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K-1008-2 BASIC PATCHES USER'S MANUAL

The K-

1008-2 BASIC Patches software package allows the MTU
Memory to

be used as a terminal display and graphics output de
is designed to work with Microsoft BASIC for the KIM (it is cq
Synertek SYM and the Rockwell AIM as well). In order to use t
must first obtain a copy of "Microsoft 9 Digit BASIC" which ha

starting at address 200016. Microsoft 9 Digit BASIC is availa
Computer (Box 523, Medina, OH 44256)

This software package consists of 3 machine language progr
demonstration program written in BASIC. The first program con
display routine, a set of plotting routines, a routine that "p
BASIC, and a dispatch routine. This program is loaded immedia
interpreter at address 4261 and extends up through address 49D

The second and third programs are keyboard handler routine
in place of a serial teletype keyboard. The first is written
keyboard that is available from Jameco Electronics (1021 Howar
CA 94070)., The second is written fop nearly any kind of paral
encoded ASCII keyboard with a 7-bit plus strobe output. Eithe
all of the control codes recognized by BASIC correctly, someth
possible with a teletype keyboard. Both programs start at add

The fourth program is a BASIC demonstration program that sl
graphics capabilities of the System and verifies that it is wot
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standard KIM format.
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Prog. # ID Address Description
(7 o 4 T
1 01 4261-49D7 4o Text, graphics, patches, and dispatcher
2 02 0200-03E1 Unencoded keyboard routine
3 03 0200-02BC ASCII encoded keyboard routine
Y o4 49DA-55FB Demonstration program in BASIC
5-8 Same as program 1-4 except in standard speed KIM format
Required Hardware Configuration
1. Standard KIM-1 (see note 1 below for SYM-1 or ATM-65)
2. Model K-1008 Visible Memory addressed from COOO-DFFF
3. Model K-1016 or equivalent 16K memory addressed from 2000-5FFF
4. Parallel keyboard recommended, serial teletype keyboard is acceptable

(see note 2 below)

Note 1. To prevent conflicts with on-board ROM in the SYM
address of the Visible Memory will have to be chan
new page address of the VM in location 4263.

Note 2. The following locations must be modified to restor|

keyboard handler that comes with BASIC:

4278 54
4280 1iE
4285 a9
4284 01
428F  2¢7

and AIM, the
ged. Store the

e the serial




10.

11.

12

13.

1h.

15.

Loading Instructions

. Reset the KIM and ready it for cassette input.
. Load in the Microsoft 9 Digit BASIC cassette supplied by Johnson Computer.
. Load in file 01 from the K-1008-2 cassette supplied in this package.

. If an unencoded keyboard is used, load in file 02 from the K-1008-2 cassette.

If an ASCII encoded keyboard is used, load in file 03.
If a serial teletype keyboard is used, make the changes listed in note 2 on
the previous page.

. If any changes were made to MTU software, dump the updated MTU program onto

another tape to save patching effort the next time BASIC is loaded.

Py

. Begin execution at location 4261, The display connected to the Visible Memory

should clear and the message MEMORY SIZE? should appear.

. Type a carriage return. The message TERMINAL WIDTH? should appear.

. type 53 and then a carriage return. The message 5670 BYTES FREE

followed by the copyright statement should appear. If more than 16K of
continuous memory is installed the number of bytes free will be greater.

. Type LOAD which causes the KIM to wait for cassette input. Play program 4

on the K-1008-2 cassette. The KIM display should 1ight with 0000 4C following
a successful load.

Press GO to re-enter BASIC at the warm start location. BASIC should respond
by typing READY

You may list the entire program by typing LIST 0-9999 and carriage return.
Tc temporarily stop the listing, hold down the Control key and type S. To
resume listing hold down Control and type Q. To terminate the listing hold
down Control and type C. If a teletype keyboard is being used, any key will
terminate the listing.

Run the demonstration program by typing RUN followed by a carriage
return. The program will run for approximately 1.5 hours with a long pause
between each demonstration so that the screen can be examined, Most of the
time is spent in the prime number mosaic demonstration. An infinite loop has
been programmed following the prime number mosiac so Control/C will be
necessary to interrupt the program and return to BASIC.

The demo program may now be modified as desired or the user can write his own
graphics programs according to the following instructions.

Note that the cold start location (4261) can be used at any time to completely
re-initialize BASIC. The patches made for a different VM address or a serial
keyboard will be retained however.

The trigonometric routines are always retained when using the K-1008-2 BASIC
Patches.



Use of the K-1008-2 Plotting Routines

The graphiecs routines supplied with the K-1008-2 package are capable of rapid
clearing of the screen, plotting and erasing points, plotting and erasing vectors,
and readback of points, For plotting burposes, the Visible Memory screen consists
of an array of dots 200 dots high by 320 dots wide. Each dot is called a pixel
and represents one bit in the Visible Memory. If the bit is a one, the pixel
shows as a bright dot; if a zero, the pixel is black. A gnaphics image is formed
by selectively turning pixels on and off in the desired pattern. Although the
POKE function of BASIC could be used to create images directly according to the
programming instructions given in the Visible Memory manuall, plotting would be
extremely slow. The machine language graphics routines in the K-1008-2 package

perform the plotting functions hundreds of times faster and are more convenient to
use.

