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2 ABSTRACT

ABSTRACT

A sound experimentation facility has been implemented for the LOGO

world on a GTI - TT2500 mini-computer. The system allows definition

and modification of waveforns, sequencing of sonic events, and high

quality sound to be produced. Music is representable on a somewhat

primitive level. The organization and implementation of the system is

described, and modifications and extensions are proposed.



RS INTRODUCTION

INTRODUCTION

This report describes a sound experimentation facility for

children. A better term would be sound experimentation environment,

since the facility exists as a set of programs rather than a locus.

The environment is part of the LOGO world and is hoped to fulfill

certain needs in the aural medium, allowing simple procedural

definition and manipulation of sonic events, as the now-classic turtle

and its extensions (the seeing eye turtle, touch-sensitive turtle) have

allowed simple procedural definitions for behavioral functions and

provided a learning environment for children to come ip contact with

these procedural definitions. It is hoped that the sound

experimentation environment will provide as rich an atmosphere in its

sphei2.

The system was originally intended to allow (relatively)

arbitrary sonic events for interrelated purposes of instruction and

entertainment. One very instructive sonic illusion is Stewart's
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illusion in which a note (whose spectra is shown below) is played for a

few seconds (figure 1):

AmeLiTUDE
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Pts, 1
freq,

Then, .each of the harmonics is shifted up in frequency, still

maintaining “the envelope (figure 2):

This process is iterated. Eventuallythespectrareturnsto its

original state: no “increase in frequency has occurred. What

obtains perceptually is a rising tone that never gets any higher.

Another perceptual trick is the flipping of the phase of one harmonic
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amplitude

. 4 3 Tee

freq.
fig. 2

of a note and hearing the harmonic's presence where before it was

Integrated into the note.

There are several interesting things to be done with multiple

channels: causing sounds to fly around in three space by varying the

amplitudes and phases of four channel reproducers arranged in a

tetrahedron (figure 3):

Simple harmonic motion "thru one's ears" would be an

interesting effect rather easily obtained. A more advanced task would
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be the creation of sound "jungles" in which sounds would advance and

receed as it was "physically" (actually or metaphorically) walked thru.

Such‘afacilitywouldprovideaninterestingexcursionintotherules

governing placement of sounds, pursuablé topics might be what happens

when we change the laws of intensity and distance, “what happens if we

fit some sort of sensor onto the head and move sounds opposite to where

they should be going.

Such a sonic facility has need for a sound wave sculpting
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facility. Why does a sinusoid sound like a. "pure" tone, What happens

Lf I lop of f the top and bottom of a sine wave? ‘What does this

waveform sound like? The ability to see a waveform on ‘a display

screen, to hear it, then change the waveform, see it, hear it,..

One very powerful way to produce waveforms is: to add weighted

sinusoids of varying frequencies to one another, a la Fourier series.

To see and hear sums of sinusoids become square waves is a potentially

simple way of giving an intuitive grasp of Fourier series in particular

and frequency domain analysis in general. Other ways of manipulating

waveforms are apparent: ‘digital filtering techniques, simple addition

of two tones yielding the sound of both tones (I remember confusion as

a child as to how could both a guitar and a singer come over that one

wirel), phase, frequency, and amplitude twiddling, etc.

Manipulation must also be allowed to take place on sequences of

such events. In order to have the ability to do music, illusions that

evolve over time, or any sounds that depend on external events we must

be able to reprogram the device.. First we need a representation for a
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series of sonic events referencing user definable and manipulable

waveforms. A macro facilityisprovidedfor this purpose. The details

of this will be given in the Engineering section.

Such a system needs to produce good audio. To represent 20 khz

frequency we at very minimum need a sample rate of 40 khz or 25 usecs

bétween samples. And in order to do music our representation of

frequency needs to be fairly accurate. [Backus] reports 3 cycles is

the minimum percievable difference (below 1 khz) in. pitch. Also, large

number of output channels should be provided, at least four to

represent 3-space

Another necessary property of the system is ease of use. If

the user doesn't care to know about all the properties of the system

(eg. the stored program facility, multiple voices) he shouldn't be

bothered by them. The representation of sequencesofsonicevents

should be reasonably easy to use. ‘And the "flavor" of the programming

ability should be interpretive - allowing things to be tried, modified,

retried, and then made somewhat permanent.
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As with any software, the components need to be as decouplable

as possible. For example, if at some future point in time the

programming feature is found to be inappropriate, a modification of the

macro facilities should not affect the other software

SYSTEM DESCRIPTION - WHAT THE USER SEES

A voice is an assignable channel. Physically, a voice is an

output register and.‘a DAC. The hardware can support 4 voices at a 40

khz sample rate and 8 voices at a 20 khz sample rate, each playing

arbitrary waveforms. Conceptually a voice is a triple consisting of a

frequency, a phase, and a waveform pointer. Due to a lack of hardware

multiplies, an amplitude is not a changeable attribute of a voice, it

must be changed on the waveform level (see below). The operations ‘that

are permitted on a voice are changing phase, changing frequency,

assigning a different waveform, and activation or deactivation (albeit

the last occurs indirectly).
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A waveform is a double consisting of a 240 element array of 16

bit words representing a single cycle of a periodic signal and a 16 bit

frequency multiplier that is invisible to the user and whose purpose

will be explained below. Conceptually, a waveform is an oscillator

whose characteristics cam be changed at will. Operations permitted on

waveforms are creation (such as making one a sinusoid, sawtooth,

etc.), scaling (takes about 4 msecs), display (on a graphics device) and

combination.

Combination is a 7 argument operation: wvfml, wvfm2, wvfm3, a,

b, ks 1. Essentially, wvfml and wvfm2 are scaled by a and b, then are

expanded or contracted in time according to k and 1. That is, letting

wvimi (f) be a waveform i at frequency f (remember that frequency is not

bound to the waveform until it is played: "f" is just a reference

frequency), this function will perform the operation

wvim3 (f) &lt;- a = wvifml (f) + bx wvfm2((k/1)=f)
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Graphically (figure 4):

A problem occurs if 1 doesn't equal 1, that is when the

frequency of wvfm2 will be at a non-integral frequency multiple of

wvfml, This will be where the frequency multiplier helps us out. What

we do now is make 1 copies of wvinl and k copies of wvfm2, scale them

by a and'b and add them together (figure 5):

But now if we play this waveform at frequency f we will actually be

playing it at frequency laf. This is due to the fact that we didn't
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know there were 1 copies of wvfml, the waveform at the reference

frequency. In order to keep track of this, we keep the "1" around.

When we initialize a voice, we will divide our frequency by this

number. The combination operation gives us a lot of mileage -

providing many functions for sound experimentation such as addition of

sinusoids, overlaying of waveforms, etc.

The sequencing feature needs description. The allowed

operations are listed in Appendix 1. There are two modes of operation:
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command mode and interpret mode. In command mode ‘every command that is

given to the ‘system is executed immediately. I would imagine this to

occur if someone was sound-sculpting or trying to debug a sonic

sequence. In interpret mode the commands would be stored as macros for

subsequent execution. Then from command mode these stored sequences

could be recalled and played and used as building blocks for larger

sequenc--

The programs written.for the system are divided into two major

categories, the code that runs thé voices in the 2500 (a mini-computer

that handles the real-time stuff), and the: code that handles

miscellaneous LOGO functions. The LOGO functions include the

combination operation, display upon a graphics device, and a few other

operations needed to interface the 2500 with LOGO. The 2500 program

besides the real-time sampling of the waveforms also provides the macro

capability allowing interpretable sequences of sonic events.

