right in the direction of increasing addresses.
The last operand, a, is a branch address.

The branch address, a, points 1o a puir of
instructions: One is executed if the current
tape location contains a 0, the other if it is
I. The UTM is said to “read’ the tape when
it determines which instruction of the pair
to execute. A pair of instructions is called a
“state.” A one state program to clear the
tape is shown in figure 1.

It is undoubtedly hard to believe, with
only this much exposure to the Turing
machine language, that it can be used to
emulate any instruction set. The belief that
Turing machines are adequate to perform
any numerical or symbolic algorithm is
known as Church’s Thesis, after the logician
Alonzo Church. Church’s Thesis cannot be
proved mathematically because it cannot be
stated rigorously, but it has stood the test of
time. No one has been able to express a
computational algorithm that no Turing
machine can perform, and most educated
people long ago gave up trying. Other



Figure 2: This 8 bit instruction format

l " I p l T T v v 1 addresses 64 states directly. The w bit is
1 . ! . written on the tape. The d field has O for R,
0 1 2 3 4 5 6 7 1 for L. Bit 7 is the low order bit of the next
State address, a.
instruction sets and machine architectures The three parts of the state memory
can be more efficient, of course. address are kept in three registers: a program
To implement a UTM, we have to decide counter PC with a parallel load input for the
on a storage format for the instructions. The state address; a single flip flop R for the
8 bit format in figure 2 is suggested to start instruction select bit, and the low order
with. Separate memories are used in this three bits of a 4 bit counter S for the
UTM design for the input Turing machine instruction bit address. Figure 3 shows the
program and its data. If each instruction part of the circuit that handles normal
takes one byte in the program memory, instruction execution. Two of the boxes in
there is just room in a single 2102 for 64 figure 3 represent more than one IC. The
states. Six bits are used in the instruction for program counter is a cascade of two 74161
the state address a [ 7This field can be used to counters clocked in parallel, the carry out-
hold a displacement from the current ad- put of the first connected to the T enable
dress in designs with more program mem- input of the second. The head is a cascade of
ory.], leaving one each for w and d. To three 74191 bidirectional counters clocked
encode d, we will use 0 for R and 1 for L. in parallel. The ripple outputs of the lower
One address line selects the proper instruc- two are connected to the enable inputs of
tion from the pair of instructions in each the next higher ones.
state. Thus, the state memory address has To execute the currently addressed in-
three parts: a 6 bit state address, an instruc- struction, the bit counter S goes through its
tion selector bit, and three bits for the bit cycle of 16 once, shifting the instruction
position. twice through an 8 bit parallel output shift
+5
)
Figure 3: The Universal ' .
Turing Machine (UTM) has o e = H 74164
a tape and a program TAPE R SHIFTREG .
memory, each with its E>—=r/w DO D ara © PROGRAM 5
; 2102 2102
own address register, As ADDR CLK RW j
the instruction is shifted ADDR — 1
out of the state memory,
its operands are clocked
: . ouT
into the right places by the HEAD ouT
counter and decoc_/er logic. Lo D B e oD
The R and D registers are 7474 Jalai3) /}7
needed for timing reasons. CLK CLK . 74161(2) ‘I’
Additional  circuitry will COUNTER 2 5~SCLK HEAD
be needed for control and CLK DECODER 3
loading. (See figure 6.) For 4
visual clarity, outptts of 7a154 o SCLK R
the DECODER 74154 are ,
shown directed to num- 8 8 >WRITE TAPE
bered  terminals  corre- s D D 9 9 >CLK D
. L 74161 c c
sponding to clocking in- COUNTER B B 1o
puts of the various other CLK A A IIIZ
blocks of the design. Lines '3
with an "X mark points 14
of change when adding cLock CE isf——eie>cLk pe
control logic of figure 6. I v
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CLOCK
S COUNT 7 4} 8 4} S

’A—-‘
|
PROG. DATA fe——— DATA VALID ———I

TAPE R/W twp —*

v
X X

H LOW BIT
(PROG. DATA)

Figure 4: The w bit of an instruction is read from the program 2102 and
written into the tape 2102 with the sequence of events shown in this timing
diagram. The w data is shifted into H so that it will be steady during the data
setup (tpy) and data hold (tpy) intervals. The clock half cycle must be
fonger than t 4, which is T us for a slow 27102.

register H. At appropriate points in the
cycle, the tape data out bit is copied into R,
the w bit is caught and written onto the
tape, the d bit is caught and copied into a
flip flop, D, and the head is pulsed. At the
end of the cycle, the program counter is
loaded from H with the next state address.
This is all quite similar in spirit to what goes
on in any central processing unit.

Sequencing Details

The flip flop R is needed to retain the
original instruction address after the tape
data is changed in step 8. The flip flop D is
needed to keep the direction control steady
during the entire low portion of the clock
pulse to the 74191 counter.

The counter S and its associated decoder
form the ‘‘sequence controller” for the
UTM, distributing pulses to the clock inputs
and other control inputs of the other inte-
grated circuits. The 74154 decoder outputs
are normally high. A low level pulse at its
enable input is transmitted to whichever
output line is currently addressed by the

Figure 5: An astable mul- *5v

tivibrator is used for the i

clock. Its half-cycle time is X

. oR R

given by the formula b

AT/2=0,693 RC

c CI-J
7404 H

—— OUT
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counter S. The flip flops and counters all
change state on the O to 1 transition of the
clock; that is, on the trailing edge of the
inverted clock pulse.

There is some choice in assigning step
numbers to the CLK HEAD and CLK R
functions. CLK HEAD can be done any time
after step 9, CLK D, but before the next
CLK R. CLK R can be done any time after
step 15, CLK PC, but before step 8, so that
the right instruction will be used.

The shift register H is always going. Its
contents are ignored during the first eight
pulses of the cycle, but the instruction bits
are caught and used on the second time
through. The clock is inverted before it goes
to the shift register so that the shift register
will change state on the falling edge of the
clock, and be stable on the rising edge, when
its contents are being read out to D, PC, and
the tape.

Why is the tape data input taken from the
low order shift register output rather than
directly from the state memory data output?
The timing diagram in figure 4 has the
answer, and it also shows how the maximum
clock frequency can be determined from the
2102 specifications.

Timing

The clock pulse is shown as a square wave
in figure 4, but its high and low portions can
be of any length greater than their respective
minima. The counter S, which has the
instruction bit address, changes with the
rising edge of the clock, as marked. (Gate
delays are not indicated in this diagram
because they are much smaller than the
2102 delays.) The state memory data output
changes within a time tp, the 2102 access
time, after the bit address changes. The data
is guaranteed valid from after the access time
to the next address change. At the falling
edge of the clock, the state data is clocked
into the shift register H. Note that the high
level portion of the clock must be longer
than ta in order to guarantee that valid data
will be shifted into H. The low order bit of
H remains steady until the next falling edge
of the clock. During step 8, the low level of
the clock is sent to the R/W input of the
tape 2102. Thus the write pulse time, typ, is
equal to the low level portion of the clock.
The state input is taken from the low order
bit of H. The data setup time tpyy starts
when the data is shifted in and goes until the
end of the write pulse. This is also equal to
the low level portion of the clock. The input
data remains steady during the next high
level portion of the clock, and this period is
the data hold time tpy. Note that if the
tape data input were taken from the state



SET R=1

Figure  6: This  figure  Tagmogue T acer
shows the additional con- PROG FIG 3 =
trol logic to be added to y DECODER  § CLK HEAD
the basic &¥TM in figure 3. 74154 4
The counter S and DE- S——=E>ruN
CODER of figure 3 are sarsr D S B> ckr
repeated in this diagram COUNTER ; c 8f———=[8>> WRITE TAPE
to show the new connec- A 2 9f———{3 > CLK D
tions to them. The 74157 CLK 1o
acts like a 4PD T relay con- '
trolled by the mode flip o -
flop M. In run mode, it ASINFIE S 14
reproduces the configura- ' CE _IsSl——sfE>cLK PC
tion of figure 3. In step T—0<‘r SR 5
mode, the DO button ex- A EBRsN S o PRESET R
ecutes the UTM function {OAD PC TiON giwiTHO)
selected by the STEP STEP M i 2y 3y 4y
button,  including  the s 74157 QUAD 2| SELECTOR
RESET and SET R =7 IA_IB 2A 28 3A 3B 4A 4B
functions,  which  are Y
enabled only in step mode.
A WRITE button and a B>— Losic ™"
connection from the S
high order bit to the pro- CLOCK .
gram data input have been pipgipig

N STEP DO WRITE
added for program load- (SEE FIG.5) %
. , r r i .
ing. Logical T can be alk (DEBOUNCED, (DEBOUNCED, ”g“ :336
resistor to +5. SEE FIG. 7} SEE FIG. )

data output, the data hold time would be
zero, and the write operation might not
“take.”

We conclude from the above analysis that
the high level portion of the clock must be
greater than both the maximum tp, which is
1000 ns for a slow 2102, and the minimum
tpH, Which need only be 100 ns. The low
level portion of the clock must be greater
than the minimum values for typ, 750 ns,
and tpy, 800 ns. Thus the high level must
be at least 1000 ns and the low level at least
800 ns, giving a maximum clock frequency
of roughly 500 kHz.

The clock is the astable multivibrator
shown in figure 5, with 0.693RC < 10=6 to
satisfy the timing constraints. In fact, if you
depend on the values marked on the resistor
and capacitor, it might be better to choose
RC < 1070 to leave room for tolerances.

