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About the Cover:

The computer experimenter of the
future shown on this month’s cover is
using a computer graphics terminal
created by artist Joel N Wilson to
make a point: computer graphics has
come of age. Future scenes such as
Joel’s painting are not far off, and
this month’s issue is largely devoted
to the fascinating world of computer
graphics.

Taking photographs of your video
display is an inexpensive alternative to
buying a printer or other hard copy
device for your computer. However,
it's not always as easy as it sounds.
Dr Dwight D Egbert gives some
valuable tips on the subject in The
Photograph Is Also a Hard Copy.

page 10

Real 3-D graphics? It sounds like an
impossible concept, even given the
magic of minicomputers, but that is
just what authors Timothy Walters and
William Harris have created. Read
Graphics in Depth: 3-D Adds a New
Dimension to Your Display and find
out how to create images that change
perspective as you vary your viewing
angle. page 16

What’s the difference between an
RF monitor and a direct video entry
monitor? Find out in Convert Your
TV Set to a Video Monitor. Dan
Fylstra explains the relative merits
of the two approaches to video dis-
plays, and gives you some idea of the
techniques necessary to implement
both methods. page 22

Would you like to try some pseudo-
color? How about an 8 level grey scale?
High density video graphics is an
exciting application of personal com-
puting. There are many video dis-
play boards on the market to help you
get started. Read about one of them in
The Matrox ALT-256 Video Board,
by Gary Ruple. page 24

4 May 197 IYTE Publications Inc

page 32

Color graphics is an exciting branch
of personal computing. Ordinary video
display programs take on a new luster
when converted to color. Authors
Thomas A Dwyer and Margot Critch-
field discuss the use of Color Graphics
on the Compucolor 8051. page 32

Is there a practical microcomputer
PASCAL language system? Ken Bowles,
of the Institute for Information Sys-
tems at the University of California
San Diego, outlines what is perhaps
one of the most significant software
developments of the past year or so:
the UCSD PASCAL system now avail-
able for LSI-11, 8080 and Z-80
machines and soon to be available for
other major general purpose micro-
computer systems. Read Ken's account
of UCSD PASCAL: A (Nearly) Machine
Independent Software System.

page 46

A hidden line subroutine for your
plotter can make the difference
between an avcrage plot and a pro-
fessional looking one. The algorithms
aren’t as difficult as you might think.
Read Hidden Line Subroutines for
Three-Dimensional Plotting by Mark
Gottlieb and find out more. page 49

One way to learn more about
display systems for television is to
read a detailed description of a practi-
cal video driver program. John Webster
and John Young have done just that
in GRAPH: A System for Television
Graphics. In part 1, this month, the
authors provide background informa-
tion and begin a detail discussion of
this character editing system used

for titling and graphics associated with
educational videotape production.
page 62

Did you ever wish your video dis-
play could handle Greek letters, sub-
scripts, different size fonts, or even
APL characters? How about special
graphics characters? Find out how to
add these and many other characters
to your video display system in A
Programmable Character Generator by
Larry Weinstein. page 79

When designing a light wand and
signal processor it is desirable to have
as few external variables as possible
affecting the output. In A Low Cost
Light Wand Amplifier, Robin C
Moseley examines some of the vari-
ables that must be considered and
describes a particular signal processor
which is tolerant of many external
variables. page 92

Last month Steve Ciarcia described
the transmitter section of his AC wire-
less remote control system. This
month read the concluding description
of the receiver in Tune In and Turn
On, Part 2, and start experimenting
with your own computer controlled
wireless appliance and light control
system. page 97

This month, Jack Bryant and
Manot Swasdee complete their de-
scription of How to Multiply in a
Wet Climate with the details of multi-
plier hardware and a program to test
the multiplier in comparison with an
equivalent software multiplication.

page 104

































The Ullimate Turn-on

On/off control everywhere-
by computer over the AC wiring

Now it's simple and economical
to control AC devices remotely from
an S5-100 or Apple II computer.
Mountain Hardware's new Introl™
system delivers on/off commands
over the existing AClines — so you
don't have to string a foot of wire!

Control at any AC outlet. The
Intrc) system impresses a code-
modulated 50 KHz control signal
on the house wiring. Then decodes
the signal at any outlet to switch
AC devices on and off. You can
control lights, refrigerators, TVs,
solenoid valves, sprinklers, burglar
alarms—and many other things we
leave to your fertile imagination.
With the addition of input sensors
to your computer system, you can
autormatically contro] variables such
as temperature and soill moisture.

Here's how it works. Youplug
in a single AC Controller board at
the computer bus and connect the
AC Interface Adapter to any con-
venient 115 VAC outlet. The AC
Controller is now connected to
address as many as 64 channels
remotely. But it's completely isolated

| inquiry card.

from the 115v power, so there's no
chance of short or shock.

At any outlet where you seek
control, plugina Dual Channel AC
Remote Then plug one or two
devices to be controlled into the
box. Every AC remote has two
independent 500 watt channels.
When commanded by the computer,
the Dual Channel ACRemote turns
the devices on and off independ-
ently When polled by the compu-
ter, the Dual Channel AC Remote
sends a signal back, telling the
computer the status of each device.
Bidirectional communication pro-
vides error free operation.

Simpleprogramming. Youwrite
your control program in BASIC or
Assembler language. Software sub>-
routines for the control programs
come with the equipment — along
with complete documentation. If
you have an S-100 computer, you
can program on/off commands at
any day and time using our option-
al 100,000 day Calendar/Clock
Board. A self contained power
source assures fail safe operation

Modest prices. The AC Con-
troller, for both the S-100 and Apple
Il computers, costs $149in kit form
or $189 completely assembled and
tested. Each Dual Channel AC
Remote costs $99 as a kit or $149
assembled and tested. Thus, a fully
operative system in kit form can be
yours for as little as $248.

The Calendar/Clock Board for
S-100s costs $179 in kitform, $219
assembled and tested.

Allprices aref.o.b. Ben Lomond,
CA. Prices are USA Domestic. Cal-
ifornia residents add 6% sales tax.

Where to find it. The Introl
system can now be found at conipu-
ter shops throughout the U.S. and
Canada Drop by and ask for a dem-
onstration. Mountain Hardware,
Inc, may be reached at Box 1133,
Ben Lomond, CA 95005. Phone
(408) 336-2495.
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Product Description:

Gary Ruple

Matrox Electronics Systems

POB 56 Ahuntsic Sta

Montreal Quebec H3L 3N5

The Matrox ALT-256

Video Board

The ALT-256 is an Altair (S-100) bus
compatible graphics card that gives a resolu-
tion of 256 by 256 dots. This display is
useful for professional graphics applica-

are built in), selectable by on board address
jumpers. The dot addressing is done in X—Y
fashion. Output ports 1 and 2 are used as
registers for the X and Y positions, respec-

CANADA tions such as computer aided design, simula- tively, to position the cursor at the selected
tion, business and educational displays, and dot. Output O is used to write the intensity
plotting curves. of the dot: 00 for black and 01 for white.

The display memory on the ALT-256 After the dot intensity is loaded, the ALT-
consists of 16 4 K dynamic memory inte- 256 will require 3.4 ps to write the dot in
grated circuits in the 16 pin package. The the display memory (ie: to allow for internal
dynamic memory refresh is handled by the synchronization of the wire operation, video
video scan circuitry so that no processor read scan and dynamic memory refresh).
time is required for this function. Since the 8080 processor almost always re-

d Addressi quires more than 3.4 us to load the next dot
Board Addressing address and data, the processor can run at its
The board is addressed as four contiguous full speed. Also, there will be no streaks or
output ports and one input port (IO ports flashes on the display no matter how fast the
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out GENERATOR |q— -
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O BE (B S} AND N DYNAMIC Figure 1: Block diagram of
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processor accesses the card since the write
operation is internally synchronized.

Output port 3 is used as an erase screen
command to either clear the screen or to set
it all white according to data bit 0: 0= black,
1 = white. The erase operation can take up
to 33 ms. The status port (INO) has been
provided as a means of checking the status
of the AL T-256. The following is a descrip-
tion of the status bits:

Bit 0: When 0 the display is ready.
When 1 the display is being erased
and should not be accessed.

Bit 1: When 0 the display scan is in the
video portion.

When 1 the display scan is in
the vertical blanking period allow-
ing access of the display when
not visible. This is useful for
dynamic motion and animation

synchronization.

The X—Y addressing scheme provides the
programmer with a way to address individual
dots. A horizontal or vertical line requires
only one address to be updated for each new
dot. A 45° diagonal requires each address
to be incremented or decremented. Using
output ports as registers and as a means
of addressing the card also conserves memory
space, since the 65,536 directly addressable

dots are equivalent to 8 K bytes of memory.
(You would also have to keep track of dot
position in the byte.)

Theory of Operation

The ALT-256 has four major blocks:
the video sync generator, scanning cir-
cuitry, cursor and interface electronics,
and 65,536 by 1 memory {see figures 1
and 2). The sync generator consists of a
crystal oscillator and a divider chain. This
divider chain produces all timing signals
for the memory scanning as well as hori-
zontal and vertical sync. The video sync
generator can be programmed by jumpers
for either the European or the American
video standard.

The scanning circuitry consists of multi-
plexers which provide proper address, and
read and write signals for the programmable
memory.

The cursor consists of two 8 bit latches
{the X and Y address registers) which are
loaded by the processor. Necessary inter-
face address and timing decoding is ac-
complished by the Altair (5-100) bus inter-
face logic.

The refresh memory has 16 4 K dynamic
memories (IC type 4096) organized as a
65,536 by 1 bit memory.

Power supplies for 5V, 600 mA; 12V,
100 mA, and —5V, 10 mA are generated
by on board voltage regulators.

Multiple Boards

The ALT-256 may be used in multiple
board systems for color graphics or grey
scale applications. Any reasonable number
of boards may be used. When more than
one is used, one board must be chosen as
the master and the others are configured
as slaves synchronized to the master. There
is an on board jumper allowing use as a
master or slave and a socket provided for
connecting the sync signals and video be-
tween master and slaves. Single or multiple
boards may also be slaved to an external
sync generator such as a TV camera signal
or broadcast video.

Software

MTX Graph, the software package
available for the ALT-256, provides all the
commonly used low level graphics routines,
and is configured as a series of subroutines
that occupy hexadecimal memory locations
0104 to O04FF. Multiple boards can be
supported by up to a maximum of eight
bits of color or grey scale information.
Features of the package are described in
table 1.












Table 1: Features of MTX
GRAPH, a software pack-
age available for the ALT-
256 graphics board.

Figure 3: Connecting an
RBG (red green blue)
monitor for 8 color opera-
tion using three ALT-256
boards.
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1. Variable Resolution: The display resolution
may be set to 256 by 256, 128 by 128, or
64 by 64 through software control.

2. Point Piot: A dot corresponding in size to
the resolution selected may be displayed at
any arbitrary point by specifying X-Y
coordinates.

3. Line Vector Graphics: Lines can be drawn
from the current cursor position to the
endpoint specified by the user.

4. Alphanumeric Display: A full ASCII char-
acter generation routine is provided. Char-
acters can be positioned anywhere on the
screen. Carriage control characters are
correctly interpreted. Character size is
adjustable.

5. Animation Synchronization: This feature
is used to synchronize animated display
updates with the vertical scan.

6. Color Option: The software package sup-
ports a 3 card color or grey scale system
as described later in this article.

All subroutines use standard Cartesian
coordinates with the display occupying the
first quadrant. As shown in figure 2, the
origin (X = 0, Y = 0) is defined as the
bottom left point on the display. X increases
in value to a maximum of 255 at the right
edge, while Y rises to a maximum of 255 at
the top. If the ALT-256 is jumpered for
American Standard scan (240 lines dis-
played), the lowest Y coordinate displayed
is 16, and points with coordinates from 0 to
15 cannot be seen.

Grey Scale and Color Applications

In the grey scale configuration, multiple
boards provide binary intensity information.
All boards have the same address decoding
and sync signals. Each board has a dot
intensity bit (output port 0) which is nor-
mally tied to data bus bit DO. In a typical
3 board color or grey scale system, the
intensity bit is changed on two boards to
be D1 and D2 (or any other bits you choose),
thus writing three binary bits for each write
operation. This method allows computation
of grey scale and single instruction load of
all bits making up a single picture element
(often contracted to “‘pixel” in graphics
literature). The TTL video outputs from the
three boards are fed to a simple 3 bit digital
to analog converter.

TTL VIDEO |

TTL VIDEO 2
———————————| GREEN

TTL VIDEO 3
—————— | BLUE

YNC
HS RED GREEN BLUE

V SYNC (RGB) MONITOR
—_—

RGB (Red Green Blue) Color

In a color scheme, the best results are
obtained by directly driving the red, green
and blue guns of a color monitor with the
video signal from three boards, as in figure
3. An ordinary color TV can be modified
to accept separate color inputs. This should
not be undertaken by anyone who lacks an
understanding of color TV and electronic
design. The alternative is to generate an
encoded composite color signal. An appli-
cation note available from Matrox gives de-
tails on a color encoder circuit.

Photographs

The photos accompanying this article
were generated by feeding a TV camera
output through a slow scan analog to digital
converter. The 3 bit digitized output was
then fed to a 3 card ALT-256 graphics
system. The grey scale pictures were produced
by feeding the outputs of the three cards
to a 3 bit digital to analog converter. The
resulting pictures have eight discrete grey
levels. The color pictures were produced by
feeding the outputs of the three cards to the
red, blue and green (RBG) inputs of an RBG
color monitor. The resulting eight color
pictures are pseudocolored. This means that
a different color has been assigned arbitrarily
to each grey level in the original picture.
Pseudocoloring is used in many industrial
and research applications (ie: many NASA
space pictures are processed this way).

Conclusion

The Matrox ALT-256 represents one
approach to high resolution graphics capa-
bilities for the Altair (S-100) bus. Multiple
board systems can be used for medical
displays, research applications, pseudocolor
imaging, fast animated displays, computer
aided design, sophisticated computer games
and computer generated art. For the Star
Trek freak, now there is available a real (if
imaginary) universe to save, rather than a
slow printer banging out descriptions.
For the artist, a canvas; the researcher,
a window; and the kids, an electronic
sketch pad.m

Note: The completely assembled, tested and
burned in ALT-256 board is available for
$395 from Matrox Electronic Systems, POB 56,
Ahuntsic Station, Montreal, Quebec H3L 3N5
CANADA. Also available is the ALT-2480,
an Altair (S-100) compatible alphanumeric
generator board, which can be used in conjunc-
tion with the ALT-256 to produce simul-

taneous graphics and alphanumeric displays.







Photo 1: The Compucolor 8051 with extended ASCII keyboard and “floppy
tape” storage. The tapes are similar to 8 track music cartridge tapes, except
that they are shorter. More recent models use a floppy disk system for

storage.
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Color Graphics

Thomas A Dwyer
Margot Critchfield
Project Solo

University of Pittsburgh
Pittsburgh PA 15260

on the Compucolor 8051

The ancient wisdom that says “a picture
is worth a thousand words’” has a special
significance for the computer age. With
machines that can generate output faster
than anyone can read it, there's no doubt
that we need new ways to represent this
avalanche of data. The best answer (so far)
seems to be in computer graphics: sophis-
ticated pictures that show the results of all
this computation in a form that is easy to
interpret and even easier to remember.

One of the most dramatic ways to
improve graphical output is to add color.
Color graphics conveys information to
human viewers that is hard to appreciate
until it’s experienced. The change from
black and white to color is at least as
impressive as the change from monaural to
full stereo sound.

Until a few years ago, the hardware for
color graphics was both rare and expensive.

This situation is changing, however, mainly
through the efforts of manufacturers who
have devised ingenious ways to use the
technology of color TV in conjunction with
computer technology.

One of the first products designed for this
purpose was the Cromemco TV Dazzler. It
consists of two Altair (S-100) compatible
boards with a coaxial cable output to a
color monitor. Several examples of color art
produced with the TV Dazzler were shown
in December 1976 BYTE. That issue also
contained the article, “The Cybernetic
Crayon,” that gave an example of an 8080
assembly language program for the Dazzler.

The Compucolor 8051

A more recent example of personal color
systems is the Compucolor 8051. It comes
in the form of a complete computer system
packaged in a cabinet not much bigger than
a 19 inch color television. That’s impressive
because the cabinet contains the processor,
memory, interface, programmable read only
memory, graphics controller, power supplies,
and a 19 inch color display tube. The colors
are of much greater purity than those
usually seen on TV because the system uses
a very wide bandwidth (75 MHz) and the
three color circuits (red, green, blue) are
kept separate. This is the same approach
used in professional color monitors. Since
any of these colors can be on or off, eight
colors (including black) are available.

Photo 1 shows a typical system consisting
of the computer and color display in the
large cabinet, a keyboard for input, and a
dual 8 track tape cartridge unit for mass
storage.

The large screen holds 48 lines of 80
characters each, about four times the num-
ber of lines found on most video displays.
When characters are used for graphics, there
are 3840 plotting positions available. But a
finer division of each character intoa 4 by 2
array of “points” is also possible, as figure 1
indicates. In point plot mode, one character



block becomes eight “point’ positions. Each
of these points (which is really a small
rectangle) can be turned on or off separ-
ately. This means there are 160 point
positions for the horizontal direction (X
axis), and 192 points for the vertical direc-
tion (Y axis). So a total of 30,720 points
can be plotted.

A special hardware feature called “'vector
graphics” is also available. This makes it
possible for the computer to draw approxi-
mations to straight lines on the screen if
you simply tell it where to start (X0, YO0),
and where to finish (X1, Y1). The hardware
calculates all the point positions in between
and plots them automatically.

The Compucolor 8051 comes with a
BASIC interpreter stored in read only
memory. This means that you never have to
load BASIC: you call for it by just pressing
two keys (Escape, followed by W).

The BASIC interpreter has all the stan-
dard features and a few extra ones {in-
cluding string arrays). It also has the special
key word PLOT. This feature makes it
easy to program graphics of all kinds in
color. Let's look at some examples of how
it works.

Using Compucolor BASIC

The word PLOT is used in BASIC state-
ments of the form

25 PLOT I

where | is an integer from 0 to 255. When
PLOT 1 is initially used, the value of | deter-
mines what mode you enter. There are quite
a few modes. The main mode is “point
plot” (PLOT 2). After you enter a “mode,”
the meaning of PLOT | is different, and it
depends on what mode you're in.

Example 1: Suppose we want to plot the
curve Y=X2. We first use PLOT 2 to put the
program in point plot mode. After saying
PLOT 2, each pair of PLOT statements that
follow will then give the X and Y positions
of the point to be plotted. When finished
plotting points, we use PLOT 255 to escape
from the plot mode we're in. Here's a pro-
gram that plots 100 points of ourcurve:

10 PLOT 2
20FOR X =0TO99

30 LET Y = INT{X*X/100}
40PLOT X:PLOT Y

50 NEXT X

60 PLOT 255

To understand the output of this program
you have to know that the ‘“‘origin” for
point plot mode is the point (0, 0), and that
it is located in the lower left corner of the
screen. All points (X, Y) must be described

| CHARACTER MOOE POSITION = 8 POINT PLOT MODE POSITIONS

by positive integers with X going from 0 to
159, and Y going from O to 191. To make
Y=X*X fit on the screen, we divided by 100
(because when X=99, Y=9801 which would
be way off the screen). Our graph will look
something like the one in figure 2.

Example 2: Here is a program to plot a sine
function. We let X go from 0 to 159, but
actually plot SIN(X/13). This causes the
argument of SIN to go from O to slightly
over 12 radians, giving about two cycles of
the function. Since the SIN function has
values from —1 to 1, we multiply it by 95
and then add 95. This causes Y to go from
0 to 190. The program is initiated by the
command PLOT 12, which means “‘clear
screen,”

10 PLOT 12:PLOT 2

20 FOR X=0 TO 159 ‘Get X

30 Y=95*SIN({X/13)+95 ‘Calculate Y

40 PLOT X: PLOT Y ‘Plot X, Y

B0 NEXT X ‘Back to line 20

60 PLOT 255 ‘Exit plot mode
Adding Color

The preceding programs plot in whatever
color the machine was using last. Color
can be changed with either the PLOT 6
or the PLOT 29 modes. After entering
the PLOT 6 mode, the statement PLOT |
produces various combinations of fore-
ground colors, background colors, and
“blink” states, all depending on the
value of 1. For example, | = 0 to 7 gives the
eight possible foreground colors on a
background of black with no blink.

The PLOT 29 mode is a little simpler.
It allows only foreground (which means the
actual point being plotted) color to be
specified. It is followed by PLOT 1, where
| specifies color according to the codes:

16=black, 17=red, 18=green, 19=yellow,
LOCATION OF (0,191)
Y
{159, 9t}
{99,98)
X
ORIGIN (0, 0} (159, 0)

Figure 1:
screen character

Division of
into a

2by 4 array of “points.”

‘Clear screen, enter plot mode

Figure 2: A display of the

equation Y=X2,
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Hidden Line Subroutines

for Three-Dimensional Plotting

A hidden line subroutine is used to elimi-
nate lines which are behind surfaces and
which in real life one would not be able to
see in a computer generated plot of a solid
object in two dimensions. A hidden line sub-
routine makes the final picture more realistic.

A three-dimensional Cartesian function is
a function such as

F(x,y) =4xcos(3y) + 1/eX

where the value for the z coordinate is a
function of both X and Y.

This article considers the various steps
necessary for a hidden line routine that
handles functions of this kind. The algo-
rithm will not work for functions plotted
in spherical coordinates or for complex
three-dimensional figures such as a house.

The hidden line subroutine should be
writlen in a general form so that the user
can attach the subroutine to any appropriate
program without having to rewrite it.

First, one must have a program that gene-
rates the X and Y values that the hidden
line subroutine will operate on. Briefly, this
involves a program to generate an Xand a'Y
FOR NEXT loop; generate a Z value;rotate
to get a new (x',y’,z'); scale; put through a
perspective function and come out with an

(x,y) point. This is the point on the screen
(or paper) to which one would normally
draw a line. However, we now take this (x,y)
point and GOSUB to our hidden line sub-
routine,

Let us first draw a function of this kind
without hiding any lines (see figure 2). Note
that one point seems to ruin the appearance
of the graph because the viewer sees imme-
diately that a surface is being formed. When
a point goes “‘behind’ the small mound, the
subjective feeling is that it should be hidden.
We need a rule that will handle all points
that should be hidden and leave other points
alone.

One difference between this point and all
the previous points is that it is lower (along
the Y axis) than the corresponding point in
the previous line. “Corresponding’ here
means the same X value. Thus, our rule
states that if for any point (x,y), the Y value
is lower than any previous Y value for the
same X value, it should be hidden. To do
this, we must save the necessary values; for
the above rule, we need to know the highest
valued Y for every X.

Let us assume the screen has a resolution
of 1024 along the X axis and 800 along the
Y axis (such as in the casc of the Textronix

Figure 1: A computer gen-

erated

three-dimensional

function plot using the
author’s hidden line sub-

routine.

Mark Gottlieb
4342 Sunset Beach Dr NW
Olympia WA 98502
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Figure 2: The first crude plot function shows problems encountered when no
hidden line algorithm is used. The subroutine would hide that portion of
the fourth line from the front that ‘‘goes behind’’ the high point in front of
it.

Figure 3: In this case the algorithm has correctly hidden some points but
has failed to show others which emerge at the bottom of the plot.

Figure 4: Improved algorithm reveals the bottom of the curve as a series of
solid lines (compare with figure 3).

A Note About the BASIC Employed in These Examples:

The BASIC employed in these examples is the interpreter available with
the author’s computer. Most features are similar to a typical extended BASIC
which includes matrix operations (MAT keyword). As noted in text, the file
oriented operations which are used to initialize the matrix B can be replaced
bya FOR ... NEXT loop at lines 310 and 320 in listing 6. (Lines 130 and 140
would then be deleted.)

5505 U6=SGN(X-X9)

5510 IF U6=0 THEN 5535

5515 FOR U7=X9 TO X STEP U6

5520 $8=Y9+S9*(U7—X9),B[U7,2]=B[U7,2] MIN S8,B[U7,1]=B[U7,1] MAX S8
5530 NEXT U7

5535 RETURN

Listing 1: A BASIC program used to calculate points between the endpoints
of a line segment for plotting purposes.
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4013 graphics terminal). Thus, we have
1024 possible X locations. But we need to
know only the highest valued Y for each X.
This means that if we have a 1 by 1024
matrix we can store the highest valued Y in
the corresponding X location. We can keep
our matrix updated with the following
BASIC statement:

100 B(X,1) = B(X,1) MAX Y

This statement always keeps the matrix full
of the highest valued Y for each X location.

In order to implement our rule in the
hidden line program, we need a check such
as:

IfY <B(x,1)
Then don’t draw this line.

Implementing what is already known, the
graph might look like the one in figure 3.

The program hides all of the lines shown
as broken lines because all the Y values for
those X values are less than the highest Y
value for that X value. However, we see
that we would like to have seen the part of
the dip which comes out beneath the graph.
In other words, we want our graph to look
like the one in figure 4.

Instead of hiding all the lines whose Y
value is less than the highest Y value for that
particular X, we should say ‘“Hide all lines
whose Y value is less than the highest Y and
greater than the lowest Y wvalue for that
particular X.”" This involves storing the lowest
Y value, also. We do this by using the matrix
with dimensions (1024,2). In column 1 we

. store the highest Y value and in column 2

the lowest Y value for that X. The matrix
can be kept up-to-date this way:

B(X,1) = B(X,1) MAX Y
B(X,2) = B(X,2) MIN Y

This statement keeps the matrix full of
the highest and the lowest valued Y for each
X location. Thus, the new check for the
hidden line routine looks like this:

[fY <B(X,1) AND Y > B(X,2)
Thendon’t draw.

One small technical problem arises which
is easily solved. We need to solve for only
two points in order to get a line between
them, but our (1024,2) matrix has not been
told what is between these two points. Thus,
for each new point solved, we must go
through the matrix, starting from the X
value where we last left off, and fill in the
Y values for each of these new Xs until we
get to the X value of our new point (x,y).

This process involves solving the equation
for a straight line given the two points and
then filling in the Y wvalues for each X






Figure 5: Plot made with-
out the intersection rou-
tine. Incorrect intersecting
lines are caused when line
segments which are partly
visible and partly hidden
are plotted.

Figure 6: Plot made using
the intersection routine
(compare with figure 5).
Each line segment is tested
to see if it is partially
hidden. If so, it is sub-
divided  into  sections
which are either visible or
hidden.

along that line for our matrix. This routine
is called upon almost every time a new point
is generated, and, therefore, is executed
many times. This is the one step that makes
this method of hidden line processing slow,
and thus should be made as condensed as
possible. A suggested routine is shown in
listing 1. In this routine, U6 causes the FOR
NEXT loop to go forward or backward
depending on where X is in relation to X9.
X9 and Y9 are set equal to the previous
points throughout the program. U7 becomes
the X value for each point along the line and
S8 the corresponding Y value. S9 is the
slope of the line and is determined earlier
in the subroutine. Matrix B is the 1024 by 2
matrix for storing the high and low Ys.

One small item which must not be over-
looked is that the initial values of the 1024
by 2 matrix elements must be set. Suppose
we initially set each element to 0. While
drawing the first line, suppose the first point
is (300,200). When the program executes the
line which reads

100 B(X,1) = B(X,1) MAX Y
B(X,2) = B(X,2) MIN Y

element B(300,1) will take the MAX of 0
and 200 which is 200; this is correct. How-
ever, element B(300,2) will take the MIN of
0 and 200 which is 0. This is incorrect; the
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desired answer is 200. We can solve the prob-
lem by filling all of the elements in the second
column with the highest value we might
need, 800 in this case.

One way (used in my program) to fill the
first column with Os and the second with
800s is touse a file. The initial conditions are
read from the file onto the matrix at the
beginning of each program. Another way, of
course, would be to employ a FOR ... NEXT
loop.

The few techniques learned so far form
a good basis for a hidden line subroutine.
Plotting a function with a hidden line sub-
routine and incorporating what has been
determined so far gives a graph like the
one shown in figure 4. An outline for the
hidden line subroutine would be similar to
this:

e If Y<B(X,1)and Y >B(X, 2)
Then don't draw.
Otherwise draw.

® fill in points in matrix.

® Return to main program.

Figure 4 looks respectable; at least the
right lines are hidden. However, something
is not quite right. When we need to hide a
point, we cannot simply draw a line to that
point. This leads to the problem seen in the
graph; the lines do not meet the surface of
the graph when they go behind; when
coming out, they start emerging before
they are completely clear of the surface.
Obviously, some improvement on our
hidden line subroutine is needed.

We need an algorithm to find the inter-
section. When a point lies behind the sur-
face, we must find a new point on the

5205 S$7=X—X9,U2=0,X1=X9,Ul=1
5210 UNTIL U1>128 DO

5215 Ul=U1%2

5220 IF U2 THEN 5235

5225 X1=X1+S7/Ul

5230 GOTO 5240

5235 X1=X1-87/Ul

5240 Y7=89*%(X1-X9)+Y9

5245 IF U3 THEN 5456

5250 IF Y9>B[X9,2] THEN 5270
5255 IF Y7>B[X1,2] THEN U2=1
5260 IF Y7<B[X},2| THEN U2=0
5265 GOTO 5280

5270 IF Y7<B[X1,1] THEN U2=1
5275 IF Y7>B[X1,1] THEN U2=0

5280 DOEND

5285 X5=X,Y5=Y

5290 X=X1,Y=Y7

5455 REM ** FOR U3=1:COMING OUT *#%
5456 IF Y>B[X,1] THEN 5460
5457 IF Y7<B[X1,2] THEN U2=1
5458 IF Y7>B[X1,2] THEN U2=0
5459 GOTO 5280

5460 IF Y7>B[X1,1] THEN U2=1
5465 IF Y7<B[X1,1| THEN U2=0
5470 GOTO 5280

Listing 2: A BASIC routine that searches for
intersections between line segments.



surface of the graph. If we draw a line to a
point that should be hidden, we will inter-
sect the surface at this new point which we
are trying to locate: the point of intersection.
This becomes tricky. The basic procedures
necessary to determine the point of inter-
section are as follows:

® Find the equation for the line which
passes through the previous point
and the new point behind the surface.

® Step along this line from the old X
value to the new X value until we
find an X where the Y for that X is
the same (within one point of resolu-
tion) as the highest (or lowest) Y for
that same X. This is the intersection
point to which we draw to intersect
the surface, or from which we start
drawing when coming from behind
the surface.

Suppose the point outside of the surface
is (505,200) and the new point which goes
behind the surface is (575,188). If we step
along the line joining them in the X direc-
tion, from X = 505 to X = 575, it could
take up to 70 steps until the intersection
point is found.

A much more elegant and time saving
approach is to perform a ‘“‘binary search”
along the line to find the intersection point.
For the previous example in which there
were 70 steps, we could get to within one
point of resolution from the point of inter-
section in seven steps. | go through the binary
search method eight times to accommodate
longer line segments.

Listing 2 shows the segment of my hidden
line subroutine that searches for the inter-
section point. U1 is a binary loop; U2 tells
whether to go forward or backward along
the line segment whose length is S7; X1 is

5600 REM ** FILL IN LEFT SIDE **
5610 IF X4#—1 THEN GOTO 5640
5620 X4=X,Y4=Y

5630 RETURN

5640 X8=X9,Y8=Y9

5650 X9=X4,Y9=Y4

5660  S9=(Y—Y9)/(X—X9)

5670 GOSUB 5500

5680 X9=X8,YO=Y8

5690 GOTO 5620

5700 REM ** FILL IN RIGHT SIDE **
5710 IF X3#—] THEN 5740

5720 X3=X,Y3=Y

5730 RETURN

5740 X8=X9,Y8=Y9

5750 X9=X3,Y9=Y3

5760  S9=(Y—Y9)/(X—X9)

5770 GOSUB 5500

5780 X9=X8,Y9=Y8

5790 GOTO 5720

Listing 3: Two routines used to “fill in”’ the
left and right sides of the graph so that no
line intersections occur (see figures 7 and 8).

the new X location along the line segment as
the search continues; Y7 is the solution to
the line equation between the two points
at the new Xvalue X1;and U3 calls a further
nested subroutine if one is trying to find the
intersection point while coming out from
behind the surface. Finally, after the program
exccutes the loop eight times, X1 and Y7
are the coordinates of the intersection point
(X1,Y7). Figures 5 and 6 show the before
and after effects of the intersection routine.

Figures 7 and 8 show what happens to
a graph with and without a process called
“left and right side fill-in.” The edges of
the graph in figure 8 appear messy. This is
because on the left edge, for example, when
a line comes into the preceding left edge,
it does not appear to intersect it; instead it
goes a bit too far. This can be seen with
the aid of the dotted line. The problem is
solved by adding an imaginary dotted line
into the matrix of 1024 by 2. Although we
do not draw the edge lines on the screen
which we could do, we “draw” them into
the matrix. Thus, when a line is about to
intersect with an edge, it will have an imagi-
nary boundary in the matrix with which to
intersect.

The matrix fill-in is accomplished by
taking the point at the beginning of a new
line and the point for the beginning of the
previous line and calling them (X,Y) and

Figure 7: Graph made
with “left and right side
fill-in.” The term refers to
an imaginary “edge’’ at the
borders of the surface
(shown in dotted lines).
This edge enables the
algorithm to accurately
handle lines drawn near
the edges.

Figure 8: Graph made
without the “left and right
side fillin” feature in
the algorithm. In this case
the routine cannot accu-
rately handle intersections
at the edges of the surface
(see arrows).
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300 FORB=0TO1

302 X3=Y3=X4=Y4=—1

303 READ #2,1

305 MAT READ #2;B

310 FOR T=—E TO E STEP E/K

320 FOR G=—E TO E STEP E/K

330 U9=G

340 IF B=0 THEN 370

350 A[11]=T

355 A[1,2]=G

360 A[1,3]=T*G*(T*T—G*G)/(T*T+G*G)
365 GOTO 400

370 A[1,1]=G

380 A[12]=T

390 A[1,3]|=T*G*(G*G—T*T)/(G*G+T*T)
400 MAT C=A*Q

410 X=FNP(C[1,1]*300/E)+512 .

420 Y=FNP(C[1,2]*300/E)+400

430 GOSUB 5000

440 NEXT G

450 NEXT T

455 NEXTB

Listing 4: A routine to create crosshatched plots.

Figure 9: A plot made without crosshatching.

Figure 10: The same function as figure 9, but with crosshatching.
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(X9,Y9), respectively. Then GOSUB 5500
{the fill-in points for the matrix subroutine)
will fill in all the Y values for each X value
along this line segment. Do the same thing
for the right side, or the last point in each
line.

The subroutine in listing 3 is accessed at
the beginning and end of each line for the
left side and the right side, respectively.
X3 and X4 are initially set equal to —1 at
the beginning of the program. This tells
the routine that it is the first point in the
graph and thus a line cannot be drawn
between it and the previous point, which
does not exist. After the first line is drawn,
the previous points become (X4,Y4) and
(X3,Y3) for the left and right sides respec-
tively. S9 is the slope of the line needed in
the fill-in routine.

Crosshatching is a method of drawing
graphs with sets of orthogonal lines. For
many graphs, this enhances the overall
appearance and definition. The crosshatch
program draws two separate graphs, one
for the horizontal direction, and the other
for the vertical. When the graph in the hori-
zontal direction is completed, all initial
conditions used in the hidden line subroutine
must be reset. This includes reinitializing
by placing the Os and 800s into the 1024 by
2 matrix as described earlier.

One must also change the FOR NEXT
loops for the X and Y axis: instead of keeping
the Y value constant while stepping along
in the X direction for a complete line, we
hold the X value constant while stepping
along in the Y direction.

A more efficient method consists of
assuming the X to be the Y and the Y to be
the X the second time around. An example
is shown in listing 4. Matrix A contains the
X,Y and Z values for use in rotation. Matrix
Q is the final three-dimensional rotation
matrix calculated elsewhere in the program.
In the B loop, B = 0 is for the horizontal
direction, B = 1 for the vertical direction.
Notice the values assigned to matrix A when
B changes from O to 1. Function FNP is the
perspective function defined in the beginning
of the program. GOSUB 5000 is for the
hidden line subroutine. The function is for
the graph shown in figure 7. Figures 9 and
10 show the effects of crosshatching.

In certain graphs, such as figure 11, lines
must go behind very narrow regions. Here in
the upper portion of the spikes we encounter
difficulties. Using the method described so
far for hidden lines, we solve for a new point
and test to see whether that point is behind
something. We can now determine if it should
be hidden. Let us see what happens when we






Figure 11: Problems can occur when lines go behind very narrow regions,

but the line’s endpoints are both visible.

Figure 12: Solution to the problem illustrated in figure 11. The routine
checks additional points along the line segment and makes changes accordingly.

100
110
120
130
140
150
160
165
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
325
330
340
345
350
360
370
380
390
400
405
410
420
425
426
430
440
450
460
470
480

Listing 6: A BASIC program used to create the plot shown in figure 13. Two
subroutines, at line numbers 8100 and 8200, are not included in this listing,
but must be supplied by the user. These are a routine to draw an invisible
vector to point (x,y) at line number 8100, and a routine to draw a visible
vector to point (x,y). These correspond respectively to the movement of a
plotter’s pen without contact and with contact. The details of the routines

00=1
U4=0,F=U5=1
L9=75
FILES * *
ASSIGN “BLANK",2,T2
DIM A[1,3],C[1,3]
DIM Q[3,3],B(1024,2]
REM PERSPECTIVE FUNCTION
DEF FNP(F)=D7*F/(D7—C[1,3])
REM E=STEP VALUE AND K= # STEPS
E=10,K=20
1=—E,12=E
REM D7=DISTANCE FROM (0,0,0) FOR PERSPECTIVE
D7=30
REM X2,Y2,22 ARE DEG. TURN AROUND X,Y,&Z AXIS
X2=-75,Y2=0,22=30
W=3.1416/180
X2=W*X2
Y2=W*Y2
Z2=W*Z2
GOSUB 6000
X3=Y3=X4=Y4=_1
READ #2,1
MAT READ #2;B
REM Y AXIS LOOP
FOR T=—E TO E STEP E/K
IF T>—.05 AND T<.05 THEN T=0
REM X AXIS LOOP
FOR G=—E TO E STEP E/K
IF G>—.05 AND G<.05 THEN G=0
U9=G
R=SQR(G*G+T*T)
All,1]=G
A{12]=T
REM ACTUAL FUNCTION
A[1,3]=8/(R+1)*COS(R*1.2)
MAT C=A*Q
REM SCALING, PERSPECTIVE & OFFSET
REM GOSUB TO HIDDEN LINE ROUTINE
X=FNP(C[1,1|*300/E)+512
Y=FNP(C[1,2 ]| *300/E)+400
GOSUB 5000
NEXT G
NEXT T
END

depend on the display hardware used.
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5035 L8=SQR((X—X9) 2+(Y-¥9)"2)
5040 IF L8>L9 THEN DO

5045 L2=X9,L5=X,L6=Y,56=(Y—-Y9)/(X—X9)
5050 L7=(X—-X9)/(L8/L9),L4=Y9-S6*X9
5060 FOR X=L2 TO L5—-L7 STEP L7

5065 Y=56*X+L4

5070 GOSUB 5090

5075 NEXTX

5080 X=L5,Y=L6

5085 DOEND

Listing 5: A routine used to refine the
hidden line algorithm so it can correctly
handle line segments which are visible at
each end but obscured in the middle (see
figures 17 and 12).

approach and go behind the upper portion
of one of the spikes in figure 11.

Suppose the new point is just to the left
of one of the spikes. The hidden line routine
sees that the point is visible and should
therefore have a line drawn to it from the
previous point. Suppose the next point is
behind the spike: the hidden line routine
will see this and draw a line to the inter-
section point on the left edge of the spike.
All is well and the graph continues.

But suppose on the next pass {near the
tip of the spike) that the next point is again
just to the left of the spike. It should be
visible, so we draw a line to that point from
the previous point. If the next point is to the
right of the spike, the hidden line routine
sees that this point on the graph should be
seen, and thus a line is drawn from the
previous point (which is to the left of the
spike) to the point on the right of the spike.
A line is drawn across the spike. This prob-
lem is apparent in the figure.

The problem of lines going through narrow
regions which are in front is caused by the
fact that the hidden line routine checks only
to see if a line should be hidden at the end-
points of each line. If both endpoints are
outside of the spike, it does not know that
it is crossing the spike and draws a line across
the spike.

The only way to overcome this problem
is to check at points between the two end-
points to see if they go behind any region.
If so, draw the line accordingly to hide any
portion of the line that goes behind the
region.