CONCEPTUAL ORGANIZATION OF THE SYSTEM
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The code written for the 2500 (the minicomputer that runs the

'guts" of the system) is centralized upon the routine oscstart. An

altetnate entry point, oscinit, sets up some constants. This routine

takes‘1argument : the number of active voices. The voices are

treated as an ordered set, and if oscstart is called with n then voices

l,2, ... n are treated as active and the inner loop is iterated n

times. The routine does not return until a 40 khz clock fires,

providing the time base for the system.

There are several routines that provide time measuring

facilities. Play is a two argument subroutine that plays the current

voice configuration of n voices for s seconds. Playm is an alternate

entry point that plays for s milliseconds. - Wait and waitm should be

self explanatory. ‘Playforever allows the current configuration to be

played forever (until an interrupt occurs).

Another class of routines are provided for creationof

waveforms: impulse, zerowvfm, sin, square. These are generally 2
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argument functions: amplitude and waveform number. The proper

waveform with the specified amplitude is put into the location

specified by the waveform number. The waveform number is a member of

the set (0,1..

There are several miscellaneous routines: nsamples plays n

samples of the active waveforms. Scalearray multiplies.a waveform by

an 8.8 bit fixed binary number. Mapwvfm# takes the waveform number and

produces the location of the beginning of the waveform. Posmultiply

performs multiplication of 2 16 bit numbers.

The macro facility is simply an instruction decode and a call

to the routines that are specified. As of now, the only control

structure allowed is the unconditional branch. Future extension are

covered in the Bells and Whistles section to come

A scratchpad register, pc, is used as a pointer into the macro-

code. The format of the macro is as follows:
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nstruction

argl

arg?

The macro-code is stored in main memory locations 5670-7634 (octal).

Two routines, fetch and store, do all the accessing of the macros.

ENGINEERING

The restrictions to the routine have been mentioned before: high

frequency resolution and fast execution speed. The high frequency

resolution is provided by the DDA algorithm . As mentioned before, a

voice is a triple consisting of a waveform name (pointer), a phase, and

a frequency. The phase is represented as a special index into the

waveform: it is not simply an integer, but as an 8 bit integer and 8

bit fraction (called a). Only the 8 bit integer portion of a is ‘used



17 ENGINEERING

for the index. The frequency is also represented. as an 8. 8 bit fixed

binary number (called m). The frequency is actually a displacement to

be added into the phase each time. The phase is truncated to an

integer, compared with the size of the waveform (for wraparound) and

then used as an index into the waveform for the sample. Below is a

flowchart (figure 6):

———

Vv

spmckL«mo
SCRATCHL&amp;A |

5¢R ATE),£SepATOHZ«SERATHY,

 sh
&gt;240,2

\

SRARN2L¢ [separ|

SeRAY &lt;— SRATCHZN IY)
SCRATCHY WURM_PTR

SCRATCH2&amp;SCRATCH3+SeRMEHZ
SCRATCHY4(acRATRM 3)

 OUT SCRATCH

The various a's, m's, and waveform pointers are kept in a voice state

vector, a contiguous. block of 24 words allowing up to 8 voices in the
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2500's scratchpad address space. A feature of the 2500 allows indexing

of these voice parameters. In order to increase execution speed of the

inner loop, the active voices are assumed to be the low order "n" in

the block (n ils the single argument to the oscstart routine).

Therefore, activation and deactivation of a voice is done only via

changing "n". In order to deactivate a voice in the middle, it would

either have to be assigned a zero waveform or be reshuffled in the

block (by calls to voice).

For our purposes, the DDA algorithm is accurate enough. If s

ig the sampling frequency, m is the frequency representation (as

discussed above) and f is the frequency of the waveform (that is, every

1/f seconds the waveform is reiterated) we have

f=5/(240/m) =s+m/240

Since m is quantized and has 8 bits of fractional precisionwecan

den.&gt;a
-

m's==m4 &amp;

{0 be the "true" frequency representation. It is clear that
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lel=&lt;¢1/512

and that the bounds for the frequency f with frequency representation m

re

sx (m+e) /240 =&gt; f =&gt; sx (m-e)/240.

[ £ we denote c sub i to be the fraction of error in units of

a semitone (if c¢ subi = 1 we would be one semitone off)

frequency
meaning the next lower available™and i = 2 meaning the next higher one,

Ee

[  -—— (2%2 (1/12) ) 2nxc2 xs» (m+e) /240

2x% (1/12) xxCl #52 (m-e) /240

NY

C2 = log_base_2x« (1/12) (f/ (s*(m-e)/240))

a
- log_base_2+# (1/12) (m/(n-e)). and

cl= log_base_2#x (1/12) (n/ (m+e))

It is easy to see that our maximum error will occur at the lowest

frequency (small m). At 50 hz (to take an arbitrary lower bound)

1} 1 =240250/40210%x272
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.,3

SO

c1=.033780

c2=~. 113079

The worst case frequency error is then about 11 % of a semitone at 50

hz. As mentioned before, the minimum perceiveable change of pitch is

about 3 hz, which at 50 hz is 6 percent. This means a barely

perceptible frequency error at the low end of the sonic range.

The decoding of the instructions.for the macro facility is very

simple. Basically, the first 4 bits of the sixteen bit op-code specify

the tvoe of oncode: see appendix 1 for a list of opcodes and their

neani na &lt;
*

A tag opcode is used only for branch macros: when they are

encountered in the normal flow of execution they are treated as a no

op. If, in the flow of execution, an unimplemented op-code is detected

we simply hang up (a jump . ) as an error condition.

These macros are admittedly hard to handle, as they are to
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music structure what assembly language is to PL/1. They're saving grace

1s that they can be decoded in less than 10 usec. Their use should be,

eventually, as an object code description of a higher level

description. A LOGO (or other host-environment) program could

"compile" a suitable user-level representation into this admittedly

inhospitable code, thus benefitting from ease of use and run-time

sffeciency

As an example, let us say that we wished to vary the volume of

=] C tone, starting at a loud. level and progressively becoming softer

and softer, the amplitude decreasing each time by a factor of 2. We

could represent that in symbolic macro-code as follows:

loop:

sin (sinusoid, 30000) " ;create sin at sinusoid

voice (c, 1, sinusoid) ; initialize voice 1

. 3 to "sinusoid" at pitch c

setvolce# (1) jonly 1 voice active

play (2) | ; play for 2 seconds

scalearray (sinusoid, sinusoid, .5); scale it by .5

jump loop

or if we want channel 1 getting louder and channel 2 getting softer, we
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can use the following:

 1 nop:

sin (sinusoid1, 30000)
sin (sinusoid2, 1000) ; 2 sinusoids, cause

ywe will be changing their

; amplitudes.

voice (c, 1, sinusoidi)
voice (c, 2, sinusoid?)

setvoice# (2) |

play (2)

scalearray (sinusoidl, sinusoidi,.5)
scalearray (sinusoid, sinusoid, 2.)

jump loop

BELLS AND WHISTLES

The system is capable of supporting 8 voices at a sampling frequency of

20 khz. This is assuming that not too much is happening in between

samples. By reducing the number of voices, we can do a lot in the

extra time. One nice extension is frequency modulation. The

applications of f.m. to audio synthesis is reported by [Chowning].