An X-Y coordinate system is used to identify points on the VM screen. X and Y
must always be zero or positive which means that the entire Screen appears in the
first quadrant. The allowable range for X is 0 through 319 and the allowable
range for Y is O through 199. If coordinates outside the alllowable range are
used, the graphics routines will convert them to values in the allowable range by
repeated subtraction of 320 (X) or 200 (Y). To plot, erase, or read a point, only
a single X,Y pair is needed. To plot or erase a line, two X,Y pairs are needed,
one for each endpoint. The following BASIC statement is required in every

graphics BASIC program to identify the coordinates to the machine language
plotting routines:

1 X1%=0: Y1%=0: X2%=0: Y2%=0

The statement number 1 insures that this statement is executed first whenever a
RUNT command is given to BASIC. This causes the integer variables X1%, Y1%, x2%,
and Y2% to be placed first in the variable table where the machine language
plotting routines can easily find them.

The USR function of BASIC is used to actually call the plotting routines into
action. The argument used with the USR function determines |which plotting
function is performed. These are listed below:

USR(0) Clear the screen

USR(1) Plot a white point at X1%,Y1%

USR(2) Plot a white line from X1%,Y1% to X2%,Y2%
USR(3) Erase the point at X1%,Y1%

USR(4) Erase the line running from X1%,Y1% to X2%,Y2%

USR(5) Returns the color of the point at X1%,Y1% black=0, white=1

Note thatlUgR(x) is a function subprogram, not a statement. | A convenient method
of using it to plot is to code the BASIC statement: Z=USR(x) where x is the
argument corresponding to the desired plot function and Z is a dummy variable.
The line plot and erase routines copy X2% into X1% and Y2% into Y1% when they
execute. This allows a chain of end-to-end lines to be plotted or erased by
simply changing X2% and Y2% for each successive endpoint after the first.

1. Use of RUN (statement number) will not work correctly because the coordinate
definition statement will not be executed. Instead the statement:
2 GOTO (statement number) should be entered and the plain RUN command used.




The following program segments are examples of how the graphics routines'are
used to perform fundamental plotting operations (be sure to define the coordinates
as outlined previously):

1. To clear the screen before plotting:
10 Z=USR(0)
2. To plot a point at X=160 ¥=100 (the center of the screen)

10 X1%=160
20 Y1%=100
30 Z=USR(1)

3. To plot a line from X=20 Y¥=30 to X=113 Y=165

10 X1%=20
20 Y1%=30
30 X2%=113
L0 Y2%=165
50 Z=USR(2)

After statement 50 is executed, X1%=X2%=113 and Y1%=Y2%=165.
4. To erase the point at X=180 Y=32
10 X1%=180
20 Y1%=32
30 Z=USR(3)
5. To erase a line running from X=78 Y¥=73 to X=13 Y=19
10 X1%=78
20 Y1%=T73
30 X2%=13
Lo v2%=19
50 Z=USR(4)
After statement 50 is executed, X1%=X2%=13 and Y1%=Y2%=19.
6. To read the color of the pixel at X=100 Y=50 into the variable A
10 X1%=100
20 Y1%=50
30 A=USR(5)

The demonstration program should be consulted for other examples of plotting.



Use of the K-1008-2 Text Display Routines

The text display capability built into the K-1008-2 pa kage can be used to
annotate the graphic images created by the plotting routines. Normal PRINT
statements are used to create the text so the secret to successful use is
positioning the text in the desired locations on the screen.

The text display routine, SDTXT, keeps two variables of
the location of the text cursor on the screen. The charact
location E4 (228 decimal) and varies from O for the left sc
for the right screen edge. The line number is kept in loca
and varies from O for the top line to 21 decimal for the bo
has its own character number which is stored in location 16
ranges from 0 to 52 for a terminal width of 53. Normally B
and SDTXT's character number agree. Every carriage-return/

its own which identify
r number is stored in
een edge to 52 decimal
ion E5 (229 decimal)
tom line. BASIC also
(22 decimal) and

SIC's character number
ine=feed issued by
XT's line number.

ts are moved upward by

Putting text at arbitrary locations on the sereen basic
the desired character and line numbers into memory at 228 “and 229 respectively.
The text is then generated with print statements. The coordinates of the center
of a character at character position C and line number L are: X=6%C+2 Y=195-9%,;
C=(X-2)/6 L=(195-Y)/9. Characters extend 2 pixels either side of center widthwise
and 3 pixels either side of center heightwise. A semicolon terminator should be
used after each element printed to prevent BASIC from following it with a carriage
return. Also, BASIC's character number at location 22 should be reset to zero
before the accumulated output exceeds 53 characters or else BASIC will insert a
carriage-return/line-feed anyway. Also be aware that when n mbers are printed
with the semicolon terminator that a blank is printed following the number and
that positive numbers are preceeded by a blank.