Control and Loading

Some additional logic, such as that shown
in figure 6, is needed to load programs and
data into the memories and get a program
started. A mode flip flop M constructed
from two NAND gates switches the pulse
input from the clock to a pair of debounced
buttons: a STEP button to pulse the counter
S, and a DO button to send a pulse to the
place selected by the count. The STEP

button sets M to “‘step mode’’ whenever it is
pressed. Note that, in step mode, the STEP
button increments the counter by only one;
it does not go through a whole instruction.
Also, in step mode, nothing happens until
the DO button is pressed, excepl incre-
menting the count and shifting the instruc-
tion through H. A pulse to the reset input of
the mode flip flop is added as step 5 of the
instruction cycle, so you can get back into
“run mode” by counting with the STEP
button to 5 and then pressing the DO
button.

A debouncing circuit for the STEP and
DO buttons is shown in figure 7. The
normally high output of each button must
be used, since a low level from STEP sets M,

7400
PUSHBUTTON

~.

ouT
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Figure 7: Debouncing cir-
cuit for an SPDT push
button.



TAPE PROG

FREE SO SI 52 S3 Do DO R
1K
RESISTORS
dp a b [4 d e f ]
TAPE DO PROG DO
N AN
S3 B R sO
i c \ ( b \
S2 S
FREE

Figure 8: A 7 segment
display is a compact way
to provide all essential
information for control
and readout purposes. Sg—
S3 are the four bits of the
counter S. The decimal
point s available for other
use, such us a logic probe
function,

Figure 9: Flowchart of a
program to write six 1s on
a cleared tape. State num-
bers are in the decision
boxes. Process boxes con-
tain w,d, The leftmost 1
produced by the program
will be at location 0 if
the head is initially at 4.
This is the best 4 state
“busy beaver’’ program.

and a low level from DO can cause a write
tape operation or reset M to run mode.

A RESET function, enabled only in step
mode, zeros the tape and state addresses,
and clears R and D, leaving D in the “up” or
R direction. After using RESET, selective
use of the CLK HEAD and CLK PC func-
tions allows you to count up to any tape and
state addresses.

The UTM control panel should display at
least the following: all four bits of the count
S, the current tape bit, the current instruc-
tion bit, and R. | found it convenient to get
a 7 segment display and use each segment for
one of the bits, as shown in figure 8. The
decimal point was connecled to a free wire
used as a probe for debugging.

( ) O,R
START END OF
TASK
& INFINITE
v LOOP le]
|
| I 4
0 i
1L — IR
y I
|
2 1L
o]
oL
v
| o
1,R 3 1,R
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The SET R =1 function, enabled only in
step mode, plus a WRITE button, are used in
program loading. The state memory data is
taken from the high order bit of the counter
S. Thus, while you step from 0 to 7, you
have an opportunity to write 0 into the
current instruction bit, and from 8 to 15
you can write 1. At step 15, hit the DO
button to count up to the next state. The
program countey is incremented by 1 in step
mode, rather than loaded. After you have
loaded all instructions with R =0, you
RESET, SET R =1, and load the R=1
instructions for all states.

This is an awkward procedure, but it
works, and uses the minimum amount of
control hardware. For convenience, my own
UTM has an input mode and additional
enabling logic that permits program loading
with just two controls — the STEP button
for counting bit — serially through the whole
program, plus a DATA button that selects
the value written when the STEP button is
pressed. This input method facilitates pro-
gram loading from a cassette.

The CLK HEAD and WRITE TAPE func-
tions are sufficient to load the tape memory
with data. After clearing the tape with the
program in figure 1, set the PC to a state
with w=1 in both instructions. Now, ad-
vance the head to each tape location in
which a 1 is desired, and DO’ the WRITE
TAPE function, with the STEP button
down.

Data loading could be facilitated with an
instruction cycle mode, in which the count
goes from step 5 all the way around once to
step 4 each time the DO button is pressed.
All it takes is a pulse to set step mode from
step 3, plus some logic to enable the pulse
when a “cycle” switch is set. A full cycle to
step 5 requires more logic to shorten the DO
pulse to less than the full cycle.



Figure 10: Listing in UTM
notation of the busy bea-
ver program flowcharted

in figure 9.

There is really no data output from this
machine, in the usual sense, If you want to
see what is on the tape, enter step mode,
RESET, and watch the current tape bit
display while executing the CLK HEAD
function. Something like normal data output
can be arranged by adding logic to test for a
particular address in the head, such as O or
all Ts, together with a pulse on the WRITE
TAPE line. The bit being written can be sent
to an output device.

Once the baseline minimum UTM s
assembled, you may be willing to put up
with the operating inconvenience tempo-
rarily while you experiment with the Turing
machine language and get a feeling for its
idiosyncracies.

Busy Beaver Programs

“Busy beaver” programs are fun to start
with, because they begin with a cleared tape.
The object of a busy beaver program is to
write as many Ts as possible. Of course, you
can make w =1 in both instructions of the
clear-tape program in figure 1, and this gives
you a program that will set the whole tape
to Ts. But, suppose you want a string of
exactly 281 1s, for example. How many
states would be needed in a program to
produce it? An 8 state program will do.
More states may be needed for smaller
numbers, though. A workable but not neces-
sarily optimal strategy for producing par-
ticular length strings of 1sis to combine an n
stale program that writes a desired n bit
binary number with another program that
converts an n bit binary number to a string
of that number of 1s.

A related problem is to find the greatest
exact number of Ts that can be written with
a program having a given number of states. It
is known that a 3 state program can write at
most four Ts, and a 4 state program can
write at most six. A 4 state program that
writes six 1s is flowcharted in figure 9, and
listed in figure 10. The best busy beaver
programs are not known for five or more
states, however. There is a 5 state program
that produces ten 1s, probably the best
possible; a 6 state one for 14 1s; and a
7 state one for 29.

BIT READ

STATE 0 1 COMMENTS
1 1,L,2 1,R.4 initial state
2 o,L,3 1,L.,2
3 1,R,3 1,R1
4 0,R,4 1,R.4 final scan state

{infinite loop}

Unary Arithmetic

Demonstrations that Turing machines can
do arithmetic are often made using the
unary system for representing nonnegative
integers. The number n in unary is a string of
n+1 Ts delimited by Os. Thus, unary 1
represents the number O. If the UTM tape
has two unary numbers separated by a single
0, adding them is easy: change the separating
0 to 1 and take two 1s off the end. Other
arithmetic operations take more ingenuity,
but they are all possible.

Multiple Bit Words

The main problem with binary informa-
tion on the UTM 1ape is figuring out where
it starts and stops. The simplest solution is
to group bits into pairs (starting with loca-
tion 0), so that each pair can represent one
of four characters. The characters 00 and 11
can represent the binary digits 0 and 1, and
the other two, 01 and 10, can be A and B. A
binary number of any length can be stored
as a string of 0 and 1 characters beginning
after an A and ending at a B. For textual
data, you may prefer characters of six to
eight bits; it’s up to you.

Summary

The universal Turing machine design in
the article was aimed at low cost. Con-
structed from only 15 integrated circuits, it
is a complete general purpose stored pro-
gram computer. Its low cost was made
possible by the fact that only one simple
instruction had to be implemented. The
single Turing machine instruction is general
enough, in principle, to program any compu-
tation with; although very long and ineffi-
cient programs would be necessary for most
useful applications. Extensions to the tape
and state memories, as well as interfaces for
10, will prove desirable as additions to this
design; but the principles of operation are so
simple that such additions should be easy. If
you are challenged by the programming task,
tolerant of long computations, and enjoy
tinkering with parts and pieces, a UTM
project offers a tremendous potential for
enjoyment.®
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TOUCH TONE GENERATOR BY
MOSTEK., MK5086N produces the

oy
¥

= dual-tone multi-frequency telephone
ot \[T dialing signals as used in TT phones

4 “LS_J and auto patches. Uses inexpensive
T crystal, 1 resistor and 1 capacitor.

Both tones are internally mixed and

Y buffered to a single output - simple
Two additional output switches can
control timers, transmitter, mute re-
ceiver, encble audio amp, ete. Uses
our Chomerics keyboard. Comes in 16 pin plastic DIP.
MK5086N...... .$8.95...Crystal for MK5086N..... $1.90
Specs for MK5086N 80¢.

Kit of parts including etched and drilled P.C, board and one
of our Chomerics keyboards. v oo voiviinenininans,s $19.95

MC14412 UNIVERSAL MODEM CHIP

MC14412 contains o complete FSK modulator and de-mod-
ulator compatible with foreign and USA communications.
(0-600 BPS)
FEATURES:

.On chip crystal oscillator

. Echo suppressor disable tone generator

.Originate and answer modes

.Simplex, half-duplex, ond full duplex operation

.On chip sine wave

Modem self test mode

.Selectable data rates: 0-200

0-300
0-600
.Single supply
VDD=4,75 to 15VDC - FL suffix
VDD=4.75 to 6 VDC - VL suffix

TYPICAL APPLICATIONS:

Stond alone - low speed modems

Built - in low speed modems

.Remote terminals, occoustic couplers

L I b Cereeeieiieiiaenas $28.99

MCIA412VL. i ieiiriiiniiieeniannanacnssnnes $21.74

6 poges of data...su.a... tevraranas 60
Crystal for the cbove...... $4.95

MC14411 BIT RATE GENERATOR.
Single chip for generating selectable frequencies for equip-
ment in data communications such as TTY, printers, CRT s
or microprocessors. Generates 14 different standard  bit
rates which are multiplied under external control to 1X,
8X, 16X or 64X initial value. Operates from single +5

CLASS B AUDIO DRIVERS
MC3320P and MC3321P are pre amps and drivers for class B

volt supply. ~ MCT4411...o0ecnunvnnn. verenee - $11.98 complementary output transistors. Self balancing allows for

4 pages of data...... ceve 240 no special HFE matching of output transistors.