The technique allows a wide variety of timbres by perturbating the

frequency of a sinusoid. Chowning reports brass, woodwind, and
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percussive tones are obtainable.

Since we have the phase of the voices (in the block of a's,

Tr inS ) a f ( h s

last iteration in the output registers) we can perform a transformation

from output samples to perturbation of a phase. [Chowning] and

[Saunders] have proposed frequency modulation schemes based on

sinusoids modulating sinusoids (in the former article) and triangle

waves modulating sinusoids (in the latter). In the current system, we

would allow an arbitrary waveform modulating an arbitrary waveform, a

waveform modulating a waveform modulating a waveform, ... yy Cross

modulation, co-modulation, etc. The only constraint will be

computational complexity as concerns time: in the Saunders paper this

was not a constraint since the perturbation of the frequency was a

precomputed constant. In the current system, it is hoped that simple

(ie. not necessarily using multiplies or divides) transformations will

allow a sufficient parameter space for interesting tones
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As mentioned previously, the macro code for the system is

somewhat unwieldly : the operations involve the physical manipulations

that the. system allows, and ‘these operations are intentionally

primitive. I would imagine a more conceptual approach could be easily

implemented, a la ([Smoliarl.. In his approach each voice is

conceptualized as a process that plays a "score" consisting of such

constructs as subroutine invocation, inversion and transposition of a

sonic sequence (ie. as parameters to a subroutine), iteration, playing

a note for a given period of time, allowing tempo and intensity as

parameters, etc. Such a system could be constructed in the LOGO

language with a modicum of effort, using a sort of "scan-conversion"

(for lack of a better term). That is, the sequences would be

considered as a parallel representation of events that would be mapped

into a linear string of macros for the 2500. Pe
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semibreve ¢

breve

semibreve d

breve

BELLS AND WHISTLES

becomes

voice(c,1,sinusoid)

voice (c, 2, sinusoid)

playm (500)

voice (dont_care,2, zero)
playm (500) Lo

waitm (500)

voice(d,1,sinusoid)

voice(d,2,sinusoid)

playm (500)

voice (dont_care, 2, zero)

playm (500)

waitm (500)

This process is one of scanning across each of the voices, looking for

the next event, and changing any requisite parameters. Some events are

necessarily broken up into two or more events (eg. the breve c¢, breve
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d in the previous example), so the process becomes one of looking for

crossings of ‘such events with the scan line, thus the term scan

conversion.

CONCLUSION

A system that allows arbitrary sequencesofsonicevents to occur and

almost arbitrary waveform manipulation has been presented. The system

is hoped to be fleshed out over the summer and whipped into a more

usable form by yours truly. It is hoped that the approach taken will

allow for great flexibility and expansion in the sonic medium.



APPENDIX 1 : OP CODES

TYPE OPCODE MEMBERS ARGUMENTS

tag 8 tag (used as a none

label for jumps)

sin, square, sau, wvfm#, amplitude
impulse, ...
voice m,a,uvfm#, voice

play, playm, time to be

wait, waitm played.
scalearray from_wvfm#,

to_uvfm#, scale
zerowvfm, wvfm# or # of

wv fmlod, branch, voices or tag

setvoicelf
hang, none

playforever

creation routines 2

4 argument routines 6

time sequencing 8

3 argument routines 10

misclarg 12

ZF Ciing 15



APPENDIX 2 : LISTING OF PROGRAMS

{&amp; THIS VERSION OF THE 2588 STUFF TAKES CARE)

1&amp; OF THE STEPPING THRU OF ARRAYS PLAYING)

{&amp; THE CURRENT CONFIGURATION INTERPRETING)

(&amp; OSCILLATOR OP-ODES (SOMEWHAT SIMILAR))

(&amp; (TO DISPLAY CODE) CREATION ROUTINES ETC . #51)

(CALL 74 SAVEREGSAVE)

{CALL 75 SAVEREGSAVE2)

{CALL 76 SAVEREGSAVE3)

(CALL 76 JOT)

{CALL 7777 TOPMEM)

(CALL 78 ZUVFHS)

{CALL 71 WVFMSIZE)

(CALL 72 DRCPRECIS)

{CALL 73 STACKPTR)

(CALL 27 11BUFF)

(CALL 3 DACCONV)

{CALL 8 SCRATCH)

(CALL 1 SCRATCH2)

{CALL 2 SCRATCH3)

{CALL 3 SCRATCH4)

CALL 4 SIXTYFOUR)

CALL 5 2ITERS)

‘CALL 6 THIRTYK)

(CALL 7 EIGHTBITS)

START 288 1208

281 368
282 76271

203

460

76272

1200

777

(LOD SCRATCH3)

(368)

(PUT SCRATCH3 HVFMSIZE)

1200 (LOD SCRATCH3)

(400)

(PUT SCRATCH3 DACPRECIS)

(LOD SCRATCH3)
ITOPME!N &amp; INIT STARCK POINTER TO TOP)

284

205

206

287

218

211

(&amp; INITIALIZED WAIT FOR)

(&amp; SOMETHING TO HAPPEN)

(8)

(&amp; SCRATCH: NVFN#)
(&amp; NOTE:SINGLE ARGUMENT FUNCTION AMPLITUDE IS CONSTANT)

SAW 212 40558 -  (PUSHJ NMAPWVFNA)

’13 74271 (GET SCRATCH3 HWVFMSIZE)

214 7282 (SUBI SCRATCH3 SCRATCH3)

15 400) (4881)
16 76223 (PUT SCRATCH3 XR)

7 1160 {LOD SCRATCH2)

28 -724680 {-72468 &amp; WE MAKE OUR OWN AMPLITUDE)

(LOD SCRATCH3)

(372 &amp; OUR INCREMENT)

(WRITET SCRATCHLI SCRATCH2)

(RDD SCRATCH2 SCRATCH3)

(BXCI SAKLOOP)

(&amp; OF AVAILABLE CORE)

SAHLOOP
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226
227

230

(&amp; FORGET FREQ MULT)

231
(8)

(&amp; SCRATCH1:UVFM2)
{&amp; SCRATCH2: AMPLITUDE)

SQUARE 232
233

234

.35

36

‘ag

48

41

ye

.43
| A

SQUARELOOPL

5QUARELOOP2
+5

46

57

5a

251

252

(8)

(&amp; SCRATCH1:HVFHA)

{&amp; SCRATCH2:AMPLITUDE)

SIN 253

254

(&amp; FOR OUR INDEX LATER)

255

256

287

268

(&amp; COUNT STUFF) -

261

. 262

(&amp; INITIALIZE "Y" VARIABLE)

SINLOOP 263

264

(&amp; TO A MAGIC NUMBER)

265

266

67

70

71

272

273

1100

1

24801

(LOD SCRATCH2).