11y amounts to POKEing

There is one additional complication. The cursor displa
software cursor and arbitrarily changing the line and charac
up its proper handling. Therefore before changing the line
the cursor should be cleared by executing the statement: Z=U
and character numbers are changed but before any PRINT state
should be inserted by executing the statement: Z=USR(7). Af
captions are printed, the cursor may be cleared if desired.
command mode will automatically restore the cursor for norma
output. If possible, text printing should be done before an

ed by SDTXT is a

er numbers will foul

r character numbers,

R(6). After the line
ents, the cursor

er all labels and
Return to BASIC's
interactive text
plotting.

For example, if the caption "Market Index" is desired to |start at X=70 Y=180

the following BASIC statements should be coded:

10 Z=USR(6)

20 POKE 228,11

30 POKE 229,2

40 POKE 22,0

50 Z=USR(7)

60 PRINT "Market Index";

Character number 11 and line number 2 are closest to the desired starting point of
X=70 Y=180. Note that lower case letters are available and m y be part of a
literal field with no problems. The demonstration program can be consulted for
additional examples of text output,



Demonstration Program Documentation

The BASIC demonstration program supplied with the K-1008-2 software package is
designed to illustrate the use of the plotting and text display functions. It is
intended to be easy to read and understand rather than illustrate techniques for
program compression and speed enhancement. The program is composed of five
different demonstrations that execute in sequence with a long pause between each
demonstration. The fifth ends with an infinite loop which must be interrupted to
return to BASIC.

The first program illustrates point plotting by drawing a circle with 250
individual dots. The parametric equations: X=COS(A) and Y=SIN(A) are used to
generate X,Y pairs as a function of the variable, A. Note that scaling of X and
Y, which vary between -1 and +1, is necessary. Although it does not happen in the
demonstration, if Y became exactly 1.0 then ¥Y1% would become 200 which is outside
the 0-199 range of Y1%.

The second program illustrates vector plotting by creating a very beautiful 31
point star. Since the string of endpoints is connected, the line drawing
routine's property of updating ¥X1% and Y1% is utilized to advantage. However the
first point is a special case. To handle the first point, a variable called FP is
initially set to 1. As each new endpoint is computed, the value of FP is
interrogated. If it is found to be non-zero, the endpoints are forced to be equal
which effectively moves the "pen" without drawing a line from where it was. After
the first point is plotted, FP is set to zero thus allowing vectors to be drawn
between all successive points.

The third program illustrates selective erasure of previously plotted lines.
Points for the same 31 point star are computed but USR(4) is used to erase the
lines computed. Note that when two lines cross and one of them is erased that a
small gap is left in the other line. This is a fundamental problem of all stored
image (as opposed to refresh vector) graphic displays.

The fourth program illustrates how a fully labelled and captioned graph can be
produced. First the Y axis calibration labels are produced with a FOR loop and
and print statements. Note that if the FOR loop had been written: FOR Y=-1 TO 1
STEP .2 that after 10 iterations Y would not be precisely O because of roundoff
error in decimal fraction to binary floating point conversion. Thus rather than O
being printed, something like -1.16415322E-10 would be printed instead. The
captions are printed next. BASIC's character number is reset to zero once to
prevent a spurious carriage-return/line-feed; Then the axes themselves are
plotted with calibration marks for the Y axis. Finally the Fourier synthesis of
the sound waveform of a particular organ pipe is plotted.

The last program demonstrates the ability to read data back from the Visible
Memory. It also shows that visualization of number sequences can lead to new
insights about the sequences. In the demonstration the sieve of Eratosthenes is
used to plot the prime numbers from 3 to 132,001, Each pixel represents an odd
integer starting with 3 in the lower left corner of the screen. The sieve method
starts with all pixels set to one. Then all of the odd multiples of 3 up to
132,001 are computed and the corresponding pixels are reset to zero. Then a
search for the next pixel beyond 3 which is still a one is performed and all of
its odd multiples are set to zero and so on. This continues until 363, which is
approximately equal to the square root of 132001 is tried. At this point, pixels
remaining on the screen correspond to prime numbers. Do the prime numbers appear
to be randomly placed? Is there a decrease in prime number density as the numbers
get larger? Approximately what percentage of the odd integers are prime? The

answers to these questions are immediately apparent when viewing the screen and
may be supprising.

6
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Notes on the Text and Graphics Rout

The heart of the K-1008-2 BASIC Patches software pac
This program is file 01 on the cassette and is loaded i
into locations 4261 through 49D7. After loading, the col
4261 is executed. The main job of the cold start routine

patch certain locations in BASIC. These patches alter th
follows:

1. USRLOC is altered to point to the graphics dispa

2. The call to KIM's teletype input routine is alte
internal input routine (ANKBX) which calls a pan
location 0200 and echos the input text to SDTXT.

