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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 waveforms; sequencing of sonic e'vents, 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. T



3 . INTRODUCTION

INTRO DUCTION

This feport déscfibes a sound experimentation faci;ity for
childrén.' A.better ters would be sound experinehtation'environment,
~since thé facility exists as a set of programs rather than a locus,
The environment 1; part of fhe LOGO world.and 1s hoped to fulfill
cértain needs in the aurai medium, allowing‘simple_procedurai
definition ana manipulation of sonic events, as the now-classic turtle
and its extensions (the seeing eye turtle, tﬁuch-senéitive turtle) have
alloﬁed‘simple procedural definitions for behavioral functions and
provided a learning environment for childfen to'come 1n|c6ntact with
these procedurél definitions. It is hoped that the sound
experimentation enviroﬁment wilf provide as rich an atmosphere in its
sphere.

The system was originally intended to a1i0w (relatively)
arbitrary sonié events for interrelated purposeglof instruétion‘and

enterfainment. One very instructive sonic illusion is Stewart's
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illusion in which a note (whose spectra is shown below) 1s played for a

few seconds (figure 1}:

AM?LUUDE..‘ | / | %

‘pfs. i
Then, .each of'the harmonfcs is shifted up in frequency, still
maintaining ‘the envelope (figure 2):
This process is iterated. Eventually the spectra returns to 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 harmonié
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- 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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‘Pl'ﬁ. 3.

be the creation of sound "jungles" in which sounds would advance and

rgceed as 1; was "physi;ally"”(actually or metaphorically) waiked thru.
Such‘a‘facilit} wduid‘provide an interesting excu;sion intoithe rules
governing placément of.sounds, pursuab1e topi;s might.be,what happéns '
when wé change the lgwslbf intensity and distante, what happens,if we
fit some sort of sensor onto the head apd move sounds opposite tolwhete
they shﬁuld be going.

: Such‘a sonic facility has need for a sound wave sculpting
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f&cility. _Why doés a sinusoid sound like a. "pure" tone, Wﬁat ﬁappens
if I lop bff:the top and béttcm of § 51ne wave? What does this
wavefbrm.sound likg? The gbifity to see a waveforq oﬁ'a dispiay
screen, to heﬁrif, then change the-ﬁaveform, see it, hear it,...
Oﬁe‘very powéfful way to produce waveforms is-to édd weiéhted

sinusoids of‘iarying-frequencies to oné anothgr, a la Fburier series.
To see and hear sums_ofisinusoids become square wévés.is a potentially '
simple Way,of giving an intﬁitive grasp 6f Fburier'series in particu1ar
and f?qquency domain analysis in general. .Other ways'of manipulating
waveforms.a;e appérent:.Qigitalfiltering techniqués, simplé addition_
of two tones yielding the sound of_hoth tones (I’ remEmber'Canusion as
a chilﬁ.as fo how_cbuld both a guitar and a singer.come over that one
wiret), phase;ffequency, and &mplitude twiddling, etc.

. Manipula;ion must also bé allowed to take pléce on sequences of
such efents. In order‘td haﬁe the ability to do music, illusions that
_evolve over time, or any sounds that dependlon external evénts we must

be able to reprogram the device, First we need g'representatipﬁ for a
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series of sonié events reiefencing user definable aﬁd manipulable
wavefqrms. A macro facility is provided fof this purpose.  The details
of this will be givén in the Engineering section..

Such.a sysfem'needsto produce good~audio; To répresent 20_kﬁz
fpequency we.at'very minimum need a samﬁle rate of 40 kﬁz or 25 usecs
bétweeﬁ samples, Aﬁd'in order to do music our representation.of'

_ffequeﬁcy needs.to be fair1y accurate. '[Backus]'rcports.3 cyclés 15

the minimum percievabie diffgrence (below 1 khi)'in pitch. Also,'large
.numﬁer of.outpui channels.shduld‘be-provided, at least fqur.to
represent 3-space. . |

Another necessary property pf the system is'ease ofluse. 1£
'the'user doesn't care to.know about'all-the_proﬁerties of the sys;gm.
(eg. the stored progran facility, ﬁuifiple voice;) he‘shouldn{t be

~ bothered bfithem. The representation of'sgquences-of sonic events
Should be re#sonably easy to use, “And the_"flavﬁr"‘of.thg programming
gbility éhould be interpretive‘— allowing things to ﬁe 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:mpdificétioﬁ of the

macro facilitiesjshould not affect the other software.

SYSTEM DESCRIPTION - WHAT THE USER SEES

A voice s an éssignahle_channel.' Physigally,‘a voice. is an
6utpﬁf register and:a'DAC.. The hardware can support_ﬂ'voicgs'at a 40
khz sample rate and 8 VOices'at'a 20 khz sampie rate, each playing
'érbitrary wavefofms. ‘Conceptually a voice is-a triple.consistinglof a
frequency, 5 phase, and a wavefornm pointer. -Due to a lack of hardware
multipiies,'an amplitude is not a changeablé attribut¢ of a foicg,_it-
must be'ch#nggd-on the waveform level (see be1ow); The operations that
‘are permittéd on & voice are changing phase, ;hanging frequency,
assighing a differenf.waveform, and activation or deéctivation {albeit

the last occurs indirectly).
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A aneform is a doublé consisting of a 240 elemenf_arra? of 16
bit wdrds répresenting a sinéle cycle of.a periodic signal and a 16 bit :
frequenéf multipiier thét is invisible to the user:;nd whose purpose
will be explained below. Conceptually, a waveform is an~osc111atof
whose ﬁhatac;eristiés can be changed at will. Operations pérmitted on
wavefdrms are creation (such gs making one a sinusoid; sawtooth,
etc.), scaling (t#kes apout 4.msecs), display (on a.graphics:device) and
tombination!