(0

(WRITE SCRATCHL SCRATCH2 &amp; DO NOT)

756080 (POPD)

40550

7iel

8

1308

2

74271

5261

7282

$081

16223

26841

163776

7101

3

4328

133765

75600

(PUSHJ NRPHVFN2)

(SUBT SCRATCHZ SCRATCH2)

8) -

(LOD SCRATCHA4)

(2 &amp; SHITCH TO MAKE THE LOOP EASIER)

(GET SCRATCH3 WVFNSIZE)

(ARS SCRATCH3 1 &amp; SET. UP COUNT)

(SUBT SCRATCH3 SCRATCH3)

(4601 &amp; XR STUFF)

(PUT SCRATCH3 XR)

(HRITEI SCRATCH1 SCRATCH2)

{BXCI SQUARELOOP2)

{SUBI SCRATCH2 SCRATCH2)

(3

(DEC SCRATCH4)

(BNE SQUARELOOP1)

(POPJ)

46550
74400

(PUSHJ MAPWVFM#)

(GET SCRATCHS SCRATCH1 &amp; SAVE IT)

(LOD SCRATCHA4)

(4081)
(GET SCRATCH3 WVFHSIZE)
(SUB SCRATCH4 SCRATCH3 &amp; XR)

(PUT SCRATCH4 XR)

(SUB SCRATCH3 SCRATCH3)

(GET SCRATCH4 SCRATCH3)

(PUSHJ CMULT &amp; SCALE IT RCCORDING)

1368

4601

74271

B382

76323

5202

74302

AD274

6183 (SUB SCRATCH2 SCRATCH4)

74301 (GET SCRATCH4 SCRATCH2)

46274 ~~ (PUSHJ CHULT)

4263 (RDD SCRATCH3 SCRATCH4)

26442 (MRITEI SCRATCHS SCRATCH3)

163778 (BXCI SINLOOP)
75688 . (POP

8)

{&amp; SCRATCH4:16 BIT INTEGER)

(8 RETURNS SCRATCH4&amp;: |.8216179190+16] BIT INTEGER (RPPROX))
CMULT 274 6000 (SUB SCRATCH1 SCRATEHL)

275 6363 (RRS SCRATCH43)

276 6363." (ARS SCRATCH4 3)
277 © 4863 {RDD SCRATCH1 SCRATCH4)
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 RRR RR

a

Te

368

3181

182

1k]

04

105

186

87

168°

11

312

6361 (RRS SCRATCH4 1)

40863 (RDD SCRATCHI SCRATCHA4)

6362 (ARS SCRATCH4 2)

4063 (ADD SCRATCH1 SCRATCHA)

5362 (RRS SCRATCH4 2)

4063 (RDD SCRATCH1 SCRATCH4)

5361 (RRS SCRATCH4 1)

4863 (RDD SCRATCH1 SCRATCH4)

$362 (ARS SCRATCH&amp; 2)

4368 (RDD SCRATCH4 SCRATCH1)
75600 (POPJ)

TT FU okoeofokdelefkxokGx)

J

¢ THIS SECTION IS THE DIRTY WORK THAT IS INVOLVED WITH)

.&amp; STEPPING THRU THE WAVEFORMS THE SECTION OF)

1&amp; CODE FROM OSCLOOP TO THE END OF THE LOOP SHOULD}

{&amp; RUN IN ABOUT 4 4 USEC)

'&amp; #ITERS:THE NUMBER OF VOICES CURRENTLY ACTIVE)

3)
'&amp; wkeXNOTER#e% THIS ROUTINE DOESN (QUOTE T) SAVE REGISTERS)

18)

'})

CE Ld NLTle)

DSCINIT 313 74671 (GET THIRTYK HVFNSIZE)

314 46180 (ROT THIRTYK 18)

315 5666 (ADDI THIRTYK THIRTYK)

316 ~-1 (-1 &amp; THE PRECEDING GARBAGE)
(&amp; SETS UP RA CONSTANT THAT WE)

(&amp; NEED TO SEE IF OUR INDEX WRAPS AROUND)

317 1400 (LOD SIXTYFOUR)

320 100 ; (100 &amp; THIS IS NEEDED TO INC)

(&amp; BITS 6-11 OF THE XR)

321 1708 (LOD EIGHTBITS)

322 377 (377 &amp; USED RS A MASK)

323 74372 (GET DACCONV DRCPRECIS)

(&amp; DUMB ABSOLUTE DA"S)

OSCSTART 324 {LOD SCRATCHY)

325 (2048 &amp; TO MAKE THE XR)

(&amp; POINT TO A"S M"S OFFSETS)

{&amp; RND DRC"S)

326

 327

JSCLOOP 338

331

(&amp; INC OUR SCRATCHPRD POINTER)

NEXTL 332 74112

333 . 4168

(&amp; CALCULATE NEW FLOATING ADDRESS)

234 6263

(&amp; MAKE PREVIOUS SAMPLE A 9-BIT INTEGER)

335 65263 - (ARS SCRATCH3 3)

*36 6261 - (ARS SCRATCH3 I)

137 4263 (RDD SCRATCH3 DACCONV &amp; NE T00)

348 76211 (PUT SCRATCH3 11 &amp; WRITE OUT LAST)

(&amp; SAMPLE (SINCE RERDS))
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(8 (TAKE MULTIPLE CLOCKS WE ARE DOING THE))

(&amp; (PREVIOUS ONE HERE))

341

342

JA3

344

345

346

74223 (GET SCRATCH3 XR &amp; GRAB XR FOR UPDATING)

4264 (ADD SCRATCH3 SIXTYFOUR &amp; INC BIT 6)

76223 (PUT SCRATCH3 XR &amp; BACK FOR MORE)

16601 (CMP THIRTYK SCRATCH2 &amp; DO WE WRAP)

124001 (BPL NOSUB &amp; NO)

R186 (SUB SCRATCHZ THIRTYK &amp; NOW WE RGAIN POINT)

(PUT SCRATCHZ 12 &amp; SAVE A FOR THE NEXT TIME)

(BXCI NEXT2 &amp; INC XR)

(ROT SCRATCHZ 18 &amp; TRUNCATE TO INTEGER RDDRESS)

(AND SCRATCH2 EIGHTBITS &amp; CLEAR OUT CRAP)

(GET SCRATCH3 12 &amp; GRAB OFFSET IN MAIN MEM)

(RDD SCRATCH2 SCRATCH3 &amp; GRAB SAMPLE AND SAVE)

(&amp; INSIDE WAVEFORM)

NOSUB

(&amp; AROUND) .

347

NEXT2

350

351

352

353

354

(&amp; IT IN)

t&amp; SCRATCH3 FOR NEXT TIME AROUND)

355 20102
 356 160080

357 4525

360 133747

361 76211

(&amp; SAMPLE LEFT)

(&amp; OVER IN SCRATCH3)

362 75617

(READ SCRATCHZ SCRATCH3)

(BXCI NEXT3)

(DEC #ITERS #ITERS)

(BNE 05CLOOP) | :

(PUT SCRATCH3 11 &amp; THERE WILL STILL BE ONE)

NEXT:

{&amp;)

(&amp; SAVES REGISTERS USING STACK POINTER)

1&amp; (73 OF SCRATCHPAD))
(8 IF OVERFLOW THEN HANG UP)

SAVEREGS 363

364

165

166

67

7p

~71

37”

373

374

375

376

377

Ap

iel

402

LY:

584

185

(POPJI &amp; BACK WHERE WE CAME FROM)

760874

74873

17000

7633

127777

24827

24826

24825

24024

24623

24022

24021

76175

74174

24021
76873

14175

74074

15688

(PUT SCRATCHL SAVEREGSAVE &amp; OUR OWN SAVE RARER)

(GET SCRATCHL STRCKPTR)

(CMPI 8 SCRATCH)

(- TOPHEM 1844 &amp; STACK OVERFLOMW??)

(BPL HERE &amp; HANG UP)

(HRITED SCRATCHL SCRATCH8)

(HRITED SCRATCH1 SCRATCH?)

