





AIM-65 VISIBLE MEMORY SUPPORT PACKAGE

The goal of this software package is to give the AIM~65 owner full access to
the capabilities of the Visible Memory graphic display board both through AIM-65
BASIC and AIM-65 machine language. Additionally we have provided software '"hooks"
for the Visible Memory Screen Print program (K-1009-1) which will provide a print-
out of the screen image on the AIM-65 printer dot-for-dot with no printer modifi-
cations required. Use of this package will give the AIM-65 graphics capabilities
unmatched by any of the packaged computers on the market.

All of the software contained herein (except the BASIC demonstration program)
will run on a 4K AIM (6 additional 2114 RAM chips installed). However we suggest
additional memory for the maximum utilization of BASIC with the Visible Memory.
In particular, our K-1016 16K memory will expand the amount of memory usable for
BASIC programs by a factor of nearly 13 over that available on a 4K AIM. The
BASIC interface program is supplied assembled for both 4K and 20K AIM's although
only the 20K listing is available.

The enclosed cassette has the following programs recorded on it in AIM-65 format
with a gap length of 08 except BDEMO which has a gap length of 24.

NAME ADDRESSES DESCRIPTION
1, SWIRL 0200-059B Swirl demonstration program, entry at 0200, 0222
2. VLIFE 0200-05E0 Life demonstration program, entry at 0200
- 3. BAS20 4772-4FFF BASIC interface program for 20K AIM, see text for
entry points.
4. BASO4 0772-0FFF BASIC interface program for 4K AIM, see text for
entry points. ;
5. BDEMO - Demonstration program in BASIC. Will not load on a
4K AIM. See text and listing.
6. SDTXT 0B69-0FFF Simplified display text subroutine, entry at OB69.
7. GRAPH 0682-0FFF Full display text and graphics routines. See text

and appendix for entry points.

Please read the description of each program for loading and running instruc-
tions. All programs have been tested and many of them have been successfully used
on the KIM-1 for over two years. Any remaining bugs should be subtle and we would
appreciate hearing about those that the customer finds. Please include a complete
description of the conditions that cause the bug to appear and document the bug if
possible with AIM printouts, etc.

Since the high speed AIM-65 tape format is somewhat more sensitive to cassette
recorder differences than KIM-1 format, it may be necessary to try more than one
cassette recorder or experiment with the head alignment. It is suggested that a
local copy be made of each program the first time it is successfully loaded to
protect against loss and tape degradation. Place the enclosed copyright label on
the backup tape. Unreadable cassettes will be replaced but since they will be
recorded on the same machine, the only variable will be tape dropouts.
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RUNNING THE SWIRL DEMONSTRATION

Swirl is a demonstration program writtem in 6502 machine language that gener-—
ates a variety of interesting spiral and spiderweb like patterms on the screen.
Two parameters determine the appearance of the pattern and a third either includes
or suppresses lines connecting the computed points. The user may set these para-
meters manually and then have a single pattern computed and held or another
routine may be invoked which uses a random number generator to select the
parameters thus giving an endless series of different patterns.

The program is based on the differential equation for a circle which tends
toward an elipse when evaluated digitally a point at a time. As the calculation
proceeds, the radius of the circle decreases until it is essentially zerc. Since
the calculation is point by point, the visual effect on the display can be consi-
derably different from a simple inward spiral.

One may also think of the algorithm as a digital damped sine wave generator or
ultimately a digital bandpass filter. The algorithm works on two variables, SIN
and COS, which relate to the sine and cosine of an angle. Basically, the program
takes the current values of SIN and COS and computes new values of both wunder the
control of two comnstants. Each time a new SIN,COS pair is computed, it is treated
as an X,Y pair and plotted on the Visible Memory screen. Straight lines may or
may not connect successive points; both give distinctive patterns.

Two constants control the program, FREQ and DAMP which, of course, relate to
the damped sine wave nature of the algorithm. FREQ is a double precisionm, signed
binary fraction. The larger its value, the fewer points per revolution of the
circle and therefore the higher the frequency. The relationship between FREQ and
points per cycle is roughly linear. A value of +.999% (7FFF14) gives 6 points per
cyecle, +.5 (400014) gives about 12, and so forth. Negative values of FREQ cause
the spiral to rotate clockwise rather than counterclockwise. DAMP is also a
double precision signed binary fraction but it must be positive for proper opera-
tion. If it is negative, the oscillation will build up instead of dying out until
the fixed point arithmetic routines overflow creating a random display. Normal
values of DAMP are very close to 1.0 and the useful range is from approximately
7000 to 7FFF. Smaller values of DAMP produce so few points before the circle
collapses to zero that the resulting pattern is diffuse and uninteresting. Note
that all double precision values are stored with the least significant byte at the
lower address, i.e., backwards like addresses im the 6502.