Crystal for the above..... $4.95 MC3320P operates up to 30V,

R | o7 oo ..o e 52.25
MC3321P operates up to 14V,

REMOTE CONTROL TRANSMITTER., MCI14422P is a 22

channe!l uitro-sonic remote control transmitter 1.C. CMOS
uses little power and only o few external passive compon-
ents. Applications include TV receivers, security controls,
toys, industrial controls and locks. 16 pin DIP plastic pkg.
MCT4422P. .. vvunnes with specs.everrruecieniens $11.10

32db gain. e sttt $1.98
Specs Forboth. oot e 40¢

POWER FET

VMPT is an N channel MOS FET capable of switching 1 Amp
in 5nSeconds. Can be used as RF power Amplifier with
power gain of 40db!

PRECISION REFERENCE AMP

LHO070-1H provides a precise 10.0 volts for use in BCD A
to D converters or meter calibrators. Typical initial accurac
is .3% (£ .03V). Comes in TO=5 can, W YMPLoooi TOS3
LHOO70-TH. .. covviiiiennans with specs....iviusuans $5.35 oo

RCA 40673 dual gate MOS FET
2N 5485 N channel J FET..... .
2N 5486 N channel J FET..oouviiiniiiiincinninnenes

4 DIGIT COUNTER. MM74CP26 is a 4 digit counter with
7 segment output. Carry output for cascading and internal
display select allows outputting of counter or set of

LMPIENNY,

Suys

If your project schedules cre slipping

and you're taking lumps with high

prices and poor service, let the guys

at Tri-Tek put it on ice for you=--
(and Happy Holidays)

RGA
GOLD CHIP

Linear Integrated Circuits

Brand new process by RCA in which the aluminum metalization
has been replaced by gold. The chip is then hermetically seal-
ed. Whot this means to you is unprecedented reliability and
uniformity. Plastic parts that meet mil specs| |

Tri-Tek is proud to be the first to bring this new level of
performance to you ot SURPLUS PRICES, Why buy regrades? ?

CA301A. .Improved,general purpose op-amp,8 pin dip..5%¢
CA307...Super 74] op-amp. 8 pin dip.eeesuveireenn. 52¢
CA324, . .Compensated quad op-omp, 14 pin dip.....$1.80
CA339A.. Low offset quad comparator. 14 pin dip...51.59
CA741C. .Famous general purpose op-amp, 8 pin dip.. 45¢
CA747C..General purpose dual op-amp, 14 pin dip... 82¢
CA748C. .Externclly compensated 741, 8 pin dip.......49¢
CA1458. . General purpose dual op-amp. 8 pin dip..... 6%
CA3401,.Quad single supply (5-18V) op omp. 14 pin., 8%¢

Another super buy from RCA. CAS555 timer. 8 pin dip. 59¢

5 DECADE COUNTER

MC145348CP is a 5 decade real time counter with multiplexed
BCD outputs. Can be cascaded for longer counts. Typically
5MHZ operation at 15 Volts.

CMOS structure for low power consumption.

MCI4534BCP. .ot ve it it einaes $11.25

10 AMP VOLTAGE REGULATOR

MPCI1000 is @ 10 Amp positive voltage regulotor adjustable
from 2 to 35 VDC. 0.1% line and load regulation with
0.005% per®C temperature stability, Can be fold-back
limited. Here is high current, high power with minimum
bother,

internal lotches. 3 to 6V operation. Great for clocks,
event and frequency counters.
MM74C926 - with specsheet........ovvenannann. $12.00

DATA BOOKS BY NATIONAL SEMICONDUCTOR
DIGITAL, Covers TTL, DTL, Tri-Staote, etc. ..... $3.95

LINEAR. Covers amplifiers, pre-omps, op-omps, .. $3.95
LINEAR APPLICATIONS, Dozens of application notes and
technical briefs covering the use of op-amps, regulators,
phase locked loops and audio amps..... Vol 1..... $3.25
CMOS Gates, Flip Flops, registers, functional blocks $3
YOLTAGE REGULATORS. A must for anyone moking a
power supply, Complete theory including transformers,
filters, heat sinks, regulators, et€.......cocveunns. $3.00
MEMORY, Information on MOS and Bipolor memories:
RAMS, ROMS, PROMS and decoders/encoders.. ... $3.95
INTERFACE, Covers peripheral drivers, level translators,
line driver/receivers, memory and clock drivers, sense amps
display driver and opto-couplers...........00euun.. $3.95

3 DECADE (BCD) COUNTER CHIP

MC145538CP consists of 3 negative edge triggered
synchronous counters, 3 quad latches and self scan
multiplexed , TTL compatible outputs.
MCT4553BCP. .o iii i iienieacnenaenins $8.72
Spec sheets. vuuvseevavuirenirnnrannansess 5,60

TELETYPE CODE CONVERSION CHIP
MM52208L converts 5 level Baudot into 8 level ASCII. Use

this chip to make your old TTY talk to your new computer. (Outside U.S., add postage for 1.5lhs)
MMS5220BL. ottt it iiear i caia, $18.00 . .
SPOCS For the GDOVE. «o o e nnsnsnssernssnns 30 SPECIAL FUNCTIONS DATA BOOK contains detailed

information for “specifying and applying special amplifiers,
buffers, clock drivers, analog switches and D/A-A/D
converter products. . ..v..ueeraa.,, Cerreresanaaen $3.25
AUDIO HANDBOQOK  contains detailed disqussions,
including complete design particulars, covering many

areas of audio with real world design examples...$3.25

MOS TIME BASE KIT.

Only 1" X 1.5%, Input 5§ to 15 VDC, output is 60HZ
square wave for portable or mobile clocks. PC boord is
drilled} MTBK-60HZ. ... oiiiniiniinnnnnn . $5.88

I
NEW NATIONAL BOOK---LINEAR APPLICATIONS VOL I
Takes up where Vol | left you--All the latest lineor devices.
Along with Vol | you hove a great source of application
data on the most widely used devices as well os new types
JUSH OPPEOMING . s s et teesesrncerssnrasonsarosannans $3.25

INTRODUCTION TO MICRO COMPUTERS

New book from OSBORNE,

The first edition of this classic was a huge success. Now,
due to the growth of information on the subject Osborne has
expanded the work into 2 volumes. Vol | covers basic
concepts, Vol |l discusses real world micro computers,
IMC=002 Vol Tuenrireiniianiriiiviirriannanseenns
|MC-002 Vol ||

'‘NOTHER NEW BOOK FROM OSBORNE.

“8080 PROGRAMMING FOR LOGIC DESIGN" explains
how an assembly language program within a microcomputer
system can replace combinatorial logic -—-- for logic de-
signers, programmers or anyone who is interested in real and
powerful applications of the ubiquitous 8080.
PLD-4001.......... eiereiieiiieiestreneaaeas $8.00

We poy shipping on all orders over $10 US, $15 foreign in US funds. Orders

t R I - t e k' l nC- under $10, please add $1 handling. Please add insurance, Master Charge

and Bank America cards welcome, ($20 minimum) Telephone orders may be
6522 NORTh 43R0 avenue, placed 11AM to 5PM daily, Men thru Fri. Call 602-931-4528, Check reader
Glendale, aRIZONA 85301 service card or send stamp for our latest flyers packed with new and surplus

phone 602 - 931-6949 electronic components.,
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nary form of equations, because the number
of key strokes increases proportional to the
number of terms in nested form, rather than
proportional to the square of the number of
terms.

Much use is made of power series, gen-
erated by using Taylor’s theorem,
Maclaurin’s  theorem, Chebyshev poly-
nomials, etc. There is an interesting discus-
sion of roundoff error {including a table
with an error in computation, no doubt the
usual academic inside joke) emphasizing the
avoidance of subtraction of nearly equal
numbers.

After the first chapter, the book gets into
fairly heavy math. Chapter 2 covers dif-
ference tables, interpolation and extrapola-
tion. Chapter 3 covers progressions, infinite
and binomial series, transformation of series,
quadratic and cubic equations, successive
approximation, elementary transcendental
functions, plane and spherical triangles and
complex variables and functions. Chapter 4
goes on to numerical evaluation of ex-
ponential, sine and cosine integrals, the
gamma and error functions, Fresnel

integrals, Legendre's, Chebyshev, Hermite
and Laguerre polynomials, hypergeometric
functions and Bessel functions. The next
three chapters take on Fourier analysis,
numerical integration, and linear systems
simulation (using difference equations and
variance propagation). Chapter 8 gives
Chebyshev and rational polynomial approxi-
mations for analytic substitution. Chapter 9
deals with determining the roots of a func-
tion. Chapter 10, on statistics and proba-
bility, is far simpler than the preceeding
chapters, but here a calculator with memory
is needed. The last two chapters, about 75
pages, deal with the special capabilities of
programmable pocket calculators, first in
general and then for use in optimization.
Four appendices cover tricks, matrix analy-
sis, complex numbers and functions, and
selected reprints from Hewlett-Packard’s
HP-35 MATH PAC for complex variable
analysis and hyperbolic and inverse hyper-
bolic functions,

John F Sprague
Allendale NJu

A Guided Tour of Computer Programming
in BASIC by Thomas A Dwyer and Michael
S Kaufman, Houghton Mifflin Company,
Boston, 1973; 8% X 11, 156 pages. Paper-
back $3.60.