Combinatibn,is a 7 argument operatian: wvfml;-wvfmz,lwvme,'a,
b, k,.l. Esseptially, wvfml_and wvfmz.are scaled by a and b, then are
expanded‘or contracted in time according to k and 1. Tﬁat is, letting
wvfmi (f) be a.wavefOrm i at freqpency f (remember‘that frequencx is not
,bdﬁhd to the Qaveform until it is plﬁyed: "f" is just a refefence

frequéncy), this function will perform the opefatipn-

wvimd (f) <- a » wviml (f) + br wvim2((k/1) »f)
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Graphically (figure 4)3

A problem ocecurs if l‘doesn't equal'1, that is when the
frequgncy of wvinm2 will,be.at'a ﬁon—integral'fréquency multiple‘of
wvEnl, This wiIl be yhere the frequency nultiplier ﬁelps us outf Qhat
wg do now is maké 1 copies of wVfﬁl and k.coples of'wvfmz, sca}e them
by a and'b‘and add them togetherl(figure Bl
But_now‘if‘wg play this.wavefofm at frequency f we will aqtdélly be

playing it at frequency lsf. ‘This is due to fhe fact that'we”didn't
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know there were 1 copies of wviml, the waveform at the reference

frequency. In order to‘keep‘track of this, we keep the "1" around.
When we initialize a volce, we will divide our fr_equenc} by this
number. The combination operation gives us a4 lot of mileage -~
proyiding many fﬁnctions for sound experimentation such as addition of
sinusolds, 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
g;ven.to the'sysmem‘is executed immediately. I would';maginelthig to
océur 1f someone was sbundfsculpting or tfxing té debug a‘gonic
sequence.. In 1ntefprét mode the commands would pe sfored ag.macros for
subsequbnt execution. Then from command mode these stored sequences
could be recalled'and played and'psed as building blocks.for larger
sequences. o |

The ﬁrograms writteﬁ:for the system are divided into two_major
categories,-the.cpde that runs the voices_in'therzsoﬁ (a mini—éomputer
that handles the real-time stuff), ;nd tﬁe code that handles
'miﬁcellaneous LOGO_functiﬁns. The LOGO functions inciude .the
combination opefation, display-upbn a gfaphics device, and a feﬁ other
oﬁerations needed totinterface.the 2506 with LOGO.‘ Tﬁe 2500 progranm
besides the'real—time‘sampliﬁg of the wgvéforms élso providés'the‘macro

capability allowing interpretable sequences of sonic events.

CONCEPTUAL ORGANIZATION OF THE SYSTEM
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The-codeVWritten for:the 3500 (thé minicomputer that runs the
"guts" of the system) is ceﬁtralized upon the routine o#gstaft. An
altetnate'entry point, o;cinit,-sets up some:constants; This foﬁtine
takes 1 argﬁment : the number of.active voices. The voiceé are
treated as an’ordefed set, and if osc;tart‘is calléd;with n ;hen voices
1,2, ... n are treated as active and the inner loop is‘iterated n
times, The routine ﬁdes not return until a 40 khz clock fires,
proyiding.the time base for the system..

There are several routines that provide time measuring
fécilifies.A Play is:a two'argument subroutine that plays the curren@
‘voice configuratidn of n voices for s secondg.  P1a§m1s an‘altern&te
ent;y point that plays for s.m;lliseconds.' Wait and wa1tm should.ﬁe
self explanatory.. Playforever‘allows the current configuration to be
._played forever (until an interrqpt occurs).

Another class of.routines are provided fof éreation-of

.

- waveforms: Impulse, zerowvfm, sin, square. These are generally 2
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argument functions:- ' aml;litude_ and waveform. number. The proper
.waveform with the specified amplitude 15. put into th;: lo.cation
,speci,f'ied by .the waveform number. The anefqrm'nu'mber is a member _of
the sét 0,1,...}.

There are several m‘is.cel.l_aneous rorut‘inesl: ~nsamples plays n
‘samples of the active w.ﬁyef’orms. Scalearray -mul,ti-pl.ie's-a wgveform ‘b)"
an 8.8 bit fixed binary number. b&apwvffn# takes th.é wav_e_form nunber and
produces the ‘loc-atio_n of the be.gin‘ning of the waveform. 'Posmulti‘ply.
performs multiplication of 2 16 bit numbers.

| The macro facility ¥s simply an instruction decode and ‘a call
té,the routines that-arespecified-. As of now, the only contr‘c';.l
structure .alllolwed. is the unconditional.branch. Future extensioh_ are
cove.l.'edlin thé Bells and Whis_.'cle“;, section to come.