3. The call for testing for control/C is altered to
routine (CNTLCX) which in turn calls an improved
in location 0203.

4. Patches BASIC so that program storage starts at
4261,

5. Patches BASIC so that the Question about keeping
routines is bypassed.

6. Clears the screen, inserts a cursor at character
BASIC's initialization routine.

The graphics dispatch routine (DISPCH) is entered whe
used in a statement. Its job is to look at the value of
the corresponding graphics routine. If the argument is o
return is taken. However the contents of 4316 and 4317 m

another machine language brogram instead if the argument
through 7.

Before dispatching to a graphics routine, the first 4
variable table are transferred to page zero locations for
graphics routines. After the transfer they are range che
necessary by successive subtraction of the maximum value+

nes

age is the VMBAS program.
ediately following BASIC
d start location (INIT)
is to automatically

e operation of BASIC as

tech routine.
red to point to an
allel keyboard routine in

point to an internal
control/C test routine

ye§
location 49D8 instead of

the trigonometric

0 line 0 and enters

never the USR function is
the argument and Jjump to
ut of range, an immediate
ay be changed to jump to
is outside the range of 0

variables in BASIC's
easy access by the
cked and corrected if
I if. After returning

from a graphics routine, these bage zero locations are copied back into BASIC's

variable table. The four variables are assumed to be int

assumed to be stored in the following order: X1, ¥lyaX2] (%2,

return a value for the USR function but only argument 5 (
predictable value.

USR function arguments 6 and 7 merely link to CSRCLR
in SDTXT. The character and line numbers utilized by SDT

eger variables and are
All of the routines
read pixel) returns a

and CSRSET respectively

XT are checked for

validity and corrected if necessary every time SDTXT is called.




Notes on the Keyboard Routines

Because of severe limitations with teletype input to KIM BASIC, the K-1008-2
BASIC Patches Package includes two parallel keyboard input subroutines. Besides,
who wants to use a noisy teletype when the Visible Memory is doing all of BASIC's
printing? Teletype input may still be selected however by putting the KIM in
teletype mode which causes both keyboard routines to call the TTY input routine in
the KIM monitor. Both keyboard routines use a transfer vector. Location 0200
contains a jump to the actual keyboard input subroutine and location 0203 contains
a jump to the control/C test routine.

The keyboard routine in file 02 in conjunction with an unencoded keyboard is
the least cost approach to adding a parallel keyboard to the KIM-1. 1In addition,
port A is left completely free for other uses such as operating the MTU K-1002
8-Bit Audio System. An article reprint describing the theory and construction
details of the keyboard is included. For best results with the file 02 keyboard
routine the following additions to the keyboard matrix described in the article
should be made:

1. The Shift Lock key should be connected between row 3 and column 3. This
key should be unlocked while using the KIM monitor to avoid possible
interference with the display.

2. Germanium diodes (type 1N270 is best) should be placed in series with the
shift key, shift lock key, repeat key, and control key to eliminate a
possible "phantom key" effect. The cathode (end with the band) should
connect to the column lines.

For maximum usefulness with BASIC (and all other keyboard applications as
well) the shift lock functions as an "upper case only" (caps lock) mode key. When
active, all letters will be forced to upper case but the numbers and special
characters will be unaffected. This is important because a bug in BASIC prevents
recognition of statements and commands entered in lower case. In fact, a quite
reasonable word processing system can be set up using the strings facility of
BASIC and the lower case capability of the keyboard and Visible Memory display.

The test for control/C routine performs several functions. BASIC calls this
routine periodically while printing and while running programs. When entered, it
first tests for the control and C keys being pressed simultaneously. If that
combination is seen the carry flag is set and an immediate return is taken. This
causes BASIC to stop what it was doing and print a BREAK message. If control/C is
not seen then control/0 is tested. If this condition is true, BASIC's "suppress
output" flag at location 0014 is toggled. The effect is to "flush" all output
until the flag is turned back off by another control/0O. Extra code is required to
insure that the flag is toggled only once each time control/0O is pressed. If
control S is seen a loop is entered which waits until control/Q is seen. The
effect is to suspend execution of the BASIC program until control/Q is pressed.

If none of these special control functions are seen, an immediate return is taken
with the carry flag off.

File 03 contains a similar but much shorter keyboard routine for parallel
ASCII encoded keyboards. The keyboard should be connected to port A with the 7
ASCII data bits connected to bits O through 6. The key pressed or strobe signal
should be connected to bit 7. The data is assumed to be in true form and the
strobe is assumed to be active when it is a logic one although either or both
polarities may be altered by changing the mask byte in location 02BA. All
functions are similar to those of the unencoded keyboard with the exception of the
caps lock feature. CNTL/R is used to turn caps lock on and CNTL/T is used to turn e
it off. Note that proper operation of the control/C routine with a pulse strobe
keyboard requires a register to hold the keycode between keystrokes. This is a
standard feature of keyboards using an LSI encoder chip. Also note that the
strobe pulse must be at least 12 microseconds long to be seen reliably.
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Hal Chamberlin
29 Mead St.
Manchester NH 03104

Software
Keyboard
Interface

with a pittance of hardware !