Here is a method for solving this problem.
At the beginning of the program, decide on a
maximum length of segment you wishh to
draw. If you are using a length of 5, for
example, and the length of a normal line
from endpoint to endpoint is 60, the pro-
gram would divide this line into 12 segments
and use the hidden line routine as though
these were 12 consecutive lines. One should
choose the maximum length of line on the



Listing 6, continued:

4985
4987
4990
4992
4995
4997
5000
5005
5010
5015
5020
5025
5030
5033
5034
5035
5040
5045
5050
5060
5065
5070
5075
5080
5085
5090
5099
5100
5105
5110
5115
5120
5125
5130
5135
5140
5145
5150
5151
5155
5160
5165
5170
5175
5180
5181
5200
5205
5210
5215
5220
5225
5230
5235
5240
5245
5250
5255
5260
5265
5270
5275
5280
5285
5290
5295
5300
5305
5310
5315
5320
5321
5400
5401
5405
5410
5415
5420
5425
5430
5435
5450
5454
5455
5456
5457
5458

REM Ul Thru U9;S7—58—S9;X1,Y1 Thru X9,Y9 **
REM U8=0 (Last In); UB=1 (Last out) ****#**sx+x
REM ***SET I=1ST X & I2=LAST X #***kkkkrkkk

Variables used in the Hidden Line Routine

REM ***U4=0,F=U5=] * X4=Y4=X3=Y3=—] **** } Variables to set at beginning of Program

REM ***** Lat U9 = Value of X step ***¥kkkkkdk
REM SET L9= MAXIMUM LENGTH OF LINE **%*%*
IF X>1023 OR X<1 THEN U4=1

IF X>1023 OR X<1 THEN RETURN

IF U9=I AND Y<B[X,1] and Y >B(X,2] THEN 5140
IF U9=I OR U4 THEN GOSUB 5600

IF U9=12 THEN GOSUB 5700

U3=0

IF U9=I OR U4 THEN 5155

IF X—X9=0 THEN 5125

REM STEPS 5035—5085 DIVIDE LINES INTO LINES OF LENGTH L9

L8=SQR((X—X9)"2+(Y—Y9)"2)

IF L8>L9 THEN DO
L2=X9,L5=X,L6=Y,S6=(Y—Y9)/(X~X9)
L7=(X—X9)/(L8/L9),L4=Y9—56*X9
FOR X=L2TO L5—L7 STEP L7

Y=86*X+L4

GOSUB 5090
NEXT X
X=L5,Y=L6

DOEND

IF X—X9=0 THEN 5145

U3=0

S9=(Y—Y9)/(X—X9)

IF U8=0 THEN 5400

IF Y<B[X,1] AND Y>B[X,2] THEN 5205

U8=1
IF U9=ITHEN 5155
GOSUB 8200
GOSUB 5500
GOTO 5145
U8=0
X9=X,Y9=Y
RETURN 5459
REMRETURN TO MAIN PROGRAM 5460
X9=X,Y9=Y 5465
GOSURB 8100 5470
GOSUB 8200 5500
U4=0 5505
Us=1 5510
RETURN 5515
REM RETURN TO MAIN PROGRAM 5520
REM *#* FIND INTERSECT *** 5530
§7=X—X9,U2=0,X1=X9,U1=1 5535
UNTIL U1>128 DO 5600
U1=U1*2 5610
IF U2 THEN 5235 5620
X1=X1+57/U1 5630
GOTO 5240 5640
X1=X1-S7/U1 5650
Y7=89*(X1-X9)+Y9 5660
IF U3 THEN 5456 5670
IF Y9>B[X9,2) THEN 5270 5680
IF Y7>B[X1,2] THEN U2=1 5690
IF Y7<B[X1,2] THEN U2=0 5700
GOTO 5280 5710
IF Y7<B[X1,1] THEN U2=1 5720
IF Y7>B[X1,1] THEN U2=0 5730
DOEND 5740
X5=X,Y5=Y 5750
X=X1,Y=Y7 5760
IF U3 THEN GOTO 5425 5770
U8=0 5780
GOSUB 8200 5790
GOSUB 5500 6000
X9=X5Y9=Y5 6001
RETURN 6002
REM RETURN TO MAIN PROGRAM 6010
REM **+*TEST U8=0*** 6020
REM U8=0 IF LAST POINT WAS HIDDEN 6030
IF Y>B[X,2] AND Y<B[X,1] THEN 5145 6040
U8=1,U3=1 6050
X8=X,Y8=Y 6060
GOTO 5205 6070
GOSUB 8100 6080
GOSUB 8200 6090
X=X8Y=Y8,U8=1 6100
GOTO 5125 6110
REM PART OF THE INTERSECTION ROUTINE
REM ** FOR U3=1 :COMING OUT #*** 8100
IF Y>B[X,1] THEN 5460 8101
IF Y7<B[X1,2] THEN U2=1 8200
IF Y7>B{X1,2] THEN U2=0 9999

Figure 13: A representa-
tive plot with the hidden
line subroutine. The pro-
gram to generate it is

shown in listing 6.

GOTO 5280

IF Y7>B|X1,1) THEN U2=1

IF Y7<B[X1,1] THEN U2=0

GOTO 5280

REM #*#%%% FILL IN POINTS #*#%%

U6=SGN(X—X9)

IF U6=0 THEN 5535

FOR U7=X9 TO X STEP U6
S8=Y9+89*(U7—X9),B[U7,2)=B[U7,2] MIN S8,B[U7,1]=B[U7,1] MAX S8

NEXT U7

RETURN

REM ** FILL IN LEFT SIDE **

IF X4#-1 THEN GOTO 5640

X4=X,Y4=Y

RETURN

X8=X9,Y8=Y9

X9=X4,Y9=Y4

S9=(Y—Y9)/(X—X9)

GOSUB 5500

X9=X8,Y9=Y8

GOTO 5620

REM ** FILL IN RIGHT SIDE **

IF X3#—1 THEN 5740

X3=X,Y3=Y

RETURN

X8=X9,Y8=Y9

X9=X3,Y9=Y3

S9=(Y-Y9)/(X-X9)

GOSUB 5500

X9=X8,Y9=Y8

GOTO 5720

REM MAT ROTATE

REM 6010—6110 MAKES MATRIX Q THE

REM FINAL ROTATIONAL MATRIX

MAT Q=ZER

1,1]=COS(Z2)*COS(Y2)

3,3] =COS(X2)*COS(Y2)
ETURN

Q

Q[2,1]=—1*SIN(Z2)*COS(Y2)

Q[3,1]=—1*SIN(Y2)

Q[1,2]=COS(Z2)*(~1)*SIN(X2)*SIN(Y 2)+SIN(Z2)*COS(X2)
Q[2,2]=SIN(Z2)*SIN(X2)*SIN(Y 2)+COS(Z2)*COS(X2)
Q[3,2]=—1*SIN(X2)*COS(Y2)
Q[1,3]=COS(Z2)*COS(X2)*SIN(Y 2)+SIN(Z2)*SIN(X2)
Q[2,3]=—1*SIN(22)*COS(X2)*SIN(Y2)+COS(22)*SIN(X2)
Q

R

REM A ROUTINE TO DRAW AN INVISIBLE VECTOR TO (X,Y)
REMOR TOPICK THE PEN UP TO LOCATION (X,Y) (NOT INCLUDED)
A ROUTINE TO DRAW A VISIBLE VECTOR TO (X,Y) (NOT INCLUDED)
END
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Circle 73 on inquiry card.

We speak your
language

And we're giving you what you want.
® a comprehensive product line. Hardware, assembled or

basis of the screen resolution and the accu-
racy desired. For greatest accuracy, use 1 as

kits, and software frommajor manufacturers. Plus books and the greatest length of a line. This would,
currentliterature. Financing available. however, take a very long time to compute
e atrained, enthusiastic staff. We'll help you choose or and draw. A happy medium should be chosen

design the systemthat'srightforyou. No high pressure here.

e service when you need it. We won't sell you something depending on the graph being drawn. Figure

we can'tkeep running. 12 shows the results of using this method.
@ » a brand new facility Listing 5 is the routine used in the hidden
) in Pennsylvania. line routine to divide each line into lengths
We'll be able to no longer than L9. X9 and Y9 are the coor
serve our South Jersey- . -
Pennsylvania customers dinates for the previous point. L8 is the
more efficiently now. length of the line being tested. GOSUB 5090

e a bigger, better New R . i .
Jersey store. We've sends the new coordinates into the remaining
enlarged our showroom portion of the hidden line routine. This rou-

in Isefin. Now there are tine may not be elegant, but it does work.

more displays you can C . . ..

__ tryout. There’s more Listing 6 is the complete listing for the
¥ room to stock the graph plotted in figure 13. | have given a
products you need. complete program to help the programmer

when any specific obstacles come up which
are not explained in this article.
The program still contains a few ‘‘bugs”

The Microcomputer People.®"

Computer Mart of New Jersey

Compl"er Mart of Pennsylvanla which crop up occasionally due to the
New Jersey Store Pennsylvania Store ; [ -t et
501 Route o7 550 DeKal ke simplicity of the algont.hms use.d, so lt‘ is
iselin, NJ 08830 King of Prussia, PA 19406 by no means the ultimate hidden line
201-283-0600 215-265-2580 . . . : ;.
Tue.-Sat. 10:00-6:00  Tue.-Thur. 11:00-9:00 program. If any readers can write that ulti
Tue. & Thur. til 9:00 Fri. & Sat. 10:00-6:00 mate hidden line routine, please let me
(our anly locations) ) know.m

A P DIP Jumpers make the connection

Faster and Easier.

FLAT RIBBON CABLE ASSEMBLIES
WITH DIP CONNECTORS

AP DIP Jumpers are the low-cost, high quality solution for
jumpering within a PC board; interconnecting between PC
boards, backplanes and motherboards; interfacing In-
out/Output signals; and more.

All assemblies use rainbow cable. Standard lengths are 6, 12,
18, 24 and 36 inches,

SINGLE-ENDED DIP JUMPERS  DOUBLE-ENDED DIP JUMPERS

Arrow Denotes Pin No. 1 Ar-ow Denotes Pin No. 1
~arow Denoles Pin No. 1

I |

= =

« Available with 14, 16, 24 and 40 contacts.
* Mate with standard IC sockets.

® FuIIy assembled and tested. No. Length No. Lenglh Length Length Length Length
* Integral molded-on strain relief. Contacts] 36 Contacts{ 6 12 18 24 s6
. . - 924102-36R 924106-6-R| 924106.12-R[02410618-R[924106-24-R|924106-36-R
e Line-by-line probeability. 14 $233 14 $241 $2.61 $2 82 $302 $343
16 924°12-368-R 16 924116-6-R|924116-12-R|924116-18-R|924116-24-R(324116-36-R
$2.59 $265 5288 $3 11 $3.34 $3 80

H H ]
Faster and Easier is what we're all about. 924192.36-R

24 $400
AP PRODUCTS INCORPORATED
Box 110 72 Corwin Drive
Painesville, OH 44077
(216) 354-2101 TWX: 810-425-2250

24 924126-6-R1924126-12-R|924126-18-R(924126-24-R[924126-36-R
34.15 $4.50 $4.85 $5.20 $5.90

40 924:32-36-R 40 924136-6-R|924136-12-R[924136-18-R|924 *36-24-R(924136-36-R
36 71 3693 37 52 3811 $8.70 $9 88

B8  May 1978 © BYTE Publications Inc Circle 14 on inquiry card.






Programming Ouvickies

PLOT3D:
c A Function

+ +
+ * % B + °
R A SR Plotting Program
+ * * +
+ 4+ 4+ 4t : : LI SR X I 2K 3F 2
* * * *
L 2K K SR B BE R BN * : * * : * L BE K 3R BE SR 3R 3 2 i
1. . * 41 Mike Stoddard
terarr et e it e e 16681 Lynn St
P * * ** Huntington Beach CA 92649
* # + * * + * »
L BE R 2K 2% 2% 1 + " + 4+ + + 4+ » + L K R B 2K 2
+ + + + + +
+ 4+ 4+ 4 4+ 4+ 4+ * + + * + 4+ 4+ 4+ 4+ 4+ 4+ 4
. + + . Most programmers have used FORTRAN
cxanura?t L * * s . e annn or BASIC to generate a two-dimensional plot
R . e as part of their program. If they needed a
rEre P MR three-dimensional plot, it was usually done
* . .
P P s on a pen plotter instead of printer or ter-
bt ettt e st e minal output devices. Since most small
rrEr e MR systems lack a pen plotter, this program may
AR R R R R R N RN be used to give a three-dimensional rendering

of a normally two-dimensional function.
By printing the third axis horizontally along
the carriage of the terminal, the usual
“hidden line” problem becomes trivial. In
the sample program of listing 1, line 60
defines an exponential cosine function
which normally plots as a decaying sinewave.
Line 120 sets up the X axis values to be in
the range -30 to +30. Line 160 calculates
the Y axis values based on the expression
+ + + + 302 —X2, hence the X-Y axis sectional will

. + + * be circular (remember the general equation

. . Y s ea™t . . of acircle is X2+Y2=R2, where R will be the

+ + radius). The Z axis coordinate is then cal-

» * culated in line 190 and the tilted 45

o * M . * e degrees to give a rotated view. Lines 200
s * * PR through 290 pick the correct plotting sym-

. . * AR A . + = bol to use and then decide whether the point

+ + + + is visible or hidden. To correctly view the
. finished plot, remove it from the terminal,
* o * ., P aex mawae ™t ot . rotate it back 90 degrees, and then do a little

* * M “curve-fitting” by connecting the dots along
+ . * o+ + . LI the lines of corresponding symbols.

To change the plotted equation, redefine
function A (called FNA in the program) in
+ AR E RS ER + line 60. Figure 1 shows the plot of the

M + 4 equation given in the program. Figures 2, 3,

Yaxd daw and 4 show different functions and their

corresponding plots. Note that all figures

Figure 2:  Plot of Z=.001 * (f(x,y)3 + f(x,y) - 25) have been rotated left by 90 degrees from
(DEF FNA (Z) = .001*(Z*Z*7+Z-25)) the way they are actually printed.®

Figure 1:  Plot of Z=-30* EXP(-f(x,y)2 | 100)
(DEF FNA (Z) = -30*EXP(-Z*Z]100))

+%
*
+
+
t 3
%

o
++
*
+
+
+
+
+
+
+
*
&k
++
+4+
*

™
4+
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10 REM "PLOT3D" == FUNCTION PLOTTING PROGRAM
03-03-77

20 REM WRITTEN BY MIKE STODDARD
30 REM

40 REM FIRST, DEFINE A NORMAL 2-DIMENSIONAL
50 REM IN THIS CASE
60 DEF FNA(Z)=30% EXP (-2#1/100)

70 DIM A$(2).Bs(1)

80 REM DEFINE THE PLOTTING SYMBOLS

0 LET As="+a"

110 LET K=35

120 FOR X=-30 TO 30 STEP 1.5

130 LET L=0

140 LET P=1
150 REM CALCULATE X-Y PLANE PLOT LIMITS
160 LET Y1=K# INT ( SGR (900-X#X)/K)
170 FOR Y=Y1 TO -Y1 STEP -K

180 REM CALCULATE Z AXIS VYALUES AND TILT
190 LET Z= INT (25+ FNA( SOR (X#X+Y#Y))-
200 60SUB 340

210 REM TEST FOR HIDDEN LINE

220 IF Z<L @070 300

230 LET L=Z

240 REM TEST FOR SAME PLOT LINE

250 IF P IF Z=Z1 @OSUB 340

260 PRINT TAB (1).B%;

270 REM BET HIDDEN/VISIBLE PLOT POINT
280 IF P LET Z1=Z

290 LET P=0

300 NEXT Y

310 PRINT "

320 NEXT X

330 GOTD 390

340 REM SWITCH THE SYMBOLS SO ALL POINTS ON
350 REM ONE LINE WILL BE THE SAME SYMBOL
360 LET B$=AS$

370 LET As=A%(2),B$

380 RETURN

390 END

Listing 1: The program "“PLOT3D” used for
three-dimensional projections into two-
dimensional plots. The function defined at
line 60 is plotted by the terminal printer
using standard graphics of an ASCII char-
acter set.

* + + ¥
+ o+ +
¥ L]
*
4+ x + +
*
+ +
+ » *
M + 4 +
* »
- + +
#*
+ +
+ 4 + o+
+
* *
+ +
*
*
*
+
+
*
+ +
+ -
L]
* =
»
+ + + ¥+
+
+ « *
*
- + +
» + +
* - - *
+
+ * +
» ¥
+
* +
* 4+
* »
+ + 4+

FUNCTION

IT WILL BE A DECAYING COSINE

45 DEGREES
7071064Y)

LR 2 BE L BE BE SR BK BE JE J
* 4+ # 4 8
+

+ * * +
+ +
* *
#* *
+
* *
+ +
+ +
+ * * +
+ +
* #* » * * #
+ +
+ +
+ +
+ +
* *
* *
* *
+ + * + +
* * *
+ +
»
+ ¢ * * * * + 4+
* *
+ +
+
+
+ + * * + + #*
+ +

Figure 3:  Plot of Z =30 * (EXP(-f(x,y)2 [ 100) + SIN(f(x,y) | 5))

(DEF FNA (Z) = 30*(EXP(-Z*Z[100)+SIN(Z/5)))

» Figure 4:

May 19783 BYTE Publications Inc

Plot of Z =30 * SIN(f(x,y) | 5)
(DEF FNA (Z) = 30*SIN(Z/5))
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POWER WIRING TABLE

nuMBER | Type [ *3Y [ OND
PIN | PIN
et | 7a00 | 1a | 7
ic2 555 | 4 |
ics | 7402 | 18 | 7

+5V

KEYPRESSED D_J 8
STROBE

500K
(3-30Hz)
4 8 47K
U~ OUTPUT 3
1C2
555 2.2x
icl ll 2
7400 REPEAT p
MODIFIED
KEYPRESSED
[ > stroBe To
COMPUTER

Figure 1: Interface circuitry for GRAPH. An astable multivibrator (IC2) provides the pulse
train for a hardware repeat function. The authors’ keyboard produces a low to high transition
strobe (STB) pulse when a key is pressed. This is used to trigger a monostable multivibrator to
provide a single pulse keypressed (KP) signal to interface with the 10 board used.

A logical AND function gates the astable multivibrator's output with STB to generate a
repeat only when a valid character key is pressed. A logical OR routes either a repeat pulse
train or a single KP signal to the computer’s [0 board.

Because the repeat key on the authors’ keyboard is tied to ground, it is used to interrupt
the ground connection (pin 1) of the 555 timer. This design seems to work satisfactorily. If a
normal single pole single throw switch is available, a more proper design would be to interrupt

the output (pin 3).

8 bit binary number corresponding to the
character chosen. The other is a ‘key-
pressed’’ signal that tells the 10 board a key
has been pressed and it should read and
input the eight bit number as valid data.

If a pulse train instead of a single pulse is
presented on the keypressed line to the 10
board, the computer will continuously input
the 8 bit character word presented as a series
of characters. A repeat function will occur as
long as the pulse train is present. A potenti-
ometer varying the frequency of the pulse
train will produce a variable speed repeat.

The circuit in figure T uses a 555 timer
(1C2) to generate the repeat pulse train and
apply it to the keypressed line. Notice that
it is important to gate the pulse train with
the original keypressed STROBE DC level
from the character generator line so that the
oscillator will operate only when a character
key is pressed. Otherwise, invalid data will

be input if the repeat key is pressed before
a character key.

Another handy circuit is contained in fig-
ure 1 (lower lefthand corner). Most key-
boards presently available provide a low to
high strobe transition to indicate a key is
pressed. Many 1O boards, however, require
a single pulse to latch the valid data. This
portion of the circuit in figure 1 converts a
DC strobe level to a single pulse output.

A software approach to achieving a
repeat function is discussed in the Program
Design section.

Using the VDM-1

The heart of the graphics generator is,
of course, the VDM-1. Like several other
television boards available, it contains 1 K
bytes of programmable memory which hold
the 16 lines of 64 characters per line that
appear on the screen. Thus, manipulating

May 1978 ® BYTE Publications Inc

63



Figure 2: Visualization of
line starting and ending
addresses in GRAPH. This
type of information is
helpful in understanding
the subroutines that check
for valid screen addresses.
The Processor Technology
VDM-T displays 16 lines of
64 characters per line
which reside in 1 K bytes
of programmable memory.
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LINE
NUMBER

FIRST OF LINE
ADDRESSES

9 O NN s

\ FIRST INVALID ADDRESS

{BOTTOM OF SCREEN)

graphics becomes merely a question of
manipulating digital information in a 1 K
byte workspace.

Data from any register can be moved to
the screen with a MOV M, X (whose X is
any register) instruction. The position on
the screen is determined by the 16 digit
number in the H, L register pair, which in
this case would be between hexadecimal
CCOO (first screen position) and CFFF (last
screen position). Allocations of the starting
and ending line addresses, as well as the first
invalid address on either side of the screen,
are shown in figure 2.

The VDM-1 is designed to display a
cursor if bit 8 is high, regardless of the status
of the other 7 bits. If cursors appeared at all
screen positions, the screen would appear
white instead of black. Lines or blocks of
cursors may be used to draw simple figures.

One shortcoming of the VDM-1 display
is that a full cursor is the smallest contiguous
unit available. The available graphic resolu-
tion is therefore a matrix of only 64 by 16
blocks.

The VDM-1 also contains a scrolling
feature which allows vertical displacement of
screen contents. It was decided not to use
this feature in our program for reasons that
will be explained later.

The output of the VDM-1 is a video signal
containing both horizontal and vertical
synchronizing pulses which permit display

FIRST INVALID ADDRESS
{TOP OF SCREEN)

N

END OF LINE
ADDRESSES

of the graphic information on any television
monitor. It should be noted that the hori-
zontal and vertical drive pulses are slightly
nonstandard; and, although they will be
accepted by any television monitor, they
may not synchronize easily with more
sophisticated video recording or signal proc-
essing equipment. The Digital Group has
announced a 1 K byte video display control
board that can be driven by external sync
pulses. Since GRAPH is written specifically
for the VDM-1, some changes in approach
(for example, cursor handling) may be
necessary when using video display boards
from other manufacturers.

In order to make the VDM-1 do anything
at all, you need a driver program. For ex-
ample, a simple program could be written
to take a character and type it into the screen
starting at the upper left hand corner (hexa-
decimal address CC00). To do this it would
be necessary to:

Load H, L with

hexadecimal CCOO first screen position
= Check for status has a key been pressed?

Read value of key
pressed and stare in
accumulator {A)

Move A > M

Increment H, L

move character to screen
move to next screen position

Loop to
L status check

get ready for next character
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Table 1: Program func-
tions in GRAPH and their
specific control characters.
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Key Pressed to Enter Hexadecimal o
Function Routine Control Character Description

Type Characters Happens automatically for all

Onto Screen noncontrol characters.

Repeat CTRL/R.,X 012 Repeats character X until any
key is pressed.

Move Cursor Up CTRLU/T 014 Cursor may be moved around

Down CTRL/V 016 screen in either “‘cursor write’’ or
Right CTRL/G 07 "transparent’’ mode.
Left CTRL/F 06

Cursor Write/ CTRL/Z 01A Cursor blocks may be used to

Don’t Write draw lines or figures.

Cursor On/Off CTRL/A 01 Leading cursor appears or
disappears.

Clear Screen Clear 01C Clears screen and initializes cursor
to upper lefthand corner.

Home Cursor CTRL/X 018 Cursor is initialized to upper
lefthand corner without clearing
screen.

CRLF LINEFEED or 0A Generates a carriage return and

{CTRL/J) linefeed sending leading cursor to
lefthand end of next line.

Move Screen Up CTRL/U 015 Entire contents of screen may be

Down CTRL/M 0D shifted up, down, right or left.
Right CTRL/K 0B
Left CTRL/H 08

Vertical CTRL/Q 011 Allows character entry in vertical
columns.

Store CTRL/S 013 Entire contents or screen may be
stored in one of six rotating
locations.

Recall CTRL/P1,2,3 010 Contents of any previously stored

4,5,6 screen may be recalled.

Choose Storage CTRL/W 1,2, 3 017 Screen storage status control word

Location 4,5,6 is set to chosen value for next
STORE.

System CTRL/W 017 All systems parameters and storage

Initialize CLEAR 01C registers are initialized, screen is
cleared and cursor returned to
upper lefthand corner.

Escape ESC 01B Exit from GRAPH and return to
system monitor.

Delete DEL 07F Writes blank into present pasition
and moves leading cursor back
one space.

If you implement such a program, you
will immediately see that it is not very flex-
ible, and the need for refinements will be-
come apparent. What about a cursor? What
if you want to start typing somewhere else,
make changes, draw lines, etc?

We asked ourselves the same questions
and more. The result was GRAPH, a multi-
function video display memory handler. The
following sections will detail the design and
implementation of GRAPH step by step.

Program Function and Use

The GRAPH program is designed to do
practically everything we ever wanted to do
with the VDM-1, to be as universally ap-
plicable and self-contained as possible, and
to reside in the lowest 1 K byte of memory.

(The store and recall functions require
additional memory space; more about this
next month in part2.)

The program consists of a driver which
waits for keyboard input and then checks
for special control characters. If a specific
control character is typed, one of a series of
subroutines or special operations is entered.
If the entered character is not a special con-
trol character, the typed information is
displayed on the screen. Table 1 lists the
program functions and their specific control
characters.

GRAPH is designed so that all screen
operations ‘‘wrap around” and therefore
stay within the 1 K byte screen boundaries.
For example, a leading cursor in the last
screen position will appear in the upper
lefthand corner (first screen position) when






Table 2: A table of values used by the initialization subroutine to set the

the next character is entered. Similarly,
information moved off the top of the screen
with a MOVE UP command will appear at
the bottom of the screen. In this way, no
information is lost and adjacent memory is
not affected.

GRAPH may be entered either by a jump
or a call. If a jump is used, hexadecimal
memory locations 346 and 347 should be
foaded with the desired address for a jump
back to a system monitor program (eg: to
return to ALS-8, 346 is set equal to hexa-
decimal 60, and location 347 is set equal
to hexadecimal EO). If GRAPH is entered
by a CALL instruction, hexadecimal
memory location 345 should be loaded with
an unconditional return, C9. In this case 346
and 347 are not used.

Program Design

To aid in understanding the operation of
the program, it has been divided into three
main sections: the Driver section, the Con-
trol Checks section and a section of Special
Operations. Special operations are called
into use by certain designated control char-
acters.

Although most of these operations are
distinct subroutines, several, such as Cursor
(on/off) and Vertical Write, consist of only
a few instructions in the Control Check sec-
tion that modify the operation of the Driver
section by changing certain status words in
memory. Others, such as Home Cursor and
System Clear are merely jumps to sub-
routines already existing inside the Driver
section.

Descriptions of some of these routines are
brief in certain cases because the operation
of some subroutines is simple. Other tech-

Hexadecimal Hexadecimal
Location Purpose Initialized Value

3FF Save H and L for Don’t care

3FE Screen Moves

3FD Save Stack Pointer Don’t care

3FC

3FB Cursor On/Off On =80

3FA Save H and L for 3FA = CC,3F9 =00

3F9 Page Store and
Recall

3F8 Page Store Status Page 1 = 00

3F7 Vertical Write/ Not Vertical Write = 00
Not Vertical Write

3F6 Cursor Write/ Don‘t Write = 00
Don't Write

3F5 Repeat/ Not Repeat = 00
Not Repeat

memory status words or locations to their initial values.
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niques, however, such as using DAD instruc-
tions to subtract (as in the Move routines),
will be examined in more detail.

To interface each subroutine with our
program, certain standards have been
adopted, as follows:

® [n each subroutine, screen character
positions are controlled by using the H
and L register pair. Information is
moved to the screen by using a MOV
instruction to register M, which moves
the data to the memory location
specified by the address in H and L.
Therefore, by changing the values of
H and L, the memory location into
which characters are to be input
is changed.

® The only register ‘“tied up” when
leaving the Driver to execute a sub-
routine is register C, used to store
the screen information previously
located at the leading cursor position.
The cursor which travels along to
indicate the next entry position on
the screen will be referred to as a
“leading cursor.”

® Since the cursor is a movable item, the
first step upon entering most sub-
routines is “MOV M, C,”” which moves
the information stored in C back to
the screen and makes the leading
cursor disappear. This then frees
register C for use in the subroutine.

Driver Section

The heart of any multifunction pro-
gram is the Driver, which has a number of
functions:

® |nitialization: Upon entering the pro-
gram at its starting location, the first
thing encountered is a jump to an
Initialize subroutine. This simply in-
volves setting the memory status
words or locations to their initial
values. This is accomplished by load-
ing D and E with the hexadecimal
value 03F5 and loading the accumula-
tor with 00. Then a STAX operation
is executed, which stores the accumu-
lator at the location specified by D
and E. The latter are incremented,
and the STAX operation is again
performed. This is repeated five times.
The accumulator is then loaded with
hexadecimal CC, the STAX operation
is performed (location 3FA), and D
and E are incremented. The accumula-
tor is then loaded with hexadecimal
80 and the STAX operation per-
formed (location 3FB). By this store
and increment method, hexadecimal
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locations 3F5 to 3F9 are initialized to
zero, location 3FA to hexadecimal CC
and location 3FB to hexadecimal 80.
The initial contents of locations 3FC,
3FD, 3FE and 3FF are unimportant.
® C(Clear: The Clear subroutine writes
blanks (hexadecimal AOQ) into every
screen location and initializes the
status of the video display module.

The status of the module is in-
itialized to display all 16 lines in a
nonscrolled format by writing 00 into
the VDM-1's status port (hexadecimal
C8).

The screen is cleared by initializing
the H and L registers to hexadecimal
CCO00 (upper lefthand corner), loading
that position with a blank, increment-
ing and loading a blank, and so on,
until the screen is filled.

® Home: The operation then jumps to
the HOME section of the Driver where
H and L are again set to hexadecimal
CCO0 and the program proceeds to
the CURSOR section.

® Cursor: CURSOR, by checking hexa-
decimal memory location 3FB, either
prints a cursor and character, or just
the character in this initial position
(hexadecimal CCO00).

CURSOR is responsible for printing the
leading cursor everytime it appears on the
screen. Hence, any subroutine which modi-
fies H and L to change the “‘next character
to be entered” location (such as Linefeed,
Backspace, etc) must immediately jump to
the CURSOR subroutine to decide whether
or not to print a leading cursor in the new
screen position.

During its operation, CURSOR first
moves the contents of the screen location
addressed by H and L to register C for
safekeeping. It then loads the accumulator
with the contents of memory location 3FB,
which is either hexadecimal 00 or hexa-
decimal 80.

By ADDing the character in C to the
accumulator, the accumulator is modified so
that when it is displayed either just the
character appears, or the character appears
in a cursor block. For example, if the con-
tents of memory location 3FB is hexa-
decimal 00, then moving this value to the
accumulator and adding the character in C
to the accumulator will leave just the charac-
ter in the accumulator.

But if 3BF contains hexadecimal 80, then
a white cursor will appear (on a black back-
ground), or a black or inverted cursor will
appear (on a white background).

At this point, the status word at hexa-
decimal location 3F5 is checked to see if

the program is in the Repeat mode. If 3F5
contains hexadecimal 00, then operation
passes to the keyboard status check called
STATIN. Here the operation loops until
STATIN indicates that a key has been
pressed. At this point the program inputs
the data at DATIN and moves it to register B
for safekeeping.

If location 3F5 contains hexadecimal 80,
a jump is made to a timing delay loop. In
this delay loop, D and E are loaded with
hexadecimal 10FF and decremented until
they reach zero. This provides a program-
mable delay between characters in the
Repeat mode. Next, a keyboard status check
is made by logically ANDing the keyboard
word (IN 00) with hexadecimal 40. If the
result is zero (meaning no key has been
pressed since the character to be repeated
was entered), then program operation jumps
to DATIN, which inputs the wunchanged
data in [O port 01 to the accumulator. If the
input data is a character to be printed, it is
displayed on the screen and operation even-
tually returns through CURSOR to check
the Repeat mode status again. As long as
no other keyboard key is pressed, the pro-
gram will continue to cycle through the
delay timing loop, repeatedly displaying the
entered character on the screen.

Those subroutines which jump back to
the Driver at or above CURSOR may also
use the Repeat function (see figure 3). If, for
example, CTRL/R and then CTRL/V
(Page Up) are entered, the display will con-
tinually roll upward until another character
is entered to cancel the repeat function.

When the character after CTRL/R is
entered, an IN 01 is executed to reset the
keyboard status, although the input data is
not used in any way. The Repeat status
word at location 3F5 is then reset to zero
and operation jumps to STATIN.

Since the repeat delay is controlled by
the value in D and E, varying this value
affects repeat speed. New values may be
entered at hexadecimal memory locations
282 and 283 to produce different speeds.
Using a value of hexadecimal 0000 will
result in the slowest speed (about 2 to 3 Hz).
Hexadecimal 10FF produces a convenient
speed of about 30 characters per second.

Following DATIN, the program next
enters the Cursor write/don’t write section,
which loads the accumulator with the con-
tents of hexadecimal address 3F6 (either
hexadecimal 00 or hexadecimal 80) and
logically ORs it with B. This new value
(either just the character, or the character
plus bit 8) is moved back into B as the valid
desired data.

This in effect adds a cursor bit (bit 8) to
the character input if Cursor write is desired,
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or leaves the character as is if no cursor is
desired. Hexadecimal memory location 3F6
is loaded by the Cursor write/don’t write
subroutine (Control/Z) as hexadecimal 00 or
hexadecimal 80 alternately. Thus, if the
letter X is typed while location 3F6 contains
hexadecimal 80, then X is printed on the
screen enclosed in a cursor.

This section is analogous to a toggle
switch controlling the state of bit 8, which
might be an alternate hardware approach.

Next, the Driver jumps to the control
check section to determine which subroutine
(if any) has been selected. If a subroutine
has been selected, the data in B is no longer
important (since we don’t want to print con-
trol characters on the screen), and B is free
to be used in any subroutine.

Control Character Check

Although the Control Character Check
section is part of the driver, it is physically
separated from the driver in the assembly
listing to facilitate expansion. The Control
Character Check detects the presence of the
various assigned control characters and routes
the program operation to the respective sub-
routines or operations. Since the majority
of the Control Character Checks consist
simply of compare immediate and jump if
not zero statements, only two internal
routines, Page Recall and Control W, will be
examined in detail.

Page Recall Control Check

Once the Control Character Check recog-
nizes the code for Page Recall, it does a key-
board status check, waiting for the next
character to be pressed. The character is
then entered, and the cursor bit (bit 8)
is peeled off or set to zero by logically AND-
ing with hexadecimal 7F. If the character
entered is a number from 1 to 6, the com-
pare statements in this nested subroutine
transfer operation to the respective Page
Recall location. If the character entered
is not a number from 1 to 6, operation
jumps back to STATIN in the Driver
program.

Control W Check

Once a control W has been detected by
the Control Character Check subroutine,
the program waits for the operator to input
another character. If the latter is a character
from 1 to 6 or “clear,” an operation is per-
formed. If not, the program jumps back to
STATIN in the Driver.

If 1 is pressed, hexadecimal memory
location 3F8 (the page store select location)
is loaded with the correct value (hexa-
decimal 00) so that the next Page Store will

be stored in page 1. The same holds true
for numbers 2 thru 6. Operation then jumps
back to STATIN. However, if Clear is
pressed, operation jumps to the lnitialize
and Clear sections of the Driver where all
the memory status words are reset to their
initial values and the screen is cleared. This
operation is referred to as System Clear in
the Control System Chart (see figure 3).
At the end of any subroutine, the operation
jumps back to the Driver program.

If no subroutine has been selected, the
contents of B (the previously input data)
are moved to the screen. The program first
checks hexadecimal location 3F7 to see if
it_is in the Vertical Write mode, and then
deciaes whether to increment to the next
screen location (required in a normal char-
acter entering mode) or to go into the
Vertical Write mode. [n this last case no
increment is produced, but a Linefeed is
executed (the Vertical Write mode enables
the user to enter the next character imme-
diately below the previous one). This allows
a vertical line of characters to be drawn
downward. {f the value of hexadecimal
memory location 3F7 is zero, the program
increments H and L normally. If it is any-
thing other than zero, the Vertical Write
mode is entered. The data in location 3F7
is controlled by the Vertical Write sub-
routine (CTRL/Q) which alternately loads
it with hexadecimal 00 or hexadecimal 80.

Finally, the driver checks to see if it has
reached the end of the screen (in Vertical
Write mode, Linefeed takes care of this), and
if so a jump is made to a location in the
initializing section (HOME), thereby setting
H and L back to their upper lefthand value.
If the end of screen has not been reached,
operation simply jumps back to the
CURSOR section, which operates as ex-
plained above. The program is now ready for
a new character.

Special Operations

There are 21 special operations which
GRAPH performs. They will be examined in
the following order:

Linefeed

Line Retract
Backspace
Forward Space
Carriage Return & Linefeed (CRLF)
Delete

Page Up

. Page Down
Page Left

. Page Right

. Page Store

. Page Recall
13. Repeat

g
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INFO 2000 DISK SYSTEMS ==

\ LetYou Make the Choice

INTELLIGENT CONTROLLER
or DUMB CONTROLLER

INFO 2000 has just added a new, lower cost S-100 ““‘dumb’ controller disk system to its already popular line of “intel-
ligent controller disk systems for $S-100, Digital Group, and Heathkit H8 microcomputers.

W

All INFO 2000 disk systems feature the incomparable PerSci 277 dual diskette drives with voice-coll positioning and
seek time up to eight times faster than competitive stepping-motor-type drives. All INFO 2000 disk systems are fully
assembled, rigorously tested, and include case, powersupply, cables, and software. All INFO 2000 disk systems include
the CP/M Disk Operating System and support the complete INFO 2000 library of software for 8080, 8085, and Z80-
based systems. All INFO 2000 disk systems include complete 1/0 driver software CUSTOMIZED for your specific
equipment configuration at no additional cost, assuring you of a hassle-free plug-in-and-go installation.

And now, S§-100 users can choose the kind of controller that makes the most sense for their specific application:

intelligent or dumb.

INTELLIGENT CONTROLLER
DISK SYSTEM

This system uses the remarkable PerSci 1070 “intelligent”
controller, which incorporates its own dedicated 8080 micro-
processor, 4K of EPROM containing cxtensive file manage-
ment firmware, 1K of RAM buffer memory, and eight-bit
parallel interface.

The “intelligent”” controller is actually a single-board
computer dedicated to the task of managing the disk
system. It requires a minimum of interface logic and
very little support software in the host computer.

This makes it exceptionally easy to interface to almost
any kind of computer system or software system.

INFO 2000 provides interfacing hardware
(Adaprer Boards) for all $-100, Digital Group
and Heathkit H8 microcomputers. The Adapter
Boards provide all necessary interfacing logic, power
regulation, and support an EPROM-resident CP/M
bootstrap loader. The Heathkit H8 Adapter Board
replaces the Heath 8080 CPU board and upgrades the H8 to a
Z80.

If you change to a diffcrent kind of computer in the
future, you can still use your disk drive and controller. You
need only purchase the appropriate replacement INFO 2000
Adapter Board.

Prices for the complete INFO 2000 Disk System with
“intelligent” controller:

$2,850 for S-100 or Digital Group

$2,950 for Heathkit H8

DUMB CONTROLLER
DISK SYSTEM

This new system uses the new $-100 controller board
developed by INFO 2000 Corporation especially for our
own Business System. The new “dumb’ controller is sub-
stantially less expensive, and is designed specifically to
maximize the performance of the PerSci 277 dual diskette

drive when used in a CP/M software environment.

The controller is fully [BM 3740 compatible,

and provides advanced functions not often

found in low-cost units: full softsectored
diskette formatting, multi-sector reads and
writes, verified secks, and complete diagnos-
tic capabilities.

This new controller is FAST! A full verified
disk copy takes less than a minute. Formatting

a new diskette takes less than half a minute.
A CP/M re-boot is almost instantaneous (one-third

of a second). There are no performance compromis-
es.

The INFO 2000 controller is available with an “1/0
Option”. This adds two RS232 serial ports with software-
selectable baud rates, 3 8-bit parallel ports (2 output, 1 in-
put), and sockets for an additional 7K of 2708-type
EPROM (1K is standard). All of this is contained on the
same S-100 board which holds the controller, and the cost
of the “I/O option” is $150— far less than the cost of a
comparable scrial/parallel interface board and an EPROM

hoard §2 450 for INFO 2000
S-100 DISK SYSTEM

SUPPORT SOFTWARE

INFO 2000 Disk Systems are supported by the most extensive library of software available anywhere. All INFO 2000

Disk System prices include the Digital Research CP/M Disk Operating System and an EPROM containing 1/0 driver

software customized for your specific hardware configuration. INFO 2000 also offers a choice of three BASICs, two

FFORTRANS, three assemblers, two text editors, a word processing package, a fast sort

package, and much more software. Write or phonc to receive our brochure with full

e INFS 2808
CORPORATION

You may also be interested in the INFO 2000 Business System—a complete data pro- 20630 South Leapwood Avenue

cessing system for small businesses, with full accounting and word processing software, Carson, California 90746

and priced under ten thousand dollars. (213)532-1702

11SAS )SI0 000¢

Circle 176 on inquiry card.
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14. Vertical Write

15. Cursor On/Off

16. Cursor Write/Don't Write

17. Next Store

18. System Clear

19. Clear Screen and Initialize Cursor
20. Home Cursor

21. Escape From GRAPH

Line Feed

This subroutine can be entered by press-
ing Control/V while the cursor write mode
is either on or off. This simply means that
Linefeed will be accessed with either hexa-
decimal 56 or hexadecimal D6 (the latter
being a hexadecimal 56 with the cursor bit
setequal to 1).

Note that this double control check is
necessary only in the first four subroutines
(Linefeed, Line Retract, Forward Space,
Backspace), since these are the only routines
used to draw cursors on the screen in addi-
tion to performing their own specific func-
tions.

Before checking for the next control
character after Backspace, therefore, the
cursor bit is masked off by ANDing it with
hexadecimal 7F, so that only single control
checks are necessary for all further
operations.

If Linefeed is accessed with the cursor
bit set (LFC), register C is loaded with
hexadecimal AOQ, a blank cursor. This value
is moved to M (putting a blank cursor on the
screen). Thus, in this mode, every Linefeed
writes a blank cursor below the previous one.
This can be used to draw a line downward
on the screen.

If Linefeed is accessed in thc Cursor
““don’t write’” mode (LF), then the original
information in C is transferred to M, leaving
the screen in its pre-‘‘leading cursor’ state
and freeing C for subsequent use if needed.

To accomplish its job, Linefeed loads
registers D and E with hexadecimal 40
(decimal 64) and then adds this to H and L.
This means that the next position to be
entered on the screen will be 64 characters
after the last one, exactly one line down
(since lines are 64 characters long).