Although this book was written to teach
BASIC programming to secondary school
students, it is also an excellent book for
adults as well as young people. Since very
little knowledge of mathematics beyond
basic arithmetic is needed to understand the
authors’ many example programs, this is one
of the few BASIC programming texts that
can be used comfortably by people who

30 LET C=(B/A)*100«<—That's a good start.
40 PRINT A,B,C;"%'" «<—We have to PRINT the answers to get OUTPUT.
100 END

/0 wAvr 4
20 INAUFT B
20 LET R 4)4

Zo ﬂ?/ffrdg/q) 700
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know little mathematics beyond that taught
through sixth grade.

The book is organized into four parts —
“Getting Ready for the Journey’ and “The
Economy Tour,” which are sufficient for
many programming applications; and ‘“Tech-
niques for the Seasoned Traveler’” and ‘‘Far
Away Places,” which contain more advanced
programming techniques and applications.
“Getting Ready for the Journey’ features a
comparison of minicomputers and time
sharing computers and shows how to com-
municate with each system. The procedures
described are similar to what will be found
in many microcomputer based systems. This
section also has a model of what a normal
session at a terminal might look like. The
example session, which uses only the key
words LET, PRINT, and END, has margin
notes pointing to the mistakes and telling
how to correct them. “The Economy Tour”
shows how to use the key words PRINT,
END, LET, INPUT, GOTO, IF ... THEN,
STOP, FOR ... NEXT, and STEP to make
BASIC statements and illustrates how to
sequence statements into useful programs.
This section concludes with one of the best
explanations | have seen on how to use
paper tapes. “Techniques for the Seasoned
Traveler” explains and illustrates the key
words DIM, REM, TAB, READ ... DATA,
RESTORE, GOTO ... OF ..., ON ...
GOTO ..., and GOSUB ... RETURN as
well as the functions SQR, INT, ABS, and
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in kit form

99.95

We took everything we learned from selling 4K x 8 RAM boards for

the past year, added some of this year's circuit tricks, and

came up with ECONORAM --- a memory board that is even more re-

markable due to its low price. We've engineered this with the

user in mind, giving you several benefits:

* 3 regulators to share power load, plus optimized thermal de-
sign, means a cooler running microcomputer

* Typical current consumption of under 750 ma gives your power
supply a break

* Fast --- Zero wait states

* All TTL support ICs are latest Low Power Schottky types

* For reliable and unambiguous data transfer, all addresses,
data lines, and outputs are buffered for minimum loading and
maximum output capability

* Power-on clear included

All these features are packed on to an Altair-sized, industrial
quality double-sided PC board, with sockets for all iCs, 7 tan-
talum capacitors for power supply decoupling, and plenty of by-
pass capacitors---39 of them, in fact, as well as a logic print
and instructions.

5179.95

ALTAIR 8800/IMSAI PLUG-IN COMPATIBLE. This is a 4K
by 8 EROM board...the ideal place for putting soft-
ware, be it assembler, editor, or any custom set of
routines. Additionally, this board may expand to
8K x 8 by simply adding more sockets and EROMs; also
available is a 2Kx 8 version if you don't need a
full 4K. LOW POWER: 8K board requires %A @ 5V, &
150 ma @ -~12V. Buffered addresses for lightest
loading, buffered outputs for maximum drive. Kit
includes sockets, double - sided quality PC board,
on board regulators, logic print, and instructions.
Program it yourself, or have us do the programing.

8K X8 BOARD $269,95 2K X8 BOARD $135.00

We took our ECONOROM board kit, but instead of |nclud|ng
blank EROMs, these are programmed with assembler, editor, &
monitor routines for the 8080. This is a valuable first step
if you're trying toget away from machine language programing.
There's not really enough room here to fully describe all the
functions of the software...but if you send us $2.95 (refund-
able with order), we'll send you our software packet that in-

cludes instructions listing, schematic, and assembly data.

J4LS TTL

132 $1.50
.38 138 1.38
139 1.38
155 1.38
157 1.25
160, 161,
162, 163=
$1.85 ea.
168 1.87
169 1.87
174 1.38

also available assembled $129.95

Our popular ECONORAM 4K x8 RAM board is now available
assembled, tested, and warranteed for one year. Plug
it in to your Altair or IMSAI and enjoy the same per-
formance that has made the kit such a success---guar-
anteed zero wait states and current drain of 750 mA
or less; on board regulation, easy address selection,

32
37
38
42

REGULATED, SHORT-PROOF, THERMAL
I LY LIMITED. HALF AN AMP CONTIN
2 uous, OR 1 AMP INTERMITTENT 124
SAVE YOURSELF THE HEADACHE OF : 125

DESIGNING YOUR OWN; LET US COL

MR wm_IB LECT THE PARTS AND SAVE YOU MON 126

@@l@uu@
i

75
109

[=YeYoYoRoYeYaRaYo Yool
OONOOOP—'OOO
N

Now you have a choice--specify wire
wrap pins (illustrated) or solder-
tail with .250" row spac-

ing. For IMSAI and

Altair peripherals.

Wire wrap part #

S-100WW. Solder-

tail part # S-100ST.

- COME AND GET 'EM...

$7.95 + 2 |BS SHIPPING VvOLTS. LESS CASE AND HARDWARE.
BILL GODBOUT ELECTRONICS

: BOX 2355, OAKLAND AIRPORT, CA 94614
@@@E TERMS: Add 50¢ handling to orders under $10 Cal
@@NNE@T@E} res add sales tax. No CODOorders. Place crédit
$5 E/A\@|H|EE$22 IFR 5 card orders (BankAmericard® and Mastercharge®) by
) -

calling 415-562-0636, 24 hours.
PACE DATA
NOTE: These chip sets come with ICs § pinout sheet NOTE: BOth chip sets include ¢ PACKET Standard

3008 CHIP SET | PACE CHIP SET | 5
$20.97 2l ., 395 TO3 SOCKETS

(8) 2102s (1) 5203 2K EROM Q (1) PACE CPU (4) DS3608 (1) DS0026

(1) DMB837 (2) 5204 ROMs
Learn about this powerful 16

8080A CHIP SET DELUXE PACE SET

(1) 8008 CPU

$35.60 $175

Includes 1-8080A + 8-2102L1s. All memories in our (1) PACE CPU (4 195236084 Us?zozsof?ozrf
chip sets are LOW power and guaranteed 450 ns. (1) pM8837  (32) 21025 (4) S




RND. “Far Away Places’” has nine applica-
tion programs — two dealing with data
analysis, two on nonnumeric uses of com-
puters, a simulation, a game, and three
business-oriented examples. The system
commands RUN, LIST, SCR, BYE, PUNCH,
TAPE, and KEY are presented early in the
book with a careful explanation of the
differences among system commands, key
words in BASIC, and BASIC statements.

The authors stress interactive computing
throughout the book and also use an inter-
active, conversational style to communicate
their ideas to the reader. The 31 sections in
the book contain pencil and paper questions
for the reader to answer, exercises where the
reader is asked to pretend that he or she isa
computer and RUN (on paper) example
programs, interesting exploratory programs
to be executed on line, and brief reviews of
previously presented skills and concepts. The
authors know precisely where the program-
ming novice may become confused and offer
frequent ‘“‘morals,” ‘‘notices,” ‘“‘notes,”
“practical rules,” and “formal rules,” all of
which are highlighted in red boxes. For
example, in the first part of the book the
reader is reminded to press RETURN at the
end of each program line and to SCRatch
an old program before typing a new one.
Later the reader is shown what can happen
when one tries to INPUT a common fraction
as numeric data. Care is taken to introduce
precise computer language and to explain it
using everyday terminology. Many BASIC
statements are explained by telling how they
could be said in English.

Good use is made of analogies and
examples in explaining how computers
operate, how to use key words, and how to
write BASIC statements. For instance, IF
... THEN statements are compared to a bus
driver who ‘“loops’’ through his route 10
times, keeping track of the number of loops
with a counter, before returning to the
garage. In using this book, the reader is
gradually taken from an instructor-
dominated learning mode to a dual learning
mode and on to a solo mode as he or she
reads from page 1 to page 156. For example,
the first on-line activity is to enter, list, and
run a prepared program; other exercises
require the reader to modify and improve
given programs; later in the book the reader
is asked to write his or her own programs to
carry out specified tasks.

This book has a number of distinctive
features which facilitate learning BASIC
programming:

1. No partial programs which could mis-
lead the reader are given. Every

124

example of a BASIC key word or a
BASIC statement is imbedded in a
complete, executable program with
sample output.

2. The book is very well organized. Large
type is used throughout. Engaging red
and black cartoon-like illustrations
abound. (See one such reproduced in
black and white on page 122.) Callouts
boxed in red with arrows pointing to
program lines are used to explain
BASIC statements. Things are easy to
locate by either browsing through the
book, using the Contents, or looking
through the Index and Summary in
the back of the book. Selected answers
and hints for the exercises are grouped
near the end of the book.

3. Typical idiosyncracies due to the par-
ticular computer system being used are
pointed out as they are encountered.

4. In each short section the person using
the book is required to go to a
terminal and become an active par-
ticipant in interactive computing.

5. Most of the example programs are
both interesting and practical.

6. BASIC key words and programming
techniques are introduced when they
are needed to make the computer
carry out desired tasks. The authors
also explain why a ‘“bulldozer” tech-
nique such as using GOSUB ...
RETURN may be preferable to a
“shovel” technique such as using
GOTO. Flowcharting is presented not
as an end in itself but as a useful tool
to organize and explain programs.

This book has few shortcomings. How-
ever, an explanation could be given as to
why a switch is made early in the book from
numbering program lines 1, 2, 3, ..., 1 to
numbering them 10, 20, 30, ..., 10n.
Several of the programs that illustrate the
use of bulldozer type BASIC key words
could be clarified by inserting additional
callouts to certain sections within each
program.

