





RECEIVING, UNPACKING AND CONNECTING THE SYSTEM

If the K-1002 DAC board and/or speaker was ordered along with this software
package, the DAC and speaker should be connected to the KIM and the short test
routine included in the DAC board documentation run. If no oscilloscope is
available to observe the DAC output waveform, listen for a clear rocbust buzz when
the test routine is running. If the waveform is wrong or the buzz seems to have a
particularly prominent harmonic, check the connections to the application
connector to insure that none of the 8 data bits are scrambled. DO NOT LET THE
CASSETTE COME CLOSE TO THE SPERKER MAGNET OR OTHER MAGNETIC SQOURCES.

It is advisable that the program cassette be copied as soon as possible after
receipt. Besides providing a backup in case the program cassette becomes jammed
or worn, the copy will better match the head aligmment in the user's cassette
recorder. The copying should be accomplished by loading a file into the KIM and
writing it back out onto the copy cassette. If loading problems are experienced,
try varying the volume control (too loud is worse than not enough volume) and
cassette position in the recorder. In severe cases a friend's recorder could be
used to load the programs and make a backup copy. Checksum errors are usually
isclated so if it is impossible to read a file, scan through memory comparing with
the program listings and correct any errors spotted. If the cassette absolutely
refuses to load at all, return it for a replacement.

GENERAL COMMENTS

The simplified 4-voice music program is very similar to the one written up in
Byte Magazine September, 1977, The major difference is the inclusion of a
"musical subroutine" feature that allows groups of notes to be set aside and
played as a group with only a short call code in the song table required for each
repetition. The subroutines may be nested allowing complex music to be built from
simpler segments. The program is supplied with a song table for Exodus already
coded. The user can of course supply his own scng table. This program will run
in a basic KIM-1 without additional memory, however the size of song tables will
be restricted and all 4 voices must have the same waveform.,

The Fourier Series program allows the computation of waveforms from harmonic
amplitude and phase informaticn. Hand drawn and entered waveforms seldom sound
good due to high-order harmonics characteristic of most geometric waveshapes that
violate the Nyquist criterion. The Fourier Series program allows precise control
over the harmonic content of the waveforms. This program can compute waveforms
for use with either the simplified 4 voice program or the NOTRAN interpreter. The
Fourier Series program will run on the basic KIM-1 with a full page of memory left
over for storage of the computed waveform.

The NOTRAN compiler and interpreter make up a high-level music language system.
Besides providing greater ease of use and flexibility in the music played, notes
are more compactly stored in memory thus allowing longer songs. Additional memory
is required to effectively utilize the compiler and the interpreter.



RUNNING THE DEMONSTRATION SONGS

EXODUS ON THE SIMPLIFIED 4-VOICE PROGRAM

Load file 01 into the KIM. This fills the main KIM RAM with the simplified
interpreter, a waveform table, and part of the EXODUS song table.

Ioad file 02 into the KIM. This fills the auxilary RAM in the 6530 chips with
the reaminder of Exodus.

Start execution at 0100. When the song is complete, control is returned to
the KIM monitor.

Try varying the tempo by changing the byte at TEMPO, 0016.

Try writing your own songs following the instructions given in the simplifed 4
voice program listing.

FOURIER SERIES PROGRAM

1.

Load file 03 into the KIM. This fills part of the main KIM RAM with the
Fourier Series program and a table for a 16 harmonic approximation to a
sawtooth wave. Start execution at 0039,

The program requires about 10 seconds to compute and scale the waveform
specified by the spectrum table after which it enters a loop playing out the
waveform through the DAC at a very low frequency. Hit the ST or RESET button
to halt the playout and return to the KIM monitor.

If an oscilloscope is available, examine the waveform from the DAC. It should
approximate a sawtooth with wavelike ripples superimposed. A sync pulse will
be present at application connector pin 15 to facilitate scope sync. A 4.7K
resistor from this pin to the +5 supply is necessary.

If an oscilloscope is not available, examine memory from 0300 to O03FF. Rough
plotting of the values read on graph paper with the coordinates labelled in
hex should show a wavy sawtooth wave.

Try some other spectrum table values. Try changing the phase of the
fundamental only and observe the effect on the waveform. Save some of the
waveforms on cassette tape by writing out from 0300 to O3FF after a waveform
computation. If additional memory is available, the waveforms may be saved in
RAM by altering the wave table address at 0013 (low) and 0014 (high).