The subroutine then checks to see if
this new value from H and L is valid; that
is, if it is still on the screen. If it is a valid
screen location, operation jumps back to
CURSOR in the Driver. If not, it will be
necessary to ‘“‘wrap around” and move to
the top of the same vertical row. In this
case register H is loaded with hexadecimal
CC. Since the position across a line is con-
trolled by the value in register L, keeping
the same value in L and setting H to hexa-
decimal CC produces a linefeed from the

bottom of the screen to the top.

For example, with the cursor at the
lowest lefthand screen position (refer to
figure 2), H and L are hexadecimal CFCO
(H = hexadecimal CF, L = hexadecimal
CO0).

If a Linefeed is pressed at this point, H
and L will be modified to hexadecimal
D000, and the program will detect that
this value is off the screen. Then, instead of
jumping back to CURSOR, the program
loads H with hexadecimal CC and leaves
L. at hexadecimal 00. Thus the next screen
position is hexadecimal C000, which is the
highest lefthand screen position. In this
manner, a linefeed from any position on
the bottom line moves the cursor to the
corresponding position on the top line.
The operation then jumps back to CURSOR
in the Driver.

Line Retract

Whenever Line Retract is executed, the
leading cursor position is moved up one
line. Like Linefeed, it can be entered by a
Control/T in either the Cursor ‘‘write”
(LRC) or “don't write” (LR) mode. By
using Line Retract while in the cursor
“write” mode you can draw lines of cursors
upward on the screcn. Line Retract operates
the same as Linefeed except that it adds
FFCO to H and L in order to move up one
line, instead of adding hexadecimal 40, as
in the case of Linefeed.

Since the 64 K byte memory wraps
around from its last position (hexadecimal
FFFF) to its first position (hexadecimal
0000), adding hexadecimal FFFF to any
value of H and L will bring you around
through memory and up to the memory
location immediately preceding that value.
Thus, adding hexadecimal FFCO to a value
of H and L will bring you to hexadecimal 40
(decimal 64) before that value. This has the
effect of subtracting hexadecimal 40 from
the current cursor position, hence backing
up one line. The Line Retract subroutine
also checks the new value of H and L to see
if it is valid (on screen). If not, it loads
register H with hexadecimal CF so that
the new cursor position will wrap around
from the top to the bottom of the screen,
similar to Linefeed. Line Retract always
finishes with a jump to CURSOR in the
Driver.

Backspace

Backspace, like the preceding two sub-
routines, can be executed by a CTRL/F
while the Cursor write mode is either on or
off. Backspace writes cursors on the screen
when the Cursor write mode is on by the



same method as Linefeed (ie: loading
register C with AOH before moving C to M).
The values of H and L are then incremented
and a check is made to see if the new value
is valid. If so, program operation jumps to
the CURSOR section of the Driver. If
not, the cursor has obviously been bumped
of f the upper lefthand corner of the screen.
The backspace subroutine loads H and L
with hexadecimal CFFF (the address for
the lower righthand corner position), and
then jumps to CURSOR. Thus, backspace
wraps around from upper left to lower right.

Forward Space

Forward Space does the same as Back-
space, but in the opposite direction. Cursors
can be written using Forward Space if the
Cursor write mode is on, as in the preceding
three subroutines. In forward space, the
cursor wraps around from the lower right-
hand corner to the upper lefthand corner.
Forward space ends with a jump back to
CURSOR.

The preceding four subroutines are all
used either to move the leading cursor to
the desired location of the next character,
or to draw cursor lines up, down, back or
forward. It should be noted that if the
Cursor write mode is off, these subroutines
move a transparent cursor over the screen.
Whenever the cursor is moved in this mode,
the contents of C (original value of that
position) first replace the leading cursor,
and the cursor is moved to the next loca-
tion. In every case, the content of the
new leading cursor location is stored in C
before the cursor is displayed. Hence, all
four of the preceding routines move ‘‘trans-
parent’”’ leading cursors around on the screen
and do not destroy any screen information.
In the Cursor write mode, any of the four
routines will write cursors on the screen.

Carriage Return and Linefeed

Basic to understanding the operation of
CRLF is the knowledge of the contents of
the H and L register pair for various key
screen positions (see figure 1).

Since there are hexadecimal 40 (decimal
64) characters per line on the screen, four
lines of characters can be addressed solely
by the L register (an 8 bit register can store
up to 100 hexadecimal or 256 decimal com-
binations). Thus, the H register changes only
once every four lines. The starting addresses
of all 16 lines may be seen in figure 1.

The CRLF subroutine includes a Linefeed
so that, when executed, the leading cursor
moves to the start of the next line.

To perform this, the subroutine checks
the current address contained in H and L

and compares it with all line starting ad-
dresses to determine which line it is on.
Having determined this, it sets H and L to
the starting address of the next line and then
jumps back to the CURSOR section of the
Driver.

As in most subroutines, CRLF moves the
contents of C to the correct screen position,
restores the screen to its pre-‘leading cursor”’
condition, and then loads the accumulator
(A) with the contents of register L. Fol-
lowing this, it compares A with hexadecimal
40 by means of a CPI instruction, which
subtracts hexadecimal 40 from A and sets
the flags, but doesn’t alter the contents of A.

If L is greater than or equal to hexa-
decimal 40, the program jumps to a location
where another check is performed to com-
pare L with hexadecimal 80.

If L is greater than or equal to hexa-
decimal 80, it is similarly compared to
hexadecimal CO.

If L is less than hexadecimal 40 in the
first check, however, the program loads L
with hexadecimal 40 and jumps to OUT.
Here, this new value of H and L is checked
to determine if it is a valid screen address. If
so, operation jumps back to CURSOR. If it
is not a valid screen address, the program
jumps to HOME, initializing H and L to
hexadecimal CCQO. Similarly if L is found to
be less than hexadecimal 80 or hexadecimal
CO, it is loaded with hexadecimal 80 or
hexadecimal CO respectively, and operation
jumps to OUT as outlined above.

If L is found to be greater than or equal
to hexadecimal CO, H is incremented, L is
loaded with hexadecimal 00, and operation
passes to OUT. To summarize:

If hexadecimal 0 < L
If hexadecimal 40 € L
If hexadecimal 80 < L. < CO
I1f hexadecimal CO < L

This completes the
first part of the presen-
tation of the GRAPH
package. Several of the
functions  listed in
table 1 and found in
figure 3 will be de-
scribed in detail in
part 2’s continuation
of the documentation.
Also found in part 2
is the listing of the
GRAPH package, list-
ing 1.

< 40, L gets loaded with hexadecimal 40
< 80 L gets loaded with hexadecimal 80
L gets loaded with hexadecimal CO
H gets incremented and L gets loaded

with hexadecimal 00

Examples:
I nitial Values

H L

cc 20 —» CC 40
CC 42 » CC 80
CcC 90 » CC Cco
cC D1 » CD 00
CF D1 » CC 00
Delete

When the Delete subroutine is entered, it
moves a blank to the present cursor position
and jumps to a section of the Backspace
subroutine. This has the effect of deleting
the character located at the present leading
cursor position and moving the cursor back
one space for a subsequent delete, if
desired.m

Hexadecimal Values
After Carriage Return
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SCREENSPLITTER

A COMPLETE TV TEXT DISPLAY SYSTEM
from

icro Diversions, Ingc.

meo-n-mmoomeeeooo-GENERAL---------====---=

:SCREENSPLITTER is a self-contained hardware/software TV

g text display system for your microcomputer. It comes on a
1 single, high-quality 5-100 buss compatible board, complete
$ with its unique Window Package software module. With the

¥ Window Package, you can logically segment SCREENSPLITTER's
T huge 40 x 86 display of upper-lower case characters imto up

n
1
1
i
1
]
1
1
1
to 3440 independent "windows" of various sizes. (You get : ; The Wind :
) the idea from our ad!) Each window has its own optional H 3 ow Packa
y frame, cursor, figure-ground, and optional label, and each 1 3 ge's aut |
Vwindow scrolls and automatically formats its text indepen- 1 1 o-format 1
! dently of all the others. QUICK! There's some interesting? ! ter does !
:infomacion flashing by in WINDOW 1. Go read it! : : n't care :
T T T T N L L L L e L L Y | y how ski 4
| nny your j
prmmemmmcmmmee=== WINDOW 1 -===ccccccccacay 1 windows 1
1 L) I are (it @
3 83 f+3~c<1aY Whoops! Our output routine seems to be : 1 11 hack !
: having oroblems. Oh well, at least you : your te :
H get to see some of SCREENSPLITTER'S ] 1 xt down
1 scientific symbols. (You can order a ] i to one ¢ 1
1 gravhics character set optionally.) ' 1 olumm if 1
1 : ' you can !
: AALAAAA And any character may be user-defined N : stand i :
H as a winking character. How? you ask. I g tl) 1
[ time Simple: SCREENSPLITTER uses a 2708 ] 1 1
] reprogrammable memory as its character ! n 1
1 generator. Turn on the character's : ' 1
: "wink" bit in the 2708, and presto! H : :
] 1 1 [}
] Oh, and naturally, each of the 3440 characters on the 1 1 1
: screen may have figure-pround reversed independentlv. : : :
1 1 ] 1
b Frills, you say? WNo, thrills! Just take a look in the : Home ===l
: window up there .~ to see how SCREENSPLITTER puts these
3} raw materials to work in the onboard 1K Window Packageg 1
1 (that back there — is the cursor character). :
o
PARTIAL
u=--FUNCTION-- === POINTS OF INTEREST ----
SUMMARY
NIT() Entire hardware/software system on a
single, high-quality S-100 buss com-
OPEN(W, X, DX, Y, DY) patible board.
CLEAR (i) Dri 10mh bett TV it
rives a z or better monitor
FRAME(W,C1,C2.C3) via standard 75 onm coaxial cable
UNFRAME (W) (supplied) .

REFRAME(W,C1,C2,C3)
LABEL (W, STR, LEN)
LABELS (W, STR)

FLASH (W)
COMPLEMENT (W)
SCROLL (W, N)
CURSORCHAR (W, C)
PRINT(W,STR, LEN)
PRINTS (W, STR)
BACKSPACE (W)
CLEARLINE (W)
FRESHLINE (W)
PLOT(W,X,Y,C)
MOVEWINDOW(N,X.Y,C):

mmee-me--e---- WHAT YOU GET - =----cn-n--

Window Package software.

tion with 4mhz CPU’s.

the Window Package.

74367 buffers.

(via 16 pin socket)

® Complete SCREENSPLITTER Kit, with all IC's, low profile 1
sockets, preprogrammed Window Package EPROM, assembly :
instructions 1

1
® Comorehensive Theory of Operation Manual :
® Complete source-code listing, and User's Manual for the :

Window Package 1
1

® 90 day warranty on parts and labor H

- P L L P P T P L P P YR |

~-------ORDERING INFORMATION------=--u

1. Tell us for which 8K boundary you would like your Win-
dow Package assembled.

N

. Tell us whether you want the scientific sywbols, or
the graphics characters in ASCII codes 0-31 of your
character generator, or the optional APL character
generator.

w

Send us a personal check, Master Charge or BAC/VISA
number and expiration date. Kit price is $329. Assem-
bled, $429. (Virginia residents please add sales tax.)

&

. We will send you the SCREENSPLITTER, postpaid in the
continental U.S., from stock to 40 days.

Circle 225 on inquiry card.

4K static RAM -2114's- display buffer
is memory-mapped into your CPU's
address space for fast, convenient
access if you ever need to bypass the

® User-selectable wait state for opera-

1K onboard 2708 is jumper changeable
to a 2K 2716 for user extensions to

Board presents one TTL load to host,
yet drives up to 20 TTL loads via

Provisions for jumpering TV data, sync,
blanking off board for external mixing

- . O e S4 ]

B==mem==h
+
+
+ 4+
+ ++

+ 4+ 4+

the

PLOT(W,
PRI
thickens j

40 vLINES
86 CHARACTERS/ LINE

ONBOARD WINDOW SOFTWARE
FOR CONTROLLING UP TO 3440
LOGICALLY INDEPENDENT WINDOWS

= --THE CARE AND FEEDING OF WINDOWS -~

1 OX. You have just powered on. Initialize the Window Pack-
: age and turn on your first window:

! INIT() _
H oPEN(1,10,15,20, 30) < “i
1

% MNow, just to flex your bits, give —
¥ the user a wake-up flash (a brief
: figure-ground reversal inside the
y window):

window 1

FLASK(1)

n

1

]

1

1

1

1

1

1

[}

i

]

1

1

1

1

1

} Now that you have his attention, go ahead and frame the 1
window (you don't have to, of course): :
FRAME(1) H

and, while you're at it, label it, and set the scroll line
count: 1
LABEL(1,"General I1/0") 1
SCROLL(1,5) (i.e., when the window 1

£ills up, pop it up 5 :
blank lines) 1
Just to keep him interested, switch the cursor character 1
from the default caret to the winking caret: [}
1

CURSORCHAR(1, &) H

[}

1

]

1

[}

1

1

[]

1

[]

1

(]

1

1

[}

)

)

)

[}

[}

]

1

1

[}

1

]

How that he's all excited, eyes bulging from the initial
flash, transfixed by the hypnotic winking cursor, hit him
with some text through window 1:

PRINT(1,"I hate to tell you this, William, but
last night the kids wired that chair
you're sitting in with 110 volts AC.™)

Now {this'll really kill him), open a second window to
the right: I—
OPEN(2,10,50,5,20)
FRAME (2)
LABEL(2,"Will's Will")

and print out a second message through this new window:

PRINT(2,"Please type your last will and testament.")

3 Now, of course, you echo his input through window 2,
1 relying on the default scrolling of 1-line "pop-up' when
: the window fills up.

: And on, and on...

M---cu-e----SOME APPLICATIONS-----------u

1. You have a BASIC program. Open a number of windows,
giving each important subroutine in the program its
own window. When your program runs, you get a two-
dimensional feel of the flow of the execution - flur-
ries of activity here, brief flashes there. You can
have the feeling of being able to converse with each
subroutine individually!

»

You have a page-oriented text editor. Pick up a para~
graph here, a paragraph there, isolating each in its

own window while you rummage through the main text in
its own large window. Using the MOVEWINDOW function,

you can move blocks of text around to produce a final
layout.

w

You have an assembly language debugger. Allocate one
window to the real-time clock, another to the run-time
clock, and several more to display various registers
in your 8080 or Z80. Then, you can keep the debugging
information separate from your program's I1/0, with the
debugging information continually present.

&

You have some fancy games. Give each player his own
window and define some "community windows.' Let your
imagination take over!

PS: Watch for our full graphics board, also with its own
onboard software... Coming soonl

Micro Diversions, Inc.
7900 Westpark Drive, Suite 308

Mc Lean, Virginia 22101

(703) 827-0888

DEALER INQUIRIES INVITED;
EVALUATION KITS AVAILABLE

g-TIME-l
: 06:01:48
L
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Figure 3: Programmable character generator bus interface circuitry. An 8131 (IC42) seeks for a match to the high five address
lines to indicate a programmable character generator memory or peripheral action. The single 8131 can match different
addresses by offering the compare circuit a choice of +, 10, 10 or ground. Where the address line match for memory and periph-
erals is the same (either 1 or 0), a + or ground connection is used. Where they are different, the 10 line is chosen if 10 is 1 and
memory is 0; the 10 line is used if memory is 1 and 10 is 0. The 8131 latch is opened during SYNC. By the time SYNC ends and
the latch is closed, the match condition is determined. DECD is low on a match. If both INP and OUT are low (indicating that
this is not an 10 operation), the MEM signal will go high. This will cause the READY line to be pulled high, forcing a wait cycle
from the processor. With the PWAIT signal, READY is brought down. All memory operations (and only memory) will have a
single wait state. The MEM line is combined with DBIN and WR to produce ""memory read’ and “memory write’ actions. There
are four data select modes available on the programmable character generator: fixed, programmable, command, and automatic.
In the fixed mode, the data select lines for the multiplexers are set high for normal characters and low for programmed charac-
ters. In programmed mode, the high order bit from the video display device, usually used internally for reverse video, is brought
out via pin 14 on the connector to control the data select process. In command mode, the output of a flip flop determines the
selection process. The flip flop can be switched by output commands. OSL-1 brings programmed characters; OSL-2 switches to
normal characters. In automatic mode, the multiplexers switch to the character generator for all of the upper case set (hexadeci-
mal 20 thru 5F), and to the programmable memory for the control characters (hexadecimal 00 thru 1F), and the lower case
characters (hexadecimal 60 thru 7F).
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Table 1: Power wiring table for figures 3 thru 7. applications will produce high resolution
graphics for special purposes (ie: bar graphs).

Number Type sv lGND | +8V | —12v However, fc_»r true graphics capability (such
as space ships guiding smoothly across the
IC1 74157 16 8 screen) there are some special requirements
c2 74157 16 P on the video display devices to be utilized.
1C3 74157 16 8 Graphics
Ic4 74187 16 8 True graphics ability can only be added
IC5 74157 16 8 to the memory mapped video display devices
1C6 MCM6574-6 2 13 1 which have, or can be altered to have, a
c7 7408 14 7 matrix field no greater than 8 wide by 16
high with no forced conditions (ie: no rows
Ic8 7474 4 / or columns hardwired high or low). Unless
IC9 7486 14 7 these conditions are met, the screen will con-
IC10 7404 14 7 tain blank spaces which will detract from the
overall appearance of any images.
cT 8212 2 12 None of the three video display devices
IC12 74125 14 7 previously mentioned will satisfy these condi-
IC13 74125 14 7 tions without some alterations. Other video
c14 74125 14 7 display devices will not satisfy these con-
ditions without truly major modifications.
IC15 7400 14 7
IC16 7407 14 7 Processor Technology VDM-1
Ic17 555 8 1 The VDM-1 places its characters in a 13
1C18 555 8 1 by 8 matrix. The eighth bit in each row is
1c19 555 8 1 forced blank by tying the high order bit of
the 8 bit shift register low. (The shift register
1C20 555 8 1 . . . .
in question is used to serialize the character
1C21 7402 14 7 data.) This can be modified by removing the
1C22 74138 16 8 ground from this pin and connecting it to
1c23 74125 14 7 pin 10 on the character generator socket,
=y 74125 ” . which is not normally used. From the.prc.)-
grammable character generator schematic, it
1C25 21L02 10 9 isclear that the shift register will receive bit 8
1C26 21L02 10 9 from the programmable memory when it is
c27 21L02 10 9 selected. When the character generator is
selected, the line is low.
Ic28 21102 10 S The programmable character generator
1C29 21L02 10 9 makes provisions for using a bit from the
1C30 21L02 10 9 video display device ASCII character memory
to switch between normal and graphics
€31 21102 10 ° modes. This bit is used in the Processor
1C32 21L02 10 9 Technology VDM-1 for reverse video. It is
1C33 21L02 10 9 most useful when left where it is unless there
1C34 21L02 10 9 is a special need for switching character sets
on a character by character basis. In this
1C35 21102 10 9 case, transfer the bit to pin 14 on the charac-
IC36 21L02 10 9 ter generator socket.
1C37 21L02 10 9 The VDM-1 uses 13 rows in each charac-
1c38 21L02 10 9 ter. The row a(?dress sequence for each char-
acter begins with 15, 0, 1... and proceeds
1C39 21L02 10 9 through ...10, 11. On 12, the counter is reset.
IC40 21L02 10 9 This leaves the user with the choice of some
c41 7400 14 7 unusual programming of the programmable
|42 8131 16 3 mfemory character generator or removing the
misplaced row 15. The latter can be accom-
Ica3 7805 2 1 plished by forcing the scan divider (IC2) in
Ica4 7805 2 1 the VDM-1 to load O instead of 15 when
|ca5 74125 14 7 given a load pulse. This will eliminate one of
1ca6 2125 12 . t.he blan}< scan lines b_etWeen the character
lines, which is not a serious problem in itself.
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IEEE-488

smartvwvarew

distributed
intelligence

system

Power. Multiply the power of your personal computer with distributed process-
ing. Peripheral and real time control functions can be handled by dedicated
processors without tying up your central computer. ldeal for home control appli-
cations such as timing, security and energy management.

Hardware. Each smartware™
system includes cabinet, power sup-
ply, real time clock/calendar with
battery backup, 20 key keyboard, 8
digit LED display, smartwareT bus
supervisor, and motherboard to ac-
commodate up to 8 smartwareT™
modules. ROM operating system
controls keyboard and display for
entering and reading parameters,
programs and data on the other
modules. $348.00

Central processor. General
purpose 6502 processor with 4K
RAM, 1K PROM with bus I/O sub-
routines, 2K empty PROM sockets.
Memory is expandable to 62K
bytes. Use for your own dedicated
applications or as general purpose
number cruncher. $248.00

Real time controller. Dedicated
processor with ROM softwarefor an-
alog and digital control of up to 1000
channels with yearly, monthly, week-
ly, daily, and hourly cycles. Minimum
timing interval is 6 seconds. Use with
control /O modules. $298.00

AC communication proces-
SOr. Provides bi-directional transfer
of control and sensor information by
imposing a modulated 50khz. carrier
on the AC power line. Up to 255
remote I/O’s can be addressed by
this module. Software provides
handshaking and redundancy to as-
sure error free operation. $248.00

Remote /0 module. Build
your home monitoring and control
system without the hassles of con-
trol wiring. Just plug the remote
1/O module into an AC outlet nearest
the application. Each unit has four
500 watt AC outlets, of which three
can be switched on and off by the
communication processor. The
fourth outlet is an always on conven-
ience outlet. The status of the three
switchable outlets can be read from
the central processor to verify oper-
ation. $148.00
Analog options: Temperature sensor
input, includes sensor. add $38.00
Analog output, 0 to bv. add $24.00

IEEE 488 interface. Control
your house while your PET is sleep-
ing. Includes complete instructions
and software for using PET com-
puter as a smart terminal. This board
allows bi-directional communication
between external IEEE 488 devices
and internal smartwareT™™ modules.
$148.00

RS 232 serial interface. Con-
nect a variety of terminals and mo-
dems to your system. Software se-
lectable baud rates of 110, 300,
1200, and 2400. Double buffered for
maximum throughput. $148.00

Temperature sensor mod-
ule. Analog input for 16 IC temper-
ature sensors, 255°F temperature
range, 1°F accuracy and 1°F resolu-
tion. $188.00
IC temperature sensor with 10 ft,
cable, each, $12.00

Software support. Includes
complete, accurate documentation,
full time user applications consultant
to answer your questions, continual
development of new applications
programs, periodic software news-
letter to keep you up to date on
what we are doing, and custom
software and system development
services. Our goal is to make this
the most powerful, reliable, and
usable system you can buy. Call or
write if you have any questions.

Coming soon. Other smart-
wareT™ modules being developed
include direct control and analog
1/0, software development modules
such as PROM programmer and
simulator, and controllers for floppy
disks and printers. Write for informa-
tion.

Quality. We realize that the com-
fort and security of your home re-
quire a reliable system designed to
operate 24 hours a day. Each mod-
ule is burned in and thoroughly test-
ted and includes built in self diag-
nostic functions.

Guarantee. Your money will be
cheerfully refunded if within 90
days you decide you are not sat-
isfied with the performance of your
system. One year warranty, parts
and labor, for defects in hardware
or software.

Prices include shipping.

Minnesota residents add 4% sales
tax.

Delivery expected to begin in 90-120
days.

automatic hardwvare co.

771 NE HARDING ST ¢ MINNEAPOLIS, MN 55413 ¢ (612) 378-3715

Circle 26 on inquiry card.
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Figure 7: Programmable character generator power circuitry. +5 V for the logic and memory
circuitry is provided through separate 7805 or 340-T5 regulators, properly heatsinked. Standby
power for the memory is provided via a 1 A diode. A 3 to 5V battery backup should be con-
nected to the board to use this feature, and suitable supply filtering at the requlators and on the
board should be provided. The low current —12 V required by some keyboards is generated by

a simple resistor and zener diode combination.

The overall absence of 16 scan lines will
force some adjustment of the vertical size
and linearity of the monitor.

PolyMorphic VTI

The PolyMorphic VTI uses an unusual 15
by 10 matrix. The 15 rows will cause no
problems for graphics, but the ten dots per
row will cause problems. Seven of the ten
dots in the row come from the character
generator socket. The other three are forced
blank. The problem is further complicated
by a 10 bit shift register which shifts out the
blank dots first and the VT1 “block graphics”
circuitry. Obviously, the change to this cir-
cuit is not simple. It is recommended that
the 74LS157 multiplexers (ICs 35 and 32)
be removed and replaced with dual in line
package component carriers with jumpers to
connect the 8 dot bits from the character
generator to the rightmost bits (2 thru 9)
of the shift register. To insure that only
eight dots are output per character, it will be
necessary to change the load number on 1C14
from 6 to 8.

Of course, the usual graphics ability of

the VTl is lost in the conversion, but these,
plus many more characters, can be duplicated
with the programmable character generator.
(Note: Modification of the VTI circuit
should not be attempted without complete
knowledge of the details of the VTI circuit.)

Software

Once the programmable character genera-
tor and video display device are joined, the
software must take over. Details on the use
of the programmable character generator
along with some sample programming will be
described in part 2 of this article.m

Note: The programmable character generator
described in this article is available from Objec-
tive Design Inc, POB 20325, Tallahassee FL
32304, in the following configurations:

Complete Kit .. ............ $149.95
® Assembled and Tested . ...... $199.95
e High Speed Version . ..... add $ 16.00

Plus shipping (5% US, 10% Canada, 15%

Foreign)







A Low Cost Light Wand Amplifier

Robin C Moseley
14 Standish Circ
Andover MA 01810

The purpose of this article is to discuss
some of the variables involved in the reading
of printed bar data, and to describe a signal
processor whose operation is independent of
most of these variables, and tolerant of the
remainder.

For the most reliable recovery of data,
the effective aperture of the light wand
photodetector should be no wider than the
narrowest data bar. In this case, full black to
white signal swing is obtained in response to
narrow bars, and variables such as lamp out-
put, photodetector sensitivity, pen angle,
and target contrast control only two output
functions: white level photocurrent and
black level photocurrent.

In any light wand having a linear photo-
detector, the ratio of these currents is deter-
mined by the ratio of the reflectivities of the
black and white bars, ie: target contrast. The
absolute value of the photocurrent may, of

Ril
100

AAA

course, vary widely between different light
wands, even those of the same design.

The first step in the data recovery process
is to transform the photocurrent to a log-
arithmically varying voltage. The amplifier
shown in figure 1 uses the well known expo-
nential forward conduction properties of a
silicon diode (D1) to make this transforma-
tion. The peak to peak signal voltage across
this diode is proportional to the ratio of the
white and black photocurrents and is inde-
pendent of the absolute level of the photo-
current.

The next step in processing the signal is
to eliminate the effect of the variation of the
absolute level of photocurrent. This is most
obviously achieved by capacitively coupling
the signal developed across the diode. This
method results in unwanted transient shifts
of signal level at the output of the amplifier
when the light wand is first placed on the

+3V
4

:»47K

9

il

e
*_I_

LINK
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2 100K
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{> outeur

Figure 1: Schematic diagram for light wand signal processor. IC1 is a National L M324 quad operational amplifier. All the diodes
are general purpose silicon diodes such as 1N4148. Q2 is a general purpose NPN transistor such as MPS6513 and Q3 is a general
purpose PNP transistor such as MPS6517. All resistors are 0.25 W and all resistances are measured in ohms. The output of the
circuitis TTL compatible.
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Figure 2. Sequence of events when the light wand is moved across a series of
light and dark data bars. In this format the size of the black bars are changing

white margin of the printed data and also at
the beginning of the data track. Provided the
dynamic range of the amplifier is sufficient
to accommodate these shifts, the decision
threshold circuit described below will com-
pensate for them. A more elegant approach,
however, is to borrow from television tech-
nology and clamp the white level output
from the amplifier stage at a fixed level. This
is the function of comparator A2 and peak
detector D2, C1.

Before the light wand is placed in contact
with the printed data, the photocurrent is

DATA
TRACK

AMPLIFIER
QUTPUT

VOLTAGE
ACROSS
c2

DIGITAL
OUTPUT

|

and the size of the white spacings in between remains constant.

Figure 3. When the black and white bars are smaller than the aperture of the

DATA
TRACK

AMPLIFIER
ouTPUT

VOLTAGE 1

ACROSS
c2

DIGITAL
QUTPUT

light wand it is still possible to have the correct output. The width of the
digital pulses will change but will still be readable.
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small. The output voltage of amplifier stage
A1 rises until it is equal to that at the other
input of comparator A2. At this point, the
output of A2 goes high, charging capacitor
C2 until the voltage across this capacitor is
approximately equal to that at the anode of
logarithmic converter diode D1. When the
light wand is placed in contact with the
white margin of the data, the photocurrent
increases. As the output level of the ampli-
fier tries to rise, comparator A2 output
switches high. This rapidly raises the refer-
ence voltage level across capacitor Cl to a
new, higher level corresponding to the white
level voltage at the anode of D1. As the
wand moves over the black bars, the reduced
photocurrent causes the voltage across D1
to fall. The output voltage from the ampli-
fier falls below that at the other input to the
comparator, and the comparator voltage falls
to zero, cutting off charging diode D2. Since
the time constant determined by C1 and R4
is long by comparison with the signal period,
C1 holds the bias input to the amplifier stage
approximately constant until the next peak
white signal “tops up’' C1.

The peak white level of the signal at the
output of the amplifier is fixed at a predeter-
mined voltage (about 3.25 V in the design
described here) and the signal swing is nega-
tive from that point. The peak value of the
signal depends only on the contrast ratio of
the data bars. Gain control R3 should be
adjusted to set the peak to peak signal swing
to the optimum value; between 1.5 V and
2 V. In the absence of an oscilloscope, op-
tional components D5, D6, C4, C5 and R10
form a peak detector which may be used in
conjunction with any reasonably high im-
pedance voltmeter to make this adjustment.
Switch the voltmeter to the appropriate DC
voltage range and connect it across C5. To
prevent any distortion of the signal during
actual use, disconnect the peak detector
from the output of the buffer amplifier
except when adjusting the amplifier gain.

The final step in processing the signal is
to convert the amplified and clamped signal
to the binary output required by the micro-
processor. My approach avoids the complex-
ity of decision circuits which rely on mul-
tiple peak detectors to determine the deci-
sion threshold while allowing variations of
contrast ratio. The threshold is set a fixed
voltage above (or below) the immediately
previous peak signal level. With the wand in
contact with the white margin, diode D3
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60 Hz will be virtually nonexistent, and if
the passband is from 35 kHz to 43 kHz,
that frequency range should be the highest
amplitude. This amplitude variation across
the spectrum can be facilitated somewhat
by the addition of a tuned inductance and
capacitance (LC) circuit, called a bandpass
circuit. The center frequency of the LC
circuit should be set for the center of the
particular passband desired. In the case of
35 to 43 kHz, the inductor and capacitor
are chosen to produce a resonance at 39
kHz: the result is a passive filter. Asthe RC
section passes frequencies close to 39 kHz,
the LC combination starts to resonate
{which increases the overall amplitude seen
at the base of Q1). In practice, a low Q
slug-tuned 1 to 10 millihenry coil salvaged
from an old TV set will work well. By using
this LC circuit, the fundamental frequency
of the transmitted waveform is sufficiently
high in level to be differentiated from the
second and third harmonics also present. A
sensitivity adjustment on the base of tran-
sistor Q1 aids in the detection process by
allowing only signals of sufficient amplitude
through the next amplifier filter section of
Q1.

The use of an LC filter does require
some component value changes to cover
the 30 kHz to 110 kHz range of the trans-
mitter. Figure 2 is the schematic of the LC
combination in question and includes the
formulas required to make this calculation.
Again, calculations are only part of the
answer and are acceptable only in 2 or 3
channel applications. For optimum tuning,
the component values should be chosen
according to the equation. Then using an
oscilloscope, measure the voltage across the
LC circuit and slowly adjust the slug-tuned
coil to peak at the desired frequency. A
voltmeter on the AC setting will not respond
sufficiently; only an oscilloscope with
high impedance inputs should be used.

The power supply section is a standard
rectifier and 3 terminal regulator supply.
The circuit requires less than 100 mA and
values are not critical. The LM309 voltage
regulator is the plastic TO-5 packaged
version of the standard LM309K, which is
a TO-3 metal can. Either can be usedand no
heat sink is required.

Table 1: Power wiring table for figure 1.

IC Type +5V Gnd
1C1 NEb67 4 7
IC2 NE567 4 7
I1C3 7437 14 7
1C4 LM309 3 2

ADJUSTABLE
SLUG TUNED
CoIL

I TO 10 mH

1

fo = 271 \/L_C

fo = center frequency

L = Henries

C = farads

27 =6.28
Example: 3

f, =35 kHz

for { 8= .01 uF
then

L=2mH

Figure 2: Calculation of inductor and capacitor values for the tuned bandpass

filter used in the receiver’s input section.

Tone Detectors

The heart of the receiver is in the two
tone detectors, IC1 and IC2. Each is tuned
to a specific frequency or tone within its
respective channel bandwidth. For the
channe! 1 frequencies | have chosen {35 kHz
to 43 kHz), IC1 would be set for approxi-
mately 35 kHz and IC2 would be set 4 kHz
higher at 39 kHz. IC1 is considered the set
frequency receiver and [C2 is the reset
receiver. LEDs are attached to their outputs
to facilitate tuning. These lights will light
only when the correct frequency is present
at the respective pin 3.

As with the input filter, these are tuned
circuits and they require component value
changes for the different channels. Figure 3
shows an individual receiver and outlines
the equations used to select components.
The values | have chosen are standard and
could be set closer with the addition of trim
pots, etc. In practice, this won't be necessary
unless all ten channels are to be constructed.

Output Latch

The outputs of the set and reset tone
detectors go to the set and reset flip flop
made from two NAND gates (IC3a and
IC3b). If either the set pushbutton is
pushed or IC1 receives the proper signal, the
flip flop goes into the set state and the
output device is activated. It will stay in the
“on” condition until either the reset push-
button is pushed or a reset signal is received
through IC2.

The solid state relay noted in the schematic can
shown in photo 1 or the homebuilt unit of photo 3
shouid be 6 A.

Notes for Figure 1.

be either a Sigma 226 RE1-5A1 as
and figure 4. Minimum current rating

1. All resistors 1/4 W carbon 5% unless otherwise noted.

2. All capacitors are 100 V ceramic unless otherwise noted.

3. The values of L and C in the tuned filter are computed for the particular center fre-
guency chosen (see figure 2). In general L should be an adjustable slug tuned in a

range of 1 to 10 mH. C will range from .001 to .

o1.

4. If this receiver is used on AC lines which also power many inductive devices such as
motors and pumps, voltage surge protection may be required on the input.
5. A 7400 can be substituted for the 7437 if the set and reset LEDs are eliminated.
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Figure 3: Selection of
components for the tone
decoder.
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Although the 7437 is quite capable of
driving a silicon controlled rectifier (SCR)
directly, turning on a triac is a bit more
involved. When the parts necessary to per-
form this function cost more than a
commercial solid state switch, it's time to go
commercial. There are experimenters who
will want to use SCRs because they have
them, though.

Figure 4 is a schematic of an alternate
1000 W solid state relay; photo 3 is the
prototype | constructed as an example. Itis
important to note that, while both the SCR
and homebrew device in figure 4 are opto-
isolated devices, the AC remote receiver
itself is not isolated, and care must be taken
when prabing into a plugged-in unit. In this
case, the only advantage of the opto-isolator
is that it provides the required current to
drive the SCR or triac; a 7437 by itself may
not. SCR gate currents have a wide variation
(1 to 100 mA for various SCRs all rated for
8 A) and a 7437 does not have unlimited
drive capability. For some less current
consuming applications, a standard 7400
can be used instead of a 7437.

System Checkout

There are two ways to calibrate this
system: trial and error (good for one or two
channels only); or with the proper test
equipment (necessary for three or more
channels). | prefer the latter and will discuss
that technique.

The first thing to do after building the
transmitter is to determine what frequencies
are being transmitted. Using the program in
listing 1 and a frequency counter attached to
pin 6 of IC3 on the transmitter board will
aid calibration. The frequency output of the
transmitter described last month will have
256 possible values but not all are required
at this time. A program could be written to
scan slowly across all frequencies and stop
when the receiver picks it up. This method
involves trial and error. | prefer to tune the

Example:
for Rqy=3.3kandCq=.01

fo=33.3 kHz

with Cy =.047 uF
Bandwidth = 1600 Hz
C3 =.1uF

1. Select Rq and Rp
1.1
=R
fo = detection frequency (Hz)
Rq =ohms (1 k <Ry <20 k)
C, = farads

2. Select bandwidth of less than 2 kHz for each
frequency. For input amplitude = 200 mV

BW = f, Cy
fg = detection frequency (Hz)
Cp = uF
BW = bandwidth {Hz)
and:

3. C3=2Cp minimum

transmitter to a known frequency, then tune
in the receiver.

Once the transmitter is set up, the next
project is the receiver. For reasons I'll
describe later, it is best to plug the trans-
mitter and receiver into the same wall socket
initially (use an extension cord if necessary).
Using the previous program, set the trans-
mitter to continually transmit one tone in
the center of a channel, such as for channel
1 (39 kHz). Choose component values from
figure 3 (figure 1 is configured for channe!
1) and adjust the coil slug until the
maximum voltage appears across the LC
circuit in the filter section. Reset the fre-
quency transmission for the set frequency
(35 kHz) and adjust the sensitivity pot until
the LED at pin 8 of IC1 comes on. Failure
of the LED to light indicates any of the
following:

1. Insufficient transmission amplitude:
check transmitter output.

2. Wrong frequency transmitted or wrong
components chosen for the receiver:
check program action and recheck
calculations.

3. Sensitivity pot misadjusted: attach
scope to collector of Q1 and note that
sensitivity pot turns signal on or off.

4. Bad tone decoders.

Once this phase is completed, set the
transmitter frequency to the reset frequency
(43 kHz) by entering the appropriate num-
ber when running the program of listing 1.
Then check to see that the LED on IC2
lights. The sensitivity pot may require
adjustment. The key is to find a setting that















The Electric Pencil II is a Character

Oriented Word Processing System. This

means that text is entered as a
continuous string of characters and is
manipulated as such. This allows the
user enormous freedom and ease in the
movement and handling of text. Since
Llines are not delineated, any number of
characters, words, lines or paragraphs
may be inserted or deleted anywhere in
the text. The entirety of the text
shifts and opens up or closes as needed
in full view of the user. The typing of
carriage returns as well as word
hyphenation is not required since lines
of text are formatted automatically.

As text is typed in and the end of a
screen Lline is reached, a partially
completed word is shifted to the
beginning of the following Lline.
Whenever text is inserted or deleted,
existing text is pushed down or pulled
up in a wrap around fashion. Everything
appears on the video display screen as
it occurs which eliminates any
guesswork. Text may be reviewed at will
by variable speed scrolling both in the
forward and reverse directions. By using
the search or the search and replace
function, any string of characters may
be located and/or replaced with any
other string of characters as desired.

When text is printed, The Electric Pencil II automatically inserts carriage
returns where they are needed. Numerous combinations of line length, page length,
line spacing and page spacing allow for any form to be handled. Character spacing,
BOLD FACE, multicolumn as well as bidirectional printing are included in the Diablo
versions. Right justification gives right-hand margins that are even. Pages may be
numbered as well as titled. This entire page (excepting the large titles and logo)
was printed by the Diablo version of The Electric Pancil II in one pass.

Now on CP/'M

You've probably seen
The Electric Pencil in
action by now. It's the
most powerful 8080/Z80
character oriented word
processor on the market
today. Michael Shrayer is
now proud to present the
new Electric Pencil IL

NEW FEATURES: *** CP/M Compatible *x*xx Disk
Operating System Supports Two Disk Drives #**x Simple
File Management *** Quick and Easy Disk Storage and
Retrieval *** Dynamic Print Formatting *** Multicolumn
Printing *** Print Value Chaining *** Page-at-a-time
Scrolling ***x New Bidirectional Multispeed Scrolling
Controls **x New Subsystem with Print Value Scoreboard
*k*x Automatic Word and Record Number Tally #** Cassette
Backup Capability ***x Full Margin Control *x*x*
End-of-Page Control #*** Non-Printing Text Commenting
**x% [ ine and Paragraph Indentation **%
Centering, Underlining and BOLD FACE

$225.
$275.

The Electric Pencil 1II is now available on CP/M. Standard printer versions

Diablo printer versions

The Electric Pencil I is still available for non CP/M users as follows:

System Hardware MUST include:

8080 or Z-80 Based Microcomputer
Printer (Diablo Hy-Term, TTY, etc.)
Video Display (vDM-1, VTI or SOU
CP/M Spported Disk System or...
North Star Mini-Floppy Disk or...
Cassette Interface (Tarbell or SOU)

MICHAEL SHRAYER SOFTWARE
3901 Los Feliz Boulevard
Los Angeles, CA 90027
(213)665-7756

Versions Printer Video Interface/Mass Storage Price
SS,SvV,SP TTY or similar SOL/Cuter ,VDM-1/Tarbell ,VTI/Tarbell $100.
SSN, SVN, SPN TTY or similar SOL/NStar ,vDM-1/NStar ,VTI/NStar $125.
pS,bv,DP Diablo Hy-Term SOL/Cuter ,VDM=-1/Tarbell,VTI/Tarbell $150.
DSN,DVN,DPN Diablo Hy-Term SOL/NStar ,VDM-1/NStar ,VTI/NStar $175.

Demand a demo from your dealer!