In summary, this is one of the best of the
several score BASIC programming books and
manuals on the market, and it is certainly
the most interesting of them all. Even after
programming in BASIC for many years | still
enjoyed reading this interesting book. If you
are about to select a book for use in teaching
and learning BASIC be sure to consider
Guided Tour.

Frederick H Bell

Coordinator, Mathematics Education Programs
University of Pittsburgh

Pittsburgh PA 15260
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The Technical Forum:

A Proposal for a Universal
Prototyping Bus Structure

From time to time, BYTE receives extended letters on specific technical
points, letters which don't quite constilute articles, yet certainly deserve
some special treatment. As a place in the magazine for an ongoing discussion
of technical issues — hardware or software, applications or machine design —
The Technical Forum should provide some interesting reading. Readers are
invited to submit opinions, react to published opinions, or start The
Technical Forum off on a whole new direction of discussion.

We start the feature this month with an extended opinion provided by
David Washburn, 22A University Rd, Brookline MA 02146. Subject: The
proposal of a universal bus structure.

I would like to propose a universal
prototype bus for experimenters. At first |
wanted a universal bus, but | have come to
realize that there are two types of computer
enthusiasts. One type includes those who
want to purchase a working well-thought-out
system that includes BASIC and allows them
to quickly build and turn on a working
system and write programs in BASIC.
Altairs, IMSAIls, Spheres, SWTPC 6800s and
the like fill this need. This is what | wanted
originally but as | looked into each system |
found many shortcomings. The main
problem with each system seemed to be its
bus design. The Altair bus, while having lots
of lines, is not easily expandable to 16 bits
for data, requires an expensive edge con-
nector for each card, and has some 8080
oriented control lines which are not available
on other processors (nor are they needed).
The Southwest Technical Products 6800
system bus is fully utilized with the excep-
tion of a few user defined lines, so expansion
would be difficult here.

These processors are not (or so it seems)
designed for the second type of enthusiast,
the high performance systems hacker. It
seems that a bus could be designed to be
general enough to work with most proces-
sors and yet remain independent of any
specific processor. Even Dr Suding, who
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espouses processor independence, has some
pretty processor specific points to his sys-
tems. There is a cost factor which also
influences my thinking. A typical 4 K Altair
compatible memory card kit costs $140. If
the 32 2102s cost $2.50 each, then the
memory alone costs about $80. The rest of
the card, the PC board and supporting
electronics then cost about $60. This is an
overhead of about $1.80 per memory chip.
If the user has four 4 K cards he or she has

invested $240 for Altair bus specific designs,
provided the memory chips are mounted in
sockets. As new and more powerful proces-
sors are designed the user is not necessarily
in a position to take advantage of these
advancements. Adapters to new buses are
possible, but this would require special PC
cards and these could hardly cost less than
$50 or so.

For the first type of user, mainly in-
terested in BASIC, applications and some
games, the difference between an I1BM/370
and an 8080 (both operated in a stand alone
mode for comparisons) is speed. More effi-
cient use of memory and a more powerful
instruction set are not important to such a
person because it will always be cheaper to
add more memory to an existing system
than to invest in a whole new system.

Thus | see a “‘universal bus system’’ to be
aimed primarily at the person who wants to
experiment with different processors and
create special cards for peripherals with
special functions.

| see the different processors as being
more similar than different in their basic
functioning. All must be able to address
memory, send and receive data, and com-
municate with the outside world. If the
differences can be handled on the processor
card, then the same memory and 10 cards
can be shared by most processors. There are
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other advantages; if the system works with a
6800 processor and the experimenter designs
an SC/MP processor card, he or she knows
that it is the only part of the system being
tested. This allows the experimenter to
isolate the arca of the cxperiment that
doesn’t work when the incvilable bugs are
detected.

Most important is the ability for people
to share their ideas and projects. If such a
system became popular enough, some of the
basic cards developed with wire wrap might
be converted to printed circuit boards.
Memory cards, basic 10 cards and proto-
typing cards are good candidates as well as
some of the more common or well under-
stood processors. Computer clubs could
undertake the design and production of
printed circuit cards if their members were
interested in a particular design. The club
could sell to the rest of the computer
enthusiast world via other clubs as well. The
electronic design could be published in
magazines like BYTE so that many pcople
would benefit from cach person’s work. If
interest in such a bus were great enough then
companies might be able to produce their
products on compatible printed circuit
cards.

Of  course, standardization  causes
problems of its own. Some people will feel
left out and others will find it less than
optimal for one reason or another. But if the
basics common to most processors can be
extracted and some foresight on processor
architectural changes is anticipated, then a
useful system could be designed.

Some of the ideas | would like to include
follow; | am sure everyone has his/her own
ideas and 1 would be interested in hearing
from each one. My own crystal ball is
probably far from perfect. If there is enough
response this idea might even catch on.

® | ow cosl connectors that are easily
available. One possibility would be to
use dual double contact 22 pin con-
nectors, a standard size widely avail-
able, for a total of 88 contacts at the
backplane.

® A minimum of 18 bits of addressing.
The most significant bits would be
ignored for the time being, lied low,
but would be available when the time
comes for processors which can ad-
dress 128 K.

® Memory organization of 16 bits data
width. For the time being, most
processors are 8 bits wide; these can
interface a 16 bit bus by relatively
simple selection logic based on the low
order bit and implemented on the
processor card.
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e 18 bit data bus. The extra two
data-like lines (given a 16 bit memory)
could be used for user defined func-
tions such as parity checking with
interrupt on error, read or write pro-
tect faults, etc; the system would be
designed to default to operation which
ignores these bits.

® Provisions for DMA and multi-
processor priority adjucation. Multiple
processors can be useful, as in the case
where a 6800 micro is used to imple-
ment a file management system as a
slave to (for example) a 9900 proces-
sor. Multiprocessing can be quite
evolutionary in such a system; soft-
ware written and reliably operating on
one processor needn’t be thrown out
just becausc a new processor is on the
system. Simply handing off control to
the new processor gains its advantages
for the programs which use them,
while rctaining the older software.
With a true multiprocessor system
(with independent, parallel proc-
essing), addition of new processors can
improve the performance of the sys-
tem within the memory bandwidth
limits of the bus structure.

® A ‘speed code” number. Each
memory board would place on the
specd bus a number, for example, a 3
bit number, indicating thec data ready
delay. If 0 is 100 ns, then 7 would be
800 ns delay. The processor card
would then have logic to digitally
generate the required delays and slow
down if necessary. A processor like the
SC/MP would never see any delay, but
a 6800 might slow down with any
memory card that takes longer than a
#6 value. A TMS9900 would slow
down for any memory slower than a
#5 value on the bus, etc.

® A standard set of 10 addresses for
common peripherals, located at an
“intelligent”’ place in memory address
space. The only problem here, how-
ever, is that the ideal place depends
upon which computer onc is dealing
with. One solution is to dedicate a
specific 256 byte block for 10 use, and
have standard low order address desig-
nations; the higher order page location
of this block could then be switch
selectable in hardware using standard
hexadecimal rotary switches which
plug into DIP sockets.

| hope some other people are interested in
defining such a structure. With enough
interest we might get a ‘“Universal Prototype
Bus Newsletter” going.m



proko!!
IMSAI 8080 with a FREE 22 slot mother
board and 2 edge connectors
a $666 value
only $595

* IMSAI's new I/0 board

* 2 parallel ports
* 1 serial port
* cassette interface

* control port

* IMSAI's new VDM kit . .......... $675

* 3 boards

* 15 colors

* 80 x 24 characters

* color graphics 120 x 160

* complete software control

NeW!! 8K x 8 Static Memory By Solid State Music
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I NEW!I 8K x 8 Static Memory MB-6
:The MB-6 8K x 8 board has on board Dip switches for wait cycle and address

The prokoboard #*
from BIM...

Holds up to 7 dips

1 assignments, Memory protection is switchable for 256, 512, 1K, 2K, 4K or 8K.
I Board uses prime 91L02APC 500 nanosec Rams. Altair 8800 & IMSA| compatible
: Kit......... $250 Assembled and tested......... $290

The proko-box :
Just the thing
for that home- |
less project. 4 x :
1
1
1
]

SOLID STATE MUSIC PRODUCTS

4Kx8 Stactic Memories
MB-1 MK-8board, i usec 2102 or eq. PC Board.......... $§22
Kit........$95

MB-2 Ailtair 8800 or IMSA| compatible Switched address
and wait cycles. PC Board......$25 Kit {1 usec).....$132

7 x 2”. Easy to
drill, rugged
. ABS plastic.

22

. 60
Comes with cover $260 ea.