I ‘Il bet you're thinking,
""Oh sure, another scheme
using some obscure surplus
keyboard that will be sold
out by the time | get around
to this project.” Not so! This
keyboard (manufactured by
Datanetics Corp. of Fountain
Valiey CA) is offered by at
least a half-dozen mail-order
houses and is a current pro-
duction item. But at $20 each
(the most common price),
these outfits are not doing us
any favors; their cost is prob-
ably less than $10 each. An
auxiliary keyboard the same
style as the main unit is also
available for less than $10
and can be used in this pro-
ject for function keys, etc.
Why are these keyboards
so cheap? The reason cer-
tainly is not lack of
mechanical or electrical
quality. They are unusually
rigid one-piece construction
of one-sixteenth-inch-thick
Bakelite plastic, ribbed into a
honeycomb form, with an
overall depth of one-half
inch. Each cell contains a
contact arrangement with no
fewer than four parallel con-
tacts mounted inside a rugged
plastic plunger. The contacts
effectively reduce bounce and
insure a long, error-free life.
Finally, a keybutton is
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pressed onto the plunger,
sealing the cell from dust and
liquids.

One reason for the low
cost is the one-piece base
casting and cell structure. As
| understand, the initial cost
of the moid was borne by a
huge quantity contract with
Digital Equipment Corpora-
tion. However, the other
reason is that the keyboard is
devoid of any encoding elec-
tronics. This is the problem
whose solution will be
addressed in this article.

Besides the keyboard, the
only other hardware this pro-
ject requires is asingle 74154
TTL integrated circuit (1-
of-16 decoder), which costs
less than two dollars, and
some wire. Only four of the
1/0 port bits on the KIM’s
application connector are
used, and even these may be
used for other purposes when
typing is not actually being
done. Standard two-key roll-
over operation (which will be
described later) is provided,
and a full uppercase and
lowercase ASCIi character set
is available. Even the repeat
key works and has a program-
mable rate. The auxiliary key-
board is also supported with
codes from its keys being
identified by having the

eighth bit set to a one. Even
though some of the [KiM’s
built-in keyboard circuitry is
utilized, there is no canflict
(with one small exception)
between the built-in keypad
and the new alphanumeric
keyboard. A slight amount of
additional circuitry using an-
other IC may be added to
have the break key function
as an interrupt.

A software routine of ap-
proximately 350 bytes| does
all of the key scanning and
code translation. This, in fact,
is how the on-board| KIM
keypad is handled, with the
difference being that the
scanning software is in the
KIM monitor ROM. If a code
other than ASCII is desired,
such as EBCDIC or Baudot, a
translate table in the software
may be easily altered. This
table can be changed to suit
different application | pro-
grams, such as ASCI| for
running Tiny BASIC or
Baudot for an automated
RTTY application. The|com-
plete assembled and tested
program is given at the end of
this article.

Keyboard Scanning Theory

Nearly all keyboards in
common use with more than
a few keys use some kind of

rights reserved.

scanning logic to detect key-
switch closures, eliminate
contact bounce, and generate
unigue key codes. In opera-
tion, scanning logic sequen-
tially tests the state (up or
down) of each individual key
in the array. When a key is
found in the down position,
its code is determined and
sent out. In order to avoid
the code’s being sent out
more than once for each key
depression, the scanning is
stopped while the key is
down and resumed when it is
released. Typical scanning
rates range from 20 to 500
complete scans per second of
the approximately 60 keys in
an average array.

Besides being a simple and
inexpensive method of having
a single logic circuit monitor
the states of 60 individual
keys, scanning also can cope
with simultaneous key de-
pressions. When someone is
typing at substantial speed it
is a common occurrence for
more than one key to be
down simultaneously. For
example, consider rapid
typing of the word THE. The
T would first be pressed,
followed shortly thereafter
by a finger of the other hand
pressing the H. Next the T
would be released and the E
would be quickly pressed
with another finger of the
same hand. Subsequently, the
H would be released followed
by the E, which completes
the triad. A scanning key-
board would actually send
the proper THE sequence to
the computer, with no addi-
tional logic or buffer register
required.

In order to understand
how this works, let us ex-
amine the detailed sequence
of events. Initially, no keys
are pressed, and the scanning
circuitry is running at full
speed. When the T is pressed,
the scanner eventually finds
it, sends the T code and
stops. As long as the T is held
down, the scanner is stopped
and testing the T key. While
waiting for the T to be re-
leased, the typist presses the
H, but the scanner is not
aware of it. When the T is
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finally released, the scanner
takes off again but is im-
mediately stopped when it
sees that the H key is down.
After sending the H code it
waits for the H to be released,
and so on.