Circle 319 on inquiry card,
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Table 1: Port 7 addresses
and significance. Note that
writing to the first three
addresses is used to con-
trol the multiplication:
address 80]E receives a
control code, 801C re-
ceives the X operand, and
address 801D receives the
Y operand and simultan-
eously forms the product
and clocks it into the
output register P.
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What Happens When the What Happens When the
Hexadecimal Computer Writes into Computer Reads Data from
Address this Location this Location
801C Clock the multiplicand into || © | For the last strobed product, read
MPY-8AJ register X. 3 the left justified high order part
EE_ of the products: PS, P1, ..., P7.
801D Clock the multiplier into 2 For the last strobed product, read
MPY-8AJ register Y and b the left justified low order part of
strobe the product into c the product, with zero for the
product register P. 2 least significant bit: P8, P9, ...,
2 |Pi4,0.
801E Set control code: binary For the last strobed product, read
*xx* *SFR > | the overflow bit OV, then right
F = strip sign X ,UO justified and shifted product bits:
S =stripsign Y 85| 0OV, PS, ... P6.
R =set ROUND 3
* = ‘“don't care” “h
= 3
801F Not used g,'g For the last strobed product, read
& | the right justified and shifted
product bits: P7, ..., P14,

Note: Using terminology of the MYP-8AJ and the previous article of this series, bits
of the multiplication data are numbered 0 to 15, most significant to least significant.

Program Sequence:
Set up control code {801E).
Store X multiplicand (801C).
Store Y multiplicand {801D).
Read and use shifted {801E or 801F)

or unshifted {801C or 801D) product bytes.

A15=1, A14=0, and A13=0, hexadecimal
addresses 8XXX or 9XXX where X means
“don’t care.” The last six bits (A5, A4, A3,
A2, A1, and AQ) are examined to decode
ports. For the first eight slots (one full
mother board), A5=0, and bits A4, A3,
and A2 are decoded with a 74LS138 3 to
8 line decoder. This signal is port bus pin 1:
10 select. Remaining bits A1 and AQ are
buffered and become port bus signal RS1
and RSO, used by hardware plugged in a
slot to select which of the four bytes is
being addressed. (Actually, we earlier used
the term ‘“port” rather loosely to mean [O
slot. We now wish to be more precise and
recognize that each 10 slot contains four
ports.)

Although the 1O slot is only four bytes
wide, the bytes which are read need not be
logically the same as (or even related to) the
bytes which are written to the same address.
(Compare this with a memory where we
would hope they are the same!) Port bus
signal RW tells hardware in an 1O slot what
to expect. To use our hardware multiplier,
we write (from the processor) into three
bytes, and read from four bytes of 10 slot
#7. This is summarized in table 1.

In table 1, the MPY-8A] registers X, Y
and P are mentioned (along with ROUND).
Figure 1 is a pinout drawing of the TRW
product (reproduced from the specifications
sheets, courtesy of TRW Electronics Sys-

Figure 1: Physical layout and pinout dia-
gram for the MPY-8A] multiplier part, re-
produced from the specifications sheets,
courtesy of TRW Electronic Systems Di-
vision, One Space Park, Redondo Beach
CA 90278. Note that bits are numbered
from 1 (most significant) to n (least signi-
ficant), a convention which differs from
conventional microprocessor usage in which
bit 0 is always the least significant. The text
and figures of these articles reflect the in-
verse ordering of the bit numbers on the
multiplier side of the interface.

NO. 1 LEAD

IDENTIFIER\
PRS taof % L 40 PR 4
PRE 2 > 39 PR3
PR7 34 > 38 PR 2
CLOCKP 44 L 37 PR
TRIM 5¢ b 36 PR SIGN (MSP)
TAIL 69 b 36 Y SIGN
(LSPI PR SIGN 7 d L 34 v,
PR8 B84 533 Y,
PR9 99 b 32 GROUND
PR10 104 b 31 Y,
PRI11 114 MPY-8A b 30 vCC
PR12 124 | TRW L, 28 v,
PR13 134 > 28 v,
PR14 14< L 27 v
Xy 16¢ > 26 Y,
Xg 16¢ L 25 ROUND
Xg 174 L 24 CLOCK Y
Xy 18¢ > 23 CLOCK X
X3 18 22 X SIGN
)(2 20 21 X1
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POWER WIRING TABLE

1C +5V Gnd
Number Type Pin Pin
1 MPY-BAJ 30 32
2 74LS511 14 7
3 741500 14 7
4 741510 14 7
5 74L5139 16 8
6 74L574 14 7
7 74LS74 14 7
8 741874 14 7
9 741.5153 16 8
10 74LS153 16 8
11 74LS153 16 8
12 7415153 16 8
13 74125 14 7
14 74125 14 7

tems Division), the basic component of our
multiplier. Labelling bits as TRW does, from
1 (most significant) to 14 (least significant),
wecan write:

X = =x. X 27 +... X7 2_7,
Y = -y ty, 2] +.o..tyy 2_7;then

p

)(>l=Y=—ps+p1 2_1+,__
+pyg2 "+ ROUND - 278

Signals CLOCK X and CLOCK Y move X
and Y from the data bus to the multiplier
array input registers. In our application, we
treat sign bits x¢ and yg differently: these
are data bus signals ANDed with a control
code bit which is stored in a flip flop and
used to control stripping of signs.

The MPY-8A] pinout suggests an inten-
tion of the designers to use the upper and
lower parts of the product independently.
In fact pin 5, called TRIM, enables the three
state output buffer for the most significant
part of the product (pg pq ... p7), and pin
6 labelled TRIL enables the least significant
Ps pg -.- P14. However, we are treating
the product here as a single 15 bit entity
(which we optionally return shifted left
or right), and do not require the TRIL and
TRIM signals since external logic is em-
ployed in the circuit.

In our design the CLOCK P signed is
generated 1/2 clock cycle after the storing
in (writing to) the Y register at hexadecimal
address 801D. We could have used some
other signal to clock the product into out-

+8 v LM 309k B +5V
UNREG +

+
25,F : 10uF
: 25v 15V
GND b

POWER SUPPLY WIRING

Figure 2: The complete MPY-8AJ multiplier
interface. The SwTPC (S5-50) and Motorola
symbolic designations of processor signals
are shown at the left side of the diagram.
RSO and RS1 are signals derived from the
low order address bits AO and Al from the
processor. 10 select is a signal from the
SwTPC processor that indicates a reference
to a range of four addresses; for slot 7 of the
backplane these addresses are 801C and
807 F.

put registers, but this would usually take
another instruction. Usage of the multiplier
can be summarized as follows:

1. Set condition (which is set to O by
RESET).

2. Store multiplicand X.

3. Store multiplier Y.

4. Read product as needed.

The third and fourth steps may be repeated
(for as many distinct multipliers as are
needed) without storing another X. How-
ever, the condition code which prevailed
when the last X was stored determines
whether the sign of X is stripped. The
product remains unchanged until another
multiplier is stored in hexadecimal 801D.
(The reason for stripping signs was explained
last month.)

One product of signed 8 bit numbers
treated as fractions seems “‘wrong’: —1 x —1
= —1. Recall that —1 is equal to the binary
value 1000 0000; there is simply no repre-
sentation of +1 as a signal binary fraction.
(Thinking of the same binary numbers as
integers with the binary point to the right
leads to a different interpretation: there is
no 15 bit two's complement representation
of decimal 16,384 = 214, That is, the pro-
duct of —128 times —128 exceeds the
capacity of 14 bits.) Actually, the product
is correct “modulo 2.” In any case, it
represents an overflow condition which
needs to be flagged if possible, mainly be-
cause it is so hard to detect with software.
Luckily, with this design we have a spare bit

3 > GND
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Table 2: A list of SWTPC 6800 computer system 10 bus pins and calculated
worst case loading of these pins by the circuit of figure 2, The worst case
loading is the current drawn when an input is in the logical O state. (The 0.5
A power supply loading into the regulator is not a logic signal, of course, and
the GND pins have no such specification applicable.)

Worst Cast Worst Case
Pin Signal Zero Level L.oad Pin Signal Zero Level Load
1 10 # —-0.36 mA 16 D3 —-0.42 mA
2 RESET —-3.60 mA 17 D2 —1.16 mA
3 110 b NC 18 D1 —1.16 mA
4 150 b NC 19 DO —1.16 mA
5 300 b NC 20 RS1 —1.80 mA
6 600 b NC 21 RSO —1.18 mA
7 1200 b NC 22 IRQ NC
8 +8 unreg 500 mA 23 NMI NC
9 +8 unreg 24 INDEX NC
10 RIW —0.72 mA 25 GND GND
1 02 —-1.08 mA 26 GND GND
12 D7 —-0.72 mA 27 +12 NC
13 D6 —-0.42 mA 28 —-12 NC
14 D5 —-0.42mA 29 uD4 NC
15 D4 —0.42 mA 30 ubD3 NC

Listing 1: Support software and test program for the hardware multiplier.
This listing gives the complete source code and assembly listing of a 6800
processor program which tests the operation of the multiplier circuit in a
SwTPC 6800 computer system. The operation of the hardware multiplier is
compared to an implementation of a version of Booth’s algorithm for signed
two’s complement multiplication. 10 operations are performed with Motorola
MIKBUG subroutines.

goac3 ¢  FROGRAM TESTMP

0000s «

00005 * BPURPOSCD  TU TEST A HARDWARE WULTIBLLER
00006 * DESIGNED FOR THE SwTP M6BCC SYSTEM
00007 * ULSING A TR# MPY-BAJ Tw(S COMPLEMENT
03008 * ASYCHKONUUS PAKALLFL MULTIPLIER.
0Qao0e .

00010 « CESIGN:

000! - HAKDWARC MANUOT SwWASOEE

onoi 2 - SCFTwARE D JACK ARYANT

00013 -

0001ta +  PARAMETERS!

00015 *

co0i6 . FCR SUBRCGUT INE BOCTHS:

00017 »

00018 . M -- CNE OPEHAND FUR SUFTWARE MULTIRLIFR
oocla . R —-- CTHER CPERANC

00020 . P ~~ Twl BYTE PROOUCT,

00021 .

00022 * FOR HARDWARE MULTIPLLIFR:

00023 *

00024s . INFLT guTRur

00025 . z==== s==zz=

00026 . FM == FIRST UPERAND SIGN AND URPER
00027 . 7 B8I1TS CF PRODUCT
oo0o028 .

00029 « SM -- SECGND GPERAND LOWER 7 BIYS
G0030 * & STROBE PROCULCT AND ZERD
00031 .

00032 « URP -~ CCNOITICN CQOE: gIT 0 OVERFLOw
00033 . XXXXXxXSFR WHERE (ON 3809380)
00034 . F o= STRIP SIGN FM BITS 1-7: SloN
00035 . S = STHIP SIGN SM AND UPPER 6 BITS
00036 . ~ = ROUND OF FAGDUCY
00037 . X = DUN'T CAKE

no038 *

00039 . LRP -~ NDT GLSED FUR LUWER & BITS
00040 . INPUT 0F PRODUCT
0004l .

00042 ¢ Lsagk:

00043 « THIS PRUGRAM ASSUMES THE HARCWARE
00044 . MULTIPLIER IS CONFIGURED AT ADORESS
00045 . $B801C-$801F. WHICH 1S PORYT 7 IN THE
00040 - SwTP 6800 SYSTEM. FOR ANCTHER, CHANGE
00047 . £ EQU $HO1C

00048 * TO THE DESIRED ACDRESS.

00050 . FALLURE DURING TEST RFSULTS IN ThE
c00s1 . EXECLYIUN GF A Swl  INSTRUCTION.
00052 . RETURNING CCRTRUL TO  MIKBUG

c0053 . UPERATING SYSTEM. CUKRENT VALUES
00054 . OF PARAMETERS CAN BF FCUND LSING THE
000S5S * MEMUKY FXANMINE ANC Cr1ANGE FURCTION.
02056 .

00057 . WIPERAND ADDRESS

00054 . FIRST w»uULT. 50094

00059 . SECCRD MULT. $0005

C0060 . CONLITICH +0000
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How to Test It: Booth’s Algorithm

Listing 1 is a program which repeatedly
tests every function of the hardware multi-
plier with every possible combination of
operands and condition code against a soft-
ware generated product. For each of eight
values of the condition code, all 65,536 dif-
ferent products are formed and compared.
This is a lot of logic and arithmetic, and we
sought a more efficient software multiply
method than program MPY8S0 in listing 3
of the first part of this article. Such an al-
gorithm was discovered in 1951 by Andrew
Booth; this was quickly coded up and tested.
(Surprise: in Booth’s notation, the algorithm
fails on the expression m x r if r = —1, al-
though it does evaluate —1 x r correctly. The
reason is that there is no two’s complement
of —1. That is, this two’s complement value
overflows and the algorithm gets started
incorrectly. The result is m x —1 = m, which
is only correct if m equals 0 or —1. Booth’s
“proof’” really shows only that m x r is
correct when r is regarded modulo 2; since
—1 and 1 are the same modulo 2, in some
sense the algorithm works. In any case, an
inelegant fix is to interchange m and r if
r=—1.)

Algorithm 1 shows what the test program
does, and algorithm 2 is (our modification
of) Booth’s algorithm. The test program
rings the system bell (ASCI| 07) every time
the condition code changes, with every
eighth bell ring being replaced by a print of
“OK.” Each complete cycle takes a little
over 3 1/2 minutes, with about 42 seconds
separating bell rings. (Booth’s algorithm
is about twice as fast as MYP8SO0, although
it is trickier. We get about 1560 tests per
second [most of this time is spent in
BOOTHS)] or about 641 usper test.)

Bus Loading

One point we have neglected is the
problem of how heavily we are loading the
system bus. In order to allow the seven
other slots to be full of |O interfaces or
other loads, we indicate use of 74LS series
TTL. The worst case loading is shown
in table 2. The MPY-8A] input loading
is less than 1T mA without input buffering.
Table 2 also gives SWTPC bus pin num-
ber identifications.

REFERENCE

Andrew D Booth, A Signed Binary Multiplication
Technique,” Quarterly Journal of Mechanics and
Applied Mathematics, volume 4 (1951), pages 236
to 240. Reprinted in Computer Design and
Development: Principal Papers, edited by Earl E
Swartzlander Jr, Hayden Book Company, Rochelle
Park NJ, 1976, pages 163 to 166.



Listing 1, continued:

00061 *
0c062 - SULCCESS GF TEST IS INDICATED HY
00063 - PERIUDIC RINGING CF THE BELL AND
00068 . QUTPUT UF ThE MESSACF *UK ¢ EVERY
0065 - CCHELETE CYCLING. TQ STUP TrE TEST.
00066 . PRESS *RESET*.
60067 *
00068 « EACH CYCLE CF THE TEST TAKES ABOQUT
€069 * FIVE NMINUTES, THIRTY SECUNDS. wlTH
coo70 . THE BFLL RINGING EVERY 42 SECCNDSe
c0071 L]
ooo7r2 E1C1 OLTEEE ECGU *E1D1 MIKBUG QUTPLT SUBROUTINE
00073 801¢ FN§ ECU $801C
00074 801G Sw ECu FM+1 FGRY 7
60075 801E UkpP EdL FM$2 VIA SuTP,.
0ocTe B01L1F LRP ECU FMe3
00077 0000 OCC! M kM8 1 FIRST MULT. FCR BOUTHY
00078 C001 000! R RMG 1 SECOND MULT,
00C79 0002 0g02 P Ray 2 PRODUCT .
00080 0004 0001 J1 RMB 1 ‘RAW® FIRST NULT.
00081 0005 O0CC1 J2 RMY 1 *RAW® SECUND MULT .
00082 0006 2001 cC RMB 1 CONDLTICN.
G008B3 0007 7F COC& AGAIN CLK (44
00084 0OCOA 7F COC4 NEXTCC CLR J1
090085 0000 7F G005 NEXTJl CLR Ja
00086 0010 9€ Co NEXTJ2 LLA A < SET CCNDITICN CODRE
00087 0012 A7 £01E STA A URP OF HAROWARE «
00088 0015 9€¢ Cao LCA A J1 SYTURE F[RST
00083 0017 B7 &01C STA A FM MUL TIPLICAND.
00090 9301A 97 QO STA A N SAVE FUR ElJOTHB .
00091 001C 9¢& C5 LCA A Je SAME FGR
00092 0O1E B7 £010 STA A SM MULTIPLIER,
00093 0021 97 Ol STA A R SAVF FCR BOCTHA.
00094 .

Algorithm 1: A test

program for the multi-

plier. An equivalent soft-

ware multiply

is used to

compare the hardware re-
sult. The software multi-
ply, BOOTHS, is shown

in algorithm 2.

PRODUCT
CORRECT FOR
OVERFLOW

STORE OPERANDS
FOR BOOTHA:
R=d2, M=adl

Y

STORE OPERANDS
IN HARDWARE
MULTIPLIER

Y

MASK SIGN OF R
(M) IF BIT S (B)
OF <C 15 5ET

APD | TO BIT B
0OF SOFTHARE
PRODUCT IF BIT
7 0OF €€ 15 SET

ADD R TO
PRODUCT

ENTRY :
BOOTHH

vy

ZERO M5 PART
PRODUCT, SET
COUNTER TO H

SUBTRACT

R FROM MS Y CLERR
PRODUCT
|

PECREMENT
COLUNTER

SHIFT
PRODUCT
RIGHT

y|g
SUBTRACT
R FORM
PRODUCT

Algorithm 2: BOOTHS, a faster 8 bit by 8
bit multiplication algorithm which replaces
listing 3 of part 1 of this article in order
to speed up tests of the multiplier circuit.
As in part 1 of this article, the author’s
flowchart representations which
were drawn with a computer controlled

original

&D |

&

plotter are reproduced here.
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Listing 1, continued:

00095
00096
00097
0068
€0099
00100
00101
oo102
00103
0010a
00105
00106
00107
ootlog
00109
ool1i0
oglL11l
00112
0013
001lls
00115
0o0i16
oo
nolLlg
00119
00120
oo121
oo122
oo123
00124
00125
00126
00127
o0i28
00129
coi30
00131
00132
20133
00134
00135
00136
001137
00138
00139
00140
o014l
col1a2

0023 96 Co LCA A CC Is BIT § OF CC SET?
0025 B84 0a AND A "a
0027 27 Co BEQ NOTS
0029 9¢ C1} LCA A R YES
0028 Ba 7F ANIS A NSTF MASK SIGN OF R.
0020 97 01 STA A R
*
002F Q¢ Co KCTS LCA A CC IS BIT 6 CF CC SET?

003t 84 02 ANC A ”2
0033 27 €6 BEC NQOTO
0035 9¢ 00 LCA A M YES«
0037 Ba 7 AND A #STF MASK SIGN OF M.
0039 97 CO STAa A L]
.
Co3u £¢ EO NC16 LDOA A #s380 SEE IF 3804380,
0030 91 00 CHP A M
003F 2¢ 1a BAE NDUVFL
0041 91 01 CRP A R
00a3 2€ 10 BAE NOOVFL
0045 UE EOIE LDA A  URP CVERFLOW FERE.
00ay 81 CO CMP A #8300 SEE IF URP=%X1120 0000
G04A 27 a7 BEG vukp 42
004l 3F Sml ERKROR IN FARMING
. QOVERFLOW BIT,.
.
00aD 2¢ a8 NEXCC H#RA NEXTCC eriDGE FOR
00aF 20 BF NExJ2 uRA NEXTJ2 LCANG JUMPS
0051 20 EA NEXJ1 ERA NEXTJL FOR RELATIVE
0053 20 E2 AGN B8RA AGAIN BRANCHING »
.
0055 dC 00CA4 NCOVFL JSR d00TH8 FGRM SOF TWARE PROD.
0058 9€ C6 LCA A (CC
.
005SA 84 Ci ARG A "1 RCUND?
005C 27 oOF Btu NUCARY
005E 9t 03 LA A P+l YES . ADD I
0060 88 a0 ADLD A #3300 C 81T 8 CF
0062 97 03 S5TA A Pwl PRODUCT. wHICH
00€a 24 (7 BCC NUCARY IS BIT 1 OF P+l
0066 96 02 LCA A P
0064 4C INC A TURN HIT O EACK UFF
0069 B84 7F AND A #STF
0068 97 (2 STA A P
*
006D HE &01F NOCARY LLA A LRP CrECK LWP.
0070 91 03 CMP A Pel
oo72 27 ¢t 8EQ Cxl
0074 3F Swi ERROR IN LRI

DR.
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00BBS = INTERFACE AGE = BYTE = POPULAR ELECTRONICS = ROM — KILOBAUD-I

ARTICLE INDEX
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*
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¥
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00143
001aa

00145
00146
00147
00148
00149
00150
00151

co152
00153
00154
00155

00156
00157

ouisa

00159
00160

00161

00162

00163
00164

00165
00166
0ole?

20168
00169
ociz7o

00171

00172

00173
00174
00i7%
co176
n0177

20173
00179
00180
ootsl

ool1sa2
00183
00184
20186
oo187
00184
00184
09190
00191

oo192
00193
J01%4
€0195
00196
250197
00158
00199
€02060
d0201

00202
00203
00204
n0205
00206
£oz207
00208
20209
00210
00211

90212
cgz213
ooz1a
002195
oo216
co217
o0218
00219
ooz220

oozzr

0o2z22
00223
00224

00225
oca22e
30227
d02z8
00229
00230
0n23s

oo232
00233
0023a

00235
00236
00237
00238
00239
00240
00241

00242
00243
002aa

00245
00246
00247
00248
00249
00250
00251

00252
00253

00254

00255
00256

00257
00258

0cC?Ts
oc7s
007A
oo7C

0070
Cceo
oca3l
ocso6
ocas
Qcsa

nces
008E
0c90
0092

0093
0096
00%8
Q098
009D
0C9F
ooao
Q0A2
00aa
00Ab
[L-LY:]
004aA
00AC

DOAE
0080
00R3
0038
ocoae
00H9
0O0RE
00BE
aoco
00C3

00Ca
ooc?
QOCA
ooce
oocC
00CE
oo00
ooD2
0003
0005
0007
o0oD9

0noA
oocc
00DE
000F
00E1L

00E2
00E4
00E7
GOEA
00EC
00ED
00EF
00F1
GOF3
00Fa
00F6
00F8
0O0FA
00FH
00FD
0100
0102

0105
olcs
o109
q10A

B&
91
27
3F

7C
26
7C
26
9¢
Al
8

27
97
8c
20
Aac
2¢

8¢
B8C
39
ag
BcC
B¢
BcC
ae
8D
39

7F
CE
07
3¢
D€
cl
26
17
D6
s7
SE
06

24
96
10
97
09

77
7¢
GE
o¢
26
29
9¢€
IE
20
24
9¢é
10
S7
77

74

7€
32
06
s

801E
c2
ol

ool
cao2
€010
03
cl

EO1C
02
c1

cCes
a?
€o0a
£E4a
€6

ce
[1°]
(13
ce
Al
o8
AS

c?
E1D1

aF
eict
ad

€101

E1D1

0002
cocs

cl
EQ
053

¢o
00
ca

()
o2

c2

1t
00GC2
cco3
cc

c7
oc
cz

[$-1
€5
cz

ce
ccao
OF
cg02

coo03

ChECK URF.

ERROR LN URP.

SHIFT PRODUCT
LEFT.

CHECK SM.

ERKRUR 1IN SMa

CHECK FM,

EIRRQR [N FM.

ENCREMENT J2.

INCREMENRT 21

UNCREMENT CCo

RING HELL «

WRITE *GK ¢,

OuUTPUT viA #IXBUGS

MULTLPUICAT ION OF

ALT Tulds COMPLE MNT RLNMEETRS

PLUS STIGN PRUDUCT.

BITS e-1% RLLD PRLDULCT.

HEGISTER AND BOTH

A SIGNED UIRNARY

MULTIPLICATICON TECHNIQUEs ULART. J.
AMPL, MATH. 4(19511.,23€-249.

THE PRUCESSCR COMDITICN CCUE KEGESTER

ZEFD PRODUCT MS
PART . SET CCUNTEK.

SAVE PRUCESSCR CINOGITION

CODES UN STACK.

VETHOD HAS A BUG
FCR  M#(-1), BUT
(-1}an WORKS.
EATERCHARGE M ANOD H.

GET STARTED wiTH
BLY 8 ZERC.

IS USED TO TEST BITS 6 AND 7@ v Is

CASE 10 = SLBTRACT,.

CECREMENT COUNTER & TEST.

SHIFT PRODUCT RIGHT,.

TEST MLLTIALIER.

CASE 01 = ADD.

CASE 10 = S51LBTRACT.

SHIFY MULTIPLIER RIGHT,

HEREs PRODUCT IS

wITH LEAST SIGNIFICANT
WLMUEF INED. Flx.

RESTGRE FRUCESSOR
CCNDITION CODES

[ 31 LCA A yRpP
CHP A B
BEQ uKk2
Swi
*
ck2 ASL P+l
RCL L
LCA A& SM
CMP A Pel
BEO uKJ3
Sal
*
Gkl LDA A FM
CME A P
BEG BUMP 42
Sel
*
BULNMAJZ [AC J2
BNE NEXJ2
IrC J1
GNE NEXJIL
BUMPCC LEA A& CC
INC A
CMP A 8
BEC MS5G6
STA A CC
BSR BEER
ERA NEXCC
MSG SR MSGUK
BRA AGN
-
HBEEP LOA A w7
JSR ULTLEE
RTS
MSGCK LCA Ao w0
JSR OUTELE
LCA A #°K
JSR ULTEEE
LEA A %320
458 ULTLEE
RIS
$  SUHRULTINE o00Tkg
.
*  HURPUSE TU PERFORM
L] TeC 8
A GIVING A 18 BIT
.
®  METHUC:
* BOGUTH®S ALGGRLTHY .
-
*  PAHAMETERY:
. M == MLLTIPLICAND
* K == MULTIFLIEW
* P -~ HKOUULCT
- O IN BIT 92
* SteN In HIT 1
.
.
. RESTRICTICNS:
. THE INDEX
. ACCA ANC ACCB ARE DfSTRUYED.
.
* REFERERCE:
* ANDREw 0. ©BCCTH.
*
* MELH.
*
gCITHE CLw
LOX 7]
TFA
PEH A
LCA B R
MP B #380
BAE NUTW
TEA
LDA &8 M
STA A M
NUTMI  LCA A M
T AP
*
*
.
L4 BIT 6, C IS BLT 7.
*
8CC SHLFT
LuA A P
S5EA
STA A P
SHIFT  DEX
BEQ tINLSH
A SR P
RUR Pl
LDA A M
Tap
CI4s 40
BvS SHTK
LCA A P
AEA
aRA STAG
x0 BVC SHTH
LCA A P
SEA
STAG S1A A P
SrTH ASR ™
BkaA SHIFT
FINISH L SR ]
* LEFT-JUSTIFIED.
* BET ULF P+l
-
RCR P+l
PLL A
TAP
R1sS
enxo M



Software systems from TSC are designed for
tough busihess and industrial uses on the job
or just plain fun off the job. Whether you are
looking for a system to be used primarily in
a working situation or a system for the home,
look into TSC software.

Assembly Language Programs (Includes
Source Listings)

SL68-29 6800 Text Processing System® $32.00
SL68-24 6800 Text Editing System® $23.50
SL80-10 8080 Text Editing System $28.50
SL68-26 6800 Mnemonic Assembler® $23.50

SL68-19 6800 Micro BASIC Plus* S15.95
SL80-9 8080 Space Voyage S12.00
SL68-5 6800 Space Voyage' $12.00
SL68-27 6800 Disassembler S 9.00
SL68-28 6800 Program Relocator S 8.00
SL80-8 8080 Blackjack S 650

*Kansas City Standard object code cassette
tape available for an additional $6.95.
Paper tapes avdailable for some programs.
Send 25¢ for complete catalog.

@ Technical Systems

Consultants, Inc.

JI7IZ TTUICY BOX 2574 W.Lafayette, Indiana 47906
317-423- 5465

Specialists in Software & Hardware for Industry & the Hobbyist

Circle 370 on inquiry card.

Workhorse or
orseplay?

Program-of-the-Month Club™

One year membership for $2.00. Discounts
offered with no obligations.

To Order: Include 3% postage, $1.00 handling
on orders under 510.00, and Indiana
residents add 4% sales tax. Check your
dedler!

TSC Monthly Feature:
8080 Text Processing System

Over 50 commands in the Text Processor allow
formatting capabilities such as mulliple spacing,
indenting, saving contiguous text, various forms
of justification, tifling, page numbering and line
length control. Macros are supported for special
user-defined formatting commands allowing
foolnotes, form letters, etc. There are even
number registers for variable storage, condi-
tional commands, and terminal prompts.

The text file must be edited externally. The TSC
Text Editing System is recommended, as it and
the Text Processor give your computer the power
of the most complete text processing systems. The
complete assembler language source listing

is included.

SL80-11 8080 Text Processing System  $32.00
With Paper Tape $41.00
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OSBORNE & ASSOCIATES, INC.

The World Leaders In Microprocessor Books

If you want information on microprocessors, begin with
the Osborne books.

PROGRAM BOOKS WRITTEN IN BASIC

Payroll With Cost Accounting

Accounts Payable And Accounts
Receivable

General Ledger

PAYROLL WITH COST ACCOUNTIM,

These books may be used independently, or
implemented together as a complete ac-
counting system. Each contains program
listings, user’'s manual and thorough docu-
mentation. Written in an extended version
of BASIC.

#22002 (400 pages), #23002%, #24002%

ar
Lo rooLE
MARY BORCHERS

Some Common BASIC Programs ) soeanon

N n‘ ';
76 short practical programs, most of which Frocss
can be used on any microcomputer with any
version of BASIC. Complete with program
descriptions, listings, remarks and exam-
ples.

#21002 (200 pages)

ASSEMBLY LANGUAGE PROGRAMMING
B8080A/8085 Assembly Language Programming
6800 Assembly Language Programming

These books describe how to program a '
8080R/6085

microcomputer using assembly language.
They discuss classical programming techni-
ques, and contain simplified programming
examples relevant to today's microcom-
puter applications.

#31003, 32003 (400 pages each)

AN INTRODUCTION TO MICROCOMPUTERS
Volume 0 - The Beginner’s Book

AN INTRODUCTION

If you know nothing about computers, then
Tomeres T this is the book for you. It introduces com-
0\ : puter logic and terminology in language a
beginner can understand. Computer soft-
ware, hardware and component parts are
described, and simple explanations are given
for how they work. Text is supplemented
with creative illustrations and numerous
photographs. Volume O prepares the novice
for Volume |.
#6001 (300 pages)

VOLUME 0 5
THE BEGINNER'S BOOK

Volume | — Basic Concepts

This best selling text describes hardware
and programming concepts common to all
microprocessors. These concepts are ex-
plained clearly and thoroughly, beginning at
an elementary level. Worldwide, Volume |
has a greater yearly sales volume than any
other computer text.

#2001 (350 pages)

Volume Il — Some Real Products
(revised June 1977)

Every common microprocessor and all sup-
port devices are described. Only data sheets
are copied from manufacturers. Major chip
slice products are also discussed.

#3001A {1250 pages)

8080 Programming For Logic Design
6800 Programming For Logic Design
Z80 Programming For Logic Design

These books describe the meeting ground
of programmers and logic designers; written
for both, they provide detailed examples to
illustrate effective usage of microprocessors
in traditional digital applications.

#4001, #5001, #7001 (300 pages each)

OSBORNE & ASSOCIATES, INC. » P.O. Box 2036 « DEPT.18 eBerkeley, California 94702 «

(415) 548-2805 9:00 am. - 5:00 pm. PST
TWX 910-366-7277

Price applies to orders received by June 30, 1978« » PRICE | QTY AMT
6001  Volume 0— The Beginner's Book $ 750 NAME
2001 Volume | —Basic Concepts 780
3001A Volume Il — Some Real Products {1977 edition} 15.00 ADDRESS
4001 8080 Programming For Logic Design 750
5001 6800 Programming For Logic Design 7.50 (2104 STATE P PHONE
7001 280 Programming For Logic Design 750 SHIPPING CHARGES Shipping charges for bulk orders to be arranged.
N O A4th class {no charge. allow 3-4 weeks within USA, not applicable to discounted orders}
31003  8080A/B08S Assembly Language Programming 7.50
O $.50 per book. UPS {allow 10 days} in the U.S.
32003 6800 Assembly Language Programming 7.50
21002 Some Common BASIC Programs 750 0O $1.50 per book, special rush shipment by air in the U.S.
22002  Payroll With Cost Accounting 12.50 O All foreign orders, $3.00 per book, for air shipment
- #These books are scheduled to be published during 1978. Please send information on:
° z—’;zc%l"fSF 'Bav A;ea‘resndte?;s os':vBa A TOTAL Please notify me when they are available; O pricing, ordering, and titles
® 6%, California residents outside y Area ) . . i
o Payment must be enclosed for orders of Sales Tax {Calif. residents only) 0O 23002 Accounts Payable and Accounts Receivable ?Yéllable after B/?0/7B
10 books or less. o D 24002 General Ledger O initial dealer consignments
- Shipping Charges
® | have enclosed: L. O dealer and school discounts
[check [Jmoney order ~ TOTAL AMOUNT OF PURCHASE Price increase scheduled for July 1. 1978 (. Gcibuors Fa

Circle 292 on inquiry card.
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Figure 2: Spinning mirror opto-coupler interface. A reflective opto-coupler (photo 5) is used to synchronize the position of the
mirror with the program driving the display (photos 2b and 4). The circuit shown converts pulses from the opto-coupler to TTL

level signals. Note the use of a feedback resistor at IC1 to form a Schmitt trigger.

CABLE
TOMIRROR
ASSEMBLY

| |
| |
I +5v — |
I lic2 I
| 1 7400 |
__I I 160 [ |
3 oo )R I
AN i | }
e e
// 4 : |
//‘/ T +5V |I
| 8.2K
PR | !
~ | K Mo —— T T
N i eyl L
= N ] M 3 6l AT
REFLECTOR =~ ~ . : : 2| ¢ s| P : i SYNC
\30 MIRROR I eNzzz2 ST - }
FTK0042 l : ; <_J ENABLE
MOUNTED AS I l
IN PHOTO 5
mirror and motor are housed in a plywood piece of white tape which is viewed by a
frame, with all interior surfaces except the reflective opto-coupler. The opto-coupler is
mirror face painted flat black to minimize shown in photo 5. The unit consists of a
reflections from room lighting. matched phototransistor and light emitting
The display time of a point must be diode (LED) mounted in a single package.
coordinated with the angle of the mirror. The direction of emission and detection is
This is accomplished with a timing mark on away from the body of the package, so that
the side of the mirror, consisting of a small it can detect the passage of a reflective sur-
face. This system uses a Fairchild Technol-
ogy Kit FTK0042 coupler. The circuit for
36-PIN CONNEGTOR PINS DATA converting the light levels to a TTl._ sign_al,
READY taken from the documentation supplied with
a ﬁ 6 6 the kit, is shown in figure 2 and consists of a
K L iy £ g el 1 8 3 driver transistor connected to the input of a
TTL gate. The output of the second inver-
+5V sion stage is connected through a resistor to

ICI6 74100
OUTPUT PORT 2,6,10...

s 24
LT

Figure 3: Modification to the Digital Group 10 board. The Z-80 processor,
which forms the heart of the Digital Group computer, features a block output
instruction (OTIR) that can output 1 byte every 9 us using the standard
2.5 MHz clock. This degree of speed is needed to output the data needed for
the 3-D display without using direct memory access circuitry. Adding the
data ready line (shown in grey) to IC16 (Digital Group numbering) creates a
status signal to the mirror circuitry. This avoids the necessity of using output
bits from another port for this purpose, which would slow down the data
transfer rate. (The choice of port 2 for the output port is particular to the
authors’ system.)
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the input to add enough feedback to form a
Schmitt trigger.

Timing and Display of Points

To obtain reasonable persistence in the
display, a refresh rate of at least ten frames
per second must be maintained. Although
this flicker is still observable, it does not
seem to be too objectionable. Since the 45°
mirror we have been describing reflects the
oscilloscope screen during something less
than 150° of its rotation, this means that
about 40 ms are available to put up all of the
display points. Also, since the screen image
is continually moving, an accuracy of about
35 ps must be maintained in the timing of
the display points to achieve a 0.5% accuracy
in the position of each displayed point in a
typical image. Obviously, it is necessary to






put up points as quickly as possible to achieve
a reasonable density and accuracy in the dis-
play. This eliminates standard video displays
for the display screen, since the display time
of an individual point cannot be controlled
to any better than 16 ms on a video display.
Instead, it is necessary to use an XY display
controlled by digital to analog converters
such as the “‘Beer Budget” graphics interface
described in the November 1976 BYTE,
page 26. Although any system with a ran-
domly addressable XY display will work, it
is desirable to minimize the amount of time
required to display each point so that the

ory access (DMA) circuit. However, the out-
put from a standard Digital Group parallel
10 port consists of just the eight bits of data
with no provision for control lines to indicate
when the output byte is meant for the X
digital to analog converter and when it is
meant for the Y digital to analog converter.
Using one of the output bits of the port for
control would allow only seven bits of resolu-
tion, while using output bits from another
port for control would require additional 10
instructions and would slow down the trans-
fer of data. In order to make use of the high

output rate of this instruction, the 1O board
Power Connections greatest possible number of points can be was modified as shown in figure 3. The write
IC | Type +5V | Gna displayed. ‘ . strobe SIgnal for output port 2 was fed to an
The Z-80 processor in the Digital Group uncommitted pin on the card to be used as a
1| 74100 24 7 system has a block output instruction data ready signal. This was used, along with
§ 7M4(;10~'§)08L8 123 ; (OTIR) which can output a byte every 9 us the port data, as input to a control circuit
4 | 74100 24 7 with the standard 2.5 MHz clock rate. This for the digital to analog converters, as shown
g g"4%10408|—8 }2 3 high transfer rate to a pair of 8 bit digital to in figure 4. The choice of port 2 for the out-
21 7476 5 | 13 analog converters gives the lowest possible put port is particular to our system. This
8 | 7400 14 7 transfer time without a special direct mem- control circuit is based on the schematic of
LSB
2 5 2 12 rRi¥ YV o
oo [> D1 lat m |a 6800 ? 0SCILLOSCOPE
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02 22 9 22 1910 4 INPUT
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Figure 4: XY oscilloscope display driver. Two digital to analog converters (IC3 and IC5) drive the oscilloscope horizontal and
vertical inputs by converting digital data from the computer’s output port into voltages. Horizontal and vertical data bytes are
routed to their respective converters based on the status of flip flop 1C7, which is controlled by the data ready line.
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Register B will be zero at the beginning of
each OTIR instruction, indicating 256 bytes
to be transferred. Register E is loaded from
NPAGE to hold the total number of pages.
Register C contains the output port number.

Routine FILL uses the block transfer
instruction LDIR to rapidly clear the display
buffer. 1t is assumed that the number of
pages has been preset by a call to TSTORE,
and that the first two locations of the buffer
contain the desired byte pair to fill the table.
The address of the table is passed in DE
when FILL is called. This address is moved
to HL. Register DE is then incremented
twice. The LDIR instruction moves the con-
tents of the location addressed by HL to the
location addressed by DE, increments HL
and DE, decrements BC, and continues if BC
is nonzero. Thus the first and second loca-
tions in the table will be transferred to the
third and fourth, which will in turn be trans-
ferred to the fifth and sixth, etc. Since for a
string of n words only n-2 moves are neces-
sary, BC is set to two less than the number
of elements in the table.

Initialization Routines

Listing 2 gives a simple BASIC program
to put up a display. The first few lines of the
program are initialization statements, which
routines set up the display table and com-
pute various parameters for the display con-
struction. Normally, they will begin any
BASIC routine to drive the spinning mirror.
Many of the statements are specific to the
current revision of Digital Group Maxi-
BASIC, since they make use of knowledge of
the memory allocation used by the BASIC
interpreter.

Since it was desirable to be able to run
the program on a minimum Digital Group
MaxiBASIC system (18 K bytes), with Maxi-
BASIC extendingupto13 K, we used BASIC
arrays for the display buffer. Extra memory
would have permitted dedicated areas in
high memory addresses to be used with the
knowledge that BASIC would never extend
up to these areas. This would have permitted
cleaner code, but the more complicated code
required is a useful lesson in the incorpora-
tion of the internal data structures of an
operating system into the code of a higher
level language.

A string in MaxiBASIC consists of a series
of 1 byte elements. The maximum number
of elements is given by the DIM statement
for the string, but the actual length of the
string may vary dynamically as the program
executes, becoming any length from zero
elements {an “empty’’ string) to the maxi-
mum stated in the DIM statement. When the
DIM statement is executed, an empty string

Listing 1: Assembly language and machine language versions of five utility
programs called by the programs in listings 2 and 3. The latter two programs
create 3-D images in the rotating mirror (photo 4). SYNC is a synchronization
routine that examines the input from the opto-coupler and counts the num-
ber of wait loops in one complete revolution of the mirror. Routine TIME
consists of two successive calls to SYNC. This is necessary because SYNC
may count a partial revolution on the first call. TSTORE sets up the para-
meters for clearing and displaying the display buffer. DISP displays the
display buffer, and FILL uses the Z-80 block transfer function LDIR to
rapidly clear the display buffer.