Try the following harmonic spectrums:
$1 #2 $3 #4 #5 $6

NHARM 0016 04 05 08 10 10 08

FSRAM 0017 ©DC 0000 0000 ocoe 0000 0000 0000
0019 FUND FF00 FFOO FF00 FF40 FFCO 2000
001B 2nd 8000 0000 FFOO 0000 0000 3800
001D 3rd 80CO  COCO 0co0 5540 5540 5000
001F 4th 6080 000G  FFOO 0000 0000 7000

0021 5th 8040 0000 3340 3340 FF00
0023 6th 0000 0000 0000 6000
0025 7th 0000 2440 2440 3000
0027 8th FF00 0000 0000 1000
0029 9th 1C40 1C40
002B 10th 0000 0000
002D 1llth 1740 1740
002F 12th 0000 0000
0031 13th 1340 1340
0033 14th 0000 0cCO0
0035 15th 1140 1140
0037 16th 0000 0000



FOURIER SERIES PROGRAM-con't

6.

Play the waveforms saved using the simplified 4-voice music program and Exodus
or other song table. What audible effect did changing the fundamental's phase
have? If the waves were saved in RAM, try having different voices play
different waves. This is accomplished by storing the page number of the
desired waveform ‘table at 0002, 0005, 0008 and 000B for voices 1-4
respectively. Notice that high notes and high harmonics can give a very harsh
sound. The rule when setting up a spectrum for a voice is that the highest
harmonic of the highest note to be played by the voice must not exceed 5kHz.
For example, if the highest note played by voice 3 is C5 (522Hz) then the
highest harmonic that should be present in its waveform is the nineth. The
NOTRAN system allows voice waveforms to be changed in the middle of a song so
it is possible to have harmonic content "track® the pitch range of the voice to
some extent. Alternatively, voices used primarily for the bass parts may be
given a rich harmonic spectrum while those carying the higher pitched melody
should be given a more restricted spectrum. :

DEMONSTRATION SCORE USING THE NOTRAN INTERPRETER

(requires additional memory located@ anywhere, 2K minimum)

Load file 04 into the KIM., This £ills the main KIM memory with the NOTRAN
interpreter program.

Load file 05 into your memory expansion. This is the NOTRAN object code that
wag compiled from the demonstration score. If the expanded memory does not
include addresses 262F-28A2, choose a convenient load address and follow the
procedure in the KIM manual for loading a file at an address different from
where it was written. 3

Load file 06 into your memory expansion. This is a set of 4 waveforms used by
the demonstration score. Again, this file may be loaded anywhere that is
convenient.

Using the XIM monitor, store the address of the object code (loaded in step 2}
at 0000 (low) and 0001 (high); and the address of the waveform tables (loaded
in step 3) at 0002 and 0003.

Start execution at 0200, What you will hear will certainly not win any awards
but should illustrate the capabilities of the NOTRAN system and some more
common music coding techniqgues. A non-destructive error was left in the score
(compiled NOTRAN demonstration listing in the source code) to illustrate the
error message format. Because of the infinite loop programmed into the score,
the playing must be stopped with the ST or R key.



RUNNING THE NOTRAN MUSIC COMPILER

The NOTRAN music compiler accepts an ASCII string as input (NOTRAN source
statements) and produces an ASCII string as output (object hex with source
{optionally) interleaved), and object code in memory. The compiler is supplied
with I/0 routines for use with an ASR-33 teletype (has paper tape reader and
punch). The teletype reader should respond to X~ON (DC2 hex 12} and X-OFF (DCl
hex 11) control codes. Using such a TTY, the NOTRAN source would be punched into
paper tape using an editor program or even just punched by hand in local mode
since the input routine ignores rubouts and honors the backspace control code or
backarrow character. The listing would be printed on the TTY. Optionally, the
user can supply his own I/O routines for cassette I/0 or other methods. See the
program listing for instructions regarding user 1/0 routines.

1. Load file 7 into the KIM. This £ills the basic KIM memory with base page
variables and default I/O routines. Note that page 3 will be used for I/0
buffers and symbol table storage but these areas may be moved elsewhere by
modifying the appropriate base page values (see source listing).

2. Ioad file B into the KIM. This is the compiler itself and will load into
locations 2000-262E.

3. Check the base page parameters between 0000 and 0016 (see listing) to be
certain that the default values assembled into the program are appropriate for
your system. They should be fine for gystems with 4K or more of expansion
memory starting at 2000.

4. If using a teletype, put the NOTRAN source tape into the reader and ready the
KIM for teletype I/0. This would already have been done if your are using the
KIM monitor in teletype mode.

5. Start the compiler at 2000. An X-ON control will be sent out starting the tape
to read. At the end of each line a X-OFF on the tape will stop the reader and
the compiled listing of that line will be typed depending on the settings of
LIST and ECHO. If user I/O routines are used, input lines will be read and
alternated with output lines.

6. When an END statement is compiled a jump to the KIM monitor is taken. The
object code may be left in memory and the interpreter loaded to hear the
results or the object code may be dumped to tape for later use.