Resistors
assorted values and watt-

=

MB-4 Improved MB-2 designed for 8K “piggy-back”
without cutting traces. PC Board..... $30 Kit 4k
.Susec....$137 Kit 8K .5usec....$209

MB-3 1702A’s Eroms, Altair 8800 & Imsai 8080 compat-
ible Switched address & wait cycles. 2K may be ex-
panded to 4K. Kit less Proms...$65 2K Kit...§145

L

We found these neat little g
— aluminum boxes and couldn’t
resist. They have a few holes
punched and have a nice wal-

O N
ages most 5 watt 5% nut finish. Great digital clock g 4K Kit...8225
PC mount casel 1 1/0 Boards
$7/thousand 2 for $300 1 1/0-1 8 bit parallel input & output ports, common address
R S P S S A e e s e w] | €C0dING jUMper selected, Altair 8800 plug compatible
MM1402A 190 25018  $1.25 1101 125  74L800 .40  74L00 .25  74L78 90 Kit.......842 PC Board only........525
MM1404A  1.90 2503V 2.00 1103 1.25 74LS01 .50 74101 .25 74185 1.40 1/0-2 1/0 for 8800, 2 ports committed pads of 3more, other
MMS006A 1.50 2504V 200 2101 450 74LS02 .40 74L02 25 74L86 .75 pads for EROMS UART, etc.
MM5013 250  2505K 200 21021  1.65 74LS03 .40  74L03 .25 74L89 350 Kit........$47.50 PC Board only.......$25
MMS015A  1.50 2507v 1.25 21111 4.50 74LS04 .45 74L04 .30 74190 1.50
MMS5016 1.50 2509A 2.00 2112 4.50 74L505 .45 74L05 .40 74L91 1.50 Misc
MM5017 1.80 2510A 200 2602 1.60  74LS10 .40 74L06 .30 74L93 1.70 Altair compatable mother board. Room for 15 connectors
MM5025 2.50 2511A 2.80 4002-1 7.50 74L811 .50 74L08 .40 74L95 1.70 11" x 114" (w/0 connectors) $45
MM5026 2.50 2517V 1.25 4002-2 7.50 74L812 .55 74L09 .40 74198 2.80 ANair extender board (w/o connectors)...$8
MMS027 280  2518B 1.50 MMS5260 1.00 74LS20 .40  74L10 30 74123 1.50 IMSA! Connectors for above.....54.80 ea.
MM5053 1.50 25198 2.80 MMS5261  1.00 741,822 .45 74L20 .35 74L.154 2.00
MM5054 1.90 2521V 1.50 MM5262 1.00 74L827 .45 74L26 .40 74L164 2.50
MM5055 1.90 2522v 2.00 7489 2.00 74L830 .40 74L30 .40 74L165 2.50 1702A° prime EROM $11.50
MM5056 2.80 2525V 2.80 74200 3.95 74L851 .40 74132 .45 74L192 1.25 1702A* unmarked 8.50
MM5057 2.80 2527V 2.80 74L200 4.95 74L855 .40 74142 1.50 741193 1.20 ‘programming send hex list 5.00
MMS5058 350 2528V 2.80 74089 350 74LS73 .65 74L51 .35 MC4044  3.00 AY5-1013UART $6.95
MM5314  4.00 2529V 2.80 74L89 350 74LS74 .65 74L54 .45 N8264 3.50 2513 prime spec. upper or
MM5316 4.50 25328 2.80 8223 2.50 74L876 .65 741.55 .35 N8263 3.50 lower case 11.00
MMS5320 5.95 2533V 2.80 F4702 17.00 74L8151 1.55 74L71 .30 NB8826 2.50 80B0A prime CPU 25.00
MM5554  1.98 S1LO2APC 255  (baud rate gen) 74LS174 220 74L73 .55 DMB131  2.50 8212 prime latch buffer 4.00
MM5555 250 32each 2,40 2.4576 MHZ 74L8175 2.40 74174 .55 82507 3.50 8224 prime clock gen 5.00
MM5556 250 64 each 225  Crystal 8.85 74L5192 2.85 74L75 1.20 82823 3.50 8228 prime sys controller 8.90
Please send for complete list of transistors, IC's, Check ar money order only. Calif. resident 6%tax.
and other products. All orders postpaid in U.S. All devices tested prior to
sale Money back 30 day guarantee. Sorry we can
KNote merchandise with Y are stocked only at the proko not accept returned IC's that have been solderedto. |
Proko Electronics Shoppe. All other merchandise . $10 min. order. Prices subject to change without
are stocked at Mikos. To avoid delays, please place M I K O s OR elec tronlcs Shoppe notice.
orders from appropriate faciiity.
419 Portofino Dr. ]4_39 t;),marsh * 3401
san luis obispo, ca.
San Carlos, Ca. 94070 805/544-5441 m
= 4

Thinly disguised affiliates of: KO Electronics & Surplus, San Luis Obispo, California




Programming Quickies:

6800 Anti Wipeout Procedure

Charles C Worstell
36012 Military Rd S
Auburn WA 98002

This program may deter wiping out a
program or parts of a program inadvertently
in systems which use an SWI! instruction to
return to the monitor.

It is to be used immediately after turning
the computer on. It puts a 3F (Software
Interrupt) instruction in ali addresses desig-
nated. It may be relocated to any appro-
priate location, and the second and third
command changed as appropriate.

The program as given puts a 3F in a block

of programmable memory starting at 0080.
It stops when there is no more program-
mable memory available in a continuous
sequence. For instance, | have programmable
memory at A000 but not at 9000. This
program would not put 3F in A00Q. To do
this, | would have to change the program
with the second and third instruction being
the location 9FFF.

| start at 0080 because addresses 0060 to
007F are used by the stack in my computer.

Don't put this program in a location such
that it will wipe itself out.

While this program is not a cure-all, it will
often save a program from being wiped out
by an errant instruction sequence.

0000 CEO0O0 7F START LDX #FIRSTADR X :=FIRSTADR;

0003 86 3F LDAA =SWI Initiafize SWI op code in A;

0005 A7 01 NEXT STAA 1,.X @(X+1):= A [store SWI in memory at X+1];
088; 08 INX X:=X+1;

0 A100 CMPA 0,X is A = @X [check for valid memory write] ?
000A 27 F9 BEQ NEXT if so then keep loop going;

000C 3F SWI

else return to monitor;

ZILOG Z-80 CPU CHIP

INSTOCK!

$ 7 5 = 0 O (MANUAL INCLUDED)

The “last word’’ in 8 bit CPU’s. You’ve read and heard about this fantastic chip with its tremendous
power and versatility. 158 different instructions including all 78 of the 8080A. Superior software
features include relative addressing, block data transfer and search, BCD digit rotate, etc. Superior
hardware features include single phase TTL compatible clock, high clock frequency, no expensive
support chips (like 8212, 8224) are required, on chip dynamic memory refresh circuitry. If you are
thinking about building your own computer from scratch then this is the chip to use.

LIMITED QUANTITY — FIRST COME FIRST SERVED

Z-80 TECHNICAL MANUAL

The whole story, inside and out, on the Zilog Z—80. Includes complete explanation of the Z—80’s

expanded instruction set. $7 50
a

PS: If you are thinking about buying an IMSA/! or ALTAIR compatible Z—80 CPU Board then
WAIT! At least until next month when S. D. Sales will announce its next kit. It’s worth
waiting for!

S.D. SALES CO.

P. 0. B0OX 28810 B DALLAS, TEXAS 75228
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S.D.SALES CO.

P.0.BOX 28810 B
DALLAS, TEXAS 75228

4K LOW POWER RAM BOARD KIT
THE WHOLE WORKS
$89.95
Imsai and Altair 8080 plug in compatible. Uses low power static
21L02—1 500 ns. RAM's, which are included. Fully buffered,
drastically reduced power consumption, on board regulated, all

sockets and parts included. Premium quality plated thru PC
Board.

HUGE SPECIAL PURCHASE!
NOT FACTORY SECONDS
AS SOLD BY OTHERS

Stick It!

IN YOUR CLOCK!
IN YOUR DVM, etc.

RN RRRIRIXIIST
4 JUMBO .50 INCH DIGITS
ON ONE “STICK"! ) $ 3- 9 5
{with colons and AM/PM Indicator) BUY 3 FOR $10.00

BOWMAR
4 DIGIT LED READOUT ARRAY

The Bowmar Opto-Stick. The best readout bargain we
have ever offered. Has four common cathode jumbo
digits with all segments and cathodes brought out.
Increased versatility since any of the digits may be used
independently to fit your applications. Perfect for any
clock chip, especially direct drive units like 50380 or
7010. Also use in freq. counters, DVM’s, etc. For 12

JUVBO $16
LED Kngs
CAR

cLoCK

You requested it! Our first DC operated clock kit. Profession-
ally engineered from scratch to be a DC operated clock. Not a
makeshift kluge as sold by others. Features: Bowmar 4 digit
5 inch LED array, Mostek 50252 super clock chip, on board
precision time base, 12 or 24 hour real time format, perfect
for cars, boats, vans, etc. Kit contains PC Board and all other
parts needed (except case). 50,000 satisfied clock kit custo-
mers cannot be wrong!
FOR ALARM OPTION ADD $1.50
FOR XFMR FOR AC OPERATION ADD $1.50

50 HZ CRYSTAL TIME BASE KIT — $6.95

All the featues of our 60HZ kit but has 50HZ output. For use
with clock chips like the 50252 that require 50HZ to give 24
hour time format.

UP YOUR COMPUTER!
21L02—-1 1K LOW POWER 500 NS STATIC RAM
TIME IS OF THE ESSENCE
And so is power. Not only are our RAM’s faster than a speeding
bullet but they are now very low power, We are pleased to offer
prime new 21L02 — 1 low power and super fast RAM’s. Allows
you to STRETCH your power supply farther and at the same
time keep the wait light off. 8 for $12.95

1000 MFD FILTER WESTERN DIGITAL UART

CAPS No. TR1602B. 40 pin DIP
Rated 35 wWVDC. Up- This is a very powerful and
right style with PC popular part.