SYNCHRONIZATION ROUTINE

: WAIT FOR RISING EDGE FROM
OPTQ ISOLATOR CONNECTED TO BIT ZERO

OF PORT 2
ORG 0OBOOH

BOO 21 00 00 SYNC: LD HL,0
BO3 23 SL1: INC HL /INCREMENT TOTAL NUMBER OF CYCLES
BO4 13 INC DE :WASTE SOME TIME
BOS DB 02 IN A2 ;INPUT SYNCHRONIZATION BYTE
BO7 CB 47 BIT 0,A JAND CHECK BIT O
B09 C2 03 OB JP NZ,sL1 :NOT ZERO, LOOP BACK
BOC 23 SL2: INC HL :DUPLICATE ABOVE CODE
BOD 13 INC DE
BOE DB 02 IN A2
B10 CB 47 BIT 0,A
Bl2 CA 0C OB JP Z,SL2 ;BUT WAIT UNTIL BIT IS ONE
BlS C9 RET

TIMING ROUTINE

GET TIME BETWEEN TWO SYNC MARKS

ORG 0OB20H
B20 CD 00 OB TIME: CALL SYNC
B23 CD 00 OB CALL SYNC

B26 C9 RET

STORAGE ROUTINE
STORE NUMBER OF PAGES IN DISPLAY BUFFER

ORG OB2BH

B28 7B TSTORE: LD AE

B29 32 2D 0B LD (NPAGE) A
B2C C9 RET

B2D 00 NPAGE: DB 0

DISPLAY ROUTINE
DISPLAY BUFFER USING BLOCK OUTPUT INSTRUCTION

ORG  0B30H
B30 D5 DISP: PUSH DE ;PUSH PAGE ADDRESS
B31 CD 00 OB CALL SYNC ‘WAIT FOR SYNC EDGE
B34 El POP HL ,POP ADDRESS
B35 0E 02 LD C.2 ;LOAD PORT ADDRESS
B37 06 00 LD B0 ;LOAD COUNT (256)
B39 3A 2D OB LD A,(NPAGE) LOADPAGE COUNT
B3C SF LD EA
B3DED B3 DL1: OTIR ;OUTPUT ONE PAGE
B3F 1D DEC E ;.DECREMENT NUMBER
B40 20 FB JR NZ,DLI iRECYCLE IF NOT DONE
B42 C9 RET

FILL ROUTINE

FILL ENTIRE DISPLAY BUFFER WITH CONTENTS OF FIRST TWO BYTES
NPAGE MUST BE SET BY A PREVIOUS CALL TO TSTORE

ORG 0B48H
B48 62 FILL: LD H,D iMOVE PAGE ADDRESS
B49 6B LD LE
B4A 13 INC DE ;DESTINATION ADDRESS
B4B 13 INC DE 1S TWO HIGHER
B4C 3A 2D OB LD A(NPAGE) :NUMBER OFPAGES TOMOVE
BA4F 47 LD B,A
BS50 05 DEC B :SUBTRACT TWO
BSl OE FE LD C,0FEH ;FROM TOTAL NUMBER OF BYTES
B53 ED BO LDIR ;FILL
B5S C9 RET

0B0O /21 00 00 23 13 DB 02 CB
0BO8 /47 C2 03 OB 23 13 DB 02
0B10 /CB 47 CA 0C 0B C9 00 00
OBl8 /00 00 00 00 00 OO0 00 OO0
0B20 /CD 00 OB CD 00 OB C9 00
0B28 /7B 32 2D 0B C9 00 00 00
0B30 /DS CD 00 OB El OE 02 06
0B38 /00 3A 2D 0B SF ED B3 1D
0B40 /20 FB C9 00 00 00 00 OO
0B48 /62 6B 13 13 3A 2D 0B 47
0B50 /05 OE FE ED BO C9 00 00
READY
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Listing 2: A BASIC program (written in
MaxiBASIC) to create a 3-D “square spiral”
(see photo 1).

READY
LIST 10,330

838¥EEBs

—_—— g
n—9a
SRS

130
140
159
160
170
189
190
200
2109
220
230
249
2508
260
270
280
299
300
319
320
339

A=26624-FREE(@)

DIM S3$(5882)
NI=EXAM(A-3)
MN1=N9x128
5%=CHR%(8)+CHR$(255)
FILL A-1.,N9
D=CALL (1! %256+ 40,N9)
D=CALL(11%256+72,A)
REM

REM COMPUTE AND DISPLAY BORDER OF DISPLAY
DATA 1,0.,0,1,-1,0,0,-!
s=8

X=9

Y=2

K=1

FOR N=1 TO !@

RESTORE

FOR E=! TO 4

READ X1,Y1

FOR S51=1 TO 3!

X=X+ 5xX1

Y=Y+S5%Y!
SS(K,KI=CHR$(X)
S5§(K+1,K+1)=CHRS$(Y)
K=K+ 2

NEXT S1

NEXT E

NEXT N

REM DISPLAY BUFFER BY REPEATED CALLS TO DI SP
#"DONE"
D=CALL (1 1%x256+48,A)
GOTO 310

END

READY

header byte

maximum length — low order byte

— high order byte

current length — low order byte

— high order byte

data bytes of string

T i

{if any)
maximum
length of
string
free space

Figure 5: Structure of astring inlevel 1 MaxiBASIC.
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is created at the first available location in
memory. The stringis stored in memory as a
header byte, followed by two bytes giving
the maximum length of the string, two bytes
giving the current length of the string, and
finally the data bytes of the string itself.
This structure is shown in figure 5.

The MaxiBASIC function FREE(0)
returns the current amount of available
memory. This available memory is expanding
and contracting during the execution of the
program as memory for new variables are
allocated and scratch areas for intermediate
results are allocated and released. By experi-
mentation, it was found that the statements

10 A=26624—FREE(0)
20 DIM S $(5000)

at the beginning of a program left A pointing
to the first data byte of the string S$, here
shown arbitrarily as 5000 elements long. The
number 26624 (26X1024) is the total num-
ber of memory bytes in our system.

The maximum available number of pages
is determined in line 30 of listing 2 by
examining the beginning of the string S$.
This is used to compute the maximum num-
ber of XY pairs in the buffer by noting that
128 pairs are in each page. Variable N1 holds
the result of this computation. The first two
locations in the string S$ are set to the
default values of a blank point by state-
ment 50. The length of S$ is adjusted by the
FILL statement in line 60. Location NPAGE
in the assembly routine area is set to the
number of pages by statement 70. Routine
FILL is called in statement 80 to clear the
data bytes of S$ to an empty display buffer.

One of the easiest displays to set up is an
illumination of the borders of the display.
The remainder of the program in listing 2
fills successive locations in the display table
with the addresses of points around the
border of the oscilloscope screen. After the
tableis filled, the program displays the buffer
with repeated calls to DISP.

A photograph of a typical display using
this routine is shown in photo 5. This display
shows, at the same time, the available dis-
play volume for a given configuration of the
mirror and screen, the number of points
available in the display buffer, and the
effects of various motor speeds and synchro-
nization angles. It is a good way to experi-
ment with the physical configuration of the
display before goingon to more sophisticated
displays.

The illuminated edge display is converted
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Computation of Point Locations

Figure 6 shows the orientation of the 45°
mirror with respect to the oscilloscope
screen. The mirror rotates about the Z axis Figure 6: Orientation of the diagonally sliced spinning mirror. The mirror is
and the screen is perpendicular to the X axis. rotated by an angle 8 about the Z axis, the screen is perpendicular to the X
Suppose we wish to display a point at a axis. To compute a point at a certain location, it is necessary to compute the
certain location. It is then necessary to com- location of a point on the display screen and a mirror angle which will create

pute the location of a point on the display a reflection at the desired location.

The MSDD-100 floppy disc system is a If you have wanted 80 x 24 video display power
modern, low cost, high performance data stor- for your S100 bus computer system, look no
age system for your S100 bus computer system. further. The MSDV-100 video display is a super
A simple, well designed LSI controller board, flexible, easy to use, memory addressed video
combined with the industry standard Shugart system that lets you: * underline any character *
SA-400 floppy drive gives you a very fast 80K make any character blink * invert field * draw
bytes per drive on line. At $499.00 kit (you build  continuous vertical & horizontal lines * have 9
only the controller) or $599.00 ready to go, the levels of gray scale for graphs * scroll with ease *
MSDD-100 is a great buy, and comes complete much more. The kit is $285.00, or get it ready to
with software. Two versions of MICROSOFT go for $385.00. Great software support, of
BASIC and a complete DOS are available. course. Dealer/OEM inquiries invited. To order,

i or for more information, write to or call MSD,
inc., at:

2765 So. Colorado Bivd. Suite 110 Denver, CO 80222 (303) 758-7411
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Figure 7: The Newton-Raphson method for determining the roots of an
equation. One of the steps necessary in order to calculate the mirror angle for
a given point in the 3-D display is to find a particular root of the equation
f(8) = —X; sin2g + Y sinficost + Z; cosf + Xy = 0. One way to calculate the
desired root is to use the Newton-Raphson method: a first guess is made of
the location of the root (ie: where the function crosses the X axis); the guess
(point A) is obviously wrong, so the first derivative of the function is
calculated and then evaluated at the point guessed. This gives the slope of the
function at that point (point A). The process is repeated, but this time
following the slope line down to the X axis to determine the next guess
(point B)., After a few iterations, the value converges rapidly to the root at
point E. Complications can occur if asecond root of the function is possible,
as at point F in this example, or if the slope is too flat, as at point D.

screen and a mirror angle which will create a
reflection at the desired location. Depending
on the location and size of the screen, of
course, there may not be a point that will
create the desired image point. For a given
image point (Xj, Yj, Zj), the equations for
the corresponding display point (X4, Yq,

Z4) are:

Xg = Xi sin28 — Y; sind cosf

— Zj cosf (Eq 1)
Y4 = —Xj sinf cos + Y; cos28

— Z;sinf (Eq 2)
Z4 = —Xjcosf — Y; sind (Eq 3)
Xj = X{ sin20 — Y4 sinf cosd

—Z4 cosf (Eq 4)
Yi=—Xq sinf cosd + Y cos20

— Zgsinf (Eq 5)
Z; = —Xq cosf — Y sind (Eq 6)

We know that the display point must lie
on the face of the screen, which is at a fixed
location on the X axis. This gives us an equa-
tion we can solve to find a mirror angle for
the display:

126  May 1978 © BYTE Publications Inc

f(6) = =X; sin20 + Y sin6 cosf
+Zjcos+Xq=0 (Eq 7)

One method we can use to solve this
equation is known as Newton’s method (also
known as the Newton-Raphson method). It
is frequently used to compute other mathe-
matical functions such as square roots. Sup-
pose we have an equation, like equation 7
above, which gives a value for any input
value of some number 8. We want to find a
value of 8 for which the computed function
is zero (called a root of the equation). Figure
7 shows a plot of a function we might be
testing. Suppose we start our search for the
solution by checking point A. The value of
the function here is too high, but we can use
it to make an educated guess about the next
point to try. This is done by computing the
slope of the function at point A and extend-
ing the slope down to the horizontal axis
(point B). This intersection point becomes
the location for the next guess. If the func-
tion is a straight line, this one computation
will give the right answer. If the curve is not
changing very much from a straight line, it
will still be a very close estimate. From this
new starting point, another guess may be
computed (point C). The process is repeated
until the answer is close enough to zero to
be satisfactory.

One potential problem with this method
is that an estimated point may be chosen for
which the slope is too flat (point D, for
example). This gives a new value that is
much too far away; in this case it is better
to move over slightly on the curve and try
the computation again. Another limitation
of the method is that only one zero value
will be found at a time, although there may
be more than one root of the equation
(point F in figure 7, for instance). In our
case, a mirror angle may be found which re-
quires that the display point be off the face
of the oscilloscope screen even though there
is another angle that gives a usable display
point.

The slope of equation 7 at a given 0 is
computed by findingits first derivative:

£'(6) = —2X; sinf cosd + Y; (2cos26—1)
~Zj sinf (Eq8)

and evaluating it for the given 8.

Once the slope is computed, a new value
for an estimate of the mirror angle is com-
puted using the equation:

f(o
On+1=0n - %9:)) (Eq9)



Listing 3 gives a complete BASIC program
to put up a three-dimensional line drawing.
The sample DATA statements at the end of
the program draw a small house with a tree,
shown in a stereo view in photo 3.

The initialization statements discussed
above are in lines 10 thru 90. A call to TIME
in line 140 returns the total number of dis-
play points in one revolution into variable
N2. The location and size of the screen is
then read into the variables X0, YO, Y1, Z0,
and Z1.

The location of the point displayed when
both the X and Y digital to analog conver-
ters are set to zero is (X0, YO, Z0), using the
orientation shown in figure 6. Note that in
this orientation, the X digital to analogcon-
verter moves points in the Y axis and the Y
digital to analog converter moves points in
the Z axis. The size of the screen is given by
variables Y1 and Z1, with the sign of these
variables indicating the direction in which
points move when the values to each digital
to analog converter increase. For the inter-
face used in this demonstration, a 4 by 4
inch {10 by 10 cm) display is generated with
the zero point in the upper right corner; Y1
and Z1 are thus 4 and —4, respectively.

The next variable read, N3, is the angle in
degrees of the mirror when the timing mark
is sensed. This angle is converted to radians
in line 170. Line 190 then reads the location
of the origin of the plot into variables X(1),
X(2), and X(3). This is the location of the
point in three-dimensional space which will
be referred to as (0, 0, 0) during the plot. All
locations given in the plotting commands
which follow are given relative to this origin.
Being able to specify the location of the
beginning of the plot makes it easy to move
the display to different locations in space.

Choosing an origin for the plot can be
tricky, since the screen reflects into a curved
volume as the mirror rotates. Running the
border display program above can help give
an estimate of a good starting point. An-
other method is to use equations 4, 5, and 6
to compute the reflected position of the
center of the oscilloscope screen at several
different mirror angles, and to use these as
starting points for the display.

The remaining data statements are a series
of plot commands. These consist of an
integer command code, which may be fol-
lowed by additional numbers.

The resolution code (—1) is followed by a
floating point number giving the spacing
between points when drawing lines. This is
stored in variable D2.

A plotting command code (1 or 2) is fol-
lowed by the coordinates, in inches, of the
location of the end of the next line. If the

code is a 1, dots will be computed and dis-
played along a line from the coordinates of
the last command (stored in X6, Y6, and
Z6) to the coordinates in the present com-
mand (stored in X5, Y5, and Z5). The dots
will be spaced accordingly to the resolution
parameter D2. If the code is a 2, the current
location will be moved to the indicated
point, but no points will be drawn. This is
used to move to the start of a new line when
no connection is desired with the last line.
These commands are similar to motions with
the pen down or up on a conventional
plotter.

The end code (9999) indicates that all
the lines are drawn and that the completed
image may be displayed.

Listing 3: A BASIC program (written in MaxiBASIC) to create a 3-D house

(see photo 3).

READY
LIST

18 A=2€624-FREE(D)

20 DIM S3(5020)»

33 N9=EXAM(A-3)

@ N1=N9*128

S3 S$=CHP$(B)+CHR$(255)

6@ FILL A-1,N9

7@ D=CALL(1!%256+4@,M9)

83 D=CALL(11%256+72,A)

99 PEM

180 REM DPAY °ROCRAM 8/1/77

119 REM

128 PEM DRAW A SERIES OF POINTS IN STPAIGHT LINES ON THE SPINNING
13¢ REM MIRPOR USING PLOTTER-LIKE COMMANDS

14@ N2=CALL(11%256+32)

150 REM

160 PEAD XA,VY0,Y1,Z0.,21,N3

1780 N3=-N3/18€«3.1415%

1f% REV READ ORIGIN

1928 READ X(1),X(2),X(3)

292 YEM READ COMMAMLC

219 REAL NO

229 IF N2=9999 THEN 460

230 IF N@=-1 THEN 44€

249 REM PLOTTIMG TO NEW POINT, READ IN COORDINATES
258 PEAD X5,Y5,75

260 IF N@=2 THEN 420

27@ IF N@<>! THEN 500

280 REM DRAW FROM OLD TO NEV WITH SPACING OF D2
290 REM COMPUTE NUMBEP OF POINTS IN N5 AND SPACINGS IN X7, Y7, 27
308 D=SQRT( (¥6-%X5)t2 + (Y6-YS)12 + (76-25312 )
3@ NS=INT(D/D2)+1

320 XT=(X5-X6) /NS VTI=(Y5-Y6) /N5 7T7=(7.5-26) /NS

338 REM NOV PLOT EACH POINT

34@ FOR J=1 TO NS

350 X6=X6+XT:Y6=Y6+YT:76=26+27

360 X9=X6+X(1):YO=Y6+X(2):129=26+%X(3)

378 GOSUB 680

38@ REM STORE POINT IF CONVERGED

39@ IF Z>@ THEN GOSUB 520

WA NEXT J

419 REM CHANGE LOCATION OF CURRENT POINT

420 X6=X5:Y6=Y5:26="5

430 GOTO 218

448 READ D2

459 GOTO0 210

46@ REM PUT UP DISPLAY

478 PRINT “DONE"™

480 D=CALL(11%256+48,A)

490 GOTO 480

0@ PPINT “BAD PLOT COMMAND™

518 STQOP

52@ PEM LI1ST STORE ROUTINE

538 ®EM ¥ ANL ¥ APE POINTS ON SCREEN; 7 IS POSITION IN LIST
S49 REM CHECK ¥ ANLC Y UITHIN BOUNDS

55 1F X>254 0® ¥<? THEN #¥ OFF SCALE:":X:PETIHIRN
%@ I1F Y>254 OR v<@ THEN ¢"'Y OFF SCALE:™;Y:RETURN
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Listing 3, continued:

578
80
599
€00
610
620
630
640
650
e
€70
680
690
700
710
720
730
740
75@
760
770
780
790
820
810
820
83@
840
850
860
870
880
890
920
910
$20
930
940
950
960
970
980
990
180
101
102
123

PEM CHECK BYTE NUMBER %2 ( = Z+Z) IN LIST.

REM IF POSITION NOT EMPTY, CHECK NEXT POSITION
72=2%«1INT(2)

1F 22>N1+Nl THEN #"LIST P0SN TOO BIG:";Z:RETURN
IF ASC(5%$(Z2))=255 THEN 640

Z2=72+2: GOTO 600

REM OK POSITION FOUND. STORE

S8(Z2~1)=CHRE(X)

S8(7Z2)=CHRS(Y)

22

RETURN

REM CONVERSION ROUTINE FOR POINTS X9, v9, 79

REM X@,Y@,Y1,20,Z1 ARE ASSUMED TO BE INITIALIZEL

REM X,Y,Z ARE OUTPUT AS X AND Y ON SCREEN, & LIST POSN
REM INITIALIZE LIMITS AND STARTING VALUES

N9=20

T9=.01

F9=.3

Jo=1

REM STARTING ANGLE (T8) WILL BE LAST VALUE COMPUTED TO
REM SPEED ITERATION

CB=COS(TB) : SB=SIN(TB)

REM COMPUTE FUNCTION WHICH 1S TO GO TO ZERO

F=29%C8 + YO*S8%CB - X9%xS58%S8 + X@

REM TEST BELOW THRESHOLD

IF ABS(F)><T9 THEN 990

REM COMPUTE DERIVATIVE

D9=-29%58 + YOx(2xCB*CB-1) - X9*x2xCB*SE

REM COMPUTE NEXT STEP WITH NEWTON'S METHOC

REM CHANGE BY STANDARD AMOUNT 1F DERIVATIVE IS T0O SMALL
IF ABS(D9)<,@@5 THEN D9=.005

REM OR STEP WOULD BE TOO BIG

F=F/D9:1F ABS(F)>F9 THEN F=F9

TB=T8-F

REM CHECK TOO MANY ITERATIONS

J9=J9+1 : IF J9<=N9 THEN 780

#"DIDNT CONVERGE FOR',X9,Y9,%9

REM SET DIDN'T CONVERGE FLAG

Z2=-1

RETURN

REM CONVERGEL; CONVERT ANGLE TO LIST POSITION MOD N2
REM (N2 = LENGTH OF LIST)

Z=(N3-TB)*N2/(3.14%2)
@ IF Z>0 THEN 1020
@ Z=2+N2:GOTO 10020

@ IF Z<=N2 THEN 10480
@ Z=2-N2:GOTO 12300

1840 REM COMPUTE ¥ AND Y POSITION ON SCREEN

1850 REM NOTE THAT X ON SCREEN CORRESPONDS TO Y IN COORDINATE SPACE

126
107
128
129
1o
111
1z
113
114
115

@ REM AND ¥ TO 2

@ X=-X9%xSBxCB+YGxCB84CB-Z9%SH

@ Y=-XG%CB-Y9x58

@ REM CONVERT FROM LOCATION IN INCHES TO DAC OUTPUT VALUE
@ X=250%(X-Y2)/Yl

@ Y=250%(Y-20)3/71

@ RETURN

@ REM OPIGIN AND SIZE OF CRT

@ DATA 4,-4,4,5,-4

@ PEM ANGLE OF MIRPO® AT SYNC

1160 DATA -22

117
118
119
120
121
122
123
124
125
126
127
128
126
130
131
132
133
134
135
136
137
138
139
142
141
142
143
144
145
146
REA

128

@ REM RELATIVE ORIGIN OF PLOT

@ DATA -3,2.5,-5.5

@ REM RESOLUTION OF PLOT

@ DATA -1,.15

? REM DRAWING OF HOUSE WITH TREE

2 REM FRAME

@ DATA 2,1,-1,1

@ DATA 1,1,-1,8, 1,1,1,8, 1,8,1,0

@ DATA 1,080,151, 1,0,-1,1, lsls=-1s1

@ DATA 1,1,1,1, 1,8,1,1, 2,1,1,1

@ DATA 1,1,1,0, 2,0,1,8, 1,8,-1.,8

@ DATA 1,0,-1.1, 2,0,-1,0, 1,1,-1,0

2 REM ROOF

9 DATA 2,@,-1s1s 15+5,-141.5, 1als-1,41
@ DATA 2,+5,-1,1+5, 1,.5,1,1.5 1,0,1,1
9 2,5 1,1.5,1,1,1,1

@ PEM DOOR

@ DATA 2, .5,1,1.5, 1,141,451

@ DATA 2, +4,~1,0,1,04:-1,.51546,-1,+5,1,.6,~1,0
@ REM PATH

@ DATA 2, .4,~1,08,1,.4,-2,0

@ DATA 2,+6,-2,@,1,.6,-1,0

@ REM TREE

@ DATA 2,1,5-1+5,€51.1,-1.5,1.2

@ DATA 2,1,+1.5,.2,1,1.4,-1.5,.6

@ DATA 2,1,~1+5,+4,1,1,-1.15,.65

@ DATA 2,1,~1+55+651,474-1.5,.9

@ DATA 2, 1,-1+558,1,1,-1.75,1.05
@ DATA 2,1,-1:5,1,1,1.2,-1.5,1.2
@ DATA 9999

DY
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These plot commands are decoded in
lines 210 thru 270. Lines 280 thru 450 then
compute the coordinates of the points to
be displayed. The total distance D between
the last point and the current one is com-
puted in line 300. This is divided into an
integer number of steps, N5, of sizes X7, Y7,
and Z7. Then each of the N5 points is gen-
erated by calls to two subroutines which
store values in a digital to analogconversion
table corresponding to each point. Once all
points are computed, the coordinates of the
current location are stored as the previous
one (in X6, Y6 and Z6), and the next
command is extracted from the DATA
statements.

If the end command (9999) is detected,
lines 470 thru 490 are executed. These put
up the display by repeated calls to DISP.
Another way to generate the display is to
use the timing mark to generate an interrupt.
In this way the BASIC program may be
interrupted during the computation of the
display points, and the display buffer may
be viewed as it is being constructed. Mixed
results were obtained when using this
method with MaxiBASIC; some points
would be computed incorrectly if a mode 2
hardware interrupt were sensed in the mid-
dle of a computation. Another way to view
the display buffer as it is being built is to
occasionally put up a display for a few revo-
lutions of the mirror.

Coordinate conversion is done in the sub-
routine in lines 680 to 1120. Variables X9,
Y9, and Z9 contain the coordinates of the
point to be converted. Variable N9 controls
the number of iterations of Newton's
method to be attempted until a given accu-
racy, T9, is reached. The angle of the mirror
used in each iteration, T8, is initially set to
the last value computed by the conversion
routine. Since, frequently, many points will
be plotted close together, this is a good first
estimate of the angle of the mirror. T8 will
be set to zero by MaxiBASIC the first time
this routine is entered.

During each iteration, the test function F
is computed (line 800). If this is below the
tolerance level (T9), the routine has con-
verged and the display points can be com-
puted. Otherwise, the slope D9 is computed
(line 840). This is used to compute the next
test point in lines 870 to 900.

Once the routine has converged, T8 is
converted to the appropriate position, Z, in
the display buffer. The values for the X and
Y digital to analog converters are then com-
puted from the Y and Z coordinates, respec-
tively, of the image point.

Finally, the computed values are stored
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in the display buffer in the subroutine from
lines 520 to 670. This routine checks that
the values for X, Y and Z are within bounds,
and stores them in the first empty location
in the display buffer after the desired
location.

Final Thoughts

We hope this article will encourage
readers to experiment with 3-D graphics.
The advantages of the technique are immed-
iately apparent when it is demonstrated, and
the applications include such areas as com-
puter aided design and architectural planning

1. Simon, W,
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Constructing the Mirror

The spinning mirror used for the develop-
ment of the three-dimensional graphics
described in this article was machined from
a solid block of aluminum. It was produced
under the auspices of a National Institute of
Health grant, and is obviously an impractical
solution to mirror construction for the per-
sonal computer experimenter.

We did, however, build an alternate, in-
expensive, rotating mirror that is quite ade-
quate for producing three-dimensional
images. It uses surplus parts available from
the dealers who advertise in this magazine.
The rotating mirror element is fabricated by
cutting a 45° angle through a short section
of cardboard mailing tube of between 3 and
5 inches (7 to 12 cm) in diameter. This angle
can be cut using the template shown in
figure 8. The piece of mailing tube should
be kept quite short. A piece of aluminized
Mylar film, available from some art supply
houses (or from Edmund Scientific Co,
300 Edscorp Bldg, Barrington NJ 08007), is
cut slightly larger than the 45° angle end of
the tube. The Mylar is then stretched over
the end of the tube and taped to the tube’s
side. This should be done by first stretching
the Mylar along the long axis of the 45° cut
and tacking down the Mylar with short
pieces of tape, then stretching the Mylar
across the short axis and taping that axis
down. Then work around the rest of the
edge, taping opposite sides, and using care
not to produce any wrinkles, until the entire
edge is taped down.

Any motor can be used to spin the mir-
ror, as long as it is a type whose speed can be
controlled with a Variac or motor speed con-
troller. A flywheel cut from plywood or

aluminum and mounted to the motor shaft
is attached to the cardboard tube. [f a mail-
ing tube can be found with a removable end
cap, the cap can be mounted to the flywheel
plate and the tube can then simply be
slipped into the end cap.

The motor and Variac should be mounted
inside a sturdy enclosure. The motor shaft
should project up through a hole in the en-
closure; the flywheel and tube are then
mounted to the shaft outside the enclosure.
Motor, flywheel and tube should be care-
fully centered and balanced. The template
for cutting the 45° angle through the tube
can also be used as a pattern for a piece of
black paper to be glued to the outside of the
tube. The motor enclosure should be painted
black to minimize reflections.

If the motor used has a shaft at both ends
of the motor housing, a black disk, 3 inches
(7 cm) or so in diameter, can be attached to
the shaft inside the enclosure. The reflective
opto-coupler described in the article can be
mounted to the inside of the enclosure in
close proximity to the edge of the disk. A
piece of white tape applied to the edge of
the disc will then trigger the opto-coupler
each time the motor makes a revolution. If
the motor only has a shaft at one end, the
opto-coupler will have to be mounted out-
side the enclosure, with the piece of white
tape fastened to the cardboard tube. Guard
against ambient light triggering the opto-
coupler if the latter method is used.

Light baffles and shields for the mirror
should be experimented with; caution
should be observed around the spinning mir-
ror, as with any piece of moving machinery.

William Harris

BYTL Publicavans Inc
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Comments on PASCAL,
Learning How to Program,

and Small Systems

Gary A Ford, Assistant Professor
Dept of Mathematics

Arizona State University

Tempe AZ 85281

The editorial in the December 1977
BYTE asked if PASCAL is the next BASIC.
Implicit in this question is the suggestion
that personal computing needs a widely used
programming language. Ostensibly, this will
facilitate exchange of software, and thus
help eliminate the existing software vacuum
for personal computer systems. Should
PASCAL be the language used to begin to
fill this void? To answer this question, we
should look at the history of PASCAL to
see for what purposes it was developed.

Wirth states two principal goals for
PASCAL: “to make available a language
suitable to teach programming as a systema-
tic discipline based on certain fundamental
concepts clearly and naturally reflected by
the language,” and ‘to develop imple-
mentations of this language which are both
reliable and efficient on presently available
computers’ (emphasis added).

With regard to the first of these goals,
Wirth contends that ‘“‘the language in which
the student is taught to express his ideas
profoundly influences his habits of thought
and invention.” My experience shows that
this is a remarkably accurate statement. |
have taught computer science to university
undergraduates for several years, and recent-
ly taught several intermediate level courses
to students with a variety of programming
backgrounds. The students had all had two
or three quarters of formal computer science
courses at the same university during the
previous year, and all were familiar with the
same computers. However, some had learned
to program in BASIC, some in FORTRAN,
and some in a structured variant of
FORTRAN which included, among other
features, two varieties of if-then-else, five
varieties of iterative statements, two varieties
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41 GREAT LOCATIONS

NOW OPEN:

ALABAMA
Huntsville
CALIFORNIA
Dublin
Ei Cerrito
Hayward
Inglewood
Lawndale
Mission Viejo
Mountain View
San Diego
San Francisco
San Jose
San Mateo
Santa Rosa
Thousand Qaks
Tustin
Walnut Creek
COLORADO
Denver
CONNECTICUT
Fairfield
DELAWARE
Newark
GEORGIA
Atlanta
ILLINOIS
Arlington Heights
Niles
Oak Lawn
KENTUCKY
Louisville
MARYLAND
Rockville
MICHIGAN
Kentwood
Southfield
NEW HAMPSHIRE
Nashua
NEW JERSEY
Cherry Hill
Morristown
NEW YORK
Buffalo
Ithaca
OHIO
Cleveland
OREGON
Portiand
TEXAS
Austin
Houston
WASHINGTON
Bellevue
Federal Way
Tacoma

WASHINGTON, D.C.

INTERNATIONAL

Sydney, NSW Australia

Computerland

{205) 539-1200

(415) 828-8090
(415) 233-5010
{415) 538-8080
{213) 776-8080
(213) 371-7144
{714) 770-0131
Call Information
(714) 560-9912
{415) 546-1592
Call Information
(415) 572-8080
Call Information
{805) 495-3554
(714) 544-0542
(415) 935-6502

(303) 759-4685
{203) 374-2227
(302) 738-9656
(404) 953-0406
{312) 255-6488
(312) 967-1714
(312) 422-8080
(602) 425-8308

(301) 948-7676

(616) 942-2931
(313) 356-8111

(603) 889-5238

Call Information
{201) 539-4077

(716) 836-6511
(607) 277-4888

{216) 461-1200

(503) 6206170

(512) 452-5701
(713) 977-0909

{206) 746-2070
{206) 838-9363
Cali Information
Call Information

29-3753

FRANCHISE OPPORTUNITIES AVAILABLE

CALL ED FABER

{415) 895-9363
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POWERFUL DISK BASED SOFTWARE
for NORTH STAR DISK and
HORIZON COMPUTER USERS!

SYSTEM Z Development Software
Requires 1 North Star Disk Drive
' and 12K RAM

ASMB Z80 Disk Based Assembler for rapid
development of moderalely sized assembly
language programs. Requires 8.5K of
memory. Price: $60

DASMZ A Disk Based Assembler for develop-
ment of large assembly language programs.
Requires 6K of memory. Price: $00.

ZEDIT A powerful text editor with full
text manipulation operations. Requires
1.5K of memory. Price: $60.

ZEBUG A Debug Monitor/Disassembler that
translales object code into instruction men-
monics. Requires 3.5K memory. Price $60.

BUSINESS PACKAGE

General Ledger 260
Accounts Payable $60
Accounts Receivable  $60
Payroll $60
Inventory $60
Amortization £35
Mailing List 460

Purchase complete Business Package for $395

Dealer inquiries are invited.
Write or call for full Software Package details:

Sunshine Computer
Company

20710S. LEAPWOOD AVE., CARSON, CA 90746
(213) 327-2118
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in turn depends on the language used, has an
enormous impact on the development of
computer scientists.

Thus, PASCAL sounds like a good lan-
guage for beginners (ie: many of today’s
computer hobbyists). There are other
reasons for supporting the spread of
PASCAL, including, for example, its out-
standing data structuring facilities. Some
problems are easily stated and solved in
terms of such structures as sets, lists,
sequences, trees, or groups of disparate
items. PASCAL allows the programmer
to define and to deal directly with such
structures, whereas BASIC and FORTRAN
force the programmer to disguise these
structures as arrays. Of course, obscuring
the original ideas often leads to obscure
program logic.

With regard to Wirth’s second goal
for PASCAL, we suddenly have a problem.
The personal computer systems of today
are quite different from the “presently
available computers” Wirth had in mind
ten years ago. Therefore, some language
features that are desirable for present
personal computer systems are absent
from PASCAL. Perhaps the most important
of these features are in the category of
access to peripheral devices and processor
hardware facilities.

PASCAL has only two primitive 10O
operations: get and put. Each moves a single
unit of data (character, integer, record, etc)
from or to a sequential file. Files are not
necessarily associated with or stored on
secondary storage devices, although two
special predefined files (named input and
output) are available for those files asso-
ciated with devices that will also be accessed
by humans. There are in addition two pre-
defined procedures (named read and write)
that perform data transmission from or to
files in particularly useful ways, but it is
important to emphasize that these are
procedures (subprograms) and not state-
ments or operations in the language.

The peripheral devices of personal com-
puter systems are extremely varied, and very
few system configurations are exactly alike.
Therefore, each user will need somewhat
different 1O capabilities in the language.
Many users have an on line terminal, access
to which requires the ability to access
specific absolute addresses in memory or
specific port addresses. Users with disks
will need direct access file capabilities.
Others may want the ability to process
interrupts for real time applications. None
of these capabilities exist in PASCAL, and
none can easily be implemented as a dis-
guised sequential file.



The obvious conclusion is that if a push
for PASCAL as the language of personal
computing is made, there will be a variety
of nonstandard implementations. This is
exactly what we have seen with BASIC.
Each individual implementor will add her
own versions of her own favorite bells and
whistles. We may expect numerous methods
of specifying absolute memory addresses
(peeks and pokes), direct access disk file
statements, and all kinds of facilities to
handle the exotic peripherals being attached
to personal systems. In addition, imple-
mentors will want to add their own favorite
data type (for example, PASCAL does not
have a built-in string data type), and their
own favorite operator (for example,
PASCAL does not have an exponentiation
operator). Next, seeing the size of the
resulting compiler, implementors will begin
to delete their least favorite standard fea-
tures (often meaning the ones they least
understand), in order to come up with a4 K
version of “eensyweensyPASCAL."

One approach to preventing some of the

Circle 74 on inquiry card.

barsic language

SOFTWARE

Tired of nagging non-users asking what that machine can
do besides countingfrom | to 1000 and playing games —
can’t get no respect??

We are developing programs that are useful to you and will
involve your famity with your computer. Our first set of
programs are finished and tested to run in 3k (useable
memory) using these verbs: ABS DATA DEFFN DIM FN
FOR-NEXT GOSUB RND GOTOINPUT PRINT READ IF-
THEN RETURN

These programs (25 in ail) are tutorial, using you or your
child's name. It gives several tries, and displays helping in-
formation. if necessary.

Most Importantly, it continually adjusts to the operator’s
skill so people from 1st grade to college willbechallenged.
Math | Includes 7 programs for addition, subtraction,
multipiication and division of whole numbers
and same with intergers
Math2 Includes 9 programs for addition, subtraction,
multiplication and division of decimalsand same
with fractions. Also area and volume.
Math 3 Includes 9 programs in three areas, algebra,
percentage, and metric conversions.
Each setincludes source listings, documentationandcosts
$9.95 per set of 7-9programswithmoneyback guarantee.
Where else can you buy extremely useful and educational
programs for about $ | each. All three sets will be $24.95
during May and will alsoinclude 5 free financial programs.

Send personal check or money order to:

CONTRACTORS’® MANAGEMENT
SYSTEMS, INC. )

P.O. Box 212, Chantilly, Va. 22021

problems just mentioned is to get all of us
P.E.T. users may add $8 for a tape See other ad

hobbyists together to agree (is this possible?)
on a standard set of additions and deletions,

or perhaps a few standard sets in order to
develop 8 K, 12 K, 16 K, etc, versions. The
traumatization of the language could be
minimized by requiring that all the new
features be implemented as procedures,
First, seeour other ad togiveyouanidea of where
our company is going and then we will meet back here . . . rather than as new statement types, thus
Seeya.... maintaining the syntactic integrity of the
Glad to see you back again. We have developed two other - .
packages that run exclusively on the . . 4K .. PET. The Ianguage' of course, this would require a
first one relies very heavily on the excellent graphic capa- capability to link external procedures to
biliti f the PET. G hic (1Y h 3 hi
tape. raphic (1) has 3 graphic games on each PASCAL program, and none of these
1. 3.D Tic-tac-toe Display boards in 3D procedures could be written in PASCAL.
PVS.P,PVS.C.CVS.C . . -
2. Space Wars Real time graphics with This means either that all users will need

moving targets to know another programming language,
3. Tank Battle Exploding mines and a lot of .
obstacles or that the implementors of the new
All Three $14.95 varieties of PASCAL will have to supply

customized procedures for each customer.
is a fundamental flaw in this

approach, however. PASCAL was not in-

PET SOFTWARE

WANT TO LEARN BASIC LANGUAGE

Interactively with your PET? Our first tape (Basic-1) is There
ready now. Two other tapes will follow and will be ready
when you finish Basic-1.

I. Basic-1 Tape ] Fundamentals of . .
Basic tended to be all things to all people. It was

2. Basic-2 Tape 2 Ac"]vanceProgram— designed with speciﬁc, well thOUght out,
ming

3. Basic-3 Tape 3 Graphics and files predefined goals. All aspects of the language
Basic-1 $19.95 were designed to complement each other
There is already another company that has tutorial basic . . . .
on one tape; we are of fering three tapes. in attaining those goals. Any deletion from
the language, however minor it seems, will
upset this balance, and thus damage
PASCAL’s ability to achieve its goals. Dele-
tions and additions will also change the
character of the language, and it is this
overall character of PASCAL that has
brought it so many devotees.

SEND IN YOUR NAME AND DESCRIPTION OF
YOUR COMPUTER AND RECEIVE 5 FREE
FINANCIAL PROGRAMS

CONTRACTORS’ MANAGEMENT

SYSTEMS, INC.
P.0.Box 212, Chantilly, Va. 22021

Circle 74 on inquiry card. May 1978 ©® BYTE Publications Inc 141









written on the righthand side of the func-
tion. The APL language includes a large
number of primitive functions. Rather than
develop a complicated rule giving priorities
of primitive and user defined functions, all
such priorities were eliminated. This also
allowed user defined functions to be given
the same importance and syntax as primitive
functions. The rule for evaluating functions
of a single argument is extended to functions
of two arguments, using infix notation, by
having the right argument be the value of the
entire expression to the right and the left-
hand argument be the first value to the
left of the function. A consequence of this
extension is that the only nonredundant
use of parentheses, to alter the order of
evaluation, is to form the left argument of a
function.

To summarize, APL order of evaluation
from right to left comes from the use of
standard function notation of writing the
argument of a monadic function on the
right of the function and the desire to
introduce no hierarchy of evaluation such as
multiplication before addition.

If one desires to evaluate expressions
from left to right, using no priorities among
functions, then one will probably have to
introduce a “left monadic” notation such as

X Arctan Sin.

which, unfortunately, has to be read from
right to left! If one extends this notation to
functions of two arguments in a similar
manner, then one has the problem of writing

the subtrahend and divisor to the left of the
function symbo! so that 3 + 6 equals 2.
Also, assignments are probably made to the
right, rather than the left. Such extensions
lead to a confusing notation because they
must be read from right to left.

It should be clear at this point that the
right to left order of evaluation rule which
is used in APL was not chosen in an arbi-
trary manner. It was chosen so that APL
could be read from left to right.

APL is not a new language which was
thrown together quickly. Actually, it is
one of the oldest computer languages
dating back to before 1962. Unlike most

computer languages, APL enjoyed an
extended period of development and
refinement before it was implemented

on a computer. During this time, many
changes were made. The changes were
easy to make because there were no inter-
preters to change and no user community
to complain. The APL character set evolved
during this time to its present form. One
unusual aspect of this character set is the use
of overstrikes to represent some functions.
This technique allows easy addition of new
characters for new functions when they are
incorporated into the APL language.

In summary, the APL language was very
carefully designed. Few, if any, arbitrary
choices were made during the development
of APL. Some of the controversial features,
such as the character set and order of evalu-
ation, are based on standard mathematical
notation and convention and are not easily
changed.m
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FOR SWTPC 6800

AS-1 ANALOG INTERFACEMODULE
* FAST, ACCURATE A/D, D/A

CONVERSIONS

e EIGHT ANALOG INPUT CHANNELS
* ONE HIGH-SPEED ANALOG OUTPUT
* OCCUPIES ONE I/0O SLOT :

L]

$87.50 KIT $115.00 ASSM.

SC-1 SERIAL INTERFACE CARD

o RS-232 SERIAL INTERFACE

* FULL CONTROL SIGNALS
IMPLEMENTED

» MOST VERSATILE SERIAL I/O
AVAILABLE

* $30.00 KIT $40.00 ASSM.

_U.S. Orders Postpaid

MORE 6800 SOLUTIONS:

FOR MOTOROLA‘D2”
DA-1 UPGRADEKIT

RETAINS FULL CASSETTE I/O
CAPABILITY

INCLUDES RT/68MX ROM -
MONITOR/O.S.

ASSEMBLERS, ETC.
RS-232 SERIAL INTERFACE
DA1 w/70 p. MANUAL $69.95

MOTOROLA MMS68104 16K RAM

* 16K BYTES DYNAMIC RAM

* EXORCISOR — TYPE BUSS
¢ $395.00 ASSEMBLED

CONVERTS D2 TO TERMINAL I/O

ALLOWS USE OF BASIC, EDITORS,

o ENGINEERED SPECIFICALLY FOR “D2"”

Master Charge & VISA Welcome

M6800 SOFTWARE

/A/BASIC COMPILER

8K EXTENDED BASIC COMPILER
CONVERTS BASIC PROGRAMS TO
FAST, MEMORY EFFICIENT
MACHINE LANGUAGE
DESIGNED*FOR RT/68 — SUPPORTS
MULTIPROGRAMMING
EXTREMELY VERSATILE I/O

¢ KC CASSETTE + MANUAL — $49.95

RT/68MX OPERATING SYSTEM

* EXPANDED CONSOLE MONITORROM(-
REAL TIME OPERATING SYSTEM
DIRECT MIKBUG REPLACEMENT
PIA OR MULTI-ACIA 1/O
RT/68MX ROM w/MANUAL $55.00

Write or call for Free Catalog.