To run the program, first load it into AIM memory from the enclosed cassette.
The file name is SWIRL and it loads from 0200 to 059B. Page zero locations from
0000 to O02E are also used for temporary storage as well as a few stack locatioms.
The remainder of memory is unchanged. Before executing the program the default
address for the Visible .Memory must be changed if the user has it at an address
different from 8000-9FFF, 1If it is different, use the AIM monitor to store the
page address of the Visible Memory in location 0280.

Default values for all of the parameters have been supplied. To see the
default pattern, start execution at address 0200. This is accomplished by first
issuing the * command to the AIM and giving an answer of 0200. Then type G and a
carriage return. The screen, which was initially semi-random garbage, should be
cleared and then a spiderweb—like pattern should be gradually built up over a time
span of several seconds. It is complete when the dark area at the center of the
screen is completely filled up. The user may return to the AIM monitor by
pressing the reset button.



RUNNING SWIRL con't

In order to get a feel for the visual effect of the various parameters, first
try setting LINES (at address 0000) to 00 and then start execution at location
200C which will not set the default parameters. This time only the vertices of
the angled lines that were seen earlier are shown. Although the defalut FREQ and
DAMP parameters were chosen for an appealing display with LINES equal to 1, some
very impressive displays indeed are possible with LINES set to 00. For an
example, set FREQ to 1102 (02 into 0001 and 11 into 0002) and DAMP to 7FCO (CO
inte 0003 and 7F into 0004) and execute SWIRL again. Interrupt program execution
when the hole in the middle is completely surrounded by a couple of dot depths of
solid white. The resulting display, particularly when viewed at a distance in a
darkened room, could easily pass for an artist's conception of a Black Hole; an
astronomical object which is thought to be matter crushed out of existence by its
own gravity!

Returning to the original settings of FREQ, DAMP, and LINES, lets see the
effect of changing DAMP. Regenerate the default pattern and fix it in your mind.
Then change DAMP from 7EQ0 to 7F00. This has the effect of cutting the decay rate
of the damped sine wave in half. The visual effect is a denser display that
decays toward the center more slowly. DAMP may be further increased to 7F80,
7FC0, etc. (set 0006 to 70 to avoid overflow). As DAMP approaches 7FFF, the
density of the image becomes so great that the pattern becomes essentially solid
white and takes a long time to complete. Conversely, as DAMP is reduced to 7C00,
7800, 7000, etc., the pattern becomes sparser and eventually degrades into an
angular spiral. Try some of these values of DAMP with LINES set to zero also.

All of the preceeding patterns had very nearly 6 points per revolution of the
spiral. The vertices themselves created a spiral pattern as they overlapped and
created moire-like effects. Slight changes in FREQ can have a profound effect on
the moire aspect of the pattern without a significant effect on the number of
points per revolution. Try 7E80, 7F80, and 7FFF for FREQ to see this effect.
Many more points per revolution are possible by reducing FREQ. Reduction to 4000,
2000, 1000, and even lower will cause the vertices to become so closely spaced
that the effect of a continuous curve (within the resolution constraint of the
display) 1is created. Also note that decreasing FREQ apparently increases the
damping causing the spiral to decay after fewer revolutions than before. This
effect may be countered by increasing DAMP. For example, if FREQ was reduced in
half from, say, 3000 to 1800, then the difference between DAMP and 7FFF should
also be reduced in half, say from 7D00 to 7E80. The 1lower values of FREQ are
particularly effective with LINES set to zero. If FREQ is low enough, there will
be no visual difference between LINES=1 and LINES=0.

Some combinations of FREQ and DAMP can cause the arithmetic to overflow, that
is, SIN or COS may try to reach or exceed 1.0 in magnitude. There is no danger of
such an occurance damaging the program or wiping out memory but the resulting
pattern on the screen can be very random looking. Simultaneous high values of
FREQ and DAMP will cause the overflow situation. Reducing COSINT (locations 0005
and 0006) to 7000 will prevent the possibility of overflow but will also reduce
the image size somewhat. If FREQ is kept less than 4000 or so, COSINT may be
increased to 7E00 for a somewhat larger pattern.