(HRITED SCRATCH1 SCRATCHSG)

{HRITED SCRATCH. SCRATCHS)
(HRITED SCRATCH1 SCRATCH4)

(HRITED SCRATCHL SCRATCH3)

(HRITED SCRATEH1 SCRATCH2)

(PUT SCRATCH2 SAVEREGSAVE2)

{GET SCRATCH2 SAVEREGSAVE)

(HRITED SCRATCH1 SCRATCHZ2)

(PUT SCRATCHL STRCKPTR)
(GET SCRATCH2 SAVEREGSAVE2)

(GET SCRATCH1 SAVEREGSAVE)

(POP)

HERE

(8)

(&amp; COMPLEMENTS ABOVE)

RESTOREREGS 406

187

18

bil

412

74073

5048-
22041
76174

22841

(GET SCRATCHY STACKPTR)

(INC- SCRATCH1 SCRATCH)

(READI SCRATCHI SCRATCH2)

(PUT SCRATCH2 SAVEREGSAVE)

(READI SCRATCHL SCRATCH2)
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(RERDI SCRATCH -SCRATCH3)
(REABI SCRATCH1 SCRATCHA4)

(READI SCRATCH1 SCRATCHS)

(READI SCRATCH1 SCRATCHSB)

{READI SCRATCH1 SCRATCH?)

(RERDI SCTRATCH1L SCRATCH8)

(DEC SCRATCH1 SCRATCHD)

(PUT SCRATCH1 STACKPTR)

(GET SCRATCH1 SAVEREGSAVE)

(POP)
(8) : .

(&amp; THIS IS A DIAGNOSTIC DUMP ROUTINE ENTERABLE ONLY)

(&amp; THRU SWITCHES)

DUMP

$13

Lea

22042

22043

315 22044
‘6 22845

by 22046
120 22847

21 4028

122 76073

123 74074

$24 75680

425

126

V27

1p

74272

5600

1108

3421

76123

22041

100680

60800

5163

5163

5161

4162

76121

163767

508425

(GET SCRATCH3 DACPRECIS)

(SUB SCRATCHL SCRATCHI)

(LOD SCRATCH2)

(- 4081 360)

(PUT SCRATCH2 XR)

(READI SCRATCHL SCRATCH2)

(NOP)
‘NOP)

{ARS SCRATCH2 3)

‘ARS SCRATCH2 3)

‘ARS SCRATCH2 1)

'ADD SCRATCH2 SCRATCH3)

PUT SCRATCH2 21)

(BXCI OUMPLOOP)

(JUMP DUMP)

DUNPL OP

i31

3

§

Lr

13K

w/

140

14]

$42

£673

(CALL 4 SCRATCHS)

(CALL5SCRATCHG)
(CALL &amp; SCRATCH?)

(CALL 7 SCRATCH8)
(8)

(&amp; SCRATCH1:16 BIT INTEGER)

(&amp; SCRATCH2:8 8.8 POSITIVE FIXNUM)
(8 RETURNS SCRATCH1:16%8 6.8 IN 16 BIT FORM)

SCALENUM TY 4110 (ROT SCRATCH2 18.&amp;SET IT UP LIKE FRACT INT)
74360 (GET SCRATCH4 SCRATCH1)

1260 (LOD SCRATCH3)

3771 (- 4801 10)

76223 (PUT SCRATCH3 XR)

5202 (SUB SCRATCH3 SCRATCH3)

$101 (ROT SCRATCH2 1 &amp; DO WE HAVE A BIT)

124001 (BPL NOADD!L &amp; NO)

$268 (ADD SCRATCH3 SCRATCHL &amp; ADD IN INTEGER)

4060 (RDD SCRATCHL SCRATCHI)

163773 (BXCI' MULLOOP1)
4187 (ROT SCRATCH2 7)

1686 (LOD SCRATCHL)

3771 (~ 4681 10)

76823 (PUT SCRATCHL XR)

5361 (ARS SCRATCH4 1 &amp; SHIFT MULTIPLICAND)

4161 (ADD SCRATCH2 SCRATCH2 &amp; DO HE HAVE A BIT??)

124001 {BPL NOADD2 &amp; NO)

4263 (ADD SCRATCH3 SCRATCH4)

163773 (BXCI HULLOOP2)

MULLOOPL

NOADD1

MULL S0F 2

17. -
i
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(&amp; FOR CALLER)

472

(8)

(&amp; SCRATCHL:INWVFhO

(&amp; SCRATCH2:0UT HVFMM

(&amp; SCRATCH3:SCALE (8.8 FIXNUM))

SCALERRRRY 47?

17a

377

475

V7,

380

91

182

+83

3

\05

‘86

07

-18

111

312

478

471

74002 (GET SCRATCHY SCRATCH3)

4117 (ROT SCRATCH2 17 &amp; SET THE SCRLER BACK UP)

75680

74501

40558

74400

74805

48558

74508

74102

74671

7686 |

4681

76623

22440

10444

26548

163774
75680

(GET SCRATCH6 SCRATCH2)

(PUSHJ NAPUVFH# &amp; TURN IN WVFN# TO LOCATION)

(GET SCRATCHS SCRATCHI)

(GET SCRATCH1 SCRATCH®G)

(PUSHJ MAPUVFHA)

(GET SCRATCHE SCRATCH)

{GET SCRATCHZ SCRATCH3)

(GET SCRATCH7 WVFMSIZE)
{SUBI SCRATCH? SCRATCH?)
(4081)

(PUT SCRATCH? XR)

(RERDI SCRATCHS SCRATCH1)

{PUSHJ SCRLENUM)

(WRITEI SCRATCHE SCRATCH1 &amp; PUT ANSWER IN OUT ARRAY)
{BXCI SCALELOOP)

(POPJ)

scaLeELoopP

8)

(&amp; SCRATCH1: #ITERATIONS)

(&amp; SCRATCH2:NUMBER OF VOICES)

NSAMPLES 513
514

(&amp; WAVEFORMS T00)

76837

716136

(PUT SCRATCH SAVEL &amp; SAVE IT FOR A RAINY DAY)

(PUT SCRATCHZ SAVE2 &amp; SAVE THE NUMBER OF)

515

516

317

120

21

322

323

524

592%

74581

10313

74536

$8324

74837

1028

76037

133772

15688

(GET #ITERS SCRATCH2)

(PUSHJ OSCINIT)

(GET #ITERS SAVE2)

(PUSHJ OSCSTART)

(GET SCRATCH1 SAVED)

(DEC SCRATCH1 SCRATCH1)

{PUT SCRATCH1 SAVEL)

(BNE N3ANLOOP)

(POPJ)

NSAMLOOP

(&amp;) .