A scratchpad regi.ster, pc, 1s used &s a pbinter into .the‘ macro-

code. The format of the macro is as follows:
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instruction
_argl
arg2

The macro-code 1is storcd'in main memory locations 5670-7634 (octal).

Two routines, fetch and store, do all thé accessing ef the macros.
ENGINEERING

The restrictions to the routine have been mentioned befbre: high
.'frequency'resqlution.and fast execution spged.‘ The high frequency
resolution is provided by the DbA algorithm .. As mentianed'béfore, a
voice 1s a triple cqnsisfing of a_waveform namé {pointer), a phase, and
é frequency. The phaée is represented as & Speciai index into the
wavéform: itiis‘not simply an integer, gut as an 8 bit integer and 8

bit fraction (called a). Only the 8 bit integer portion of a is used
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for the index. The frequency is also represented.‘as an ﬁ.B.bit fixed
. binary nu'mﬁer (called m). The .ffequency is actually ajdisplacement to
be.adde.d 1nto. the phase each fim_e. . The phase is truncated to aﬁ
integer, ;:ompare.d with .the‘ size of the waveform (for wréparoundj and
'.fhe'n used as an index into the wavefornm for ';he sampie. lBelox_-: is a

flowchart (figure 6): J}

SpATCh £ & My
SCRATCHL & Al

HRITLH) & FERATHZC SORATHA

TRBY2¢ [soramonr|
Selmwny «— SCRATCHZN B
SCRATUHI- WUEM_PTR
SARATCH 2. & SCRATE U3+ SC RAZHZ |
sCRATCH2 - ( cRATRH 3)
- OUINT SCRATAHZ

!

The various a's, m's, and waveform pointers are kept in a voice state 7

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 1ndexihg
ofrthesé voice ﬁarameters.‘ In order-to increase execution speed of the
inner lqbp, the active'voices are assumed to be the low order "n" in
lthe block (n is the §;ﬁgle argument to the oscstart routine).
Therefore, activation and deactivatidn'df-d voice is done only via
changing "n"._.In oider to deactivate a voicg in the middle; it would:
eithef have to be assigneda'zero waveform or be reshuffled in the
block (by calls to voice). |
For 6ur purposes, the DDA algorithm is accurate enough. If s
is 'the.samplingfreqﬁency, m.is the frequency representation (as
discussed above) and f is the frequency of the wavefornm (thatlis, every
1/f seconds the wavefofm is reiterated) Qe have
f=s/(240/m) =s2m/240 .
Since m is QUanfized and has 8 bits of'fraCtidnalrprecision-we can
denote |
m'=m+e

to be'thé "true" frequency representation. It is clear that
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lelact/512
and that the bounds for thé fréquency f with frequenc} repfesentation m
are
S*(m+e)/é40 => f => sx(m-e) /240,
If we denote ¢ sub i to be the fractién of error 1n.un1ts of
a semitone (if c sub i = 1 we wouid be one semitdne off) , 1 = 1

‘ . frequency
meaning the next lower availableand i = 2 meaning the next higher one,

theﬁ

£ = (2ka(1/12)) Kc2 wsA (mte) /240

:= (2**(1/12))**c1:*s*(m—e)/240'
or |

c2 = log_base_2«x(1/12) (f/ (5% (m-e)/240))
= log_base_2## (1/12) Fm/(m—e)){- and
el= log_base*Ztttl/lz) (m/(m+e))}

It is easy to see that oﬁr maiimum error will océur at thé lowest
: frequency(small m. At 50 hz (to‘take an arbitrary.lowef bdund)

m'=240+50/40210%23
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S0
cl=,033780
¢2=-, 113079 .
The worst case fréquency'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 pefcent. This means a barely
- perceptible frequency error at the low end of the sonic rdnge.
The:deéoding of the instructions.for the ﬁaCro facility is very
simpie. ﬁaslcally, the_first 4 bits-of the sixteen bit op-code specify
the typé of opcode: see appen@ix‘l for a 1i§£ of opcodes and tﬁeir.
meanings. -

A tgg opcode is uséd'only for branch macros: when they'arg
encountered In the normal flow‘bf execution thgy are tkeateq ag a no
op. If, in the floﬁ of executlon, an unimplemented,op—code-is detected
we simply hang up (& jump . ) as an erro; condition.

These macros are admittedly hard to handle, as they are to
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muéic structure what assgmbly language is to PL/1. They're saving grace
1s:that they can be decoded in less than 10 usec. Their use should be,
'évgntually{ a5 an object code'description pf a higher level
description. A LOGO (or other host—environment) program could
"compi}é" 4 suitable user-level_rep?esent&tion into this admittedly
inhospitable code, thus bénefittfng from ease of usé and run-time
effeciency. |

As an example, let us say‘that we wished to vary the volume of
a C tone,_Startiﬁg at a loud 1eve1 and progressively becoming softer
and softer, tﬁe amplitude decreasing eaﬁh time by a factor qf 2. Ve

could represent that in symbelic macro-code as follows:

sin (sinusoid, 30000) " ;create sin at sinusoid
voice (¢, 1, sinusoid) sinitialize voice 1
j to "sinusoid" at pitch c
setvolce# (1) , sonly 1 voice active
loop: * play(2) o , ;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:.