7. If input/output difficulties are experienced, the status of things can be
pretty well determined by examining the contents of the input and output line
buffers, the buffer pointers, and the current object code location counter.

8. If a listing is not needed the compiler itself is fast enough to keep up with
110 baud continuous input with two stop bits.

9, If the user has sufficient memory and long, complex scores, the defualt length
of the symbol table and object code area may be changed. Note that there is an
absolute limit of 255 symbels in the symbol table.



PRINCIPLES OF OPERATION

SIMPLIFIED INTERPRETER
{5ee page of source listing)

The music playing program consists of two major routines: MUSIC and PLAY.
PARAMETER ADDRESS
MUSIC 0100/0178 (addresses are in hex unless noted)
MUSIC steps through the list of notes in the song table and sets up the duration

parameter and the note parameters to be played for each voice for the PLAY routine
{see SONG TABLE paragraph for futher DUR description).

DUR 0017

V1IN 000C-000D
V2IN D00E~-OO0QF
V3IN 0010-0011
V4IN 0012-0013

The PLAY routine simultanecusly plays the four notes specified by V1IN thru
V4IN for the time period specified by DUR. Another variable, TEMPO, controls the
overall tempo of the music independently of the durations specified in the song
table. TEMPO cannot be varied during a song with a simplified interpreter version
song table.

PLAY 0179/01CD
TEMPO 0016

The simplified version in this package (different from the BYTE SEPT 77
article) allows 4 different waveform tables to be played simultaneously. These
waveform tables require 256 bytes (one memory page) each and are located at WAVLTB
thru WAVATB., The actual waveform samples stored in the table have already been
scaled so that when four of them are added up there is no possibility of overflow.
The page addresses of the waveform tables are located at the following addresses.

WAVELTB 0002
WAVE2TB 06005
WAVE3TB o0oos
WAVE4TB 000B

The song table can be stored anywhere in memory with the begining address of

the table stored at:
SONGA 0014 (low byte) = 0015 (high byte)

The table has an entry for each musical "event" in the piece. A musical event is
any song table change of duration or note frequency. By suitable choice of the
TEMPO parameter in page 0, "round numbers" (in the binary sense) may be used for
duration parameters of common note durations. Each note ID points to a location
in the note frequency table which in turn contains a 2 byte frequency parameter
for that note which is placed in the V1IN thru V4IN registers. A song table entry
requires 5 bytes (reduced to as little as 1 byte for the advanced version) the
firat of which is the duration parameter.



PRINCIPLES OF OPERATION
SIMPLIFIED INTERPRETER - con't

The first byte of a song table event is the duration of the event in units
according to the value of TEMPO. For a typical tempo setting of 109 (decimal) a
duration of 48 would correspond to a quarter note at approximately 100 beats per
minute. If the first byte is 0-4, then a control function is performed as the
following:

0 End of song, control is returned to the KIM monitor.

1 End of song table segment, next 2 bytes contain the address of the
beginning of the next segment.

2 "REFRAIN DESIGNATOR" {jump to subroutine). The current location in the song
table is saved on the stack and the next 2 bytes contain the address of
the refrain.

3 End of refrain (return from subroutine). Playing resumes at the lacation
in the song table saved by the last refrain designator.

Note: Musical subroutines may be stacked as deep as desired subject only to the
amount of stack area available.

The PLAY routine is optimized for speed, because its loop time determines the
sample rate, Essentially, the routine maintains four pointers:

V1PT 0000-0001
V2PT 0003-0004
V3PT 0006-0007
V4PT 0009~-000A

to the four waveform tables. Each pointer consists of three bytes in order of
increasing significance. The first byte is the "fractional part" of the pointer,
and the second byte is the integer part which is also the lower half of an address
in the waveform table. The third byte is the upper address (WAVXTB, X =1 to 4)
which normally remains constant. Waveform table lookup is considerably simplified
by using the indirect addressing mode of the 6502 with these pointers. Note that
the fractional part of the pointer is ignored when the table loockup takes place,
since interpolation is much too slow for a real time routine.

During each sample, waveform table entries for each voice are fetched, added
up, and sent to the digital to analog converter output port. Then the increment
(VXIN) is added (double precision) to each pointer (VXPT). Wraparound from the
end of a waveform table to the beginning is automatically taken care of due to the
fact that the table occupies a full memory page. Finally, the tempo counter is
decremented and checked. If the tempo counter is zero, it is restored and the
duration counter is decremented and checked. If it is alsoc zero the note is
finished and PLAY returns. The net result is that TxD samples are computed and
sent out for the event, where T is the tempo parameter and D is the duration
parameter.

The system requires an 8 bit Digital to Analog Converter to create the waveform
as a varying voltage. The port address on the KIM-1 for this DAC to be connected
to is 1700, with the data direction register (DDR at 1701) set to output by
storing hex FF.
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