NEW-$6.95 with data
LIMITED QUANTITY

leads. Most popuiar val-
ue for hobbyists. Com-

at up to $1.19
or 24 hour format. gach from franchise
bybe, Slectronic parts C&K MINI TOGGLE SWITCH
MICROPROCESSORS AND THINGS 5.D. Special No. 7103 SUB_MINI"SPDT
8080A By AMD. Outperforms INTEL $24.00 4 for $1.00 SPECIAL — 99c¢
8008-1 High Speed 8008 6.95 SLIDE SWITCH
8212 1/0 PORT ow COST 350 o ASSORTMENT | MoTOROLA POWER
8224 Clock Generator L H vALUE 4,95 ) njiniatls,l.rne |ingni¢ta:1%?{ﬁ DBQCRL}iLNSG;Ig'}‘
8820 Dual Line RCVR  HIG 1.75 \$\ position gni'is‘ Al new, | Like MJ300L, TUPN 8OV 104
i i ' first uality, name - N :
8830 Qual Lme Driver v bana. 106 packiase | 1o include 2 free 723 € vl
ua us lransceiver . an you' reorder .
MC1488 RS232to TTL 1.50 more. SPECIAL 12/$1.]| supply. SPECIAL — $1.99
MC1489  TTL to RS232 1.50 RESISTOR SALE ON CUT LEAD
2513 Character Gen. 10.00 ASSORTMEGN-I;OQ/ . dSEMICONDUtCTf?)IBSPCB
W 5% 6. eads were cu
MM5204 4K E Prom 12.00 ééa leads. A ?;od mix insertion. Still very useable.
TTL INTEGRATED CIRCUITS of values, 200/$2. f]\(l)l new, unused. Some House
— 7430 — 19 7476 — 35 74153 — 75 :
;383— %g(c: 7432— %42 7480—492 74154 — 1.08 745200 1N914/1N4148
74L.04 — 29¢c 7437 — 39c 7483 — 95¢ 74157 — 75c 256 Bit High Speed RAM 100/$2.
74504 — 44c 7438 — 39¢ 7485 — 95¢ 74161 — 95¢C Same as 82516 1N4002 1 Amp 100 PIV
7404 — 19¢ 7440 — 19c 7586 — 45¢ 74164 — 1.10 $3.95 40/81.
7406 — 29c¢ 7447 — 85¢ ;2312) - ggg ;-‘3%(73.2 - 1«;}:,2 1N4745A236£/1 1W Zener
7298 713¢ 748 —85c  Ja95_73c 74181 — 2.50 | 1K PROM BACK IN STOCK! En2222 adS L ansistor
7411 — 29c¢ 7453 — 19¢ 7451;21— agca ;ﬁg; — %gg 825129. %%(6\1)(54' Bipolar, 25 /81
7413 — — 74 — - 1. . .
74307396 737373 jala3—ssc 74193 — 100 FAST. WITH SPECS. 2N 3392 GE Bre-amp Xstr
7575 — 35¢ 74141 — 75¢ 74195 — 69c $3.95 c103Y SClF(Q).$8](:JOMA 60V
/$1.
60HZ CRYSTAL TIME BASE FA'RF?E'A“E)%S;% LED
2/$10. FOR DIGITAL CLOCKS A big .50 inch easy to read | CALL YOUR BANK
S.D. SALES EXCLUSIVE! $5_ 95 character. Now available in | AMERICARD OR MASTER

KIT FEATURES:

A. 60hz output with accuracy comparable to a digital watch

Directly interfaces with all MOS Clock Chips

. Super low power consumption (1.5 Ma typ.}

. Uses latest MOS 17 stage divider IC

. Eliminates forever the problem of AC iine glitches

. Perfect for cars, boats, campers, or even for portable clocks
at ham field days.

G. Small size, can be used in existing enclosures.

KIT INCLUDES CRYSTAL, DIVIDER IC, PC BOARD
PLUS ALL OTHER NECESSARY PARTS & SPECS.

mMmMOoO®

gither common anode or CHARGE ORDER IN ON
thode. Take your

g(i)c’}:.msot.llwp;ralc:ev gurrent d)rl'ain, OUR CONTINENTAL

only 5SMA per segment typical. UNITED STATES TOLL

FND—510 Common Anode FREE WATTS:

FND—503 Common Cathode
PRICE SLASHED! 59c each 1—800—-527-3460

Texas Residents Call Collect

TERMS:
Money Back Guarantee. No

214/271-0022

COD. Texas Residents add 5%
tax. Add 5% of order for
postage and handling. Orders
under $10. add 75c¢. Foreign
orders: US Funds ONLY!

S.D. SALES CO.
P.0.B0OX 28810- B
Dallas, Texas 75228
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* SPECIAL PRICES *

74152
74155
74157
74160
74161

74163
74165
74173
74174
74175
74177
74180
74181

74192
74193
74194
74198
9602
9300
9312

SCHOTTKY
74501
74502
74S37
74538
74S85
74S113
745139
745140
745153
745172
745174
748175
745181
745197
7485257

.90
.60
.60
.75
5%

75%
.80
1.25
.75
753k
.70
.80
1.50

703k
70
.85
1.25
.50k
.75
.70

.25
.25
.40
.60
2.00
.80
1.50
.50
2.50
4.50
2.05
2.05:k
4.50
2.20
1.50

HIGH SPEED

74H00
74H01
74H04
74H10
74H11
74H40
74H51
74H52
74H74
74H103
74H106

LOW POWER
SCHOTTKY

74LS00
74LS502
74L508
74LS10
74LS27
74LS73
74L875
74LS151
74LS153
74L.5157
74LS161
74L.S163
74LS164
7415174
74L5175
74LS193
7415221
74LS251
7415253
74LS257
7415258

CMOSs

4001
4002
4006

B S T T i G G G G G Gy

.20
.20

.20
.20
.20

.20
.40
.50
.50

16
.16
.90

4007
4008
4011
4012
4013
4015
4016
4019
4020
4021
4023
4024
4025
4027
4028
4030
4040
4042
4043
4044
4049
4050
4066
4068
4069
4071
4073
4075
4516
4528
4585

LINEARS

NES36T
NE555V
NE5S56A
1456V
1458V
566V
567V
540L

World’s Lowest
IC Prices

.52
1.25
1.356
2.00

Order Minimum $10.00. Add $1.00 shipping and handling charge per order. California residents add 6°. sales
tax. All orders shipped First Class within 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.

|
|
[
|
[
i
MEMORIES
|
Rams
| 2102 1.50 %
Proms
l 82523/S123 1.95%
l TTL
7400 2%
| 7402 .14
7403 4%
l 7404 6%
7407 .20
l 7410 A2%
7420 2%
| 7427 .25
I 7438 .20 %
l 7440 123%
7441 .65 3k
l 7445 .45
7447 .75
. 7450 14
7451 14
I 7473 22 *
l 7474 .23
l 7480 .40 %
7493 )
I 7495 .28
. 74107 .29
74109 .30
I 74116 1.50
74123 45 %
1onn oW
1 74150 603
74151 60
|
|
|
[
|
|

Satisfaction 100% guaranteed.

ELTRON

Free monthly catalog—Just send us your name and address
Nl BN BEp BN B O OGN NN BN OBh N BN GE IR B A N TR B O BN EE

C.0.D. Orders: Phone (day or night) 408/354-1448

PO BOX 2542
Sunnyvale, CA 94087
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SOLID STATE SALES

PO BOX 74B
SOMERVILLE, MASS. 02143

WE ARE LEADING THE WAY IN CUS-
TOMER SERVICE AND DELIVERY
TIME FOR THE COST CONSCIOUS

SEMI-CONDUCTOR USER, LARGE OR }@4
TRANSISTORS YN TRIACS )
INTEGRATED CIRCUITS

SMALL.