sin(sinusoidl, 30000)

sin (sinusoid2, 1000) | ; 2 sinusoids, cause
jwe will be changing their
;amplitudes.

voice(c,l,sihhsoidl)

voice (g, 2, sinusoid2)

setvoice#(2)

loap: play (2) .

scalearray (sinusoidl, sinusoidi,.5)

scalearray (sinusoid2, sinusoid2, 2.)

jump loop

BELLS AND WHISTLES

The system is capable of supporting 8.v01ces af a saﬁpling frequency of
Zd khz.‘ Thislis assuming that not too much is happening in between

Samples. ‘By reducing the number of voices, we can do a‘lot in the
_exfra timg. 6ne nice‘extensicn is frequency modulation. Thé
Lapplications of f.m. to audio synthesis is reported by [Chowningl.
The téthﬁique allows a widé variefy of timbres by perturbating the

frequency of a sinusoid. Chowning reports brass, woodwind, and
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percuss;ve'toneg are obtainable.
Since we have the phase of the vpices (in the block of a's,

m's, anq waveform-ppintersi and the samples from waveforms (from-the
last iteration in the output-régistérs) we can perform a traﬁsformation
~from o'utpu.t sambles to pertur.ba.tion. of a phase. {Chﬁwning] and
[Saundefs] have préposed frequency modulation schemes bﬁsed on
§1nusoids modulating siﬁusoids (in the former arficle) and triangle
waves modulating sinusoids (in the latter). 1In the current system, we
woulqléllpw an.arbitrary waﬁefcrm moduléting an'afbitra:y waveform, a
waveform modulating.a waveform modulating a waveform, ...' y CTOSS
ﬁodulation; co-modulation, etc. The_only.cohstraiﬁt_will bé
computational complexity as cohcerns time: in the Saunders paper this
waé-not a constralint sinte ;he perturbation of the frequency was a
precomputed-cthtaht. In the current system, it is hoped that simplel
(ie. not netessdrily using multiplies or divides) transformations wili

allow a sufficient parameter space for interesting tones.
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.As ‘mentioned previously, | the macro code -fo.r the system is
soﬁe*h#t unwieldly : the operations invelve the physical manipulatibns
that the-systém allows, andkfhese operations afe intentionally
primitive. 1 would imagine_a more conceptual appfoach could be easily.
implemented, a la [Sﬁoliarlh In his .approach each voice is
conceptuélized 4s a process that plays a ﬁscore" consisting of such
censtructs as subroutine invocation, inversion and transposition of a
sonic sequence (ie. as parameters to a subroutine), 1terat10n, pl,aying'
a note for a given period of time, allowing tempo and intensity as
parameters, etc. Such a systém could be constrﬁcted in the LOGO
language with a modicum of effor‘t, using a sort of "scan-conversion"
(for lack of a better term). That is, ‘t'he sequences would be
- considered as.a parallel representation of events that would be mapped

into a linear string of macros for the 2500, eg:
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breve ¢ ' senibreve ¢
semibreve .~ breve
breve d : semibreve d
semibreve breve

becomes

voice (c, 1, sinusoid)
volice (c, 2, sinusoid)
~playm (500}
'voice(donf_care,z,zero)

playm (500)

waitm (500)

voice (d, 1, sinusoid)
“voice (d, 2, sinusoid)
playm(500)

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

walitm(500)

This process is one of scanning across ea;h of the voices, looking for
the next event, and changing any requisite p&rameters. Some events are

necessarily broken up into two or more events (eg. the breve ¢, breve
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d in the previoué 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 sequences of éonic events td occur and
.almost arbitfary waveform manipulatipn has been presentéd. Thé system
is hdped to be fleshed out over the summer and whipped intoia more
usable fﬁrm.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
labetl for jumps)

creation routines 2 sin,square,sau, wfm#,amplitude
impulse,...

4 argument routines B voice m, a,uvfml, voice#

time sequencing 8 play,playnm, time to be
vait,uaitm played.

3 argument routines 1@ scalearray from_uvim#,

' _to_uvim#,scale

misclarg 12 zerouwvfm, wvimf or # of
wvfmlod, branch, voices or tag
getvoice#

zeroarg 15 hang, none

playforever



APPENDIX 2 : LISTING OF PROGRANS

(& THIS VERSION OF THE 2588 STUFF TRAKES CRRE)

(& OF THE STEPPIRG THRU OF ARRAYS PLAYING)

(& THE CURRENT CONFIGURATION INTERPRETING) .