(&amp; THIS SETS THE BLOCK OF 3 WORDS DEFINING THE STATE OF)

(&amp; THE OUTPUT CHANNEL) oo

(&amp; SCRATCH1:M)

(&amp; SCRATCH2:R)

(&amp; SCRATCH3:0)

(&amp; SCRATCHA4:VOICE NUMBER)

YOICE R26

327

13k

31

132

533

534

335

536

337

17083

7

1240801

75688

5404

4463

4363

4364

5363

AD

(CHPI 8 SCRATCH4)

(7 &amp; THIS WILL TELL US IF WE (QUOTE RE) TOO BIG)

(BPL VOICEOK)

{POPJ &amp; BRD ARG JUST RETURN)

(SUB SCRATCHS SCRATCHS)

(ADD SCRATCHS SCRATCH4)

(RDD SCRATCHA SCRATCH4 &amp; MULTIPLY BY TWO)

(RODD SCRATCH4 SCRATCHS)

(RODI SCRATCH4 SCRATCHA4)

(48 &amp; NOW IT POINTS TO VOICE DESCRIPTOR BLOCK)

VOICEQK
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- 548

(&amp; TO USE XR AS AN INDEX)

541

B42

76323

10808
76812

(PUT SCRATCH4 XR &amp; CAUSE WE (QUOTE LL) WANT)

(NOP)

(PUT SCRATCH1 12 &amp; INDIRECT THRU 8-5 OF XR)

(&amp; THIS ISM)

VNEXT1

VNEXT2

543 160088

544 76112

545 1600088

546 76212

547 75688

(BXCI VNEXT1 &amp; INC XR)

(PUT SCRATCH2 12 &amp; THIS IS R)

(BXC1 VNEXT2)

(PUT SCRATCH3 12 &amp; THIS IS 0)

(POPJ &amp; ALL DONE)

(8)

1&amp; SCRATCH1:WVFMA)

(&amp; RETURNS SCRATCH1:WVFM LOCATION)

MAPHVEH# 559 76174

371 6161

352 4160

553 40860

254 4060

455 4068

356 4068
357 4168

60 4060

61 4160

162 4060

63 4168

64 4860

65 4061

166 76174

367 75668

(PUT -SCRATCH2 SAVEREGSAVE)
(SUB SCRATCH2 SCRATCH2)

(RDD SCRATCH2 SCRATCH1)

(ADD SCRATCHL SCRATCH)

(RDB SCRATCH1 SCRATCH)

(ADD SCRATCH1 SCRATCHL)

(ADD SCRATCH1 SCRATCH)

{(RDD SCRATCH2 SCRATCHI)

{ADD SCRATCH1 SCRATCH)

(ROD SCRATCH2 SCRATCH)

(ADD SCRATCH1 SCRATCHI1)

(RDD SCRATCHZ SCRATCHL)

(ADD SCRATCH1 SCRATCH)

(RDD SCRATCHL SCRATCH2)

{GET SCRATCH2 SAVEREGSAVE)

(POPJ)

(LOD SCRATCH)

(5678 &amp; INITIALIZE PC)

(CALL 77 PLC).

578 1088

571 5678

(&amp;)

(&amp; THIS DOES THE INTERPRETATION OF THE CODE TO DRIVE THE).

{&amp; OSCILLATORS)
INTERPRETLOOP 572

373

574

575%

41212

74787
72008

58572

(PUSHJ FETCH &amp; RETURNS (PC) IN SCRATCH 10)

(GET SCRATCH8 SCRATCH &amp; SET BUS BITS)

(DIS BUS 17 &amp; HHICH OPCODE?)

(JUMP INTERPRETLOOP &amp; THIS IS A TRG OPCODE}
(&amp; TREAT AS NOP)

HEREL

HERE2

HEREJ.

HERE4

576 ~~ 50576
577 . 50615

300 50600

501 50601

52 50602

50° 50767

364 50604
385 50713
386 50606

387 50754
310 30618

511 50644
312 58612
513 50613

514 58742

(JUMP HEREL &amp; HANG UNIMPLIMENTED OP CODE)

(JUMP CREATION &amp; CREATE WVFM)

(JUMP HERE2 &amp; UNIMPLIMENTED)

(JUMP HERE3 &amp; DITTO)

(JUMP HERES)

(JUMP 4RRG)

{JUMP HERES)

‘JUMP TIMESEQUENCE)

‘JUMP HERES)

"JUMP 3ARG)

{JUMP HERE?)

(JUMP MISCIARG)

(JUMP HERES)

JUMP HERES)

JUHP ZEROARRG)

HERES

HERES

HERE?

{ERES

4EREYQ

(Rk)
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(8&amp; HAVEFORM CREATION ROUTINES COME HERE)

CREATION 615 74207

616 41212

317 74087

520 41212

521 74107

*22 17882

L68080

138002

§0212

508572

17882

1300802

40253

508572

L7882

186682

40232

50572

70082

168003

133777

10642

58572

74204

81212

7408087
17082

146008

130882

$1805

50572

17802

140801

136882

$1114

50572

17082

148082

138822

Lt

NO3

NO4

RANDOM

MISC1ARG

k.iB

(&amp; TYPE LOOK FOR)

565

566

67

578

571

572

373

574

575

576

577

108

81

1780808

1180

5678

1288
7633

22143

16008

18888

10600

16300

134883

16102

133778

58572

BRANCHLOOP

(GET SCRATCH3 SCRATCH8 &amp; SAVE SCRATCH8 FROM)

(PUSHJ FETCH &amp; FETCH) :

(GET SCRATCH1 SCRATCH8 &amp; THIS IS WVFMA

(PUSHJ FETCH)

(GET SCRATCH2 SCRATCH8 &amp; THIS IS AMPLITUDE OR INC)

(CMPI 8 SCRATCH3 &amp; SAN??)

(100000)

(BNE NDI) .

(PUSHJ SAK)

(JUMP INTERPRETLOOP &amp; AROUND AND AROUND WE GO)

(CHPI 8 SCRATCH3 4 SIN??)

{BNE NO2)
(PUSHJ SIN)

{JUMP INTERPRETLOOP)
(CHPI 8 SCRATCH3 &amp; RANDOM??)

(100062)

tPUSHJ SOGUARE)

(JUMP INTERPRETLOOP)

fCHP1 8 SCRATCH3 &amp; SQUARE??)

1100883)

{BNE N04)

{PUSHJ RANDOM)

(JUMP INTERPRETLOOP)

(GET SCRATCH3 SCRATCHS)

{PUSHJ FETCH)

{GET SCRATCH1 SCRATCHS)

(CHPI 8 SCRATCH3 &amp; ZERG??)

(140060)

‘BNE NOB)

{PUSHJ ZEROWVFM)

(JUMP INTERPRETLOOP)

(CHPI © SCRATCH3 &amp; WAVEFORM LOAD??)

(148001)

(BNE NO7)

(PUSHJ HANG)

(JUMP: INTERPRETLOOP)
(CHPI 8 SCRATCH3)

1140002)

‘BNE-N08)
{IORI SCRATCHI SCRATCHI &amp; THIS IS A BRANCH)

(1798008 &amp; LABEL AND SET PC TO IT)

(LOD SCRATCH2 &amp; BOTTOM OF OSC OPCODES)

(5678)
(LOD SCRATCH3)

17633 &amp; TO OF 0SCCODE)

\RERDI SCRATCH2 SCRATCHA4)

NOP) :

NOP)

'NOP)

‘CHP SCRATCH&amp; SCRATCH)

.BEQ MATCH)

(CHP SCRATCH2 SCRATCH3 &amp; ENTRY QUT OF BOUNDS)

(BNE BRANCHLOOP)

(JUMP INTERPRETLOOP &amp; NO MATCH GO BACK AND)
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(&amp; INTERPRET)

MRTCH

(&amp; SAMPLE)

(&amp; LOCATION)

NOS

NO314

TIMESEQUENCE

(&amp; ARG OF TIME)

N iQ

 rr i 8

NOLL

NO12

ZERORARG

NO13

NO 14

3wf

NO1S

783

704

18S

786

re?