Entry into RSWIRL (address 0222) will cause continuous random selection of the
parameters and computation of patterns. To insure that the "pattern complete"
test functions properly, COSINT should to set to 7000 to prevent the possibility
of overflow. The sequence of patterns will not repeat for days!



DESCRIPTION OF THE VLIFE DEMONSTRATION

This program is based on the Life cellular automaton algorithm writtem wup in
Scientific American magazine several years ago. The basic concept is that of a
rectangular array of "cells" that "live'" and "die" in discrete time "generations'.
On the Visible Memory screen, each picture element (pixel or bit position) is a
cell location. A live cell is represented as a One bit which shows as a white dot
and a dead or missing cell is represented as a Zero which leaves a black area. A
generation is the state or configuration of live cells on the screen at a point in
time. A set of rules are defined which determines, based on the configuration of
live cells in the present generation, which cells live or die in the next
generation as well as "births" of new cells where none had existed previously.

The rules of Life are simple. In fact, their very simplicity yet varied
effect is what makes Life so appealing to many people. The rules are based purely
on the eight neighbors (above, below, left of, right of, and the 4 diagonal neigh-
bors) of every cell position. To determine the next generation, the live neigh-
bors of every cell position in the life field are counted. Based on this count
and the current state of the central cell, the fate of the central cell is
determined. The rules are as follows:

A. Central cell is alive
1. 0 or 1 live neighbors, the central cell dies of starvation
2. 2 or 3 live neighbors, the central cell lives on
3. 4 or more live neighbors, the central cell dies of overcrowding

B. Central cell is not alive
1. Fewer than or more than 3 live neighbors, the central cell remains dead
2. Exactly 3 live neighbors, a birth is recorded in the central cell.

When applying these rules to determine the next generation, the present
configuration of live cells is always used. Any births or deaths are recorded
separately and do not influence events around the birth or death site until the
next generation becomes current. When programming Life, this may be accomplished
by making a copy of the Life field as the next generation is formed. In a limited
memory machine such as the AIM, buffering of lines of cells is needed to simulate
a copy of the field.

The resulting sequence of generations is completely determined by the configu-
ration of the initial colony of cells and is called a Life History. Such a
history may end in one of several ways. The colony may eventually die out
completely leaving no cells on the screen at all. This often happens after
several generations of spectacular buildup which suddenly shrink and disintegrate
after a few more. A colony may also become stable. This happens when each
succeeding generation is exactly like the previous ome. Cycles of generations are
possible as well in which a configuration may go through a cycle of two or more
differing configurations only to return to the exact same configuration for
another cycle. A variation of the cyclic pattern is one which moves accross the
screen as it cycles. Finally, a pattern may grow without limit. Initially this
was thought to be impossible wuntil a pattern that periodically emits cyclic,
traveling patterns was discovered.



RUNNING THE VLIFE DEMONSTRATION

To run the program, first load it into AIM memory from the enclosed cassette.
The file name is VLIFE and it loads from 0200 to 05E0. Page zero locations from
0000 to 0099 are also used for temporary storage as well as a few stack locationms.
The remainder of memory is unchanged. Before executing the program the address of
the Visible Memory must be specified. Using the AIM monitor, store the page
address  of the Visible Memory in locatiom 0245. If the Visible Memory is
addressed at 8000, this is not necessary as an 80 has already been stored there in
the cassette program.

The Life demonstration program has a single entry point which initializes
things, draws a default initial configuration of cells, and then goes through the
life history of that configuration. At any time the sequence of generations may
be interrupted by pressing and holding the "S" key on the AIM keyboard until the
generations stop and a single dot of the display (the "graphic cursor") starts
flashing. At this point several of the keyboard keys are active which allow the
entry of user defined initial patterns.