MICROWARE SYSTEMS CORPORATION

P.O.
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(515) 279-9856
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Warnier-Orr Diagrams:

Some Further Thoughts

The article “Structured Program Design’
in the October 1977 BYTE, page 146, has
certainly simplified my thinking. However,
the use of the symbol seems to violate
a rule implicit in the Warnier-Orr diagram
that one need not and in fact must not go
up in a list contained within a bracket of a
given order. The @ symbol requires
checking up and down the list of case
statements. | believe that what is meant
is illustrated in figure 1. In this example
CASE ] is equivalent to ROLL = *“].”
This manner of diagramming clarifies the
relationship between statements having
alternatives and statements not having
alternatives. It also eliminates the need for
the instruction SKIP, since the finding of
no more items in a list of a given order is
the equivalent of an instruction to return
to the proper place in the list of the next
lower order, where the order of a list is
its position from left to right as shown
in figure 2.

I would like to define the instruction
RETURN to mean “in the list of next lower

Figure 1.

BEGIN TURN
(= ROLL DIE)

DETERMINE 4"

CHOOSE CASE “J” CASE 1
CASE 2

CASE 3

PR, N

GT Wedemeyer

#17 Forest View Trir Ct
lowa City |A 52240

PICK RANDOM "J”" BETWEEN
ONE AND SIX

Now,abook
for the practicing
professional...

“This is the best handbook of data
communications systent technology
that this reviewer has yet
encountered.”— Arvid G. Larson in
ACM Computing Reviews
February 1978

Digital Press announces the
publication of TECHNICAL
ASPECTS OF DATA COMMUNI-
CATION by John McNamara.

Written for the practicing pro-
fessional, TECHNICAL ASPECTS
OF DATA COMMUNICATION
details the nuts-and-bolts prob-
lems and solutions in configuring
communications systems. It
features: * comparison of protocols
(DDCMP, BISYNC, SDLC) * exten-
sive explanation of interface stand-
ards (CCITT/V.24, RS232C, R5422,
RS423) * six comprehensive
appendices (how far/how fast?,
modem options, codes, UART,
format and speed table for asyn-
chronous communication, chan-
nel conditioning) ¢ 20 milliampere
loop ¢ telephone switching
systems ¢ error detection

* 382 pages © 125 figures * 70
pages of tables ¢ index ¢ hardcover

Mo A
l

{ CASE 6
K (RETURN)
Figure 2.
{ {
{ {
{ {
{ {
ORDER 1 ORDER 2 ORDER3 ..... ORDER n

mAEAN Digital Press
w w u Educational Services
Digital Equipment Corp.

Crosby Drive, Bedford, MA 01730

Iwould like to order __. copies of
TECHNICAL ASPECTS OF DATA
COMMUNICATION at $19.95 per copy.

{1 Check enclosed [ Money Order enclosed
(Note: Minimum order for Digital Press to
process purchase order is $35).

l Name - -
l Address _ _
| City State Zip
_ Membintsoy |
May 1978 DBYTE Pubtications Inc
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300 REM CASE STATEMENT

Listing 2.

310 IF D$="MONDAY" THEN 330 ELSE IF D$="TUESDAY" THEN 360

ELSE IF D$="WEDNESDAY" THEN 400
320 GOTO 440
330 REM CASE 1: DAY = MONDAY

monday process

350 GOTO 440
360 REM CASE 2: DAY = TUESDAY

tuesday prc;cess
390 REM CAéE 3: DAY = WEDNESDAY
wednesday.process

440 REM END CASE

to the use of the @ symbol stems from
the fact that there are two primary ways to
actually code a CASE structure. One way is
with the use of a ‘“computed GOTO or
GOSUB."” The diagram you show is ideally
suited for translation into a computed
GOTO, which would look something like
listing 1. But | don’t think this is a worth-
while change to make to the basic form
of the diagrams themselves. The reason is
this: although your method works fine for
CASE statements that lend themselves to
computed GOTO’s, there are a whole host
of other CASE statements where the use of
a computed GOTO is an extreme inconven-
ience. Take, for example, the CASE of
figure 3. It would be inconvenient to have to
rig up a computed GOTO to execute this
CASE. It is much simpler to code it using
a “nested IF" statement, which is the other
popular way to code CASE statements. In
pseudocode, this CASE is:

IF DAY = MONDAY

THEN MONDAY-ROUTINE
ELSE IF DAY = TUESDAY

THEN TUESDAY-ROUTINE
ELSE IF DAY = WEDNESDAY

THEN WEDNESDAY-ROUTINE

You can see the natural one-to-one corre-
spondence between the Warnier-Orr diagram
and the pseudo-code. This is easily translated
to code in listing 2. Listing 3 shows an
alternative for those BASICs without the
nested |F capability. This is the preferred
method for coding a case statement because
this method will work for a// CASE state-
ments, regardless of whether or not the
CASE is suited for a computed GOTO.
Also, with the computed GOTO, you must
be sure that your ““]" is restricted to the
proper range. This is not to say that you
can never use the computed GOTO; just
be sure that its use is justified and then

BIG

SAVINGS

10% -15% -20% -
25% OFF

IMSAl — TDL — NORTH STAR —
CROMEMCO — VISTA —
DYNABYTE — AND OTHERS

SPRING SPECIALS

TDL XITAN:

(O Alpha 1reg$1039  $ 8799
(] Alpha 1.5reg $1138 964°5
O Alpha 2 reg $1749 13099
O Alpha 4 reg 2149 159995

TDL
[J VDB 25x80 Video Display
Boardreg$369 NOWV $3140°
Al TDL units factory assembled and tested
IMSAI
(J8080 w/22-slot motherboard
and IMSAI 4K RAM Board

reg $808 NOW $59995

O ABOVE, incl. Serial Interface Kit
and 16x32 Video Display Board
assembled and tested $78995

NORTH STAR
HORIZONS

— ALLMODELS —

ABSOLUTELY BEST PRICES
AND BEST DELIVERIES

Call for information

DYNABYTE — LESS 20%
CROMEMCO — LESS10%

S-100 MEMORY BOARDS

North Star 16K Dynamic RAM
Kit List 5399 $ 329
Assembled List 459 379

(J TDL 16K Static assmi/test $549
0 TDL 32K Dynamic, * $739

Prices good until June 30, 1978; limited to
existing inventories

Add $1.50 per board and/or $10 per system for handhng,
shipping. and msurance

Send for free catalog

MiniMicroMart, Inc.

1618 James Street

Syracuse, New York 13203
Phone (315} 422-4467
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ON USING AMATEUR RADIO
FORPCNETS

Jeff Steinwedel offers the only fea-
sible solution for CIE Nets, Distributed
Communications Network, or whatever
you may wish to call it. Amateur radio,
because of its disciplined ranks, would
be the very ideal place to start. We do
not need another uncontrollable
“Topsy’ that one finds on the Citizen’s
Band.

Some refined computer work has
already begun on the amateur bands.
I've just completed an interface board
for frequency control, and another for
the computer to do all of the log work
by filing dates and time of contacts, and
even their call signs. Conditions are
already open: the allotted VHF fre-
quencies  welcome  experimentation,
within FCC rules, of course.

Jack Chancellor WISON
4736 Amethyst Rdg
Rockford IL 61102

MORE ON COMPUTER CONTROLLED
PROSTHESES

The January 1978 BYTE Letters
column contains a letter from Don
Baker regarding computer controlled
prostheses. | call to his attention the
work currently being carried out at
Northwestern University’s Rehabilitation
Engineering Center at the Rehabilitation
Institute of Chicago.

Under the direction of Dr Dudley
Childress, the Center has developed
a multitude of prosthetic devices for
the crippled patient. Foremost among
these (in my opinion) is the design
and construction of prosthetic limbs,
namely a “bionic” arm and hand. This
device amplifies the myoelectric surface
potentials on the skin which are gener-
ated by muscle contraction and con-
verts the signals into finger motion
through a network of electronic circuitry
and electromechanical components. By
“thinking’’ to extend the arm, for
example, the patient can open and close
the thumb and forefinger on the pros-
thetic limb. While the grip strength of
25 pounds is nowhere near the ability to

crush steel, the patient gains a great deal
of freedom in lifestyle than that which
he had as an amputee.

Mr Baker suggested a computer con-
trolled wheelchair as a possible solution
to mobility problems for the handi-
capped. Northwestern has already
thought of the same thing and has gone
on to develop such a machine. It consists
of an electric wheelchair fitted with an
array of batteries, electronic hardware,
and specially designed input and output
devices which are in the form of straws.
The effectiveness of the device is best
seen in abilities of the Rehabilitation
Center's receptionist/secretary, who is a
quadriplegic. Doubling as a public
relations spokesperson as well, she can
operate slide shows, telephones, lights,
and even type from her seat in the
wheelchair via coupling to a micro-
computer. Paralyzed from the neck
down, she communicates with the
computer by sipping and puffing on
straws coupled to pressure sensing
instruments. Output from the computer
is on a video terminal, which is also
connected with an electronic typewriter.
Through the use of the sipping and
puffing mechanisms, and computer
supplied ‘‘best fit’’ characters, the typist
is able to create words and entire letters
on the computer, which are then sent to
the typewriter for printing.

At present, the cost of micro-
computers limits this complete system
to a relatively small segment of the
population. Thus, alternate systems
have been developed, allowing the user
to control eight devices within the home
(eg: lights, telephone, toaster, etc). As
the cost goes down, we’ll be seeing more
of these systems in the near future.

With the development of new tech-
niques and mechanisms, the Rehabili-
tation Engineering Center is enabling
more and more crippled patients to face
the world more effectively and helping
them gain pride in themselves.

Christopher A Kryzan
1012 Waveland Rd
Lake Forest IL 60045

Christopher is president of the Tech
Undergraduate Council, Northwestern
University Technological Institute.

NEVER
AGAIN?

it it can happen in New York
it can happen anywhere.

POWERLESS!!

Protect your Memory and Systems
against Blackout with one of S.C.1.'s
UNINTERRUPTIBLE POWER SUPPLY
SYSTEMS . . ., or design your own
system using S.C.1. modules.

UPS SERIES priced from:
$155.00 to $225.00 (unit price)

PERFORMANCE!

eReliable Float Charge Battery Backup
Systems

e Regulated Single & Multi Qutputs

® 36 Standard High Performance, High
Efficiency Models

The Memory Savers from the No. 1
Source. Want the Facts Fast?
Call Frank Frontiero

=

SEMICONDUCTOR
CIRCUITS, INC.
POWER SOURCES DIVISION
306 RIVER ST.. HAVERHILL,MA 01830
TEL.(617) 373-9104, TWX.710-347-0269

Circle 318 on inquiry card. May 1978  BYTE Publications Inc 149






advantage is that the ZN425E can be
converted to an analog to digital con-
verter with the addition of just two
more ICs costing about $3 total.

Also, | think there should be more
articles like Ciarcia’s Circuit Cellar,
since his articles are easily adapted to
any microcomputer, rather than being
designed for use with any one type. My
reason for this bias is that | am de-
signing my own microcomputer.

A K Kenny

43 Simonbarn Av

Fenham, Newcastle upon Tyne
Tyne and Wear NE4 9VA
ENGLAND

Interested  readers can contact
Ferranti Electric Inc, E Bethpage Rd,
Plainview NY 11803.

READING STRINGS

| read with great interest Wayne
Ledder’s description of how a string of
ASCII digits can be read and converted
to a binary number in “A Novice's Eye
on Computer Arithmetic’” (January
1978 BYTE, page 150). A faster,
cleaner, and easier algorithm exists for
this purpose.

To read a 3 digit number, Ledder
recommends placing the first digit {after
subtracting ASCIl “0”) into memory
location HUNS, the second into TENS,
and the third into UNITS. Then HUNS
is multiplied by 100, TENS by 10, and
these results are added; UNITS is added
to this sum to give the final resuit.
Clearly, this method works. However, it
is inconvenient to use for two reasons.
First, the program itself must be modi-
fied if one wishes to input, say, four
digit numbers. Second, the number must
be typed using a fixed number of digits.
Now, how would you feel if your tiny
BASIC made you type things like 00001,
or interpreted 00071 either as something
ridiculous or an error?

I think there is a better way. The
following algorithm is cleaner and as
easy to implement.

1. Set NUM to 0.

2. Get a digit from input. If it is not
a digit {eg: a blank or a new line),
terminate.

3. Otherwise, convert the digit from
ASCII by subtracting the code for
ASCII “0” from it.

4. Multiply NUM by 10. Then add
the digit to it.

5. Go to step 2.

When the algorithm terminates, the value
of NUM will be the binary number
corresponding to the ASCII coded input.

Several comments are in order. First,
the multiplication in step 4 can be per-
formed quickly by adding the value of
NUM shifted left three times to the value
of NUM shifted left once. Second, the
processing of the first digit should pro-
bably be moved outside of the loop.
This facilitates checking for a negative
sign, avoids an unnecessary multipli-
cation in step 4 on the first iteration,

and makes it possible to check for a
completely blank line (which should
be treated as an error, not as zero).

This algorithm requires no leading
zeroes and works for numbers of any
length. It is also quite fast; in reading
number lessthan 65,536, it requires only
3 n 16 bit shifts and 2 n 16 bit adds, to
read an n digit number. Unfortunately,
I can claim no credit for it since it has
been in existence for many years.

Eric Hamilton
Dunster D-11

Harvard University
Cambridge MA 02138

DEMISE OF MAPLE

Sad to report, MicroAPL Enthusiasts
has gone to seed. The major cause of its
demise has been a severe deficiency in
creative literary sap. When we started
this seedling, we’d hoped for a forum
which would someday branch to many
interesting discussions on that most
fascinating of languages: APL. Since
then, although the response has been
good, the literary stuff has been flowing
in at the rate of frozen maple syrup.
As the instigators of all this, we found
ourselves unable to gather enough
material to form the critical mass needed
to get the chain reaction of ideas started.
Therefore, we have decided to dis-

corporate, and return MAPLE to virtual

memory storage in that bit bucket in
the sky.

R Low

J Sikorski

POB 574 NUMS

Chicago IL 60611

HUMAN FACTORS ENGINEERING
NEEDED?

Today | discovered that nobody
really cares about us, at least those of us
who use computer terminals day after
day.

| was doing a data base search
through the INSPEC files looking for
information about ‘“‘the office of the
future.” Most searches that were per-
formed were quite successful (giving up
to 160 references). However, a combined
search on display devices and human
factors found one entry (on digital
watches). Even less rewarding was a
search on data acquisition and human
factors—no references. | can only assume
that no one cares about the user.

At the Canadian Computer Show in
Toronto in November, my sister and |
ran a quick informal survey of keyboards
of computer terminals. Typically, the
keyboards could not have been designed
with any user in mind. Problems of
ugly color schemes; glare on the keys
from overhead lighting, lack of “fee!”

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS!

Write and run machine language programs at home, display video graphics
on your TV set and design microprocessor circuits — the very first night
— even if you've never used a computer before!

RCA COSMAC microprocessor/mini-

SPECIFICATIONS

ELF 11 features an RCA COSMAC
COS/MOS 8-bit microprocessor ad-
dressable to 64k bytes with DMA, in-
terrupt, 16 repgisters, ALU, 256 bylc
RAM, full hex keyboard, two digit hex
output display, 5 slot plug-in expansion
bus, stable crystal clock for timing pur-
poses and adouble-sided plated-through
PC board plus RCA 1861 video IC to
display any segment of memory on a
video monitor or TV screen.

Use ELF Il to ... PLAY GAMES usin
yourTVforavndeod:splay .CREAT
GRAPHICS pictures, alphanumer-
ics, animated effects ... learn how to
DESIGN CIRCUITS using a
microprocessor .. the possibilities
are infinite!

NOW AVAILABLE

ELF 1I explodes into a giant when you
plug the GIANT BOARD™ into ELF’s
expansion bus. This powerful board in-
cludes cassette 1/ Q, RS 232-C/TTY, 8-
bit P 1/O and system monitor/
editor...meaning your ELF 1l is now the
heart of a full-size system with unlimited
computing power! $39.95 kit, $2 p&h.
® 4k Static RAM addressable to any 4k
page to 64k. $89.95 kit. $3 p&h.

® Prototype (Kluge) Board accepts up to
32 1.C.’s of various sizes. $17.00 kit. $1

ph.

® Expansion Power Supply. $34.95 kit.
$2 pgh.

® Gold plated 86-pin connector. $5.70

postpaid.
Coming Soon!

. -
Tiny Basic
ASCIIKEYBOARD* CONTROLLER
BOARD * D-A, A-D CONVERTER *

CABINET

Circle 280 on inquiry card.

computer

A THOUGHTFUL GIFT
FOR ANYONE WHO MUST
STAY UP T0 DATE IN
COMPUTERS AND
ELECTRONICS!

- . . - SENDTODAY———-——
NETRONICS R&D LTD., Dept. BY5
333 Litchfield Road, New MllfOrd‘ CT 06776 Phone (203) 354-9375

Yes! [ want to run programs at
home and have enclosed:
O $99.95 plus $3 p&h for RCA
COSMAC ELF I kit. Featured
in POPULAR ELECTRONICS.
Includes all components plus
everything you need to write
and run machine language pro-
grams plus the new Pixie chip
that lets you display video
graphics on your TV screen, De-
signed to give engineers practice
in computer programming and
microprocessor circuit design,
ELF 11 is also perfect for college
and college-bound students {who
must understand computers for
any engineering, scientific or
business career). Easy instruc-
tions get you started right away,
even if you’ve never used a com-
puter before!

As your need for computing
power grows, five card expan-
sion bus (less connectors) allows
memory expansion, program de-
bugger/monitor, cassette 1/0., A
to D and D to A converters,

PROM, ASCII kcyboard mputs
_— - R e

controllers, etc. (soon to be I
available as kits), Manual in-
cludes instructions for assembly,
testing, programming, video |
graphics and games plus how
you can get ELF Il User’s Club I
bulletins. Kit can be assembled
in a single evening and you’ll I
still have time to run programs,
including games, video graphics, I
controllers, etc., before going to
bed! O $4.95 for 1.5 amp 6.3
VAC power supply. required for I
ELF 11 kit. O $5.00 for RCA
1802 User's Manual. l
O I want mine wired and tested I
with the power transformer and
RCA 1802 User's Manual forl
$149.95 plus $3 p&h.

Conn. res. add sales tax. I

NAME
ADDRESS,
CITY.

STATE ZIP
O Send info on other kits!

Dealer Inquiries Invited
L3 & _§ ¢ _§B _§ B /|
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- in the keyboard, beeps (often not
Pﬂomml adjustable) to replace tactile feedback,
and s<;ft keying (instead of a bouncy
switch), lack of position adjustment of

MICROCOMPUTERS

the keyboard, and lack of an armrest in
) front of the keys were problems that we CLH
And at an affordable price. The
Modu-Learn™ home study course

frequently noted. Only about two or
from Logical Services.

three keyboards came anywhere near
being reasonably pleasant to use. Human
Now you can learn micrncomputer factors appear to have been ignored by
programming in ten comprehensible aimost all manufacturers.
lessons. Athome. In your owntime. At Hopefully in the future we can have
some articles about human factorsin the
your own pace. terminal device design. For too long the
You learn to solve complex problems industry has pushed human factors in
by breaking them down into easily man-machine  dialog software and
programmed modules. Prepared by ignored the hardware.
professional design engineers, the
Modu-Learn™ course presents sys-
tematic software design technigues,
structured program design, and prac-
tical examples from real 8080A
micro-computer applications. All in a
modularsequence of 10 lessons . .
more than 500 pages, bound into one

practical notebook for easy reference. MEDICAL AND DENTAL SOFTWARE ® The availability of a simple
and solutions. With thorough back. NEEDED poyerful monitor ot operating
ground material on micro-computer A
architecture, hardware/software trade-
offs, and useful reference tables. All
for only $49.95.

For $49.95 you learn design tech-
niques that make software work for
you Modu-Learn™ starts with the
basics. Our problem-solution ap-

I want to have fun and learn things
with my computer. To me, fun is writing
aesthetically pleasing and correct pro-
grams. That's hard to do in BASIC.

RECEIVED FROM A RESPONDENT
TOBYTE'S 1978 READER SURVEY

I would like to offer some additional
comments which you may find useful
in your survey. | fully intend to purchase
a personal computer system in the very
near future. The equipment and approxi-
mate prices | intend to pay are detailed
in the survey. The major factors influ-
encing this purchase are as follows:

Dr John C McCallum, Assistant Professor
Dept of Computer Science ® The availability or near avail-
York University ability of a high level block
4700 Keele St structured language compiler (C,
Downsview Ontario M3) 1P3 PASCAL or ALGOL).
CANADA ® The vendor’s financial stability.
® The availability and compatibility
of peripheral equipment.

recent copy of 7ime magazine
referred briefly to a successful US
application of microcomputers to the
basic requirements of individual doctors
and dentists.

If you or any of your readers hap-
pen to know of the firm(s) responsible
for this application | would be most gence.
grateful to learn their address(es).

| will purchase a prebuilt system and
have very little interest in assembly or
hardware fiddling. | also have very little
interest in assembly language coding and
will use the home computer to develop
projects in the area of artificial intelli-

proach enables you to "graduate” as Anonymous
a programmer. Philip D Burke
Circle the reader service number be- GPO Box 498 COMPUTER CHESS

low to receive our free descriptive Adelaide S AUSTRALIA 5001

brochure and course outline.
Use your Master Charge or VISA ANOTHER LETTER RECEIVED
card to order today. Call Pat at (415) WITH A COMPLETED
965-8365. READER SURVEY FORM

I am told by John M Lusa of Info-
systems that your magazine specializes
in small systems.

| wonder if you know of a computer
that plays chess at the master level. | am
very desirous of owning such a product
and | would truly appreciate it if you

Miscellaneous comments apropos . !
could in any way lead me to it.

personal computer usage:

The languages available are atrocious.
The few good languages are not available
on personal systems. Languages | con-

Philip Restagno
2910 De Witt PI

Circle 215 on inquiry carsl.

P.O. Box 60968
Sunnyvale, CA 94088
408-245-8855
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sider good, even if not practical on a
micro, are: APL, PASCAL, ALGOL 68,
MODULA (yes, I've seen examples of
MODULA), in no particular order. Each
has some good and some bad features.
What we need is a synthesis.

| keep hearing about ‘“high level
language machines.”” In my opinion,
they are long overdue. Where are they?
Where, at least, is the computer that
can efficiently run an intermediate
language interpreter, at a price | can
afford? What | need is an HP-3000
microcomputer, | guess.

Where languages are concerned, |
suppose that a good systems imple-
mentation language is most needed,
although why do so few people seem
to recognize this obvious fact? Think
how it would simplify developing
operating systems and Star Trek games
that are identical on a/f computers
they run on. Is that bad?

Bronx NY 10469

Playing chess at a master level is one
of artificial intelligence's perenial pro-
jects. As of now, the closest you can
come is an expensive laboratory project
executed on a large computer of con-
ventional design. But this is hardly a
commerical product available at your
local computer store.

MATSUSHITA MYSTERY PROCESSOR

Recently | came across a Matsushita
MN5763 microprocessor, and have been
unable to find any information about it.
Could you or a reader tell me anything
about this part or about where | can
obtain information on it?

Jeff Spoelstra
7405 Palm Dr
Urbandale 1A 50322
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Electronic Music Workshops at
New England Conservatory

The New England Conservatory of
Music  will hold a Summer School
June 26 thru August 4 1978, featuring
workshops, courses and master classes.
Highlights will be the Electronic Music
Workshop, June 26 thru June 30 with
Robert Ceely, and the Electronic Music
in the Classroom Workshop, july 10 thru
July 14 with Larry Allen.

The Electronic Music Workshop with
Robert Ceely will be divided into two
parts. Part A will be a lecture demon-
stration of the hardware and software
of electronic music. Part B will give
students hands-on experience  with
various synthesizers.

Electronic Music in the Classroom
with Larry Allen will be an exploration
for the classroom music educator of the
goals, outlines, lesson plans, and elec-
tronic equipment to be used in develop-
ing a comprehensive junior high, senior
high, college or adult education music
curriculum.®

Instruction Search

Have you ever found yourself exe-
cuting as instructions information you
intended as data, only to get garbage?
Sure you have; we all do this at one time
or another.

One day, while interacting with my
KIM-1, | found myself executing a
hexadecimal 27 which | had accidentally
left in a location. It multiplied another
number by two and added one. Upon
closer inspection, I found hexadecimal
27 to be a previously undefined rotate
one bit left instruction, a very powerful
instruction. Including my new instruc-
tion, there are now 147 instructions
defined for the 6502 processor, out of
256 possible in the range from hexa-
decimal 00 to FF. That leaves 119
instructions undefined. The problem is
finding them.

| am inclined to believe the best way
to determine the difference between
garbage and a valid instruction is to
continue programming in a normal
fashion and when an error is made and
I find myself executing an undefined
instruction, follow it through. This
instruction search is not limited to the
6502; it applies to every processor on
the market. Indeed, the store zero
instruction on the I1BM 7090 was found

in a similar fashion at a time when that
macrocomputer was at a stage similar to
that of the present microcomputer.

| do not advocate sloppy program-
ming. It should be advoided at all costs.
However, when a mistake is made and a
result is obtained, it should be studied.
Something of value may be found.

Francis ] O'Reilly
42 Markwood Rd
Ardsley NY 10502m

A Quick Wire Unwrapping Toal. . .

Unwrapping wires from posts on
circuit boards is a simple task with the
correct tool. Commercial unwrapping
tools are usually not practical for the
person having only an occasional need,
so improvised methods are in order. One
such method was described on page 17
of the December 1975 BYTE. | found
that method took more time than |
wanted to spend on these jobs.

A simple tool that can be made in a
few minutes meets the requirements of
being cheap, easy to use, made from
readily available material. It does not
damage the posts and removes the wire
rapidly. All you need is a small diameter
metal (brass if you are concerned about
damage to the posts) tube that fits
closely over the posts. Such tubing is
often available in brass at hobby shops.
To make it into an unwrapping tool,
simply file a notch across the side and
end of the tube to a depth about twice
the diameter of the wire to be removed.
To preserve the strength of the fitted
end of the tube, file the notch into
about 1/3 the diameter of the tube. If
you have a fine file or other tool, cut a
small nick into the side of the notch.
This enables it to hook onto the wire,
which will then be removed from the
post when it is unwrapped and the tool
is removed.

Ready sources of tubes (including
handle) are mechanical pencils and ball-
point pens. The mechanical pencil is
best and easiest to “build” into the
desired tool. To convert ballpoint
pens into unwrapping tools, it is of
course necessary to remove the ball-
point and ink. It will also probably be
necessary to drill the tube to a size
that will fit over the wire wrap posts.

Donald C Weber
1201 Inwood Ter
Jacksonville FL 32207%

SPRING CLEARANCE

SALE

FLOPPY DISK
DRIVES

NORTH STAR  VISTA  MICROPOLIS
EXTRA SAVINGS
IMMEDIATE DELIVERY

) North Star Microdisk
Interface widrive, kit

List$699 SPECIAL $589
0 Vista Microfloppy, kit

List $649 SPECIAL $544
ADD $80 FOR ASSEMBLED & TESTED UNITS

Forthe ultimate in storage capacity,
get yourself an assembled and tested
MICROPOLIS at special prices:

[J Model 1041 Macrofloppy 143

kilo cap.,incl. cover  §625

J Model 1042 w/case & power
supply, 143-kilobyte capacity
NOW ONLY $709

[ 1 Model 1053 Dual Metafloppy
630-kilobyte capacity
Reg$1895 NOW $1695

ALL INTERFACES INCLUDE DOS AND BASIC

SPECIAL VERSIONS FOR
HEATH H-8 & RADIO SHACK TRS-80
ADD $49.95

Interfaces also available:

MICROMATION
TARBELL
MORROW
SD SALES

Prices good until June 30, 1978. limited to
existing inventories

HEATH H-8/TRS-80
TO S-100 ADAPTERS

AVAILABLE

UJ Special 5-100 Adapter for
TRS-80, incl. backplane, P.S.
and 32K of memory

ALL FOR ONLY $495

FULL LINE OF MEMORY BOARDS, VIDtO
DISPLAY MODULES, AND PROTOTYPE
BOARDS FOR THE HEATH H-8 AVAILABLE

Add $5 for shipping, handling, and insurance
for each iterm vurdered

Send for free catalog

MiniMicroMart, Inc.
1618 James Street
Syracuse, New York 13203
Phone (315) 422-4467
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Available forImmediate Delivery

QUALITY

BUSINESS
PROGRAMS

GENERAL LEDGER. A compre-
hensive GL system designed for
professional accountants and
small businesses. QUICKLY set
up any customcharts of accounts
to handle single or multiple de-
partments. INTERACTIVELY verify
data. CUSTOMIZE report formats
and headings. EXHAUSTIVELY
documented. COMPUTER know-
ledge not required. Written in
CBASIC,theGL systemcosts
$995

NAME AND ADDRESS (NAD)
SYSTEM with optional reference
information MAINTAINS files and
allows SELECTION on all fields for
printing LABELS, REPORTS, or
new files. Thoroughly documented
and written in CBASIC.Only $79

QSORT. A fast and efficient, easy
to use, Full Disk Sort/Merge. Its
AUTOMATIC operation, multiple
sort keys, and complete backup
provide power and flexibility. In
8080 code, $95

CBASIC. An Advanced, Compre-
hensive, Commercially Oriented
Compiler/Interpreterincluding full
disk access, PRINTUSING, 14
digits of precision, and much
more. With 85 page manual,
$99.95

All programs require the 8080 or
Z-80 CPU and the CPIM floppy-disk
operating system. All our software
is attractively packaged and ship-
pedfrom stock.

To order or formore information, Call:

Ntructured Systems Group

5615 KALES AVE.
OAKLAND, CA.94618
(415) 547-1567

California residents add 62 % Sales Tax.
Prepaid or COD only.

Dealer Inquiries Invited.

CP/Mis atrademark of Digital Research.

\
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Component Types and Values

Unless otherwise noted, all com-
ponents and values in the schematics of
BYTE magazine are assumed to be
typical of low power logic and signal
electronics:

Resistors: Power ratings of % W, carbon
composition, 10% tolerance or 5%
tolerance depending on value are stan-
dard default assumptions. Values are in
ohms (no units symbol), decimal
thousands of ohms (K units symbol),
decimal millions of ohms (M units
symbol). Typical exceptions to these
defaults are:

10 W, ¥ W are notations of
typical power ratings differing
from W.

1% is a notation of an explicit
resistance value tolerance when
10% is not adequate.

Capacitors: Capacitors are assumed to be
20% tolerance, nonpolarized, with vol-
tage ratings greater than or equal to the
difference between the most positive
power supply voltage and the most
negative power supply voltage. Values
are in microfarads (no units symbol, or

units symbol {F or UF) or picofarads
(units symbol pF). Typical exceptions
to these defaults are:

Electrolytic capacitors are indi-
cated by explicit notation of
polarities (+) and (-) on the
diagram.

Explicitly noted voltage ratings
always appear for electrolytics,
and occasionally for other types.

Where some other tolerance para-
meter is critical (such as tempera-
ture coefficient, type of capacitor
technology, etc) it will be noted
near the part in question.

Power Supply Circuits: Power distri-
bution circuits are assumed to follow
good engineering practices for prototype
equipment: heavy distribution bus con-
ductors, frequent bypass capacitors (.01
to .5 MF ceramic disk) spread throughout
the board in question, and at least one
fairly large (eg: 5 to 25 UF) electrolytic
bypass capacitor per supply voltage per
board. Bypass capacitors are wired from
the supply voltage to ground. These
assumptions are not noted in each
drawing, but should be observed as a
matter of course.®

New Product Information

Lucas-Adams Labs UnlLtd is proud
to announce the perfection of the
following special function boards, all
plug-in compatible with Altair ($-100)
bus mainframes, and adaptable for other
buses with a transfer:

Mainframe expander board — hydraulic:
Two 2 cm hydraulic jacks extend to a
maximum of 14 c¢m to expand the
available internal space of most ductile
mainframes. Complete with integral
fluid reservoirs and high capacity pump.

Freon cycle refrigerator board with
multiple radiator boards: Eliminate the
noisy mechanical fan and keep your
micro’s temperature down with this
quiet running refrigerator board. Com-
pressor runs off the mainframe's +8 V
supply; usable with up to 12 radiator
boards, each to be located near a
memory or processor board to keep it
cool.

Solar energy package board: For an
ecologically sound second power source,
try our solar energy board. Fitting into
a single Altair (5-100) bus slot, an ex-
tender on top of the board unfolds,
software controlled, to expose a 12 foot
square solar panel, with ample capacity
for your entire bus during the daylight
hours.

Hydroelectric power board: This clean
source of power is generated by a diver-

sion of the source to drain flow of 1012
FETs contained in only 64 LSI chips.
High tension printed circuit lines transfer
power to an on board substation for use
on the bus.

Garbage compactor board: Bothered by
garbage from old programs, obsolete
data, initialization? Qur garbage com-
pactor board compresses the equivalent
of a full 64 K of garbage into the space
of only one 4 K static or dynamic
memory board, for easy disposal.

Terminal board: This board is sold with
only two days life left of declining ser-
vice, at which point it self-destructs.
Nonrepairable.

DART random number board: On the
board are four concentric shift register
rings and 16 pointed, feathered elec-
trodes for truly random number gen-
eration.

PROM memories board: Complete with
a big band clocking and rhythm section,
this board boasts a hardwood dance
floor option and fast access time.
Refresh area on board (for volatile
spirits only).

Abacus board: This nonvolatile pro-
cessor can provide emergency com-
puting ability during complete power
failure. Comes with on board direct
access BEAD memory. (User must
provide some logic.)m





















concepts of computers. In chapter 10, the
author presents SAP-3, a computer with
most of the characteristics of modern
computers. Chapters 11 and 12 cover such
topics as microprograms, microroutines,
variable machine cycles, manual loading,
bootstrap loading and fixed point, floating
point, and double precision arithemetic.

Although the book is organized as an
orderly progression from the basics of logic
circuits through advanced computer con-
cepts, each chapter could almost stand
alone as a comprehensive treatment of its
topic. For example, if you already under-
stand the type D flip flop, then you would
have no trouble in understanding chapter 6
on registers.

If you are associated with computers
from a purely hobbyist viewpoint, with
little or no interest in the technical ‘‘in-
nards,” then this book is not for you. How-
ever, if you hope to learn enough to trouble-
shoot your own, then this hook will surely
prove helpful. If you have a strong technical
interest in computers, whether as a hobbyist
or a technician, then you need a copy of
this book.

Dr Tom Lukers
Rt 1 Box 2778
Lufkin TX 759010

The Elements of Programming Style
by B W Kernighan and P | Plauger
McGraw-Hill, New York 1974

147 pages paperback

$2.65

This book should be in the library of
every computer enthusiast, for it bridges
the awful gap between those beginning
moments, and clean, efficient code. By
teaching sound principles, the authors
give the reader a definite method for
improving skills in programming. There is
a need for programmers to proofread their
code with a copy editor’s blue pencil. Yet
few of us know how. The old adage pre-
vails: ““If it works, leave it alone.” This
bromide is a carte blanche for programmers
of every level of skill to leave confusing
code alone, since most programs are judged
by the result, and not by the means. Yet in
the microcomputer business, it is critical
that space be well used.

To their everlasting credit, the authors’
first lesson is, in my opinion, the most
important. It requires clarity of expression.
Make the code show what it does, don't
hide the purpose in elegant expressions.
Nothing is more frustrating than to attempt
to figure out the meaning of mysterious
code. A programmer must keep in mind
that somewhere in the future it may be

Circle 405 on inquiry card.
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PRAMMER III
by xybek

The Ultimate EPROM Memory Board
For Your S100-Bus Computer

* Accommodates from 1k to 30k of the above EPROMS, in
any combination, each addressable on any 1k {2k for
2716) boundary within the board's 32k address space.

1k of scratch-pad RAM.

On-board programming for ail three EPROM types.
Tri-state buffers on all address and data lines.

Empty EPROM sockets do not require address space.

* % A % %

Assembled, tested, ready to run — only $369.50

XybeK « p.0.Box4925  Stanford, CA94305
Telephone: (408) 296-8188

Motorola EXORcisor®
Compatible Hardware

® 8 K Static Ram
2 - 4 K write protected blocks
500 nsec version - regular price-5324.95
Introductory offer® - $275.

® Backplane and Card Cage
+Svand =12 volt regulators and
daisy chain connector 5 slots-$124.95
10 slots-5144.95
connectors (installed)-5$5.50 ea.

® Unregulated Power Supply
+5v @ 8 amps.t 12v @1.0 amps-5124.95
+5v @ 15 amps.z12v @1.5 amps-5144.95

Industrial quality, Motorola EXORcisor ®
compatible hardware by

American
Technologies

PO Box 23001 Rochester. NV 14662
716-244-8070
DEALER INQUIRIES INVITED

COFFER EXFIRES luly 4 1278
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Circle 155 on inguiry card.

80-103A Serial 1/0 and FSK modem for
professional and hobby communications.

® Completely compatible with your IMSAI, ALTAIR*
SOL** or other S-100 microcomputers.
Trademarks of *MITS, **Processor Technology

® Designed for use on the dial telephone or TWX
networks, or 2-wire dedicated lines, meets all
FCC regulations when used with a CBT coupler.

® All digital modulation and demodulation with on

board cyrstal clock and precision filter mean that
NO ADJUSTMENTS ARE REQUIRED

® Bell 103 standard frequencies

® Automated dial (pulsed) and answer

® QOriginate and answer mode

® 110 or 300 BPS speed select

® Complete self test capability

® Character length, stop bit, and parity

® 90 day warranty and full documentation

PRICES Bare Board and Manual 49.95
Assembled (48 hour burn in) 279.95

Master Charge or Visa accepted.

D C Hayes Assoc.

P.O. Box 9884, Atlanta, Ga. 30319, 404/231-0574
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ATTENTION
COMMODORE PET USERS!

Low Cost Financial Software on Compatible
Cassette Tapes for your PET Computers. Samples
from our program library inciude:

MORTGAGE $15.95
Calculates mortgage data, e.g., principal paid to date,
outstanding principal, mortgage equity, interest paid to
date, outstanding interest, and more.

ANNUAL REPORT ANALYZER (Manual) $22.95
With annual report in hand, you input 5 yrs revenues
and income; program computes: Percentage growth in
sales, profits, earnings per share; PE ratio; Profit
margins; Current ratio; Book value; Return on equity;
Payout ratio; Dividend vyield; Theoretical value for
stock & PE ratio; Implied yield & growth rate; more.
STOCK ANALYZER (Automatic Data Entry) $34.95
Same as Annual Report Analyzer except data is auto-
matically entered from Data Base tapes simply by en-
tering ticker symbols.

DATA BASE (Updated monthly) $175.00 Per Year
Statistical data on over 2,500 Industrial Stocks on the
New York, American and Over the Counter Exchanges.
OPTIONS $24.95
For both option buyers and writers, program computes
the theoretical value of an option with graphics.

Pursuant to Rule 206(4)-1(A)(3) of the Securities and Ex-
change Commission, it should be noted that the above men-
tioned programs should not in and of themselves be utitized in
making investment decisions. The scope and usefulness of the
above programs are limited, with values in some cases being
purely theoretical,

SEND FOR FREE BROCHURE
NATIONAL CORPORATE SCIENCES, INC.
(Registered Investment Advisors - Our 10th Year)
790 MADISON AVENUE
NEW YORK, N.Y. 10021

May 1978 © BYTE Publicatians Inc
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necessary to modify the program. That is
hard to do when the existing code cannot
be deciphered by anyone, including the
originator. In every computer center, there
are gobs of temporary programs drafted
into continued use for years.

To illustrate the principles of good code,
the authors use excerpts of actual programs.
For any example, the flaws are pointed out,
the segment is rewritten, and the general
rule is stated. Several points may be dis-
cussed for each example. FORTRAN and
PL/l are used as model languages, since
each is in common usage. Also, familiarity
with one language implies that the other can
be understood. However, the rules discussed
apply in any language, including BASIC and
assembler.

The models used are taken from begin-
ning textbooks, where code is usually first
seen by the neophyte. One would think that
good style would abound in textbooks, but
it’s just not true. With the authors’ help,
the reader can read other programmers’
code filtered through a solid foundation of
principles.

There are lessons in structure, design of
input and output and how to format code
for clarity. There is an excellent chapter
on documentation, my personal curse. Do
your variable names mean something? They
should carry the mnemonic image of what
they represent. Is your code modularized?
Do you use comments, or worse yet, overuse
them? The recurring theme in this splendid
book is to plan your work to be simply
stated and executed.

The models used provide a spectrum of
programming applications. Some of the
examples require a bit of higher math to
follow, but the lesson is very clear. There
are models dealing with student grades,
salesmen’s tallies, and sorting. There is
meat here, for both the novice and pro-
fessional.

In citing the textbocks from which
they drew examples, the authors provide
a list of manuals of instruction for the
reader. There is a somewhat brief section
on supplementary reading, as well as a
thorough index. There is a summary of
rules, which condenses the lessons of the
text. Each chapter has a few questions
which will allow you to apply the points
discussed. It would be a bargain at a much
higher price than the modest $2.65. This is
a valuable book, and I'm glad it is on my
shelf.