If the typist is sloppy (or
unusually fast) it is possible
for even the E key to be

pressed before the T s
released, resulting in three
keys being down simul-

taneously. In this situation,
two keys are pressed while
the scanner is waiting for the
T key to be released. When
scanning is resumed, two keys
are down. The scanner will
see the one that is closest to
T in the scanning sequence
and send that code next. The
closest key might very well be
the E, resulting in an error.
This action on multiple key
depressions is termed two-key
rollover and is found on most
computer terminals and other
equipment used by casual
typists. Some word-
processing machines and
other equipment used by pro-
fessional typists have N-key
rollover logic, which responds
only to the order of key
depression, regardless of how
many keys are down simul-
taneously or the order in
which they are released.
Either special keyswitches or
more complex scanning logic
can be used to achieve N-key
rollover. This keyboard inter-
face is capable of N-key roll-
over with a more complex
scanning program.

The scanning method can
also easily take care of key-
switch contact bounce. When
a closed contact is found,
scanning is stopped, but
sending of the code is de-
layed. If the contact should
open during the delay, the
closure is ignored and scan-
ning is resumed without
sending the code. [f the
momentary closure was really
due to contact bounce, the
key will be seen again on the
next scan. If the closure is
solid for the entire delay
time, the code is sent. In
addition, noise on contact
opening may be rejected by
requiring that the contact re-
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main continuously open for a
delay period before scanning
is resumed. Typical values of
debounce delay are one to
five milliseconds.

Now, how is scanning cir-
cuitry typically imple-
mented? One simple scheme
for up to 64 keys would be to
have an oscillator drive a 6-bit
binary counter. The output
of the counter would drive a
decoder network having 64
separate outputs. All but one
of the decoder outputs would
be off, with the one on cor-
responding to the binary
number in the counter. As
the counter counts, each of
the 64 decoder outputs
would be turned on in se-
guence. For scanning a key-
board, each decoder output
would be connected to one
side of a keyswitch contact as
shown in Fig. 1. The other
sides of the contacts would
all be connected together.
This signal would be a zero
except when a keyswitch was
closed and that particular
switch was addressed by the
counter and decoder. With
proper wiring between the
decoder and the switch array,
the 6-bit content of the
binary counter while it is
addressing a closed key can
be the actual desired code of
that key! Thus encoding is
automatic with a scanning
keyboard. Unfortunately, the
shift and control keys of a
typical keyboard complicate
coding matters somewhat,
but the basic concept is still
valid.

Actually the scanning iogic
and switch wiring can be
simplified greatly from the
above conceptual model by
arranging the keys in a
matrix. Taking the same
64-key array, let us wire the
keys in a matrix of eight rows
and eight columns with a
signal wire for each row and
column. The contacts of a
switch will be wired across
each intersection, as shown in
Fig. 2. Using the same 6-bit
counter, let us connect three
of the bits to a one-of-eight
decoder and the other three
bits to an 8-input multi-
plexer. A multiplexer is a

logic circuit that has several
signal inputs, some binary
address inputs and one out-
put. In operation, one of the
signal inputs is logically con-
nected to the output
according to the binary code
at the address inputs. The
single output of the multi-
plexer is the addressed-key-
closed signal as before. With
matrix connection of the
keys, the scanning logic grows
in proportion to the square
root of the number of keys,
instead of directly.

As the scanning counter
counts, the decoder activates
one column of the matrix at a
time and the multiplexer se-
guentially examines each row
for a closed switch trans-
ferring the column signal over
to a row. When a closed
switch is found, the counter
contains a unique code for

the switch as before. Al-
though it is still possible for
this code to be the actual
desired keycode, the scram-
bled key layout of a typical
keyboard would make the
matrix wiring quite messy.
Typically a read only mem-
ory is used to translate the
scramble code from the scan-
ner into the end-use code the
computer system needs. This
same ROM also takes care of
the shift and control keys,
which are wired in directly.

Connection to the KIM

All of the previously de-
scribed functions of scanning
hardware can also be easily
performed by software, along
with an output and an input
port. The most straight-
forward approach to simulate
matrix scanning hardware
would be to use an 8-bit
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Fig. 1. Basic keyboard scanner.
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output port with software to
simulate the one-of-eight de-
coder and an 8-bit input port
with software to simulate the
8-input multiplexer. The
counter, of course, would be
just a memory location that is
incremented to perform the
scanning. Unfortunately, in
the case of the KIM this
would utilize all of the built-
in ports and then some.

A look at the KIM manual
will reveal that much of the
circuitry for the on-board
keypay has signals brought
out to the application edge
connector. In particular,
seven bits of an internal input

connected internally to the
on-board keypad and seven-
segment displays, but when
the KIM monitor is not
running (user program
running) they are completely
free for use as an input port.
Of course, when the monitor
is in control, these inputs
must not be driven by ex-
ternal circuitry, or inter-
ference with the keypad and
display will result. If this port
is connected to the rows of 3
key matrix and no keys are
pressed, then nothing is
driving the row wires; they
are just hanging. Thus, when
using the KIM monitor, one

port are available. These are would not expect to be
A-16
A-13
A-l2
A-ll ——
2322 |21 Je0 9 8
i 24 e A B € D EN2 ENI
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typing on the external key-
board so any interference is
completely avoided.