2522 STAT SR PRINTED CIRCUIT BOARD Full Wave Bridges .
INTEL 8080 CPU A1 27 1 27 BINGLE $10LD FPOXY PR 2 E
2518 HEX 47 BIT SR UHI\R[)‘I 1w et et E HELOO 4707 35V 45100 ’)m\/ rg ,G;/x\, :r)U/(\)
2107.1 1024 8T RAM 350 e nso Goot g3 sno0 200 s 150 300
HE0 4K DYNAMIC BAM VECTOR BOARD 17 SPACING 2ur oy 5 a0 0 e 5 |
52024 UV PHOK ; 33003V S a0 600 135 V75 400
MM5203 UV PROM IR 30Lh Y bSO SANKEN AUDIO POWER AMPS
1702A UV PIROM ADUE 26V AR 00 0 100Uf 25V S 460 S1010 GIOWATTS, .. . § 690
5204-4K PROM ; n 2001 1L AR CLOGK GHIP B $11020 G 20 WATTS §
MINTATURE MULTI TURN TRIM POTS o 5 ‘ 500 51050 G 50 WATTS . |
éU;Or‘ ‘»UO'. 2K, 5K, 10K, 100K, Z’(JUK3 - N ig‘q‘\/ ’L\‘ |‘1‘ T : ]‘3 NATIONAL MOS DEV|CES TCO 1A LINEAR 756 X1 81T &F u
3 vach X . § b g . SCANNI%G CHARGED COUPLL D
KOO TURN TRIR POTS St 1o Bucins "5"3 LT § 1 1 /‘, \:r\:sg"/ 37 DCEV"\(T‘L rocoun 599 00
010 syl 3 1675871 1747 50 100 ERGO0 TTUGGL I DIODES as100 i o0u 2 = m
3010 yie 3 167101 . s e ths Y [ MGG 2 /5 CCD 701 100 + 100 CHARGE
1K, Jok 50K 48100 : : b 250 NRISUGT 250 COUPLED DEVICH 145 00
o . 354 P I
LIGIT ACTIVAT ¢ [TSCH's VERIPAX PC BOARD o pNISH0Y :‘12’ LINEAR CIRCUITS
TO 16, 200V 1 4. $175 Vs, 1t Tt 1B il derd paper eposy s o 1 ,);’ LRIZB7  Op Amp
oared, 4776 T DEITLED ane 1 TCH Tmense a0 o LM 309K 5V TA REGULATOR
TRANSISTOR SPECIALS which will hokd an W 21 sinale 14 pn 167 e P 723 40+ A0VV REGULATOR
INI585 NPN S TO 6 5 o0 816, or LS1DIF 1S vt b 301 748-Hi P Op Amp
IN3I72 PN ss;: TO SG . : 1 85 ps supply onnesio LS4 00 TTL IC SERIES 3707 51216 o MV REG REG L
2NAOE PNP 81 1073 $100 AV 5691 VL L LOW-GHE EN paon s s 40 08¢ O A
SNGOSG NPN Si TO 3 Duihington 5 1 70 BIPOLAR LD ) 5100 101~ 5 70 74126 40 741A b1 741C OF ANP.
INBOSG PNP S TO 92 . 5 1.00 FPI00 PO TO 1Ry SR ;:3; ;22? ;? ff":; ég 710 COMPARATOR .
5N489E PNP TO-GE : S e RED, YELLOW. GRELN O s oA CA 3047 Hi Pel Op, Amp. ..
a I 5 ALBEI LA 5 B ot o N . 8 >
NGO NPN S TOIRT L. S 150 14 f'wynw‘ SOk g 105 7450 20 paise 10 e Sopn | s
MPSA 13PN S 1092 35100 16 PIN DIP SOCKETS 5 o pa06 S S LA 101 OPER. ANIP, 111 PERF ORI
S LIOLEX PSS B ’ B ) , v Poven
e 2 n | e T TN I B
IN3056 NPN $1 703 . . "5 B0 & PIN MINIDIP SOCEETS e U I K 556 DUAL TIMER .
2N3904 NPN S T0.02 | 5/S 1.00 WAWATT ZLMERG 30 4.7 4G N 2480 35 74174 537 PRECISION OP. ARP
2N3906 PNP $1 TO 92 . .5/§ 1.00 18, 27, 100, 150 o 200V o Ly S S LM 3900 QUAD OP. ANP
N5296 MPN §| 11)320 . S ?9 TAWATT ZENENRS 97,5610 1200 2413 7485 .88 14177 79 LA1324  QUAD 741
'?)NGH)Q P’NP)SI_TQ “20' . é’§ 55 180K 22V . 2114 7486 30 74188 70 560 PHASE LOCK LOOP
INIGI PP S 105 L 88 100 7416 %489 185 74181 210 561 PHASE LOCK LOOP
NGSI 2 NP TO 92 S1 335100 717 5a00 ab 74190 1.20 565  PHASE LOCK LOOP
o] |ODE CLAMPED e .\ 7420- 2491 70 74191- 1.20 566 FUNCTION GEN. . .
74c03 IMBS (?u? o5 A'Ylln3f : 10 PRV l/\‘ W 7475 7493 50 74192 85 667 TONE DECODER . .
J9c02 .22 5 9y ans 0o 06 40 1456 7403 an 74193 .85 M 1310N FM STERED DEMOU
AT CR A R N 200 07 3115 1427 7494 70 74194 .85 8038 iC VOLTAGE CONT OSC
AT O P A - At a0 09 w140 130 1495 70 74195 .75 LM 370 - AGC SQUELCH AMP
4006 120 4019 22 4050 .40 Gon 11 wo1en 2 7496 70 74196 83 555 2us 2 HR TIMER,
4006120 49 22 4050 40 B0 15 s an 1o ° T3 35 uat0r 2o 75a2a g 553 QUAD TIRER . .
4000- 42 4027 40 4071 22 1000 a5 07 95 5 M3z 25 Ta2l 35 75A9) S8 D o A TOR
2000- 45 08 83 4ov6 o = . L s U J440- 16 74123 B5  79492- 65 1458 DUAL OP ANP. . |
- - : 7441~ 85 LM 380 - 7W AUDIO AME, .
4011- .22 4029-110 4081 22 SILICON SOLAR CELLS LM 377 — 2W Stareo Audio Amp
4012- 22 4030- 22 4520 1.15 — -
015 e - RINIATURE DIP SWITGHES LM 381 — STEREO PREAMP. .
. LED READOUTS 2%" diameter (1S 206 4 § o SPST senteh LA 382 — DUAL AUDIO PREARIP
TS 2064 Fow SPST switches LM311 1l PER. COMPARATOR
£ND 500-5 o 108 A4V at 500 ma. . . . $5.00 ea., 6/$27.50 e i ckane S175 L#1319  Dual Hi Speedt Camp. . .
WP 7740 C.C U step CTS2068 Ewibt SPST stotches & 16 L5339 - QUAD COMPARATOR
MAN-7-3" C.A U .. .$125 REGULATED MODULAR o DIP package 5285
NS 33-3 iy, a1 ray . 5135 POWER SUPPLIES
oL 747 . . . 5250 B VDE AT 1000 AY S THI3-AB0K ser . par, D s, ume-
Sened 25¢ ¢ tatog f LISVAL LT : s UARD 35 40 50 1.20
et 25¢ for oun catalog featurinig SVDC AT 1A JACRUT - :
Teansistors and Rectilhers IS Yo ALEG M UIATUHE TOGGLE T
145 Hampshire St.. Cambridao, Mass. TNATAE TR AL 75 85 o0 ITA 206 DPOT .. L. . $170 600 1.70

Terms: FOB Cambridge, Mass. SO LI D STATE SALES WE SHIP OVER 95%

Sand Check or Money Order.

OF OUR ORDERS THE
Include Pos Minimum P.0. BOX 74B
Order $5.00, COD'S $20.00 SOMERVILLE, MASS. 02143 TEL. (617) 547-4005 DAYWEIRECEIVEITHEM
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Continued from page 29

QUADU:

LOWER:

MOV ALE

AD! 04H 3 INCREMENT THRIRD BIT OF E
MOV E,A

MOV A,C 3SUB 64 FROM C

5B1 40H

MOV C,A

MoV A,B 3GET X AGAIN

RRC 3DIVIDE BY 2

RAR ;DIVIDE BY 2 AGAIN

MoV B, A $STORE IN B

MU1T A,D iCLEAR A

ADC A s PUT CARRY IN A

MOV D,A 3STORE CARRY IN D

MOV A,B 3GET X/4 AGAIN

ANI 0FH 3LO0SE HIGHER HALF-WORD
MoV B,A 3SAVE IN B

MOV A,C 3GET Y AGAIN

RLC sMULTIPLY BY &

|LC

RAL

JNC LOVER 3 IF NO CARRY, DONT INCREMENT E
INR E

ANI 0FOH ;DUMP LOWER HALF-WORD
ADD B ;ADD X DISPLACEMENT

Moy L,A ;LOAD L

MoV H,E sLOAD H

RET

Selecting the Color of the Crayon

We decided to let the user select the
desired color and intensity by moving the
switches for the lower four bits of the
“programmed input” register on the IMSAI
8080 front panel. (If the switches are all off,
zeros will be written into memory, which
gives the “black” color.) We must also know
into which half of Dazzler byte location we
should put this color information. This is
determined by the state of the carry bit
which was saved in register D, when X was
divided by 4 in the algorithm for address
calculation. For example, X =40 and X =42
will translate into the samc address. But
X =42 will set the carry bit, causing the
most significant half of the word to be used,
while X =40 won’t, causing the lcast signifi-
cant half to be used. A program sequence to
accomplish this would be:

. Read switch registers.

2. Mask out the most significant half
word.

3. Store in C.
If D=0, get word in location refer-
enced by H,L. Then zero least signifi-
cant half and “OR" the result with C.

4. If D = 1, rotate C 4 times, get word
referenced by H,L. Then zero most
significant half, and “OR” the result
with C.

5. Move result back to memory.

The above manipulations are taken care
of in the main program which we show
assembled in listing 1 along with all the
subroutines needed.

The Final Program

The final Cybernetic Crayon program
consists of a ‘‘main program” (which is
actually not very long), and three sub-

138

routines. The main program handles a few
minor tasks (like turning the Dazzler on, and
selecting a color), and also calls the sub-
routines as needed.

For example, in order to get X and Y
from the digitizer, it must ‘‘read” each value
separately from the appropriate input ports
(in our program X is read from port 10, and
Y from 11). These values must be decoded,
and stored in two of the registers of the
microcomputer. Thus, once the digitizer is
connected to the two parallel ports as
described, all that is needed to read and
decode each coordinate is an input state-
ment followed by a call to the ‘DE-
CODING" routine. We can accomplish this
task as follows:

1. Input from X port to accumulator and
complement.

2. Call decode routine.

3. Move result to B register.

4. Input from Y port to accumulator and
complement.

5. Call decode routine.

6. Move result to C register.

This segment is found at addresses 0019
to 0027, with the H register used as a
temporary copy of the X value. All our
programs were written in 8080 assembly
language. For those readers who don’t have
an assembler, a machine language translation
is also shown. This was produced by a
cross-assembler written in BASIC-PLUS by
Don Simon of Soloworks.

Some ldeas for Extending and Applying
the Cybernetic Crayon

Extensions that we are working on in-
clude a blinking cursor, superimposing
pictures from two digitizers, subpictures,
moving pictures, and games that allow
human interaction. Some of these may
exceed the capabilities of a single processor,
which suggests that several processors with
shared memory is an idea worth exploring.

The principal application we have in mind
is to education, but not in the sense of what
is called “CAI"” (computer assisted instruc-
tion). CAl says that computers should be
used to “‘teach” children. We think that
anyone who has used computers knows that
it should be the other way around. One of
the best ways to learn something is for the
student to try to ‘‘teach” it to a critical
audience. What more critical (but fair) audi-
ence can you find than a computer?

Another deep idea about human learning
that comes out of letting people play with
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