Noel K Julkowski

Naval Environmental
Prediction Research Facility
Monterey CA 93940M
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to developing programs on one size com-
puter and using them on a computer of
another size. Organizations and persons
involved in programming computers of
various sizes are not going to be enthusiastic
about dissimilar languages for different sizes
of computers. If a language for personal
computing is not significantly different from
existing standard languages, then the effort
required to produce a standard would not
be justified.m

Grappling with GRAPL:
Some Choice
Comments

Andrew Koenig
401 Route 22 #46E
North Plainfield NJ 07060

I would like to comment on some of the
points that William Leler made in his article
(“GRAPLing with APL,” November 1977
BYTE, page 220). In particular, most of
his objections to the language were really
objections to particular implementations,
and these should really be much better
distinguished.

His first objection is that ‘“‘all arrays
in APL must be homogeneous’ and then
he goes on to explain that this means
that all elements must be of the same
“type.” | don’t know which “type” he
means here. Does he mean that they must
all be either numeric or character in form?
If so, such an objection is hardly adequate,
because permitting some elements of an
array to be characters while others are
numbers complicates substantially the
problem of defining the actions of the
various functions that make up the lan-
guage. If, instead, he means that one cannot
mix “integer’’ and ‘“floating-point’’ values
in a single array (an interpretation of his
remark which is rendered possible by his
use of the phrase “‘data type’” to mean
just that in a subsequent paragraph de-
scribing GRAPL), then his criticism has
nothing to do with the /anguage, which
defines no distinctions between integers,
bits, real numbers, and so on. APL values
are numbers or characters, and that’s the
extent of its type distinctions. (For one
approach to the problem of homogeneous
versus heterogeneous arrays in APL, see
“General Arrays, Operators and Functions”
by Ziad Ghandour and Jorge Mezei, in the
July 1973 [BM [ournal of Research and
Development )

Circle 306 on inguiry card.
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INNOVEX FLOPPY DISK DRIVE
NEW-FULL SIZE $495 or LESS*

from The Same People Who Brought You The First Diskette and Drive

TO DESIGN YOUR OWN CUSTOM SUB-SYSTEM FOR LESS:

(1) BUY THE INNOVEX MODEL 410 OR 420 FROM THE MANUFACTURER
AT THE OEM VOLUME PRICE OF $495.

8" Full Size,1BM Compatible,Hard
or Soft Sector Single or Double Density

(2) BUY THE FLOPPY CONTROLLER DESIGNED FOR YOUR SYSTEM

(3) *THEN FOR A LIMITED TIME GET A REBATE FROM INNOTRONICS
HAVING BOUGHT ONE OF THESE POPULAR INTERFACES SPECIFI-
CALLY DESIGNED TO WORK WITH THIS INNOVEX DRIVE:

Tarbell Peripheral Vision
Digital Group

WE ARE PROUD TO OFFER THE HIGHEST QUALITY DISKETTE DRIVE
FOR THE FAIREST PRICE POSSIBLE IN THE INDUSTRY

ACT NOW AND SAVE!I!

Send Check Or Money Order for $495
Less Rebate |f Applicable
(proof of purchase required)
INNOTRONICS CORPORATION/DEPT D
BROOKS ROAD
LINCOLN, MASSACHUSETTS 01773
Tel. (617) 259-0600

*QOffer Ends 7-1-78
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line of next month's BYTE and every line
from every book that ever has or ever will
be written. All you have to do is look
through the printer output and pick out the
good pieces.

But wait a minute: just how many differ-
ent lines are there? On my TVT-1 there are
64 characters and 32 characters per line.
This means there are approximately
6 x 10°7 different lines. It would take your
microprocessor many times the age of the
universe to generate them all! [/f your
microprocessor produces 50 lines per
second, it will take about 4 x 1
years. . .RC]

You can have some fun generating and
displaying a few of them on your video
output. In this program, the computer dis-
plays only the current line when sense
switch 15 is raised. When SS15 is lowered,
the machine keeps grinding out new lines,
but does not write them out. This is
obviously much faster.

Note that, since my television type-
writer scrolls automatically at the end of
the line, no carriage return is sent. If your
line length is different or you use a Tele-
type, you will have to make suitable
modifications. See the end of listing 1 for
address explanation.m

Circle 294 on inequiry card.
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73“07&": 8K STATIC RAM
DIGITAL/ I ASSEMBLED
RELIABILITY 5100
QUALITY
DEPENDABILITY
ADDRESSING Pt e s soann sos
PROTECT AN GNEEHE g v
BUFFERING R LoTTL LoD e e BUTERED
LOW POWER  moasenssmirmansssmsy =
WAIT STATES  saomsummsgmsesaccm
QU ALITY P SOLDE R MASKS & BT SDES, FLO SOLDERNG, GOLD CONTACTS
GUARANTEE o AvS FOM FULL FLND | LSO 00 DA L ATED WARRANTY
DELIVERY U SIS O £OF MOHE W QMAOR D 00 TO FESERVE
P H A N TO M MEMORY DISABLE IS IMPLEMENTED ViA PHANTOM (PIN 67}
TESTING L PO GHODIT Y AMD OpioNa T CELLS BUTALSO
INTRODUCTORY 450 ns 250 ns
SPECIAL 22 cicoresreo §149%  $189%5
CALIFORNIA RESIDENTS ADD 6% TAX
(714) 992- 5540 . .
2555 £ CHAPMAN AVE.
SUITE 604
FULLERTON, CA 92631 DIGITAL o,
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PRACTICAL MICROCOMPUTER PRO-
GRAMMING: THE M6800 by W J Weller.
This second volume of the Practical
Microcomputer Programming series ad-
dresses the problems of applications pro-
gramming at assembly level for the M6800.
In 16 chapters and more than 100 formal
examples, the fundamental techniques of
assembly level programming are applied to
the solution of specific problems with the
6800. Nowhere theoretical, it is a thorough
| and detailed methods text far the beginning
and intermediate application programmer
\ using the 6800. Hardback. $21.95.

Practical Microcomputer Programming

PRACTICAL MICROCOMPUTER PROGRAMMING: THE INTEL 8080 by W J Weller,
A V Shatzel, and H Y Nice.

Here is a comprehensive source of programming information for the present or
prospective user of the 8080 microcomputer, including moving data, binary -arith-
metic operations, multiplication and division, use of the stack pointer, subroutines,
arrays and tables, conversions, decimal arithmetic, various 1O options, real time clocks
and interrupt driven processes, and debugging techniques. )

This 306 page hardcover book is well worth its $21.95 price and should be in every
8080 or Z-80 user's library.

O Check enclosed

.
1
Name :
1
Address :
1
City. State Zip :
1
PRACTICAL THE INTEL 8080 @ $21.95 $ !
Send to: MICROCOMPUTER 1
- PROGRAMMING: THE M6800 @ $21.95 $ H
BITS, Inc !
70 Main Street Postage $ .75 $ :
Peterborough NH 03458 Postage outside USA'$ 1.00 $ 1
1
Total $ 1
1
R I
| 1
|@J 0O Bill MC # // ,/ 7/ Exp. Date 1
= |

t

;] O Bill BA # / // // Exp.Date
1

o . 1
| p— Signature 1
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You may photocopy this page if you wish to leave your BYTE intact J
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(TET) Hs PROGRAMS

GAMES, Includes Blackjack, Hangman, Silly Sentence Maker, Poem Writer,
23 Matches, Word Puzzle, Backtalker, Math Quiz, Caricature Printer, Typing Speed

Drill, and Tic Tac Toe.

PERSONAL FINANCE, Includes three programs, Balancer reconciles your
checkbook and bank statement. Personal Budget helps you control cash flow so that
money is available when it's needed. Interest calculates interest for various kinds of
loans and investments.

All programs are written in Extended Basic and are recorded on cassette tapes
ready for immediate use. Included with each tape are complete program listings
and user instructions. Each tape is protectively packaged in a rigid plastic box.

ED-PRO, INC., 6580 BUCKHURST TRAIL, ATLANTA, GA 30349

Please send the following program tapes for my Heathkit H8:

] GAMES [J PERSONAL FINANCE

Amount Enclosed (Save by ordering both tapes):
[ $10{Any 1 Tape @ $10} [ $18 (2 Tapes @ $3.00)

Name

Address

City

State ZIP

172

The All New!

Personal & Small
Business Computer

Plan EXpO Plan
To N B To
“South’

Exhibit Attend
May 19-21,1978,Exposition Park
Orlando, Florida

For Details Call Or Write:

Felsburg Associates,inc.(301)262-0305
P.O.Box 735,Bowie.Md.. 20715
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® Secondary Storage. Standard 8 inch
floppy disk (the major system program
files occupy roughly 70 K bytes).

® Console Display. 9600 bps ASCII
terminal with x-y cursor addressing
works best (slower CRTs or hard copy
terminals can be handled, but less
effectively).

® Keyboard. Uses ASCIl keys for CR,
ESC, ETX, BS, DEL and four posi-
tioning arrows (up, down, left, right).

In addition, the system is being used to drive
a variety of printers such as the Diablo
HYTYPE and Printronix 300, and for com-
municating via standard asynchronous lines.

Compatibility with Other Software Systems

In Project discussions with manufacturers
of computers, on which the UCSD PASCAL
System might potentially be run, the most
frequently asked question is: “‘How much
effort will it take to adapt PASCAL to run
under my software system?”’ This question
is understandable in view of the approach
generally taken by the computer industry
when a new language is to be installed on a
machine produced in quantity. Unfor-
tunately, this question misses the main point
the Project is trying to make regarding trans-
portable software. The effort needed to con-
vert the PASCAL compiler to run under the
operating system of manufacturer “X”" will
generally be far greater than the effort to
make the entire UCSD PASCAL System run
on that manufacturer’s hardware. In the
interest of promoting software transportabil-
ity, the Project will generally not agree to
adapt just the compiler to run under another
operating system.

PASCAL Language Extensions

Like many others who use PASCAL as
the basis for writing large system programs,
the Project has found it necessary to extend
the language. The most notable extensions
have to do with strings of characters, for
natural readingand writing from and to inter-
active files, and for tools needed in writing
the software. A concerted effort has been
made to implement all of the “standard”
PASCAL language as defined in PASCAL
User Manual and Report, by Kathleen Jensen
and Niklaus Wirth (Springer Verlag, New
York and Heidelberg, 1975). (However,
UCSD PASCAL still lacks the ability to
allow procedure and function names to be
passed as parameters.) The Project is making
an effort to serve as coordinator among
several large industrial firms which are pre-
paring to use extended versions of PASCAL
for major programming projects. It is hoped
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A healthy Pet is a happy PET.
Here are the latest in nutritional programs.

Star Trek {BK PETS only) $29.95
Black Jack 19.95
Star Pilot 19.95
Bio-Rhythms 19.95
The Dragon 9.95
PETrifying Special. . . . . . When all five are ordered together

the total price will be $85.00. {15% discount). You will also
receive as a bonus the original "‘Housebreak Your Pet” tape
and a six month membership in The Pet Lovers Club at no
extra charge.

Dear Don Alan Enterprises
P. O. Box 401
Marlton, NJ 08053

Enclosed is my check or money order for.

{I'm from NJ too, so | added 5%.) Ship the fol-
lowing: Star Trek___, Black Jack___, Star Pilot__,
Bio-Rhythms____, The Dragon___, The Special____

On second thought, charge it to my BankAmericard/VISA

or MasterCharge. My card number is

and it expires on
Thank you,

Mo

1724

HﬂBﬂTICS

MODULAR ROBOTS for
Industrial and Personal Application

Send for complete brochure:

GALLAHER RESEARCH, INC.
P.O. Box 10767

Salem Station
Winston-Salem, N.C. 27108

May 1978 ® BYTE Publications Inc
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Clubs and

Newsletiers

Conducted by David Wozmak

Delaware Users of Microprocessor Systems

Jodie Hobson, director of this club, wrote
to us from the Wilmington-Newark area to
inform us outsiders that the Delaware Users
of Microprocessor Systems is alive and well,
and currently living in the Wilmington-
Newark section of Delaware. Contact
Jodie S Hobson, Delaware Users of Micro-
processor Systems, 2405 Maxwellton Rd,
Stanton DE 19804, (302) 998-5594.

Help Wanted

W P Dart of Ojai CA is interested in
forming a computer club in his area, and
wants to hear from other interested people.
Write W P Dart, 213 Valle Rio Av, Ojai CA
93023, or call (805) 646-5824.

Portland OR Computer Society

The Portland Computer Society has
changed its mailing address to: Portland
Computer Society, 4032 SE Grant Ct,
Portland OR 97214.

Robot Buiider

This newsletter, working on its sixth
issue, is on that interesting subject, the
robot. While the publication is not overly
large, it is extremely captivating.

It’s put together by Michael Westvig
of Palos Verdes Estates CA and consists
mainly of articles and letters from people
into robotics. Topics of discussion in Robot
Builder include stepper motors, computer
control of movement, power source prob-
lems, past robot designs, and prototypes,
hints on where to buy materials at good
prices, and so on.

To get on the mailing list, or to send in
an article for publication, send a letter along
with a SASE to Michael Westvig, 208 Via
Colorin, Palos Verdes CA 90274.

HP-65 Users Club

The HP-65 Users Club is a volunteer,
nonprofit, loosely organized, independent,
world-wide group of people who own and
use Hewlett-Packard PPCs. The purpose of



the club is to function as an educational
information outlet, and to publish appli-
cations information in a form most usable
for calculator solution.

One of the benefits of being a member of
the HP-65 is being informed and up to date
in the world of calculators. Many members
have taken advantage of the official (news-
letter and phone bulletin) and unofficial
(meetings and phone calls) communication
network that is well established among the
membership.

For information contact Richard |
Nelson, 2541 W Camden PI, Santa Ana CA
92704.

Theater Computer Users Group

This group concerns itself mainly with
the application of computers to the theater.
Some applications include: scenery esti-
mation programs, ticket sales, bookkeeping,
text editing and computer controlled light-
ing systems. (One type of lighting system
uses no analog components and control is via
keyboard as well as optically encoded fader
wheels. Control information for this digital
dimmer system is fed serially over the power
distribution system.)

TCUG is always looking for information
to go into the newsletter, and welcomes
your articles, inquiries and problems. Write
to TCUG-TSI for more information at 104 N
St Mary, Dallas TX 75214,

The Computer Hobbyist (TCH)

The Computer Hobbyist 2650 Computer
User Notes is published bimonthly and
edited by Bill McLaughlin from San Luis
Rey CA.

It contains a good number of articles
pertaining to the 2650, 6502 and so on.
Subscription rates are $5 per year in the US,
$10 per year overseas. Contact Bill
McLaughlin, c/fo Bookmakers, POB 158,
San Luis Rey CA 92068.

Electronotes

This newsletter concerns itself mainly
with computer music, synthesizers, and
so on. Lately there has been a running
article on building the “ENS-76 Home-
built Synthesizer System” by Bernie
Hutchins, who also edits the newsletter.
When finished, this synthesizer will be
complete and ready for operation.

Electronotes is the publication of the
Musical Engineering Group in Ithaca NY.
Meeting times were not available, but can
be obtained by writing B A Hutchins,
1 Pheasant Ln, Ithaca NY 14850.

Circle 81 on inquiry card.

8080& Z80 Users

Can your computer read and solve this problem by itself?

““ON THEIR VACATION, TOM AND DICK VISITED A
FARM. WHILE THERE, THEY NOTICED A PEN
CONTAINING CHICKENS AND PIGS. TOM SAID
THERE WERE 3 TIMES AS MANY CHICKENS AS
PIGS. DICK SAID HE COUNTED 100 LEGS IN THE
PEN. HOW MANY CHICKENS WERE IN THE PEN?"

with NLOS/1, it can!

NLOS/1 is a cassette-based system requiring a minimum
of 12K, a serial |/O hoard and any cassette interface.
The system comes complete with a futly documented set
of assembly language source listings. The cost is only

$50.
STOP PROGRAMMING YOUR COMPUTER,
EDUCATE IT!
ORDER TODAY!

CYABERMATE ..,

R.D. #3 BOX 192A
NAZARETH PA 18064

Programs

= TANFORAN: The thoroughbred of horse races. Pari-
mutuel, exacta betting by 4 players. Statistics for each
of 7 horses and jockeys, and the last two races presented
cach run. Odds change cach race and on amounts bet.
Horse, jockey, post position, track condition, weight
effect outcome. Wins or losses are tallicd for your day
at the races. |1 K reqd. For Disk. $15.00
s FIVE-CARD-STUD: You play ‘The Man' for high stakes.
Nevada rules. You must play your cards right. For

Disk. $10.00
» THREE-CARD-DRAW: No penny ante game. Challeng-
ing. For Disk. $ 8.00
® BLACKJACK: For 4 players. Unique layout. For
Disk. $ 6.00

m KENO: Right from Nevada. For the SOL but translat-
able. Displays cards for 4 players and the board of

called numbers. $ 5.00
s HOROSCOPE: A fun gamec. Different horoscope for
cach day. For Disk. $ 5.00

s TTAKTOE: Shortest known unbeatable version. 87
lines. Displays board each play. Alternates lcad. No

tricky code. $ 4.00
s TIKTAK: Beatable version. Tallies wins and draws.
$ 4.00

COMPLETE SET
All listings are absolute simulations in North Star Basic.
Written for casy translation to most Basics.
$40.00

Robert C. Kelly

2622 Miramar Ave, Castro Valley, CA 94546 /
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[€ cybercorm BOARDS

MB-1 MK-8 Computer RAM (not S-100), 4KX8, uses
2102 type RAMs, PCBD only ......cccoeernnnenee $22.00

MB-3 1702A EROM Board, 4KX8, S-100 switchable
address and wait cycles, kit less PROMS........ $58 00
MB-4 Basic 4KX8 ram, uses 2102 type rams S-100
buss. PC board ... $25.95
MB-6A Basic 8KX8 ram uzes 2102 type rams, S 100
buss. PCBD 5.95
MB-7 16KX8, Static RAM uses ,P410 Proteclaon
fully buffered. KIT. $375.00
MB-8 2708 EROM board, S-100, 8KX8 or 16KX8 kit
without PROMS ...t $65.00
MB-9 4KX8 RAM/PROM Board uses 2112 RAMS or
825129 PROM kit without RAMs or PROMs ....$72.00
10-2 S-100 8 bit parallel 170 port, %5 of boards is for
kiudging. Kit ............ $46.00 PCBD............ $25.95
10-4 Two serial /O ports with full handshaking
20/60 ma current loop: Two parallel 1/0 ports.

Kit e $130. PCBD ... $29.95
VB-1B 64 x 16 video board, upper lower case Greek,
composite and parallel video with software, 5-100.
(1 $125.00 CBD .....occonneee $25.95

Altair Compatible Mother Board, 11 x 112 x % ".
....$80.00
59

Board only ...$40.00. With 15 connectors
Extended Board full size. Board only ..
With connector

SP-1 Synthesizer Board S-100

New Low Price..........ccccoomnncs Kit ... ...$135.95
82823 $1.50 PRIME DEVICES
825123 1.50

825114 295 8080A $12.00
825115 550 8212 3.75
825126 1.95 8214 6.30
825129 195 8216 3.95
825130 3.00 8224 5.00
825131 3.00 8228 6.95
825136 3.95 8251 9.95
825141 3.95 8255 9.95
MMI6330 1.50

WmC,.. WAMECO INC.

MEM-1 8KX8 fully buffered, S-100, uses 2102 type
rams. D $25.95
Mother Board 12 slot,
only
CPU-1 8080A Pr
vector interrupt PCBD
RTC-1 Realtime clock board. Two independent in-
terrupts. Software programmable. PCBD .......$23.95
EPM-1 1702A 4K Eprom card PCBD

10% discount on 10 or more of WAMECO PCBD
in any combination.

2102AL-2 Prime 250 NSEC ...
2102AL-4 Prime 450 NSEC .
2708 Intel Prime {.SUSEC)
2708 Prime {(National)
1702A-6 AMD Prime ....
1702A Intel Nct Prime {2US)
TMS-6011 Prime ...

terminated, S-100, board

25018 . $1.50
25028 . 1.25
2504 . 2.25
2507V . 3.90
2510A . 5.95
2517V . 1.90
. 25188 . 2.50
25198 X 250
2521 . 1.25
2522 . 4.00
2525 . 1.50
2527 . 1.75
2532V 150 MH0028 1.80
2529 2.75
2533V 1.95

MIKOS PARTS ASSORTMENTS

All piece parts tor assembly of Wameco and SSM
PChBD's. All Factory Marketed Parts. Order PCBDs
right.

Mikos #1 Parts for MEM-1 PCBD with prime
2102AL-4 450 nsec rams. Less PCBD ... $103.00

Mikos #2 Parts for CPU—1 PCBD with prime 8080A

8212's and 8214. Less PCBD ... $60.00
Mikos #3 Parts for MEM-1 PCBD with prime
2102AL-2 250 nsec rams. Less PCBD ... $113.00

Mikos #4 Parts for OM-1A with super low loss gold
plated connectors. Less PCBD. $52

Mikos #5 Parts for RTC-1. Less PCBD .$4O 00
Mikos #6 Parts for VB-1B less molex connectors
and PCBD $62.00

82506 $1.00 B8T26 $2.00
82507 1.00 8728 2.00
82850 1.00 8T34 2.50
82862 1.00 8T37 2.50
82590 1.00 8738 2.50
82591 1.00 8774 1.50
8101 250 8780 2.50
87109 1.25 8790 2.50
8T10 2.50 8T95 2.30
8T13 250 8796 2.45
8T14 250 8T97 1.50
8T20 2,50 8798 2.00
8723 300 8T110 2.00
8T24 250 567 1.50

MIKOS

419 Portofino Drive
San Carlos, California 94070
Please send for IC, Xistor
and Computer parts list.

Check or money order only. If you are not a reg-
ular customer and your order is large please
send either a cashier's check or a postal mon-
ey order, otherwise there will be a delay of two
weeks for the check to clear. Allitems post paid
in the U.S. Calif. residents add 6% tax. Money
back 30 day guarantee. We cannot accept re-
turned IC’s that have been soldered to. Prices
subject to change without notice. $10 minimum
order. $1.00 service charge on orders less
than $10.

(O

TAPE DRIVES

MODEMS AND
PHONE COUPLERS

NO RISK 17 DAY
APPROVAL ONALL
MAIL-ORDERS, FULL
REFUND ON RETURNS.

SELECTRIC TERMINALS

® AMPEX MODEL TMX TAPE DRIVES with built-in NRZ! formatter, 800

® SELECTRIC I/O TERMINALS {by GTE/Information Systems). [ncludes 8080
interface plus software ASCII translation and 1/O driver routines, 15" carriage,
interchangeable type spheres & carbon/fabric ribbons. Built-in modem optional.

MODEL 5541 (IBM correspondence code, 2741 type terminal): S 895

MODEL 5550 {corres. cade, with built-in cassette tape drive for
off-line data storage or use as memory typewriter),

MODEL 5560 {ASCII code, with cassette tape drive):

® [BM SELECTRIC TYPEWRITER with magnets, switches & magnet driver PCB
{trom GTE/IS Terminal above). Includes instructions for 8080 printer/driver
interface {output only}.

Typewriter mechanism complete, cleaned & adjusted
Aluminum case & Power Supply (+5V, £ 12V, + 24V

® MODEMS:
Send/receive Bell-103 Type by Vadic Corp, {requires +5V4 12V); 875
Also 202-type modems, some with reverse chanel transmission
and/or auto answer features,
Telephone Coupler

® [BM PIN-FEED PLATENS for 15" Selectrics {13%4" pin-to-pin paper)

New
e ASCIl ENCODED KEYBOARD w/numeric pad, assembled

S1495

$325

Call or write for details, quantity discounts, order
forms, All orders shipped from stock -- no back orders,
no substitutions. All equipment is shipped insured

FOB Palo Alto within 7 days after check clears or COD
order is received, M/C & VISA cards accepted,

Circle 296 on inquiry card.

S1495 §

S 75|

PACIFIC OFIFICE SYSTEMS.
2600 EL CAMINO REAL, SUITE 502

PALO ALTO, CALIF.
Tel: (415) 321-3866

BPI, 9 track, 12 IPS, 8" reel includes 8 bit CPU controller diagram and B080
interface instructions, Ideal for microcomputerist who wants back-up mass
storage and access to |1BM-type systems via standardized %' mag tape. $750

® POWER SUPPLIES (from Diablo HyType | Terminal): pot adiustable, OV
protect. Inputs: 110 or 230 VAC; Outputs: +5V req. @ 30A; 15V reg. @
7A; -9V @ 5A (adjustable to -12V}; unreg. +5V (adj. to + 12V) 375

® PAPER TAPE READER (Addmaster 601-1}:450 cps, LED sensors
read 5-8 level tapes, bidirectiona! stepper motor, includes TTL serial
interface plus 8080 paratle! interface instructions. Requires +5V &
+24V:

® INTERDATA Model One 8 Bit MINICOMPUTER, includes full front
panel, 4K core memary {16 K addressable), plug-in teletype port, plus
software:

® FORMS TRACTORS, variable width

MOORE FORMALINER for 15 IBM Selectrics

® AC LINE FILTERS:
Eliminate AC hash,” power surges and brown-out disturbances from
your system with these heavy-duty (10 Amp fused! line filters. Can
handle 110V ar 220V inputs.

-
INC. 90 day warranty against defects in material or work«
manship on all used equipment, Full documentation
included PLUS interface instructions where indicated,
Availability subject to prior sale. Prices may change
without notices

94306
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_FOR ALL CUSTOMERS EXCEPT CALIF.

CALL TOLL FREE

800-421-5809
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BARE BOARD
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PROM'S
orA
2200

2708 :
27850
2716 1SMTL W

18 g fam st
o (00

STATIC RAM BOARDS

8K

250ns ASSEMBLED & TESTED  $189.95
450ns ASSEMBLED & TESTED  $149.75
250ns KIT $169.95
450ns $125.00
BARE BOARD 25.00
6800 ADAPTER 1o §-100 System
KT $12.95
16K
250ns ASSEMBLED & TESTED  $4356.00
sn 450ns ASSEMBLED & TESTED  $380.00
450ns KIT $335.00
-32K
250ns ASSEMBLED & TESTED  $850.00
450ns ASSEMBLED 8 TESTED  $775.00
450ns KIT $675.00

DYNAMIC RAM BOARDS

On board Refsesh power 1y peovided with no wan

states ar cyste stoaling reuwred

+BVDC 400MA DC, +18VDC 400MA DC and
18VDf. 30MA DC.

EXPANDABLE 32K
8K (375ns) KIT $151.00
16K {375ns)  KIT $259.00
24K (375ns)  KIT $367.00
32K (375ms)  KIT $425.00
EXPANDABLE 64K
16K (375ns)  KIT $281.00
32K (375ns)  KIT $519.00
48K  (375ns)  KIT $757.00
10 ans 32000 64K  (378ns)  KIT $995,00
03 Vo,
102 =N
Hrana th
Targinia i
= i&.. | JADE PARALLEL/SERIAL
b . i3 R INTERFACE KIT
5100 $124.95 KIT
UsRY 2 Senial tntertaces with RS232
sns 008 o ts et interfaces or 1 Konsas City casseite
intetlace
o Senai intertaces are crysial cantrnllen
(e Selectable baud rates
5254 Cassette works up 10 1200 baud
-4 1 parallet port
om
rlsc OTHER COMPONENTS JADE VIDEO
Pl o B
- s F INTERFACE KIT
%
e 3@ FEATURES $99.95
) "., v § 100 Bus Compatible
&?u::«:\'rb;;:&csu - ég,::: Im 4 Characters per line
100 % raphlcs {128 x 48 matrix)
& Rn Coe 1918 WEW arallel & Compositive video
3% Mo On board low-power memory
1200+
500 Powerful softwafe ingluded for
1 Eab §crol| Graphu:s/
nee Uhavac!er elc & Greek
. . per case, lower case ree
Bend 1, e e 2% Black onwhite & white-on-black
250
MO0 NEw
500 NEw

MOTHER BOARD’s — S-100 Style

— w/front panel slot

$35.00
$95.00

$149.95

ASSEMBLED & TESTED

TAE CT 100 ,
$100 BUS COMPATIBLE

TIME & CALENDAR
Microprocessors need the power that a r2al time ciock
can affer. Oste and nme becomes instantly avaabie
COMPU/TIME dots not hove 10 be iniliatzed every hime
the system is powered up 11 Qossesses a crysial conlrolied
tsmubase toobtainsuperor accuracy and has two setabte
coincidence tounters Tyme, date. and counters aré set
via sottware

COMPUTATIONAL FUNCTION
need 1o be c by hardware
mmmena 10 tree up memory Pages dechicated i lla-l
kmn( rounnes and mathmaucal sofiware COM
provedes » 40 furctian calculator array 10 mn
memm, iganometne, bauc arthmenc groblems can
be solved withaut the need af developsng saphisicatrd
software

Buy 11 Your Way

CUMPU TiME C1100  $199 «IT $245  aqwmiler
COMPU v, SO0 148 kit $183  aurmsing
TIME ey ARLI $165 ki1 $205  awrmiien
COMPUTIME 2C Qo ey se0 )

ASSEMBLED & TESTED $245.00

MEMORY PLUS
for KIM—1

8K RAM (21L02)
8K EPROM

ASSEMBLED & TESTED
$245.00

NUMBER CRUNCHER

ocentor
[

et

atematica oo

THIS 1§ NOT & CALCULATON CHIP  TH{ERL ARE NG

PRICE $249.00

inciusdes  Manual, ASSEMBLED & TESTEO

full ASCIHI
PROFESSIONAL KEYBOARDS

Full 126 Chaacrar ASCHN
TeMode MOS Encod.rd
05 DIt TIL Campetatie Qurowt

MODEL
788

Sel we s
Pow v e or Ragan.a toge (96 kays)
POOND 1NPORMANON

Hoomt 736 ianamtied) Hsu
[

TARBELL
CASSETTE INTERFACE

outiurIMSALatALT AIR"
e JRY Ivardardd snS3Ubs v vecand
1bed et chiemgt
* 3 L Stataslanes ALmaCannall e
* 17pags ranustnctuded
v Devew Cody Selverable da DIF yw 1t
+ Canatie alGenrtannkamiss C . tapes s
PP PO AR W

£9995  ASSERABLEU
n 1aE MANUAL

et

517500

JADE KITY
- 5100

DATA COMMUNICATIONS ADAPTER

B0 1034 Sar- 410 eng KSR mocem I5:
£ atomi004 and hably commumeatrant
® Compluely Campatitlswith vour MSAL ALTAIR
SOL*" o omar § 100 muciocomeuter:
Traumasns ol *MITS, **Procmme
® Deugned 101 use or iAo or TWX
TatwOeLs. g Zavire Sedicated hrws, mewtral]
FCC ropitatians wh mused wilna C B T coupior
# Alldgiun mooulation seddmaiatian wthon
on filtat maen et
RO AGISTHENTS ARE nmum
® Bait 103 standerdirequy
. Aurwn-ﬂ d:i Inm-ul nnﬂ e

Fachnotony

] ods
. nna»:nolrso-:-x-

M oo taricapabriry

= Coaracrer et s 1 andt pariry

® 50 dny weeranty snd Tull documeniangn

$4995
$279.95
$159.95

PRICES  H/RmE BOARD a &
Agyembled 148 10

16 oca kit

FA. DI
REAL TIME CLOCK FOR 5108 $US

1 M“Z Crvata chllllwl
Two UnUInps
Dn‘ |l\b"\w' u— 18 bet counltar
s
cmu val 1340 decade stape from
usec 0l<
h\-vl

Buruunn--lmew % oevos
Eamgtre Gocumgniation inciutes 1DIX
of dey

Sifk 1crean part (eyoul
JG-AT ASSEMHLED & TESTED
JG AT KT $124.85
BARE BOAAD with Manual

$179.95

$30.00

JADE 8080A KIT
$100.00 «v

BARE BOARD $30.00

LICTRLTE TN

6% sales tax.

J.A TDIF

Computer Products
5351 West 144th Street
LAWNDALE, CALIFORNIA 90260
{213) 679-3313

RETAIL STORE HOURS:

NEW CATALOG NOW AVAILABLE

JADE

—wnth PROVISIONS for

80KT

GNBGARD 2708 and PDOWER O N JUMP

$135.00 EA.
$149.95 EA.
BARE BOARD $35.00

JTADE

Z80 “"UPGRADE" KIT

Chunge yan JADE 2MH2 780 to a 4MHZ vervumn

with 1his simple kit
only $17.9% with trade
$49.95 purchase.

10 tade, vt must give us vour 2MH: 280 chip

ang 8224 clack diver

The “UPGRADE KIT™
ZBDA chip,

8224 4 ctock drver
36MH, crvstal

wcluges

1 8K cesistor
20 o1 capacitor

E—PROM BOARDS

MR-8 (BK uses 2708) KIT
with 1K RAM
MRA6T (16K uses 2716l
with 1K RAM
MM-16 (16K uses 2708)
RAM/N/ROM (16K uses auv
E.PROM) KIT
JG-8/16 luses 270B or 2716)
KIT

KIT

BARE BOARD

TU-4
Convert T.V.

Video Monitor.
KIT

$99.50
$99.50
$99.00
§117.00

559.95
$30.00

set to

$8.95

THE PROM SETTER

WRITE & READ
EPROM

- 2708 - 276

5204 - §B34

1702A

* Plugs diceclly 1n1a yaur ALTAIR IMSAI Camouter
T Intiudes Main Module Bosrd and External EPROM

Socker Unn

* The EPROM Socket Unit iy connecred 10 the Cam

puter thiougha 25 pin connecior

* Programmng «s accomplisned by the Computer
* Just read n the Peogram 10 be Wrstten on the
EPAOM (10 vour Pracessar andlet the Comunute:

do ife rest

* Ute Sockel Uit to Fead EPROM s Coments ity

your Campuler
* Sofiware inciuded
* No extesnat power supibes
aali
* Ooubdles as an Eight Bit Paraltel (/O
* Manual i luded

KIT ...
ASSEMBLED

$210.00

Monday - Friday
Saturday

Your computer does

$375.00

9-7
9-5

Discounts available at OEM quantities ADD $1.60

under 10 Ibs. for shipping. California residents add

Circle 195 on inquiry card.


http:M.1111.dl
http:Upo\,..AG
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California

Post Office Box 3097 B e Torrance, California

1 ELEcTRONIC ENTERTAINMENT CENTER

Tennis-Handball
PRINTER

PRINTER ONLY!
Keyboard models
NOT available.

New from Telotypa, the Mode!

4313 capable of printing 132 ASCII

characlers por line. Send and receive

date at 10 or 30 char. per second. Koy-

board general il 128 ASCHl code combina-
tions, RS-232 Interfaca, ssme 8s (ha popular
Model 33. Data sheet sent upon request. Manutac-
turer suggested price $1377.00,

IMMEDIATE DELIVERY 31219

TTL model with NOVATION brand
Acoustic Modem. $1

Hockey-Smash
Actlon-packed color entertainment for
the whole tamily. Adjustable akill level
comrm aliow players of all ages to com-

In tennls, hockey and handball.
Tm- four game entsrtainment center
lurns your lelesvision Into & video play-
ground.
On screen scoring, live action sound and
true component caolor makes thils video
center an oxcellent buy a1 only $24.

$
Color 24.88 Camplete wilh antenna box and AG adapter.

HEXADECIMAL KEYBOARD
$3Q95

In February, when this ad-
vertisement was submitted
to the publisher, we were
negotiating for the pur-
chase of severai hundred
used Diablo Terminals.

If we are successful in
acquiring these units, they
will be available in
April for only $850.00. FOB
Los Angeles.

All terminals were removed
from service in operating
condition.

Word processing quality

ALARM CLOCK
Completely 51995

Assembled

Maxi-Switch hexadec! al keyboards are designed tar
late microcomputer systems that require 4 bit output

In standard hexco

Each assembiy consists of 18 hermetl-

cally seated recd swiichea and TIL "Dne

snot” dabaunce tlreutry.

Rellable lowtrictionacelal resin

Wainut-grained decorator clock features targe .7* LED display which is
driven by the new Natlonal MMS5385 alarm clock chip. Preset 24-hour alarm
plungersarecradited focthe 3mooth function allows you to awaken at the same time each moming without
operallon and long life of this premivem reseliing. Upon resching the wake-up time, the clock's foudspeaker smits
keyboard. 3 a gontie tone. Touch 1he 3noeze button and doze off for an addwional §
Requlres single +5 vollsupply. minutes of sleep. Clock also functions as a len-minute elapse timer.
“Alarm Set” Indicator, AM.PM display.

Verbatim brand

DIGITAL

CONNECTORS
CASSETTES? 598

your choice

$-100 MOTHER

DB25P
male plug & hood

Dstgrlemala
*395

\ Qty. fe. male hd.
‘ 10 345 245 1.15
‘ 25 115225 1.05
\ 100 2.851.90 .95

500 2.251.60 .85

100 PiIN
IMSAI/ALTAIR
$100 ® GOLD PLATED @ .125" CENTERS
Altair .140 row, soldertall

3 Level Wire Wrap .250 row. . . $4.93 3$13.00
SPECIALS
WM same as above without ears$3,50 3/$10

KEYBOARD

Thetamaut Sperty Univeg 1710 Hollerth kayboard agsembly
@ now avsiabis lrom Cahtarns fdystrdl for only $7488
Tne ideal compuler nput desice far accouniant and
N MAICARS The NUMErC keys arep on the tawer
Tows 10 rescrbln 8 ten hey adding mocng The
#liows One handed numenc duta entry
1 cost was $385 Used but Quaraniead in oxceent
on Comolgle witn docurnentation

The Gulet Buss from California Industrial is
quality engineered, No shart cuts have been laken
10 produce this mothor board. Active termination
circuity prevents nolse and crosstalk. Manufac-
lured from extra heavy FR.4 epoxy glass. Features
2ounce doubts thicknesstopper traces.

sLot 29 95

California Indusinal has recently acquired seveat
1housand Verbatim brand digiial cassettes, manu-
taclyred by infarmation Terminals Corp,

All casseles are mechanically perfect and will
substantially out-pertorm any tape of audio
quality. Unforlunately, these casseltes have not
been cerlified and therefora must be sold as
SECONDS.

Ideal for analoginlerface systems sucrias Sculf
west, Taibell and the Commodore Pet.

1K 1.971.37 72 {dual 36) W/W .156" centers. . . $2.50 386

!ui;l%mﬂI;PQIOTVPE BOARD
nasnvr 59008

satify plong with siond ot

@  Certified Digital
h CASSETTES

Wont dropa BIT!
50

5&l2volt
REGULATORS

[ _100
llgea '87 .18 WWI0D-Wire wiop bread-
board. s mitar tottis GPIOD.
Negative Positive ol ol tios
10-3_|LM320KO [LM340K() '
20 |LM320TO ILM340T() for m - |

MINIATURE
SWITCHES

BRAND

DISKETTES

Please specify

I1BM 3740 series

or 32 sector.
also

MINIDISKS

o D008
995

UV Erasable
MEMORY

gin IC's, 5 bus butfer & de-
coding chips. 1 DIP oddiess
CALIFORNIA selact swilch, 0 5 voN regu-

INDUSTRIAL
an

is
Authorized
Deater ot

Scotch Brand

Data Products

. j" for
. 1000
This joystick teature lour 100K potentio-
meters, ths1 vaty reastance proporiionsl fo
the angle of the stick. Perfec! for telewision
games. quad siefea and radho controlled
atrcratl

FROM ATARI

COLOR TELEVISION{
R.F MODULATOR

The Atari RF. Modulator
atiows computer data to be
displayed directly upon your
existing television system.
This unit converls the sig-
nal from the Apple | and

other video sources into

television frequencies.

Operates trom single 5 2K 5K 10K 50K
volt supply. Complete

N ‘ l with metal case, mating 5," ‘,98
R.F. connector and 15

Mol coax cable. Schematics 20 S0 100

Assembled and instryctions Included. 16¢ 14¢ 12¢

YS
MINIATURE
1025 100
$139... 3115 104 89

Coil 12 Volt dc.

7 Amp Contacts

P.C.Board Mount

e

BEBRRTS BT BB BERB SRR EAREB LR BRLIBIS 2SS

869 %
El/dlminlalure

Perfect for TV games,alarm
systems, speech synthesizer
or intercom. 8ohms

S"HiFidelity $298

- ORIt e
BIBSLB55828

LOW POWER
450 NS

250||S 149
CLOCK's

w741
5‘09)

your choice
10 50 100 1k
$.98 ;3551136
SPDT Miniature Toggles
7101 C&K  ON-NONE-ON
7107 jbt ON-OFF{mnt.ON)
7108 CK_ON-{moment. ON)
Rocker JBT DPDT
3P-4-Pos.

Rotary
Rotary 3P-6-Pos.

PushB (N.0) $.39¢a. 3/81

DIP Switch
10 25 100 1K
e i I

sUPEH CAPACITORS

IMMER
Lowesl Price POTENTIOMETERS
Anywhere

—r

ELECTROLYTICS
a 10 50
80,000/10v. 335 349 295
4500/50v.514% 135 18
1000/15v $55 49 45

g Minimum
purchase 32 meces

Sorry, credil cards = not he
actepled on 21102

.

$12 09 .07
.06 .05 .04

Jdise
.01disc

6vdc,140mA 5139
7vic, 1.4 A, 530
9vdc, 15mA, 1.19
10 vAC,300mA. 195
12vdc,600mA 2854

—rom

hRRRRRRRA RS

TWISTED PAIR

Transistors
ea. 10 50 100

e a e eatatam

DISCOUNT

Wire Wrap. Center
1C SOCKETS

wire wrap  low profile . AR
€2. 25 50 ea. 25 50 -

1716 1§
18 17 16
19 18 17

Binpine PosTs

2. 1050 100 5-WAY
2N22224A .20 .18 .16 .15

2N3055 .69 .65.59.55 350 4119
MJ3055 .79 .75 .69.65 20 100
2N3TT2 159 149139129 ; .29
2N3304 .15 .11.09.07
2N3906 .15 .11.09.07

Diodes

10 25 100
1N4002 100v..08 06.05
1N4005 600v..10.08.07 o* &
INA148 signal .07.05.08 , e
GENERAL |Ns1'nuf4:5'(r: :\‘scliuxeyooam Encader ‘:""" red  22.10 25 100 I 00 , s 98
AY 53600 Prima but house marked only $4.95 L ED% #513.11.09 ) :

(213)772-0800

Af merchandine old by Callfoenly Industrial is premium grade
tdars ek whipped Ine same day recelved

PLEASE INCLUDE $1 00 SHIPPING ON ORDERS UNDER §15.00

Calitornia tratdents pdd 6'- ssies 1s3 o Money back gusrantee
Sorry. o CO0's » Foreign orders add 10°

FnIeiRazRRRBE SRR

=
SRRRZER SR

7S
&

duty grounded
power cord and mating
chassis conmectors.