If the reader is not familiar with the Life algorithm and some of the folklore
surrounding it, it is instructive to experiment some before executing the canned
demonstration completely (leave it as a surprise!). To do this, start the program
at 0200 using the AIM monitor and then immediately hold down the 5 key until the
graphic cursor is seen in the center of the screen. The letters "LIFE" should be
drawn, one generation of life executed, and then the cursor should be visible.
Note that the dot is off most of the time flashing on for only a short period.
This is a signal that the graphic cursor 1is covering a 'dead" cell. Press the
+ key on the AIM (do not hold the shift key down). The flashing should change such
that the dot is on most of the time. This signifies that a live cell is being
covered. Thus the "+" key is used to set a cell at the current cursor position.
Hitting the "X" key will kill the cell wunder the cursor. The graphic cursor may
be moved around by using the U key for Up, D for Down, L for Left, and R for
Right. Also the W key will Wipe out the entire screen. Finally, the G key will
Go to executing life on whatever pattern is showning on the screen at the time.
The evolution may be stopped at any time with the S key and the colony of cells
edited as desired,

Initial patterns may also be entered using the AIM monitor to write directly
into the Visible Memory. Other methods include reading the pattern from cassette
tape using the AIM monitor or generating the pattern with another program (such as
SWIRL), loading LIFE, and executing it (try ome of the checkerboards generated by
the memory test program in the Visible Memory manual). The entry point LIFE
(0265) starts the evolution process and should be used if initial patterns are
generated in any of these ways.

Try the initial patterns shown below and note their fate.
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RUNNING VLIFE con't

The patterns that evolve from those on the previous page are fundamental and
well known to every Life fan. They are so common in the result of many initial
patterns that they have been given descriptive names. See 1f you can match the
following names with the corresponding final patterns: Block, Honeyfarm, Glider,
Blinker, Beehive, Lifeboat, Rocketship, Traffic Lights.

Another interesting pastime is to note the life history (number and configu-
ration of generations before dying off, becoming stable, or becoming cyclie) of
simple lines of dots with 3, 4, .... 30 .... dots in a line. Sometimes the .
addition of a single dot in a long string can have a profound effect on the final
result. Another possibility is to trace the history of all possible configu-
rations of three live cells, & cells, 5 cells, etc. Note that the majority of the
possible configurations are redundant because of symmetry, rotation, or mirror -
images. Also, sparse initial patterns invariably die off in one or two
generations because of starvatiom. If the screen print program (K-1009-1) has
been purchased, it may be executed at any time with the AIM monitor to provide a
written record of particularly interesting Life histories. To use it, stop the
evolution with the S key and reset the AIM. Then print the screen. The evolution
may be restarted by going to 0265.

Note that initial patterns should be placed in the center of the screen to
allow maximum room for expansion of the colony. If live cells get within one cell
width of the matrix boundaries, the next generation is no longer correctly
computed. This only applies to the region where the boundary is touched, the
remainder of the screen is unaffected.

Finally, before executing the canned demonstration pattern completely, try the
very simple initial pattern shown below. As it expands and differentiates, it
will leave a litter of the fundamental patterns discussed earlier.

HEN

To execute the demonstration, simply go to 0200. An initial pattern will be
generated and the Life algorithm will be executed on it. The initial pattern
generated by DEMO may be changed by altering the table of coordinates that starts
at LIST {(0335). Note that the simplified line drawing routine that connects the
endpoints in the list is limited to horizontal, vertical, and 45 degree lines.
Other angles are not harmful but will be displayed as a 45 degree segment followed
by a 90 degree segment.



BAS04 AND BAS20 BASIC INTERFACE PROGRAMS

Of all of the programs in this package the BASIC interface program will proba-
bly be of most interest. The purpose of the BASIC interface program is two-fold,
Most importantly it gives the user an easy way to write application programs which
use high resolution graphics, particularly for complex drawings and plotting math-
ematical and other detailed curves. Text may alsoc be freely mixed in with the
graphics without the restrictions normally encountered in packaged computer sys—
tems. The second benefit of wusing this package is more convenient conversation
with the BASIC interpreter itself while entering and editing programs. The wide
(53 characters) screen will hold most BASIC statements on one line while the 22
line display format allows whole routines to be viewed at once without "having to
constantly print them out. Also, the execution of a LIST command or an executing
program may be temporarily suspended so the screen may be read and then resumed by
using two special keyboard keys. Finally, the text dis- play part of the inter-
face also works with other AIM-65 functions such as the monitor, editor, and
assembler making the overall system much easier to use. Pro— visions are made in
the software tc link to the MTU screen print program (K-1009-1) so that screen
prints can be initiated by BASIC statements and even complete program listings
with 53 character lines printed automatically.