iy

fda

71

713

14

71%

716

717

"5

12°

y-

&lt;

rar,
126

127

130

131

7

133

154

135

1g

7

8

1

fo

3

Af

ch

e
 or
th

eq

‘Bh

£7

-68

‘01

162

’63

164

765

R68

4121

76177

58572

17082

140003

133777

76278

50572

74207

$1212

74807

17862

10808

136002

41161

58572

17882

18081

130882

41837

58572

17882

18002

136082

41165

50572

1768082

t8oe3

133777

41643

56572

17807

8

130862

41114
58572

17687

i

133777

41026

38572

74307

81212
76807

$1212

74107

41212

74207

17603

30000

133777

40473

(DEC SCRATCH2 SCRATCH2 &amp; POINT TO MATCHING)

(PUT SCRATCH2 PC) i

(JUMP INTERPRETLOOP &amp; NOW PC POINTS TO NEW)

(CMPI 0 SCRATCH3)

(14080883)

(BNE NO314 &amp; UNIMPLEMENTED OP HANG)

(PUT SCRATCH3 #VOICES)

{JUMP INTERPRETLOOP) ol

(GET SCRATCH3 SCRATCHA8)

(PUSHJ FETCH)

(GET SCRATCH1 SCRATCH8 &amp; THIS IS THE SINGLE)

(CMPI 8 SCRATCH3 &amp; SEQUENCING ROUTINES)

(16080 &amp; IS THIS.APLAY??)

(BNE N09)

(PUSHJ PLAY)

‘JUMP INTERPRETLOOP)

(CMPI 8 .SCRATCH3)

710801)

(BNE NO18)

(PUSHJ HAIT)

(JUMP INTERPRETLOOP)

CMPI 8 SCRATCH3)

118082) .

'BNE NOL1) :

{PUSHJ PLRYM)

JUMP INTERPRETLOQP)

(CMPI 8 SCRATCH3)

118083 &amp; IS THIS A HARIT??)

(BME ND12 &amp; HANG)

(PUSHJ HRITH)

(JUMP INTERPRETLOOP)

(CMPI 8 SCRATCHS)

(8)

(BNE NOL3)

(PUSHJ HANG &amp; HANG JUST HAITS FOR AN 11 INTERRUPT)

‘JUMP INTERPRETLOOP)

(CHPI 8 SCRATCHS)

(1)

(BNE NO14 &amp; HANG)

(PUSHJ PLAYFOREVER) :

(JUMP INTERPRETLOOP)

(GET SCRRTCH4 SCRATCHS)

(PUSHJ FETCH)

(GET SCRATCHY SCRATCH8 &amp; ARG})

(PUSHJ FETCH)

(GET SCRATCH2 SCRATCH8 &amp; RRG2)

(PUSHJ FETCH)

(GET SCRATCH3 SCRATCH8 &amp; ARG3)

(CNPI 8 SCRATCHA)

(50880)

{BNE NO15 &amp; HANG)

(PUSHJ SCRLEARRAY &amp; THE ONLY 3 RRG ROUTINE FOR NOW)
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AARC 767

"78

171

172

7.

74

75

776

177

1608

1001

1802

1003

1004

74407

41212

74807

$1212

74167

41212

74207

§1212

74387

17004

128800

133777

40526

58572

(GET SCRATCHS SCRATCH8 &amp; SAVE OP)

(PUSHJ FETCH)

(GET SCRATCHL SCRATCH8 &amp; ARG1)

(PUSHJ FETCH)

(GET SCRATCH2 SCRATCH3 &amp; RRG2)

(PUSHJ FETCH)

{GET SCRATCH3 SCRATCH)

(PUSHJ FETCH)

{GET SCRATCH4 SCRATCHS)

(CMPI 8 SCRATCHS)

1126088)

‘BNE NO16)

(PUSHJ VOICE)

(JUMP INTERPRETLOOP)

 TR1

(8)

(&amp; SCRATCHL:iWVFM)

EROWVFN 1865

L886

1687

1018

1841

{812

Le13

814

1815

40558

74171

7181

4001

76123

5101

26841

163776

156088

(PUSHJ MAPHVFHA)

(GET SCRATCH2 WVFMSIZE)

(SUBT SCRATCH2 SCRATCH2)

(4001)

(PUT SCRATCH2 XR)

(SUB SCRATCH2 SCRATCH2)

(WRITET SCRATCHY SCRATCH2)

(BXCI ZEROLOGP)
[(POPJ &amp; SHOULD BE WITH INTS ENABLED)

ZEROLOOP

(8)

(&amp; SCRATCHY: UVFN®

[(MPULSE 1816 41805 (PUSHJ ZEROWVFM)
1817 1180 (LOD SCRATCH2)

((BYTE OVERLAP WARNING ONLY) (-4881 24))

1820 -3755 {-4001 24)
1821 76123 (PUT SCRATCH2 XR)

1822 76488 (76400)

1823 . 26841 (HRITET SCRATCHL SCRATCH2)

1824 163776 (BXCI IMPLOOP)
1825 75600 (POPJ &amp; SOMETIME ENABLE INTERRUPTS)

IMPLOOP

(8)

(&amp; NEVER RETURN BUT CHECK FOR ELEVEN INTERRUPTS)

PLAYFOREVER 1826 74578 (GET ZITERS #UVFNS)

1827 40313 (PUSHJ OSCINIT)

PLAYFLOOP 1638 74578 (GET #ITERS AWVFNS)

1831 40324 (PUSHJ OSCSTART)
1832 72320 (DIS BUS 2 &amp; 11 INTERRUPTS)

1833 51038 (JUMP PLAYFLOOP)

1834 10008 (NOP)

1035 41117 (PUSHJ SERVELL)
1836 75600 POP)

(8)

(&amp; SCRATCH: #SECONDS)

AIT 1837

1048

1841

1842

1108

588

41856

51845

(LOD SCRATCH2)

{508 &amp; THIS IS DUE TO 2 MSEC CLOCK)

(PUSHJ POSHULTIPLY)

(JUMP HAITADJUST)

(8)

(&amp; SCRATCH1:MSECS)

NRITH 1843 6061 (ARS SCRATCHI 1)
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HAITRDJUST
1844

1845

1846

1847

(858

1851

.852

853

.854

1855

6181

1208

1

73348

51847

6082

5823
2081

133772

75608

HAITLOOP

8)

(8 SCRATCH1:NUMBER)|
(&amp; SCRATCH2:POS NUMBER)

{&amp; RETURNS SCRATCH1:RESULT (LOW))

(&amp; RETURNS SCRATCH2;RESULT (HIGH))

DOSHMULTIPLY 1056 76276
1957 1208

1068 -17

1861 76223
,862 108080

1863 124007

.864 41676
865 41873
.866 7101
i867 3

.878 7888
1871 3
872 75600
873 5262
874 4262
.875 4141
.876 34268
877 36140
190 167773

1161 4206

1102 1842

1183 1777

1184 1141
-185 A

1106 4106

187 4061

L118 L148

11 177

1112 74276

1113 156088

“MP! &amp;

BOTHPOS
POSMULTLOOP

(SUB SCRATCH2 SCRATCH2)

(LOD SCRATCH3)
(1&amp;OURDECCER)

(DIS INTS 1 &amp; 2 KHZ HAIT)

{JUMP HRAITLOOP &amp; WAIT)

{SUB SCRATCHL SCRATCH3)

{6028 SCRATCH2 SCRRTCH3)

(I0R SCRATCHL SCRATCH2)

(BNE HARITLOOP)

IPOPJ &amp; SHOULD BE I)