0w

P EENE R S R SRR R e RS SR B S B RR8

285UE5BRRNRS RN

3736 35
38 37 36
99 93 85 36 35 34
169 155 139 63 60 S8

KYNAR%:F

500 1,000 11,000
$9. $15. 5105,

.
bttt

523PERERR2ESERRE:

OK HOBBY WRAP-30
wite wrap b strip ton)

SE5545

Credrt cards sccepled, $20 mnimum

BYTE May 1978 191































W ® BUGBOOKS Iand 1
$17.00 par uIH
o " N by Poiar R, . Davit O, Larean, WE4HY) - — 44 .-
7400 TTL Continuing Education Series St zma w",',:'x 0 bogis M;M avt 90 wipenmens desgnet o feach WISEA!JRASP KIT WK-2-W
SNT400N ® . re 1 ;ﬁ;;ﬂmmmmﬂ: Araw 3ot TTL logc s o s ham i con o STRIP ¢ UNWRAP
N 1 systems. You'l leam A the b;
SN740IN 6 sNaTN 29 SNTA1GON .89 il ot g G, maape. e wusee s e | © 1001 for 30 AWG Wire
gx;:g;x :: SN7473N 35 SN7416IN .89 plexers. domutiplexers, LED dispiays, RAM's, ROM's. and much, muenmere | @ Rofl of 50 Ft. White or Blue 30 AWG Wir
SNT47AN 35 SN74162N  1.95 e g g g
SN7404N 18 SNIATSN' 49 SNTABIN 89 FUGRGOK a 00| © S0pcs.each 17,27, 3" & 4" lengths —
3'3‘3211 gg SNT4TEN .35 SN74164N .89 ::"'"I’ A m’ :‘:“ O- Larsen, Weakvl pre-stripped wire. . @
4 SNT479N 500 SN74165N 88 vy volume irirodute you to the I3bulous UART chip — that all smportant, k
SN 29 SNZABON 50 SN74IGEN 125 o e B A e sy $12.95 )
Swaw  ® Goew 5 Shang 1i > e Y o -
F g 4 B
gm o Goaw g Swam o oo SOUACESO0 ik s wes ‘““"’2“.".‘1, R B « 7 WIRE WRAP TOOL WSU 30
SN74TIN 25 SNT4BGN 35 SNT4TIN  1.25 on, WHARTS, doaaian . T RAP « STRIP -
S n o Seem o Smemt S Nedemmbo L e e o e o s o] 2 WP STRP » matrar 3608
g"g::m -‘73 Z:;‘:g?x ;g Z:‘.ﬁm ;g 100 vabous g lechiqus, s 11 g 1o Gl "ty oo 3083 chg i y o 0% e you b I et 80 bt 4 WIRE WRAP WIRE — 30 AWG
. | ) 3 and conlro) circuits, pa o [ n . :
SN74T6N 25 SN 43 swrairr 79 | s, Credhs for ta name ani omani, hologAans . sk i o on e BUSBOOKSE 1 btr snseamg i Evcoomn i {2511 min. §1.25  50ft. §1.95 10011.$2.95 100011, $15.00
gx;‘"m Zzg SNTA9IN 4 SNT4ITON 195 msmucmn S HANUAL &H auuaaux Vand Vi $19.00 por sal SPECIFY COLOR — White - Yellow - Red - Green - Biue - Black
Qrmw  w Deemoon ST vgg | fesn o o oStk 1 rowrs et oy Y01 W T e JneBae . e WIRE DISPENSER — WD-30
swzamN .39 SNTASEN 65 SNTAIGIN 79 | Dol cltvome A st s enm e 50‘51":.“3;:2:!:1 Wetucng. An egss apmendt 1o rons i
SN7423N 25 SNTAOTN 200 SNTATBaN 1 base : ang BOEOA 50 ft. roli 30 AWG KYNAR wire wrap wire
95 RGP AMP MANUAL by Howard M. Gerlin WaHa .00 ea.
W B SO 8 S 0 | et st o s oo SR s B LS o | § U5 Wi (0 desied length
gx;:;?x g: gx;ﬂgm gg gé::m g.gsﬁ ments o0 sA ghases of Op Amps expanments includsd wi ea » Strips 1" of i Specify — Bive-Yellow-White-Red
! : 95 TRUG 5.00 CMOS:M — mmnsns rmusn 6.0 SPEN
SN7429N 39 SN7416N . L} -
SN7430N ) SN7412IN ‘gg g:; 4“31‘],7 :gg 8080 Intarprelive dobugger A program for entering, debugging and stonng  AND HANDBOOK REPLAGEMENT DISPENS.ER SPDOLS FOR WD 30
SNTAIN %5 SNTAN 39 SHTAIIN | gg [T inausee programs. Starts a1 basc structure of CMOS devices Through tntegration nto MSL Specify biue, ysllow, white or red $1.98/spool
SNTAIIN 25 SNZ4ZIN a9 SN74193N .79 [JCOMPLETE MANUAL FOR DIGITAL CLOGRS by John Welss and John Braoks i c
;: : ' ) " vim
g:;:ggx ;g gz;nggﬁ ,:g g:;::;;x _gg F:rmllanzas !ucm:mlan or hobbyist with basic theories behind dighal clacks Includes lrouble shooting guides, basic |nv:mur; ts:}ggrance sTEWART WARNER 5&0;:'8'
E characlenscs of clocl i
SN7440N 2 SNT4132N 5 SN74196N 59 fock component data sheats and consiructian tips. PN 10(mind 100 1000 PN Wmin.! m 1000
SNT44IN 89 SNTABN 75 SN74197N B9 125" dia, o gwum 5120101 590070l S80.0040iSW7482 S4 90t 4400401 430 00kt
744N 49 SNTAMIN 79 sn7a9eN 148 | xca00 A " -_: : > WidD7 220 1900 18000 SWHE] 350 3100 30000
g - ed 581 XCit1 Ay 10.5¢ 4 7
SNT44N 75 SNT4MN 2,95 SN7a10N 149 | wC208  Green g1 LA ?g‘ SWist6 220 1900 18000 SWiSs 220 1900 18000
SN4aN TS SNT4UN 295 svraoon 559 | Yooy e ee SWI17 220 1900 18000 SWi31 350 3100 30000
SN7445N 75 SN74M4N 295 svazsm 179 | keaop  vaee  iwr DISCRETE LEDS XCut - vetow st SWI20 130 1100 10000 SWSY 350 300 3000
SNT44GN 69 SNTAMSN 79 SNIa27ON T3 " ) 2007 dia. ¥EUT Omnge 451 | Swi23 220 1900 18000 SWP4%5 350 3100 300.00
SNTA4TN 50, SNTAUIN 18 NN 225 200" dla 185" dia X556 Red 5:31 085" dia, SWM2 170 1400 1000 SWr4% 350 3100 0000
wraEN 79 SWTAMEN 129 Mronm e | ez R SIS1 X526 Red 51 XC5S5  Aed  100iS8 M50 - Red - 651 SWi427 150 1200 11000 SWI4I0 690 G600 65000
SN7450N 20 SN74150N .89 SN74285N  3.95 ;g;g \fzﬁeﬂ :1;1 igg;g Red 100/58  XC556  Green 481 SW7430 1.:3 1200 10.00 SW24104 220 1900 18000
SN7451N 20 SN74151N 59 SN74365N &9 low Green 451 XC556 Yeliow A81 SWwrez2 1 1200 1000 SW74105 220 1900 18000
SN4SIN 20 SNTAIBIN 50 Sw7aseeN 69 | XC22  Orange 451 X526 Yelow 481 xchse  Opnee 481 SW47 150 1200 11000 SWr4I07 220 1900 16000
SNTASIN 2D SNTASN 99 oo do kst o 4s1 XCS26  Cear 451 (G5 Clear 75 SWm 1% 20 00 s 22 900 180.00
SN7459A 25 SN7418SN .79 SNT4368N 69 440 120 9. 8000 Swrdwd 250 2200 20000
SNI4BON 20 SNrdiseN 79 SN74390N 195 SW43 350 3100 30000 SW7445 S50 51.00 50000
SN7470N 3 SNTAISTN 65 SN7439IN 195 DISPLAY LEDS :Vw';::; ggg gtgg ggggg gw;::go 690 66-(%1 Sosgm
TYPE POLARITY HT  PRIGE TIPE POLARITY HT  PRICE 1. . 1350 3000
20% Discount for 100 Combined 7400's MA 2 . ¢ y SWrde 400 3600 35000 SW7AI53 400 3600 35000
N 9§ ommon Anode-red 270 295 MAN 6680 Common Caihode-ofange 560 .98 SWT. 120 9.00 5
Fd CMOS nm MAN2 S x7 Dot Matrixred 00 495 MAN 6710 Common Anode-red-0.0. 560 99 hred B D00 St 4% w0 o
CD4001 2 nyy 74800 .39 MAN 3 Common Cathode-red 125 481 MANG6730 Common Anodeed -1 560 99 g\x’.qu Igg g'DCI 00 e tw 6w om
€04002 k) £0a0ag 49 7402 55 | mava  Comman Cathode-ted 187 195 MAN 6740 Common Cathoge-red-0.0. 560 99 T L 200 00 Swiater 9% %600 9000
04006 119 50 49 74004 75 | mansz  Common Anode-green 00 125 MANG750 Comman Cathode-red = 560 99 SWiE) 120 900 B000 SWmE2 4SO a0 40000
€007 D051 119 74C08 75 ¥ = : SWi412 220 1900 18000 SWOS0) 2.50 200 20000
400 25 MAN 71 Common Anode-red 300 128 MAN 6760 Common Anode-red 560 99 3
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Because MAIL ORDER CUSTOMERS
cannot inspect their parts before pur-
chase, for them only, we guarantee an

$-100 DEC® LSI-11 16K MEMORY BOARD $-100 EXPANDABLE MOTHER BOARD
32k STATIC MEMORY BOARD ® Q-BUS—FULLY © BUFFERED AND ©3-SLOT EXPANDABLE BACKPLANE—in
ine male and female connectors enable
STATIC NOISE SUPPRESSED li le and femal t bl
. © MODULAR oPROM COMPATIBLE ::ack;lwlanes tg be plljuggedI togetlfmr, or tthed
eatures: emale may be used in place of an extender
1. FULLY STATIC - usable with all DA devices. v RN boar.
2. BUFFERED - with noise suppressed control inputs. QUIET—ground plane decouples all signal
3. MODULAR - populated in 1k increments. ASSEMBLED, COMPLETE lines. '
4. RELIABLE - single source +5V regulator TESTED & g1 4900 KIT $115900 RELIABLE—SAE 8100 phenolic body, gold
5. PROM COMPATIBLE - monitors available on request. BURNED i contact connectors.
AVAILABLE EITHER IN COMPLETE KITS LARGEST 8 FASTEST STATIC MEMORY AV AILABLE ﬁ%MPLETE$6600 ASSEMBLE0$8900
OR ALREADY ASSEMBLED UNITS WHICH
HAVE BEEN FULLY TESTED AND BURNED IN. V<
UNIVERSAL ““U DESIGN” WIRE WRAP BOARDS S-100 EXTENDER BOARD
e poRb s s e e o, W e e v,
- U . A MUST for trouble-
KT ASSEMBLED . e . $179
shooting your Computer boards
lgﬁ ;Zg:g giggg: No. 1 “BEST ON THE MARKET" | No. 2
CRO ¢ : 3 | UNIVERSAL BOARD FITS 86 PIN
24K $58000 $61200 ::4 SOAR::KEC(:JT.QT;:I':‘FISI;‘):LLB'S?A; SOCKET WITH 0.0 CONTACT BUILD YOUR OWN
00 .C. . SPACING. E DING COM-
K sew S0 LOGIC PROBE
AT BOARD. 1600+ HOLES 24 70 -92, SMALL SIGNAL OARLINGTONS
sue $23% SUE 47800 S $795 AND 24 LEOS—ALL FUNCTIONAL oty B4 95
MAXI SWITCH KEYBOARDS OUR NEW |
UNENCODED-MOUNTED ON G-10 GLASS EPOXY BOARDS-A BLACK ASCII KEYBOARD POWER SUPPLY PARTS
METAL FRAME KEEPS KEY SWITCHES SECURELY IN PLACE. 0 \ OD'ODES . l 6
HAS ON BOARD UV PROM, A MAIN a0 2oyt 1a P
Aég'kly main keyboard ,gg'kiy keyboard KEVBOARD SECTION OF 58 KEYS, A IN;W wgov :l 2 ;éz
- - IN250 OV al 208 c
-10 auxiliary & cursor control keys | -1 auxiliary power/control HEX PAD OF 15 KEYS AND 16 MORE IN3909 50V at 304 $1.25
-11 key numeric pad DPDT rocker arm switch PERIPHERAL KEYS. 89 KEYS TOTAL & BRIDGES
-Bank i)f 5 'a(uxiliary powe': and $2995 ASC1l ENCODED for only $9995 FAST RECOVERY AVALANCHE BRIDGE
control, rocker arm switches- IN4436/T 200V at 104 $4.25
one of them lights up. BEIGE METAL FRAME MOUNT FOR FULL WAVE “MINI BRIDGE" WITH TAR TERMINALS
$3995 NO. 2 KEYBOARD $995 WE ARE THE MOST PR 1:; LENERS 100V at 124 $3.75
WIRE WRAP SOCKET CONNECTOR | SOCKET CONNECTOR FOR COST EFFECTIVE ANSWER IN47334 51 lw 3%
#FOR NO. 1 KEYBOARD $295 NO. 2 KEYBOARD $2%5 TO YOUR PARTS PROBLEMS :mm: 91-51"‘/ 11: ggz
VOLTAGE REGULATORS
BIPOLAR PROMS 4K STATIC RAMS MINIATURE WAT23VARIABLE 2V to 3.7V e "Eoe
PAPER TAPE. | B BE BB L o s sus| LG BUTION PADS it S A
. N N al - c
PAPER TAPE 63061 2K TRISTATE  $545 | TMS4065.4 450ns 300mw S1095 | 44 MATRIX ENCODED $195 PASS TRANSISTORS
READER 825126 256x4 $4.95 HM-472114  300ns 200mw $11.95 WIE3055 108 PLASTIC g9
1/10" CENTER STACKABLE FITEN 10 103 95¢
ULTRA LOW CURRENT TTL COMPATIBLE 2N5301 304 10-3 $1.95
PHOTO I.C. SOCKETS REGULATOR
. REED RELAY PROTECT YOURSELF, INSTALL AN ELECTRONIC
i LOW PROFILE-SOLDERTAL Ty RPN e b
10/$980 15V at 10 microamps $1‘9 ea. 7/$975 ’
GOLD 4
cowo WIRE WRAP INLAID ™ OPTO DEVICES INFRA RED SOLAR CELLS
SOCKET STRIPS 8 PIN 10/$1.59 10/$1.35 PHOTO EXTREMELY DETECTOR 2xzem 130ma
MAKE UNIVERSAL 7 pin STaip 14 PIN 10/$1.89 10/$1.49 TRANSISTORS  ULTRA SENSITIVE ULTRA LOW LEVEL 159 ¢a, 10/$9%0
Sy e meEeeEy 16 PIN 10/31.99 10/5159 | swuw om0 HIGH LGHTACTVATED | PUY 7Y gqss | $1% ea 1073
WRAP BOARDS TOP ViEw 22 PIN 5/$1.69 5/$1.49 4/98¢ SPEED [,;gzggg by
12 PIN SIDE_VIEW 24 PIN 5/$1.89 5/$1.59 D:HTEO(;!I%R :L’::‘":“;“z* oy A0 HIGH INTENSITY
i;‘;ﬁq““ 28 PIN 5/51.99 5/51.69 DARINCYONS 05w red yards HIGH EFFICIENCY LED LAMP
2 Lever 48¢ 40 PIN 4/31.99 473189 MOTOROLA R'SES;;“SE $2% ON BOARD LED EXTREME WIDE ANGLE VIEWING
3 LevL 56¢ 4/98¢ Sausex 6/$100 | 3/98c  10/324
EDGECARD CONNECTORS N OP AMPS DIODES TRANSISTORS PRIME A-1 LEDS
GoLp WIRE WRAP :"I;'EL vf:;: SINGLE D/A RED LEDS
No. 1 No. 2 No.3 POST 709 10¢ | IN9) 15c | 2N2222  12c | CONVERTER MINI 10/99¢
SAC185/2-2 SAC225/2-2 2VH31/1CB6 2 LEVEL SOCKET PIN | 74) 12¢ | IN270 12¢ SIGNETICS JUMBO 10/$1.20°
SINGLE ROW. 18 [ SINGLE Row. 22 |31 SOLDER LUG 10798 - DUAL 2N3%04  12¢ ;
PIN  CONNECIOR | PIN  CONNECTOR | CONNECTOR WITH 5 " IN914 ~ 15¢ NES008 HI EFFICIENCY 10/$2.25
WiTH 0.156" CON- | WITH 0.156" CON- | 0125™  CONTACT 100/$7 100/39 MC1458  39c | N3600  15¢ | ZN3906  12¢ o5 YELLOW, GREEN, or
TACT SPACING. TACT SPACING SPACING 1000/$64% | 1000/$79% | ouo IN148  10c | 2N3053  49c 39 AMBER LEDS (speciry coom
LIST PRICE 29¢ | |M3900  49¢
99¢ 99¢ 99¢ 3/89¢
MAIL ORDER g
“COOF PROOE” NO_BACK ORDERS ~ WE, PAY POSTAGE & HANDLING .
YOUR PARTS OR IMMEDIATE REFUND ON U.S. ORDERS ONLY! — CALIF. RES. ADD 6% SALES TAX F. Relchert sales
GUARANTEE $20 MINIMUM 1110 E. GARVEY AVE.

IMMEDIATE REFUND—NO QUESTIONS [ EOREIGN ORDERS ' DROP INTO ONE OF OUR LOCATIONS
ASKED—should you be unhappy with | 1otios™ euearo Rico, s LGS ANGELES PORTLAND DENVER
the parts,” or should the parts fail for | possessions apo u.s. §350. ALl (213) 9674611 1503) 6464044 (303) 573.5214
any reason.* Just ship parts to us in a OTHER ADD US. $7.00.
protective carton with proof of purchase | :MMEDIRTE SHIPPING ON CHASE LMN ELECTRONICS WIZARD OF PARTS ELECTRONIC LOLLIPOP
within 30 days of recept of shipment MANATIAN. _FIRSY CITIZENS. 1042 E. GARVEY AV, W. COVINA. CA 825 SW CIRRUS OR. BEAVERTON. ORE. 5643 N. BROADWAY. DENVER. CO.
{VINCENT & SAN BERDO. FWY.) (KOLL BUS. CNTR/WASHINGTON SQUARE. (125 & 58th AVE.
MOS AND LED DEVICES EXCLUDED! POSTAL MONEY ORDERS. TUE 1o SAT 10 8—CLOSED SUN. & MO QARE) ! !

FOR UNDER 8 HOUR PROCESSING SEND MONEY ORDER, CERTIFIED OR CASHIERS CHECK. W. COVINA, CA. 91790

SORRY! WE CANNOT ACCEPT PURCHASE ORODERS. COO'S. PHONE ORDERS OR CREDIT CARDS.

AL ITEMS SUBIECT TO PRIOR SALE
Circle 214 on inquiry card.
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EXPANDABLE EPROM BOARD
16K OR 32K EPROM $49 95 W/OUT EPROM

Allows You to Use Ether 2708's For 16K of Eprom or
2716's For 32K of Eprom.

KT FEATURES
. All Address Lines & Data Buffered
. Quality Plated through P.C. Board Including
Solder Mask and Silk Screen
. Selectable Unit Stales
. On Board Regulation Prowided
. All Sockets Provided W/Board

WE CAN SUPPLY 450As 2708's AT $11.95
WHEN PURCHASED WITH BOARD.

4K LOW POWER RAM KIT
The Whole Works - $79.95

Full Buffered - on board regulated - reduced
power consumption utilizing low power 21L02-1
500ns RAMS - Sockets pravided for all IC's.
Qualily plated through PC board.

e

EEEE b

“Add $10.00 for
250ns RAM operation

S.D. COMPUTER PRODUCTS...........

P.0. BOX 288108

DALLAS, TEXAS 75228

EXPANDORAM
THE ULTIMATE RAM BOARD

32K FOR $475 00

32K MQOEL
..$151.00
. 259.00

THE 32K VERSION USES THE MOS-
TEK MKA115 RA ND KR!
BOUNDARIES AND PROTECTION &
UTILIZES DIP SWITCHES.

| P
BOARD COMES WITH SOCKETS FOR
32 OPERATION

FROM 50 COMPUTER PRODUCTS.

64K MODEL
A $281.00

. §19.00
757.00
' 995.00

£S5, C,
BUARD COMES WITN SUCKETS ‘FOR
64K OPERATION

LOOK AT THE FEATURES WE
® MEMORY ACCESS TIME IS 375 ns
® MEMORY CYCLE TIME IS 500 ns
* POWER REQUIREMENTS ARE:
8 VDC 400 MA DC
18 VDC 400 MA DC
—18 vDC 30 MA DC
s ON BOARD INVISIBLE REFRESH

ADD $50.00 TO ABOVE PRICES FOR

HAVE BUILT INTO THE EXFANDORAM!
* NO WAIT STATES REQUIRED
* NO CYCLE STEALING NEEDED
* ON BOARD REGULATION
® CONTROL, DATA & ADDRESS INPUTS
UTILIZE LOW POWER SCHOTTKY
DEVICES
® DESIGNED TO WORK WITH 2-80,
8080, 8085, CPU’s
FULLY ASSEMBLED AND TESTED BOARDS

Low Cost
Cassette
Interface Kit

$19.95

Features: Play and retord K.C. Standard 240071200 Hz
tapes, 900 Baud, TIL /0 Compatible, Phase Lock Loop,
Both 22 Pin Connector and 8 Pin Molex Connector.
Comes parhially assembied. Qstsllator and phase lock
loop pre tuned to K.C. Standard. Selector switth sends
cassette data or auxiliary input data lo microprocessor.
LED indicates logic | level.

8K LOW POWER RAM
$159.95

FULLY ASSEMBLED AND TESTED NOT A KIT

Imsai — Alta ~ 5.100 Buss compalile, uses low power
stang 21002-500ns fully dultered on board regulated,
quality plated thraugh PC board, including solder mask 8
505 dip swilches for address select

i~ 1~ ]
'Add $3000 for Yt
250ns RAll operation g 4

Z-80 CPU BOARD KIT
Complete Kit $139.

CHECK THE ADVANCED FEATURES OF OUR Z-80

CPU BOARD: Expanded set of 158 instructions,

80B0A software capability,

e *—"ull'?' operation from a single

; 5VDC power supply; always

stops on an M1 state, true

sync generated on card (a

real plus feature!), dynamic

refresh and NMI availabie,

either 2MHZ or 4MHZ op-

eration, quality double sided plated through PC

board; parts plus sockets provided for alf IC's.

*Add $10. extra for Z-80A chip which allows
4MHZ operation.

280 STARTER KIT
LEARN COMPUTERS FROM THE START!
SIMPLE, STEP BY STEP LEARNING. CONSTRUCTION,
PROGRAMMING, OPERATION, MEMORIES, INTER-
FACING, COMPUTING, AND CONTROLLING WITH
AUDIO CASSETTE INTERFACE CAPABILITIES.

Complete Kit includes: Key board and Display; 280
Central Processing Unit; Instructions: Operation Man-
val; Learning Guides.

Features: Powerful 280 CPU with 158 instructions ® 1024
Bytes (Expandable to 2048 Bytes ON BOARD) of RAM o
2 Bi-Directional Input/Output Ports with Handshaking
® Kansas City Standard Audio Cassette Interface for
Program Storage ® Hexadecimal Keyboard and Display
* Wirewrap area for custom circuitey ® S-100 Connector
on board for Memory and IO Expansion ® 2716/2758
PROM Programmer ¢ “Z.BUG’ Monitor ROM (lncluding:
Memory, Port and Register Examine and Change Com-
fmands; Breakpoints: Single Step Capability; Audio Tape
Load and Dump; Execute user program Cammands.)
Many more unique features. The best computer edu-
cational kit on the market . . . the complete computer
and educational package for onty $199.00. (Available
June 1978).

NEW FROM S.D.

“VERSAFLOPPY'"™ KIT
THE VERSATILE FLOFPY DISK CONTROLLER
ONLY $149.00

FEATURES: IBM_ 3740 Soft Sectored Compatible. $-100 BUS
Compatible for Z.80 aor 8080. Controis up to 4 Drives (single
or double sided). Direcliy controis the following drives:
Shugart SA400/450 Mini Floppy
2 Sbugar\ SABDO/SSO Standard Floppy.

34 Pin Connector for Mini Floppy. 50 Pin Connector for Stand-
ard Floppy. Operates with mndmed CP/M aperalmg system
and C-Basic Compller. The new “Versafloppy™ {ri 0.
Computer Products provides complele control for many of
the available Floppy Disk Drives, Both Minl and Full Size.
‘FD17718-1 Single Density Controller Chip, Listings for Con-
lrol Sunware are included in price.
FD 17718.1 CHIP ALONE $39.95

INTRODUCING THE SBC-100
(The 280 Based, S-100 Single Board Computer)

$349.00

O.E. M. SPECIAL
ASK ABOUT SPECIAL O.E.M DISCOUNTS ON THE S0 “COMPATIBLE SET
SOC-100 — SINGLE BOARD COMPUTER $349 00
VERSAFLOPPY! — FLOPPY DIiSK CONTROLLER $149 00
EXPANDORAM — 32K RAM $475 00
EACH KIT IF PURCHASED SEPARATELY TOTAL $973.00
ORDER ALL 3 KITS TOGETHER FOR
$899.00

This Powerful Threesome Operates Together to Form A Comolete Computer for Your System.

FEATURES:

No front Panel Needed
2-80 CPU (2 or 4 MHZ)

. Programmable Baud Rate
.

* 1K RAM

.

.

Paralle! Input Port
Paraliel Output Port

4 Channel Timer/Counter
4 Vectored Interrupls

4 ROM/PROM Sockets for 4K/8K of Memory
SYNCHRONOQUS/ASYNCHRONOUS Senal 1/0 with
RS-232 and Current Loop Interface and Software

. IN DEPTH DETAIL OF
Z-80 THE Z-80 CPU

Programming Manual

S. D. SALES SPECIAL
MICRO-COMPUTER $9.95

MICROPROCESSOR
CHIPS

8212 - 170 port
8214 — P.U.C. .
8216 — Non Invert
8224 — Clock Gen. ..
8226 — Invert Bus .
PIO for 2—80 .
CTC for 2—80 .
8228 Sys. Controller . .
8251 Prog. comm. mterfacL.
8255 prog. prep. interface.
8820 Dual Line Recr ...
8830 Dual Line Dr. .
2513 Char. Gen.
8838 Quad Bus. Recvr.
74LS138N — 1/8 decoder
8T97- Hex Tn State Buffer .

9 R$232

RAMS

21102 - S50GNS
211.02 - 250N8
2174 — 4K

1101A — 256
103 — 1K

MK415-8K
745 200 - 256

CPU's

Z—80 intiudes manuat
Z—B0A nciudes manual
8080A CPUBBIT
so0sCrPUBBIT

PROMS

.3.95 or 10/35

S.D. NOW HAS SOFTWARE FOR IT°S CUSTOMERS

8111 50

CP/M+ DISK OPERATING SYSTEM $99.95

CP M is a powerful disk operatng system which has become an (ndustry standard. it s compatible with several
disk based FORTRAN ant BASICS. This package includes a CP/M diskette (min: or tull size) adapted for 5.0.'s
SBC-100/VERSAFLOPPY EXPANDORAM board set. Complete documentation (s included. ¢ CP/M 15 a reg:
istered trademark of Digrtal Research Corp.. Pacific Grove, CA.

o Gt

S B an
gwocmvawm

SD MONITOR . $49.95

Powerful monitor for S8C-100 single board.com-
puters Includes all VERSAFLOPPY control firm-
ware. Comes in 2716 prom. Avaitable in 4.6 weeks.

Z-80° DISK BASED ASSEMBLER

Runs on ANY CP/M based disk system. Assembies
the official Zilog-Mostek Mnemonics. Contains ex-
tensive set of pseudo-ops. Available on mini or
full size diskette.

VERSAFLOPPY DIAGNOSTIC PROGRAM . . . $24.95
Provides routines which are helpful in checking out
a disk based system Avaiable In 2708 or 2758
prom.

VERSAFLOPPY'™ CONTROL FIRMWARE . . . $24.95

Provides control for VERSAFLOPPY and boots up
CP/M. This runs on 2-80. BOBO or BO85 based
computers, Available in 2708 or 2758 prorm.

1702A - 1K - 1.5us .
2;%8 BK 450ns

8251 1K .
27080 BK signetics 650ns .. .. .9.

COUNTER CHIPS

8.95
4, 99

SUPER FLOPPY SPECIAL

S. D. SALES" VERSAFLOPPY S.100 CONTROLLER BOARD PLUS
SHUGART SA 400 FLOPPY DISK DRIVE INCLUDING CABLE FOR ONLY

$449.00

MK50397 6 Digit elapsed timer .
MK50250 Alarm clock
MK50380 Alarm chip 2.
MK50395 6 digit up/dn.count. 12, 95
MK5002 4 digit counter B.95
MK5021-Cal. chip sq. root ..... 2 50

CALL IN YOUR BANKAMERICARD
(VISA) OR MASTER CHARGE OR-
DER IN ON OUR CONTINENTAL
TOLL FREE WATTS LINE:

1—800-527—-3460

NO COD's. TEXAS RESIDENTS ADD
5% .SALES TAX. ADD 5% OF ORDER
FOR POSTAGE & HANDLING . OR-
DERS UNDER $10. ADD 75¢ HAND-
LING.FOREIGN ORDERS - U. §
FUNDS ONLY!

Texas Residents Call Coltect:
214/271—0022

h
DEALER INQUIRIES INVITEDI (Al prices subject to change

without orior notice.)
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Unclassified Ads

WANTED: For Microdata 1600 processor (Reality) :
rmagnetic tape controller and disk controller.
Jack Hardman, 140 Forest Av, Glen Ridge NJ
07028, (201) 429-8880.

FOR SALE: Homebrew 8080, IMSAI front panel
mounted in vector rack with 12 slot Altair {5-100)
backplane and 15 A power supply, $450. 16 by
64 alphanumeric videa display board, memory
mapped with ASCIl keyboard port, $100. 8 K
memory, 450 ns, $150. 4 K memory, 450 ns,
$75. Doug Lehmann, 1146 Scott St, Maumee OH
43537.

HEATH H9 VIDEO TERMINAL: Fully assembled
and tested by an experienced engineer. interfaces
to virtuaily all microcomputer systems via RS-232,
20 mA loop or TTL. Includes many unique fea-
tures. Price includes shipping. $530. R Edison,
4 Longfellow Pl, Boston MA 02114, (617
742-3074.

FOR SALE: One Hewlett-Packard 2640A inter-
active display terminal, one Spintronic data com-
munication terminal and one 3M dry photocopier.
Purchased 1976 but hardly used due to illness.
Original purchase price over $8000. Part of estate,
will sell for $3000. George Danek, 1021 Harbor
Dr, Rt 7, Annapolis MD 21403, (301) 263-3134.

WANTED: Hardware and software required.to
organize and maintain a mailing list. Please write
if you have any information that can help me get
this going. Write W Pomeroy, 5790 Bull Hill,
LaFayette NY 13084.

WANTED: Used KIM-1 microprocessor. Prefer
complete systermn with expansion boards if possible.
Norman G Church, 18310 Franklin Way, Gladstone
OR 97027, (503) 659-6763.

FOR SALE: Improved Sphere System 330. Con-
sisting of 20 K dynamic memory, 2 K 2102s,
2 K EROM monitor, KC cassette interface, serial
interface and 6830 modem chip, sockets for
8 K 2708s also with CRT interface, keyboard,
and mother board. Requires only power supply
and modified television. Only $700 takes this and
more. 8ill Vodall, Box 75, Kevin MT 59454,
(406) 337-2222.

FOR SALE: Monroe programmable calculator
Model 1B30. Excellent condition, under factory
service contract. Cost new $3100. Will sell for
$2200, which includes about $800 worth of
magnetic storage cards. 8 Fremerman, 4041
Central, Kansas City MO 64111.

FOR SALE: IBM 1620 system, $2000. Includes
all software and curriculum materials that were
used by the Mathernatics Dept at Monona Grove
High School. Donald Helstad, Principal, Monona
Grove High School, 4400 Monona Dr, Monona Wi
53716, (608) 222-1291.

Readers who have equipment. software or other items
to buy, sell or swap should send in a clearly typed natice
to that effect. To be considered for publication, an adver-
tisement should be clearly noncommercial, typed double
spaced on plain white paper, and include complete name
and address information. These natices are free of charge
and will be primted one time only on a space avarlable
basis. Insertions should be limited to 100 words or less.
Notices can be accepted from individuals or bona fide
computer users clubs only. We can engage in no corres-
pondence on these apd your confirmation of placement
is appearance in an issue of BYTE.

Please note that it may take three or four months for
an ad to appear in the magazine.®
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FOR SALE: Heathkit H9 video terminal assembled
and tested. Used only 5 hours. $500. Howard
Schimmelpfennig, 351 N 4th West, Logan UT
84321, (801} 752-1987.

FOR SALE: SwTPC 6B00 computer system.
K8D-3, TVT-ll with modulator, AC-30, 8 K, inter-
face cards, two recorders, software. Beautiful
custom cases. Packaged for portability, $650.
Anderson-Jacobson 841 Selectronic  terminal.
Correspondence code, RS-232 interface, modem
and coupler. Attractive case. $725. Daniel L
Wright, 280 Perrymont Av, San Jose CA 95125,
(408) 925-3367 days.

FOR SALE: Teletype Model 35 ASR, heavy duty
printer with paper tape reader/punch. Currently
operating on 20 mA loop, convertible to EIA
RS232. Has remote tape reader switch for use as
local console or remote terminal. Best offer.
8rad Jude, 428 Ridge Av, Clarendon Hills IL
60514, (312) 323-8093.

WANTED: Altgir B800 or 680 construction
package with PC board etching guide and parts
placement guide. Ben Galewsky, 1035 Dowilen
Rd, Beaumont TX 77706.

FOR SALE: Aitair 8800 minicomputer with 21 K
programmable memory, 2 K read only memory,

cassette interface, video display interface, parallel °

and serial 10 interface, ASCIl keyboard, video
monitor, connecting cables, manuals and some
software. Asking $1275. M Harris, POB 1053,
New 8ritain CT 06050, (203) 225-0504.

WANTED: B8YTE =7, volume 1, March 1976.
Will trade volume 1, issues 1, 2 or 3 or cash. Write
details. S Finberg, POB 82, MIT 8r, Cambridge
MA 02139.

REWARD: $10 for information leading to the
comprehension of a Prentice P103 ANS modem.
Need schematics, manual, etc. William L Palya,
St Joseph's College, Rensselaer IN 47978.

FOR SALE: Computer Automation Alpha LSI
2/20G minicomputer. 16 bit processor, hardware
multiply/divide, stack and byte processing, priority
interrupts, DMA, read only memory autornatic
load, Teletype interface, 8 K core memory, power
supplies, chassis, programmer’s console. Inciudes
general and interfacing manuals, partial schematics,
software listings for: assemblers, diagnostics,
editor, loaders and math functions. $1200 plus
shipping, or trade for DEC LSI-11 equipment or
24 by BO CRT. Paul Sorenson, 220 Cedar St, Apt
7. € Lansing MI 48823, (517) 337.0223 or
353-9487.

WANTED: Programs on B inch |ICOM 3700 disk
subsystem. | use ICOM-58, DEBBI/IMSAI and
FDOS 111. | also use the Cromemco Dazzler and
the Cybernetic Speech Synthesizer. Please send me
a copy of your disk and | will pay you for it. Dr
John M Larimer, 55 La Gorce Cir, Miami Beach FL
33141.

FOR SALE: Assembled B0B0 system, IMSAI
22 siot mother board, large power supply, PIC-8
28 K Godbout programmable memaory, North
Star disk, PolyMorphic video board, and Digital
Group keyboard and cabinet, $2800. Morrow
cassette board assembled, $70. Godbout read only
memory with 4 K of B0BO assembler/monitor,
$200. 3P+S kit, $110. Oliver tape reader as-
sembled, $60. C Watrobinski, 4923 N Kedvale,
Chicago |L 60630, {312) 736-6920.

FOR SALE: Make offer for complete set of
BYTES, September 1975 thru October 1977, like
new condition, sold singly or complete set to best
offer. M Bakke, 448 Carlyle €, Bellevilie IL 62221,
(618) 235-5686.

FOR SALE: Digital Group Phi Deck digital tape
system (6400 bps), 20 second access time. Four
drive cable case controller board. All factory
assembled and tested. Used for three months,
working fine when replaced by disks. All docu-
mentation and Phi-Mon operating system. Asking
$624, you save $136. Will consider trades; | need
a sophisticated terminal. Will ship UPS collect
upon confirmation and receipt of $60 deposit.
Confirm by phone (804) 838.1950 Monday thru
Friday B AM to 5 PM.

FOR SALE: Five 4 K Altair {S-100) static mernory
boards. Factory assembled and still on warranty,
one never out of box. | am switching to 16 K
boards. $100 each. No cash please. Al Marshall,
408 Oakwood, Angola IN 46703.

FOR SALE: ASR 33 Teletype, new covers, work-
ing reproducing tapes now, on stand and with
plywood shipping crate, used, $650. Teletype
1 inch paper tape $4 per 7 roll box. Alair 680b
ready to go, $375. Digideck digital Philips cart-
ridge tape deck and electronics, all documenta-
tion, $145. These tape decks look perfect but are
untested. All items plus shipping. Jim Beistle,
3728 Wilkie Way, Ft Worth TX 76133.

WANTED: BYTE volume 1, issues 1 thru 11. Must
be in good condition. Mail price to 8yron de Vries,
Box §-2B1, Castle Point Sta, Hoboken NJ 07030.

LINE PRINTER: Altair BBLP Okidata 110 with
tractor feed, controller, cable and documentation
for sale. Less than one roll of paper run through
it. Cost new $1750, will sell for $1400; you pay
freight. Dave Uhring, 710 Cedar St, Collinsvilie
1L 62234, (618) 344-5188 days.

FOR SALE: Altair (S-100) microcomputer,
assembled and tested. 8080 processor, VOM-1
video display, Solid State TV monitor, Tarbell
cassette, Pennys recorder, ASCII keyboard, Tarbell
disk controller with Cal Comp 140 disk, CPM
software, 44 K static memory, paralte! 10 board
with two inports, two outports, 12 paosition
mother board, 28 A power supply and cabinet.
Comes complete with popular software, ati ICs
socketed, and full documentation, $3000.
P. Sargent, 4209 Knoxville, Lakewood CA 90713,
{213) 421-9521.

FOR SALE: Complete PolyMorphic system,
includes processor board, two 8 K boards, video
board, 5 slot mother board, Panasonic tape re-
corder, keyboard, converted TV, all cables and
assorted prerecorded software. All less than 9
months old, preassemnbled. Valued at over $2300,

© will sell to best offer over $1750. Scott Hayden,

23921 Colfax St, Lowell IN 46356, (219}
562-0232.

SOFTWARE: POLY AO00 BASIC. With dynamic
graphics — Bomber9, Missile, Tank, Pursuit,
Equation Plot, Biorhythm, Sketch, Splat, New
Lun Lander. $3 each. Send for complete list.
Ted Carter, 902 Pinecrest, Richardson TX 75080.

FOR SALE: IMSAl 16 K assembled memory
certified good by IMSAI: $299. Assembled and
tested Poly BB System 2. $499. Assembled and
tested (virtually riew) IMSAL disk drive with
interface, cable, and DOS-A '(FDC2-1, FIF,
Cable C, DOS-A): $1399. Shipping paid. Call
Greg Jewell to reserve the equipment you want.
(208) 234-0495 evenings.

FOR SALE: CT1024 socketed, RS232 interface,
good condition, $95. Les Zoltan, 151 Buckingham
Dr #280, Santa Clara CA 95050, (408) 984-7698.

FOR SALE: Hewlett-Packard Mode! 1601A logic
state analyzer for use with any 180 series main-
frame as a display unit. Includes two Model 10231A
6 bit data probes, and two blue light filters — one
for 182 and one for 180 series display units. See
HP 1976 catalogue, page 82, for further info.
8rand new condition, $1400 or best offer. Mike
Rosenthal, 906 NW 30th St, Corvallis OR 97330,
(503) 754-0593 evenings.

FOR SALE: MITS COMTER 256 keyboard
terminal with built-in acoustic coupler, RS-232
interface, FSK tape output, factory adjusted,
like-new condition. Steve Fritts, {(615) 632-6705 or
(615) 525-5407.
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This 8-bit machine,
by itself, is as versatile

as a lot of systems
that include peripherals

Sarivssssseirete:

System Engineered
for Personal Computing

Be sure to use coupon on
page 48 of this magazine
io order your FREE
Heathkit Catalog!
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