Two versions of the interface program are supplied on the enclosed cassette.
The file called BASO4 is to be used on AIM's with only 4K of read/write memory.
BAS20 is to be wused on AIM's with 20K of contiguous memory from 0000 to 4FFF.
This 20K memory capacity may be conveniently provided by an MIU K-1016 16K memory
board. Both versions of the program provide identical functions; the only dif-
ference is the memory locations occupied. For convenience in the following
discussions. The 20K version addresses are given. For the corresponding 4K
version addresses, simply replace the first digit of the address with a zero.

BASQ4 AND BAS20 LOADING INSTRUCTIONS

1. Be sure your system has a Visible Memory and that it is working properly. When
connected to a monitor and first powered-up a random dot pattern should appear
on the screen. Note the address of the Visible Memory for use later (8000 is
recommended) .

2. Rewind the cassette and instruct the AIM to load either BASO4 for a 4K AIM or
BAS20 for a 20K AIM.

3. After successfully loading the program (and saving it on your own tape with
copyright label), start execution at one of the following addresses that match
the location of your Visible Memory:

2000 Start at 0772 (BASO04) or 4772 (BAS20)
4000 Start at 0776 (BAS04) or 4776 (BAS20)
6000 Start at 077A (BASO4) or 4774 (BAS20)
8000 Start at 077E (BASO4) or 477E (BAS20)

4. The screen should blank and the top line should indicate that a break instruc-
tion has been executed which can be ignored. Alse while this package is in
control of the AIM-65 output, vou should ignore the AIM-65 display. The prin-
ter will continue to operate normally. From now on until power is shut off or
the "PUTBAK" program is executed all AIM output will go to the screen.



LOADING INSTRUCTIONS con't
5. Type the 5 key to enter the BASIC interpreter.

6. Answer the MEMORY SIZE? question with 1905 for a 4K AIM or 18289 for a 20K
AIM. DO NOT KEY IN RETURN WITHOUT THE SIZE NUMBER OR THE INTERFACE PROGRAM
WILL BE WIPED OUT AND THE AIM WILL CRASH IN SUCH A WAY THAT POWER-OFF IS THE
ONLY WAY TO RECOVER.

7. Answer the TERMINAL WIDTH? question with 53.
8. BASIC will respond with: 1375 BYTES FREE for a 4K AIM or 17757 for a 20K AIM.

9. If you have a 20K AIM, you may then load in the demonstration program (BDEMO)
from cassette with the LOAD command (see the AIM BASIC manual). The program
listing will appear while loading but the tape record numbers will be inter-
spersed; just ignore these. If you have a 4K AIM, the demonstration program
listing elsewhere in this manual will have to be consulted and just a couple
of the demonstrations typed in at once since memory space is limited.

10. You may list the entire program by typing LIST 0-9999 and carriage return. To
temporarily stop the listing, hit the F2 key. To resume listing type F3. To
terminate the listing type Fl. These keys also function while a BASIC program
is running and producing printed output. Be careful however not to type F2
while BASIC is waiting for a command, it may crash the system.

11. 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
cach 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 it will be necessary to hit Fl
to interrupt the program and return to BASIC.

BASO4 AND BAS20 TEXT DISPLAY INTERFACE

The text display routine that is now in control of your AIM can be wused with
the monitor, editor, and assembler as well as BASIC. Tt is particularly effective
with the editor since normal text and assembler source statements now have a wide
line to work with. All AIM functions should operate normally with the exception
of the tape load and dump functions which do funny things with the AIM display to
show the record number and therefore do not display properly on the screen. Tape
dump and load with BASIC works satisfactorily but when using the AIM monitor it is
recommended that the text display interface be disabled by executing PUTBAK (479E
or 079E) before doing the tape operations. If this is not done, the program will
crash 1 out of 10 times. The interface may be restored by executing the same ad-
dress used in step 3 above. WNote that when doing a tape dump with BASIC the MORE?
question is not asked and that tape writing is complete when the cursor returns to
the left of the screen a couple of lines below the string of record numbers that
will be displayed. Also note that a tape read error will exit BASIC and put you
in the AIM monitor. Type a 6 to get back to BASIC.

The interface program uses the upper invisible 192 bytes of the Visible Memory
(not affected by screen clear) and locations 0106 and 0107 for storage. In order
to preserve the information in 0106 and 0107 the fourth breakpoint address must
not be defined. This should not cause any particular hardship.
































