(& OSCILLATOR OP-ODES (SOHMEWHAT SIMILAR))

(& (TO DISPLAY CODE) CREATION ROUTINES ETC . 451D

(CALL
(CALL
(CALL
(CALL
(cALL
(CALL
(CALL
(CALL
(CALL
(CALL
(CALL
(CALL
(cALL
(cALL
(CALL
(CALL
(CALL
(chLL
(CALL
START

(& OF

74 SAVEREGSAVE)
75 SAVEREGSAVEZ)
76 SAVEREGSAVE3)
76 JOT)

7777 TOPMEN)

78 MIVFNS)

71 HVFNSIZE)

72 DBCPRECIS)

73 STRCKPTR)

27 11BUFF}

3 DACCONV}

@ SCRATCHL)

1 SCRATCH2)

2 SCRATCH3)

3 SCRATCH4)

4 SIXTYFOUR)

S5 #1TERS)

6 THIRTYK}

7 EIGHTBITS) )
288
281
282
284
205
286
207

AVAILABLE CORE) -~
218
2Lt

(& INITIALIZED KAIT FOR)
(& SOMETHING TO HRPPEN)

§.4)

(& SCRATCHL:WVEN#

(& NOTE:SINGLE RRGUMENT FUNCTION RMPLITUDE

SAW

212
213
214

215

216
217
S 228

(& FOR SAHTOOTHS}

221
222

SAHLOOP 223

224
225

1280

368

76271
203

" 408

76272
l2a8

CTn

76273
41114

40558
74271
7202
400}
76223
1180
-72450

1200
372
26041
4162
163775

(LOD SCRATCH3)

(3607

(PUT SCRATCH3 HVFMSIZE)
1208 (LOD SCRATCHI)
(400}

(PUT SCRATCH3 DACPRECIS)
(LOD SCRATCH3) ;
(TOPMEM & INIT STACK POINTER TO TOP)

(PUT SCRATCH3 STACKPTR)
(PUSHJ HANG & AFTER WE HAVE)

IS CONSTANT)

(PUSHJ MAPHVFHA)

(GET SCRATCH3 WVFMSIZE)

(SUBI SCRATCH3 SCRATCH3)

(hgald

(PUT SCTRATCH3 XR)

(LOD SCRATCHZ)

(-72460 & WE NMAKE OUR ONN AMPLITUDE)

(LOD SCRATCH3)

(372 & OUR INCREMENT)
(HRITEL SERATCH1 SCRATCH2)
(RDD SCRATCH2 SCRATCH3)
(BXCI SANLOOP)



226 1189

227 1

238 24801
(& FORGET FREQ MULT)

231 " 75689

(8}
(& SCRATCHLI:WVFNA
(& SCRATCHZ:ANPLITUDE)

SQUARE 232 48550
- 233 7101
23 . 8
-235 1308
236 2
SQUARELOOP1 237 74271
240 8261
241 7282
242 4001
_ 243 . 78223
SQUARELOOP2 244 26041
245 163776
246 7181
247 8
258 4328
251 133765
252 75600
(8 :
(& SCRATCHL:HVFHA
(& SCRATCH2:ANPLITUDE)
SIN 253 46558
- 254 74400
(& FOR DUR INDEX LATER)
255 1388
256 - 4001
257 | 74274
268 6362
- (& COUNT STUFF)
261 76323
A . 262 6262
(& INITIALIZE "Y" VARIABLE)
SINLOOP 263 74302
: 264 40274
& TO R MAGIC NUMBER)
265 6103
266 74301
267 40274
278 4263
271 26442
272 - 163770
273 756008

(&)
(& SCRATCH4:16 BIT INTEGER)

2 APPENDIX 2

(LOD SCRATCH2)
( _
(HRITE SCRATCHL SCRATCHZ & DO NOT)

(POP.H

(PUSHJ NRPUVFNA)

(5UBI SCRATCHZ SCRATCHD)

@) -

(LCD SCRATCHA)

(2 & SHITCH TO MAKE THE LOOP ERSIER)
(GET SCRATCH3 WVFNSIZE)

(ARS SCRATCHI 1 & SET. UP COUNT)
(S5UBI SCRATCH3 SCRATCH3)

(4801 & XR STUFF)

(PUT SCRATCH3 XR)

(HRITEI SCRATCH1 SCRATCH2)
(BXCI SQUARELOOPZ)

" (5UB1 SCRATCH2 SCRATCHZ2)

{1}

(DEC SCRATCH&)
(BNE SQUARELOGPL)
(POPJ)

(PUSHJ HAPUVFHA
(GET SCRATCHS SCRATCHL & SAVE IT)

(LDD SCRATCH4)

(6081}

(GET SCRATCH3 HVFHSIZE)
(SUB SCRATCH4 SCRATCH3 & XR)

(PUT SCRATCH4 XR)
(5UB SCRATCH3 SCRATCH3)

(GET SCRATCH4 SCRATCHI)
(PUSHJ CHULT & SCALE IT RCCORDING)

(S5UB SCRATCH2 SCRATCHA)
(GET SCRATCH4 SCRATCH2)
(PUSHJ CHUL™

(ADD SCRATCH3 SCRATCH4)
(HRITEL SCRATCHS SCRATCHI)
(BXC1 -SINLODP)

- {POPJ)

(& RETURNS SCRATCH4&: {,0216179190%16 BIT INTEGER (RPPROX))

CRULT 274 . 6000
275 6363
276 6363
277 4863

(SUB SCRATCHL SCRATEML}
(ARS SCRATCHA B)
{ARS SCRATCH4 3)
(ADD SCRATCHI SCRATCH4}



3
308 . 6361 {RRS SCRATCH4 1)
£ 381 4863 {ADD SCRATCH1 SCRATCH4)
382 6362 (ARS SCRATCH4 2)
363 4063 {ADD SCRATCH1 SCRATCH4)
304 6362 {ARS SCRATCHA 2)
385 4063 (RDD SCRATCHL SCRATCHA)
386 6361 (AR5 SCRATCHA 1) '
387 4863 (RDD SCRATCHL SCRATCH4)
3ie: B362Z (ARS SCRATCHA 2}
3t 4368 (ROD SCRATCH& SCRATCHL)
) 312 75608 (POPJ}