At this point, one could
use an 8-bit output port on
the KiM to drive the key
matrix and handle up to 56
keys without any int rfacing
circuitry. If you do not need
the one full 8-bit port, and a
limited character set| (some
missing symbols) is sufficient
for your needs, then this can
indeed be done. However, on
my system the 8-bit |port is
connected to a digital-to-
analog converter (for playing
music) and two of the seven
bits on the other port are
motor controls for two cas-
sette recorders. This | leaves
five bits for selecting the
column to be scanned. The
solution is to use four of
these bits and an external
1-0f-16 decoder to drive up
to 16 columns. Combined
with seven rows, up to 112
keys could be scanned.

Fig. 3 shows the connec-
tions to the KIM and the
matrix hookup of the| keys.
Note that the optional 1 9-key
keyboard is included| The
arrangement of keys in the
matrix was chosen mostly for
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Fig. 3. Complete KiM-1 alphanumeric keyboard interface schematic.

proper coding taken care of
with translation software.
The one exception is the
wiring of the 0-F keys on the
auxiliary keyboard, They are
in order with the 0 key in
column 0, 1 key in column 1,
etc. This would simplify a
scanning routine that uses
just those 16 keys. The
74154 decoder needs about
35 milliamps of +5 volit
power. This should not strain
any decent power supply for
the KiM, but could be re-
duced to a mere 10 milliamps
if a 74LS154 was substituted.

Note that the two shift
keys are both wired into the
matrix at row 3, column 15,
The key labeled SHIFT on
the auxiliary keyboard is
intended to be relabeled and
used for a less redundant
function. The shift lock can
be connected across the other
two shift keys, but a problem
arises in doing so. If it is left
in the lock position when
using the KIM monitor, there
can be interference between
the add-on keyboard and the
KIM keyboard. If the shift-
lock function is desired, and
the requirement that it be
unlocked before using the
monitor is not judged to be
bothersome, then the shift
lock key may be wired in.

Wiring the little tabs
sticking out of the back of
the keyboard should not be
difficult. They are stiff
enough and long enough to
be wire-wrapped, too, if care
is taken. Actually, this would
be an ideal use of a Vector
wiring pencil, which should
get the job done in about 30
minutes. If hand wiring and
soldering must be done, how-
ever, it is permissible to use
bare bus wire for the row
wiring and insulated wire for
the columns. The purist can
mount the 74154 IC in a
socket on a piece of perf-
board, but there is no reason
that it cannot be glued to the
bottom or side of the key-
board and wired directly.

The little circuit in Fig. 4
can be added to allow the
Break key to be used as an
interrupt. The KIM board
would respond to this key in
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the same manner as the ST
key on the built-in keypad
and return to the monitor.
However, if the nonmaskable
interrupt  (NM1) vector is
changed at 17FA and 17FB,
the interrupt could jump to a
specific point in the user’s
program instead. The re-
sistors, capacitor and 7413
Schmitt trigger IC debounce
the break key to prevent
multiple interrupts. The
diode in series with the out-
put simulates an open-
collector output so that
normal ST key operation is
not affected. Preferably, the
diode is a germanium type
such as a TN34 or 1N270, but
a silicon unit will generally
work OK.

Scanning Program

The program in Fig. 5 is
the heart of the add-on key-
board system and is respon-
sible for most of its features.
Although shown assembled
for locations 0200-035C
(hexadecimal), it may be
modified for execution any-
where by changing those loca-
tions marked with an under-
line in the object-code
column. One temporary
storage location is required
on page 0. its initial value
when the keyboard is first
used in a user program is not
important, but thereafter it
should not be bothered. The
routine may be interrupted
with no ill effects, but it is
not reentrant (that is, it may
not be called by an interrupt-
service routine if it was itself
interrupted) due to the
temporary storage location
just mentioned. This tempo-
rary location is at 00EE (just
below the KIM reserved area)
in the listing shown but may
be easily moved elsewhere.

Using the program is quite
simple. It is called as a sub-
routine whenever a character
from the keyboard is needed.
The contents of the registers
when called are not impor-
tant. When called, the routine
waits until a key is pressed
(except for code, shift or
repeat). When a key is
pressed, its code is loaded
into the accumulator and a
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return taken. For maximum
flexibility, the contents of
the index registers are not
disturbed by the routine.

Before you get into the
program logic, perhaps a
word should be said about
the assembly language. The
assembler used to prepare the
listing is a modified version of
the National Semiconductor
IMP-16, which, in turn, is
similar to the PACE
assembler. In most respects,
the syntax conforms to that
recommended by MOS Tech-
nology. The major difference
is that hexadecimal constants
are denoted by X’ instead of
$. The use of a # before a
constant or symbol specifies
the immediate addressing
mode. The assembler auto-
matically distinguishes
between zero page and
absolute mode addressing ac-
cording to the numerical
magnitude of the address —
zero page if between 0000
and O0FF and absolute other-
wise. The various indexed and
indirect addressing modes are
represented in the same way
as with the MOS Technology
assembler.

The overail logic of the
keyboard subroutine closely
parallels that described for a
hardware keyboard scanner.
The first step when it is
entered is to save the index
registers on the stack. Next,
the direction registers for the
input and output port bits are
set up. Note that only the
direction bits for the port bits
actually used are changed; the
others are left unchanged.