(PUT 2 JOT)

(LoD 2)

(-17)

(PUT2XR)
(NOP 8 &amp; IF NUMBER IN ZERO IS NEG)

{BPL- BOTHPOS)
{PUSHJ CMPLB &amp; COMPLEMENT IT)

(PUSHJ BOTHPOS &amp; MULTIPLY)

{SUBI 1 1 &amp; COMPLEMENT THE SHORT ANSWER)
(®)

(SUBI 8 8 &amp; AND COMPLEMENT ANSHER)

(8) ;

POP)
(SUB 2 2 &amp; RESULT WILL RPPERR HERE)

{ADD 2 2 &amp; CLEARS THE CARRY)

(XADD 1 1 &amp; REG ONE MUST BE POSITIVE)

(IFC ADD28 &amp; REG 8 CAN BE EITHER)

(IFC INC 1 &amp; TO PUT HIGH BITS IN 1)

{BXSI POSHULTLOOP)

(ROT 2 6 &amp; GET NUMBER DIVIDED BY 188 IN 8)

(ANDI 8 2 &amp; TEN BITS COME FROM THIS WORD)

(1777)

(ANDI 1 1 &amp; AND SIX FROM THIS ONE)

(77)

(ROT 1 6)

(ROD 8 1)

(ANDI 1 8 &amp; ONLY 11 BITS FOR MOVE)

(777 &amp; DO IT HERE SO THE SIGN IS RIGHT)

(GET 2 JOT)

(POP)

(&amp;)

(&amp; HAITS AROUND FOR 11 (AND ONLY 11) INTERRUPT)

BODEOH 1414 73328 (DIS INTS 2)

i115 51114 (JUMP BODEOH)
1116 18068 (NOP)

(&amp; USUALLY ENTERED VIR POPJI AT END OF OSCSTART)

SERVELL 1117 41143 (PUSHJ GETHWORD)

1128 742088 (GET SCRATCH3 SCRATCHL)
1121 1100 (LOD SCRATCH2)
1122 7776 {- TOPMEN 1)

1123 76177 {PUT SCRATCH2 PC)



SERVELOOP

GETHORD

Ot Tun"

[124

{125

[126

(127

1230

{131
32

1133

1134

(135

136

1137

49

41

+2

“43

 A

5

46

te?

h8

Ei

152

153

1154

155

1156

:157

1168

6787
41143

74788

41221

$222

133773

1760

148002

$1221

5787

$1221

1600

7777

76677

56572

73328

51143

16088

74127

1141

377

73320

51151

10000

74827

1040

1774680

2001

75600

{ 7 APPENDIX 2

(SUB SCRATCHS SCRATCHS)

(PUSHJ GETHORD)

(GET SCRATCH8 SCRATCH)

(PUSHJ STORE)

(DEC' SCRATCH3 SCRATCH3)
{BNE SERVELOOP)
{LOD SCRATCH)

1148862 &amp; THIS IS A BRANCH TO THE BEGINNING OF THE MRCRO)

{PUSHJ STORE &amp; STORE JUMP)

(SUB SCRATCH8 SCRATCH)

(PUSHJ STORE &amp; STORE TAG (ARG FOR JUMP))

(LOD SCRATCHL)

(TOPHEM)

(PUT SCRATCH1 PC)

(JUMP INTERPRETLOOP)

(DIS INTS 2 &amp; BYTE READY?)

(JUMP GETHORD &amp; NO)

(NOP) :

{GET SCRATCH2 11BUFF)

{ANDI SCRATCH2 SCRATCH2)

1377)

(DIS INTS 2)

(JUMP GETHRIT)

NOP)

‘GET SCRATCH1 11BUFF)

"ANDI SCRATCH1 SCRATCH1)

1177400)

.I0R SCRATCH1 SCRATCH2)

(POP-J)

(CALL 78 #VOICES)

{CALL 37 SAVE}

(CALL 36 SAVE2)

(CALL 35 SAVE3)

'8)

t&amp; SCRATCHL:#SECS)-
(&amp; MVFMS:HOW MANY ACTIVE VOICES)

PLAY 1161 - 1108 (LOD SCRATCH2)
1162. 6 (6 &amp; THIS FUNNY CONSTANT TAKES)

1163 41056 . (PUSHJ POSMULTIPLY &amp; CARE OF TIME SPENT IN INNER LOOP)

1164 51178 {JUMP PRDJUSTED)

{8)

{&amp; ALTERNATE ENTRY POINT MSECS INSTEAD OF. SECS)
PLAYNM 1165 6063 (ARS SCRATCHY 3)

1166 5062 (RRS SCRATCHL 2 &amp; DIVIDE BY TIME IN INNER LOOP)

L167 5161 (5UB SCRATCH2 SCRATCH2)

Li78 1208 {LOD SCRATCH3)

"171 i {1 &amp; USED AS AR DECCER)

72 76837 (PUT SCRATCHL SAVED)

73 76136 [PUT SCRATCH2 SAVE2)
174 76235 (PUT SCRATCH3 SAVE3)

175 10313 (PUSHJ OSCINIT)

1176 74578 {GET #ITERS #VDICES)
A77 40324 {PUSHJ OSCSTART)

1288 14837 (GET SCRATCH1 SAVED)
1201 74136 (GET SCRATCH2 SRAVE2)

1202 74235 (GET SCRATCH3 SAVE3)

PADJUSTED

PLAYLJOP



1283

1204
1285

1286

1287

1218

i211

(CALL 7777 MAXMEM)

(&amp;)

(&amp; RETURNS SCRATCH7:BOMBED)
{&amp; RETURNS SCRATCH8: (PCJ)

(&amp; RETURNS. PC:PC+})

"ETCH 1212

1213

1214

1215

1216

217

1228

SCOVF

(&amp;)

(&amp; SCRATCH8: VALUE TO BE WRITTEN)

(&amp; RETURNS SCRATCH7:BOMBED)

(&amp; RETURNS PC:PC+1}

STORE 1221

1222

223

1224

1225

1226

‘227

1238

1231

1232

{233

PCOVFSTORE

6002
76837
76136

76235

12681

133765

15600

74677

22647

176066

7634

137777

76677

75608

74677

26647

17086

7634

134002

16677

75600

1600

5670

76677

756088

: APPENDIX 2

(SUB SCRATCHL SCRATCH3 &amp; DEC LOW ORDER)

(PUT SCRATCHL SAVEL)

(PUT SCRATCH2 SAVE)

(PUT SCRATCH3 SAVE3)

(T IOR SCRATCHLI SCRATCHZ &amp; BOTH ZERO?)

(BNE PLAYLQOP)

(POPJ &amp; SHOULD BE I)

(GET SCRATCH? PC)

(RERDI ‘SCRATCH? SCRATCHS)

(CHPI 8 SCRATCHY)

(- MAXMEM 143 &amp; MEMORY OVERFLOW?)
(BEQ PCOVF) :

{PUT SCRATCH? PC)

(POP)

(GET SCRATCH? PC)

(MRITEI SCRATCH? SCRATCHS)

(CMPI 8 SCRATCH?)

{- MAXMEM 143 &amp; MEMORY OVERFLOW??)

(BEQ PCOVFSTORE)

(PUT SCRATCH? PC) ;

(POPJ)

(LOD SCRATCH7)

(5678 &amp; NOTE WE JUST WRAP AROND ON A PC QVERFLOW)
(PUT SCRATCH? PC)

(POPJ)
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