(& sdpster et brbbstereeabass BB e kg)

(&) :

(&)

(& THIS SECTION 1S THE DIRTY WORK THAT IS INVOLVED WITH

(& STEPPING THRU THE WRVEFORMS THE SECTION OF)

(& CODE FROM OSCLOOP TO THE END OF THE LOOP SHOULD}

(& RUN IN RBOUT & 4 USEC)

(& RITERS:THE NUMBER OF VDICES CURRENTLY RCTIVE)

(&) ’

(& 2#exNOTExsk%x THIS ROUTINE DOESN (QUOTE T) SAVE REGISTERS)
8)

(&)
(8 ArEddORERe et kit itl AEREEDEEE LR T OEEE e b g S8 22 )
OSCINIT a3 74671 (GET THIRTYK WVFNMSTZE)
314 4618 (ROT THIRTYK 18)
318 © 5666 (ADDI THIRTYK THIRTYK)
3i6 -1 {~1 & THE PRECEDING GARBAGE)

(& SETS UP A CONSTANT THAT WE)
(& NEED TO SEE IF OUR INDEX WRRPS ARDUND)

317 1480 {L.0D SIXTYFOUR)
: 328 109 (106 & THIS IS NEEDED TO [INC)
(& BITS 6-11 OF THE XR) '
321 1700 {LOD EIGHTBITS)
322 377 (377 & USED RS A MASK)
323 74372 (GET DACCONYV DRACPRECIS)
(& DUMB ABSOLUTE DA"S)
OSCSTART ‘ 324 lead (LOD SCRATCHL}

325 2048 (2848 & TO MAKE THE XR)
(& POINT TO A"S N5 OFFSETS) )
(& AND DAC"S)

326 76023 (PUT SCRATCH1 XR)
7 3z27 10888  (NOP)
GSCLOOP 338 74812 (GET 3CRATCHL 12 & GRAB M)
33l ‘ 166080 (BXCI NEXTD)
(& INC QUR SCRATCHPAD POINTER)
NEXTL 332 74112 (GET SCRATCHZ 12 & GRRAB R)
333 . 4168 (ACD SCRATCHZ SCRATCHL)
(& CALCULATE NEH FLOATING ADDRESS)
334 6263 © (ARS SCRATCH3 3)
(& MAKE PREVIOUS SAMPLE A 9-BIT INTEGER)
335 6263 - {ARS SCRATCH3 3)
336 B261 - (ARS SCRAYCHI D)
337 4263 (RDD SCRATCH3 DACCONV & ME TOOY
340 76211 {PUT SCRATCHI 11 & WRITE OUT LAST)

(& SAMPLE (SINCE READS))

APPENDIX 2



(& (TAKE HULTIPLE CLOCKS WE RRE DOING THE})

(& (PREVIOUS ONE HERE))

341 © 74223
342 4264
343 76223
© 344 16601
365 126061
346 6108
' & INSIDE WRVEFORM)
NOSUB 347 76112
{& AROUND)
358 168060
NEXT2 351 4118
352 147
353 74212
354 4162
(8 IT IN)
(& SCRATCH3 FOR NEXT TIME AROUND)
355 26102
: 358 160089
NEXT3 357 4525
368 133747
361 76211
(& SAHMPLE LEFT)
(& OVER IN SCRATCH3)
362 75617

(&)

(& SRVES REGISTERS USING

(& (73 OF SCRATCHPRAD))
- (& TF OVERFLOW THEN HANG
SAVEREGS 383
’ 364
385
‘ . 366
HERE - 367
3ze
371
372
373

374

375
376
377
488
481
482
493

STACK POINTER)

uP)

404

&)

(& CONPLEMENTS RBOVE}

RESTOREREGS 486
487
aje
411
412

4085

76074
74873
i7000
7633
127777
24927
24826
24825
24824
24023
24822
24621
76175
74174
24821
76073

74175

74874
75688

74073
6048
22041
76174

- 22841

(GET SCRATCH3 XR & GRAB XR FOR UPDATINGY
" (ADOD SCRATCHI SIXTYFOUR & INC BIT B)

(PUT SCRATCHI XR & BACK FOR MORE)

(CMP THIRTYK SCRATCHZ & DO WE WRAP)

(BPL HOSUB & NV
(Si8 SCRATCHZ THIRTYK & HOH WE AGAIN POINT)

" APPENDIX 2

{PUT SCRATCHZ 12 & SAVE A FOR THE NEXT TIME)

(BXC1 NEXT2 & INC XR)
(ROT SCRATCHZ 18 & TRUNCATE TO INTEGER ADDRESS)

{AND SCRATCH2 EIGHTBITS & CLEAR OUT CRAP)

(GET SCRATCH3 12 & GRAB OFFSET IN MAIN HMEM)
(RDD SCRATCH2 SCRATCH3 & GRAB SAMPLE AND SAVE)

(RERD SCRATCHZ SCRATCHI)
(BXCI NEXT3}
(DEC #ITERS ZXITERS)
(BNE 05CLO0PY |
(PUT SCRATCH3 11 & THERE WILL STILL BE ONE)

(POPJI & BACK MHERE WE CAME FROM)

(PUT SCRATCHL SRAVEREGSAVE & OUR OWN SAVE RRERA)
(GET SCRATCHL STRACKPTR)

(CHiP] @ SCRATCHL) _
(- TOPHEH 144 & STACK OVERFLOW??)