When the subroutine is
entered, an assumption is
made that the last key
pressed is still down. This is
certainly a valid assumption
since a return from the pre-
vious invocation of this sub-
routine occurred immediately
when a key was pressed, and
it is unlikely that processing
of that character by the
calling program took very
long. ANKBT1 is the tempo-
rary storage location men-
tioned earlier. Functionally,
it is equivalent to the counter
in a hardware keyboard scan-
ner. It always addresses a key

RO
BREAK KEY 22 uF
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Fig. 4. Optional break-key interface.

in the matrix, and in this case
it points to the key that was
last pressed and had its code
sent.

Thus, after saving the
registers and setting up the
ports, a loop is entered in
which the keyboard routine is
waiting for this last-pressed
key to be released. While in
this waiting loop, the status
of the repeat key is con-
tinually interrogated. If the
repeat key is continuously
down while the last-pressed
key is also continuously
down for the repeat period,
an exit is taken from the loop
and the key code is sent
again. Note that the repeat
period, RPTRAT, is a para-
meter that may be changed;
in this case it is set to 50
milliseconds, giving a
moderately fast repeat rate of
approximately 20 characters
per second.

An internal subroutine,
KYTST, is used to actually
test the state of a key. It is
used by loading the address
of the key to be tested into
the accumulator, and then
calling it. When it returns, the
carry flag will be on if the
key is up, and off if it is
down.

The other exit from this
waiting loop, of course, is
sensing that the last addressed
key has been released. A de-
bounce delay (DBCDLA) is
included to insure that the
key is interpreted to be up
only when it has been con-
tinuously up for the de-
bounce delay period. This
will prevent noisy contacts
from generating multiple
characters.

At this point, scanning of
the keyboard resumes.




Scanning is accomplished by
incrementing ANKBT1 and
calling KEYTST to look at
the state of the newly
addressed key. Note that the
shift, code and repeat keys
are specifically skipped in the
scan sequence. Also note that
another function of KEYTST
is to detect an illegal key
address and set ANKBT1 to
zero if an illegal address
occurs. Such an illegal address
would normally occur after
testing the last key in se
quence, so the forced reset to
zero would start another
scanning cycle. If a key is
found depressed, another
loop is entered that verifies
that it is continuously de-
pressed for the debounce de-
lay interval before it is de-
clared to be really pressed.
Once a newly pressed key
has been found (or the con-
ditions for a repeated char
acter have been satisfied), the
key code must be generated.
First, the current key address
in ANKBT1 is translated into
a plain unshifted character
code by using it as an index
into the first part of the code
table. Next, the state of the
control key is tested. If it is
down, only the lower five bits
of the translated code are
retained, and an exit is taken.
If control is up, then the shift
key is tested. If it, too, is up,
an exit is taken. If the shift
key is down, however, the
code is retranslated using the

second part of the code tabl
Note that with a code lik
ASCII, with logical bit pairin
(unshifted and shifted code
differ by only one bit), th
second half of the code tab
might be replaced with a litt
more programming to mak
the adjustments necessary o
shifted characters.

Finally, the two inde
registers are restored and
return taken. Note that som
playing around with the stac
was necessary to preserve th
character code in A while th
other registers were restored,

The key state test routing,
KEYTST, takes a key address
in A and tests if the con
responding key is pressed,
After checking for a valid ke
address, and correcting it if
not, the iower four bits of the
address are sent to the port
bits that have the 1-0f-16
column decoder connected tq
them. These four port bits are
updated without affecting
any of the other bits on the
same port. After the column
address is sent out, the re
maining three upper bits of
the key address are used tg
access a ‘“mask table,” which
selects one of the five signifi
cant row input bits to test
Then the input port that
senses the five rows is read
and tested against the mask
The zero or nonzero result is
transferred to the carry flag
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which won’t be destroyed -

during the register restore

sequence.

The code transiate table is
divided into two parts. The
first is for unshifted codes:
the second is for shifted
codes. The characters are in
matrix-wise order, starting
with row 0, column 0, going
through the columns on row
0, proceeding to row 1, and
so forth, ending with row 4,
column 15. The table given is
for ASCIl on the main key-
board. The blank or oddly
marked keys are assigned to
useful ASCIl control codes
such as CR for the key
marked CLR. The O-F keys of
the auxiliary keyboard be-
come 80-8F for lowercase
and 90-9F for uppercase. The
remaining three auxiliary
keys are assigned codes AQ-
AB. The table may be
changed freely to reflect the
user's choice of convenient
control codes or to accommio-
date a completely different
character code.

Building this keyboard
interface for the KIM should
prove to be a worthwhile
one-evening project. Besides
saving a substantial amount
of money, it serves as a good
learning tool and an excellent
exampie of how software can
substitute for hardware, offer
a lot of extra features and
still be easy to use. The basic
concepts can be easily applied
to expanding other low-cost
microcomputer trainer
boards.®
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