(BPL HERE & HANG

(HRITED

(HRITED

(HRITED

_ (MRITED

(HRITED
(HRITED
(HRITED

(PUT SCRATCH2 SRVEREGSAVER)

SCRATCHL
SCRATCHL
S5CRATEHL

SCRATCHL.

SCRATCHL
SCRATCHL
SCRATEKL

Ur)

SCRATCHE)
SCRATCH?)
SCRATCHS)
SCRATCHS)
SCRATCHS)
SCRATCH3)
SCRATCHZ)

(GET SCRATCH2 SAVEREGSAVE)
(HRITED SCRATCHI SCRATCH2)
(PUT SCRATCH1 STRACKPTR)

(GET SCRATCHZ SAVEREGSAVE2)

(GET SCRATCH1 SAVEREGSAVE)

(POPJ)

(GET SCRATCH1 STACKPTR)
{INC- SCRATCH] SCRATCHI}
(READI SCRATCHL SCRATCH2)
(PUT SCRATCH2 SAVEREGSAVE)
(READI 'SCRATCH1 SCRATCH2)



)

413
414
415
416
417
420
421
422
423
424

22042
22843
220844
22845
22848
22847
4920

76873

F 74074

75660

(READI SCRATCHI -SCRATCH3)
(READ] SCRATCH1 SCRATCHA)
(READI SCRATCH1 SCRATCHS)
(REAOI SERATCH1 SCRATCHB)
(READI SCRATCH1 SCRATCHY)
(READI SCRATCHI SCRATCHA)
{BEC SCRATCHL SCRATCHL)
(PUT SCRATCHL STACKPTR)
(GET SCRATCH1 SAVEREGSAVE)
(POPD)

{§ THIS 15 A DIAGNOSTIC DUMP ROUTINE ENTERRBLE OKLY)

{8 THRU SHITCHES)
pune

DUMPLOOP

(CALL 4 SCRATCHS)
(CALL: 5 SCRATCHGE)
(CALL & SCRATCHT7)
(CALL 7 SCRATCHB)
1.3

(& SCRATCH1:16 BIT INTEGER)

425 .

426

. 427

430
431
432
433

T 434

435
436
437
440
441
442
443

74272
5000
1168
3421
76123
22041
10680
18089

6163

6163
6161
4162
76121
163767

- 50425

(& SCRATCH2:8 8.8 POSITIVE FIXNUM
(& RETURNS SCRATCH1:16%3 0.8 IN 16 BIT FORM)

SCALENUN

MULLOOPL

NGADD1

HULLOOP2

NOADD2

444
445
448
447
458
451
452

453
- 454

455
456
457

460
. 461

462
463
464
465

. 4GB

467

4118

| 74308

1268
771
76223
6202
4101
{24801
4260
4060
163773
4167
1886
3771
76823
6361
4161
124801
4263
163773

(GET SCRATCK3 DACPRECIS)
(SUB SCRATCH1 SCRATCHL)
(LOD SCRATCHK2}

(- 4081 36@)

(PUT SCRATCHZ XR)

(READI SCRATCH1 SCRATCH2)
(NOP)

(NOP)

(ARS SCRATCHZ )

(ARS SCRATCHZ 3}

(ARS SERATCHZ 1)

(ADD SCRATCHZ2 SCRATCHI)
(PUT SCRATCHZ 21)

(BXCI OUMPLOOP)

CJUNP DUNP)

(ROT SCRATCHZ 18 & SET IT UP LIKE FRA

{GET SCRATCH& SCRATCHL)
(LOD SCRATCHI)

(~ 4801 10}

{(PUT SCRATCH3 XR) .
{5UB SCRRTCH3 SCRATCH3)

(ROT SCRATCHZ2 1 & DO HE HAYVE A BIT)

(BPL NOADDL & NO)

"APPENDIX 2

CT INT)

(RDD SCRATCH3 SCRATCHL & ADD IN INTEGER)

(RDD SCRATCHL SCRATCHIY
(BXCI nULLOOPY)

(ROT SCRATCH2 7)

(LOD SCRRTCHL)

(- 4881 18

(PUT SCRATCHL XR)

(ARS SCRATCH4 I & SHIFT MULTIPLICAND)

(ADD SCRATCH2 SCRATCHZ & DO WE HAVE A BIT??)

(BPL NDRDD2 & NO)
(ADD SCRATCH3 SCRATCH4)
(BXCI HuLLOOPZ)



(& FOR CALLER)

82
(& SCRATCHI1:IN WVFRA

470
471

472

(& SCRATCHZ:QUT WVFH#

(& SCRATCH3:3CALE (8.8 FIXNUM)

SCALEARRAY

SCALELOOP

- (&)

473
474
47%
476
477
589
581
582
583
584
505
505
507
518
511
512

(& SCRATCH1: #ITERATIONS)

. (& SCRATCHZ:NUMBER OF VOICES)

NSAMPLES

-(& WAVEFORNS T00)

NSANMLGOP

(&)

(& THIS SETS THE BLUCK OF 3 HDRDS DEF INING

513
514

515
516
517
520
521

§22 .

523
524
525

(& THE GUTPUT CHANNEL)

(& SCRATCHL:M)
(& SCRATCHZ:RA)
(& SCRATCH3: )

(& SCRATCH4:VOICE HUHBER)

VOICE

VOICEOK.

526

527

53e
531
532
533
534
535
536
537

74802
4117

75668

74501

40550
74400
74005
40558
74508
74102
74671
7686
4081
76623
22648
48444
26548
163774
75680

76837
761386

74581
49313

- 74536

40324
74837
4020
76837
133772
75688

17003
7
124801
75608
6404
4453

- 4363

4364
5363
AQ

8 : B APPENDIX 2

(GET SCRATCHI SCRATCHAY .
(ROT SCRATCHZ 17 & SET THE SCALER BACK UP)

(POPJ}

(GEY SCRATCHE SCRATCHZ)

© (PUSHJ NAPUVERY & TURN IN HVFNF TO LOCﬂTlON)

(GET SCRATCHS SCRATCHLY
(GET SCRATCHL SCRATCHE)

(PUSHJ MAPWVFHE)

(GET SCRATCHE SCRATCHLY

(GET SCRATCHZ SCRATCH3)

(GET SCRATCH7 WVFHSIZE)

(SUBT SCRATCH? SCRATCHZ)

(agal)

(PUT SCRATCH7 XR)

(READI SCRATCHS SCRATCHL}

(PUSHJ SCRLENUM)

(HRITEL SCRATCHG SCRATCHL & PUT AWSWER IN ODUT ARRAY)
(BXCI SCALELOOP)

(PGP

{PUT SCRATCHL SAVEL & SAVE IT FOR A RAINY DAY)
(PUT SCRATCHZ SAVEZ & SAVE THE NUHBER OF)

(GET #ITERS SCRATCHZ)
(PUSHJ OSCINIT)

(GET #ITERS SRVE2)
(PUSHJ OSC3TART)

(GET SCRATCHL SAVEL)
{DEC SCRATCH1 SCRATCHL)
(PUT SCRATCH1 SAVEL)
{BNE N3ANLOOP)

(POPJ}Y

THE STATE OF)

(CMPI & SCRATCH4) ’
(7 & THIS HILL TELL US IF WE (QUOTE RE) TOD BIG)
(BPL VOICEOK)

(POPJ & BRAD ARG JUST RETURN)

{SUB SCRATCH5 SCRATCHS)

(ADD SCRATCHS STRATCH4A)

(RDD SCRATCH4 SCRATCH4 & NULTIPLY BY TWO)

" (ADD SCRATCH4 SCRATCHS)

(AODI SCRATCH4 SCRATCHA)
(48 & NOW IT POINTS TO VOICE DESCRIPTOR BLOCK)



- 548

(& TO USE XR RS AN INDEX)

541 -

542
(& THIS IS My

543
VREXTL 544

545
VNEXT2 546

547
4.3

(& SCRATCH11WVFHD

76323

16088
76012

166088

76112

160008

76212
75688

(& RETURNS SCRATCHL1:WVFH LOCRTION)

HAPHVF N4

(CALL 77 PC)

(&)

(& THIS DOES THE INTERPRETHTION

(& OSCILLATORS)
"INTERPRETLOOP

(& TREAT AS NOP)
HERE1

HEREZ2
HEREJ.
HERE4
KERES
HEREG
MERE?

HERES
HERES

&)

S58
551
552
553
554
555

' 558

557
560
S61
562
563
564
565
566
567

57a
571

572
573
574
575

576
577
600
681
682

B TE

604
605
605
607
618

8i1"

612
613

.B14

75174
5181
41686~
4060
4068
4068
4050
4168
4060
4168
4068
4168
4068
4061
74174
75608

10¢8
5678

7 APPENDIX 2

(PUT SCRATCH&4 XR & CAUSE WE (QUOTE LL) WANT)

(NOP)
(PUT SCRATCH1 12 & INDIRECT THRUY 8-5 OF XR)

(RXCI YNEXTL & INC XR)

(PUT SCRATCHZ 12 & THIS IS A)
(BXCI WNEXTZ2)

(PUT SCRATCH3 12 & THIS 15 0)
(POPJ & ALL DONE)

(PUT-SCRATCHZ SAVEREGSAVE)
(508 SCRATCH2 SCRATCHZ)
{ADD SCRATCH2 SCRATCHL)
(ADD SCRATCHL SCRATCHL}
(RDD SCRATCHL SCRATCHL)
(ADD SCRATCHL SCRATCHL)
{RGD SCRATCHL SCRATCHL)
(ROD SCRATCHZ SCRATCHL)
{RDD SCRATCHL SCRATCHI}
{RDD SCRATCHZ SCRATCHI})
(RDD SCRATCHL SCRATCHILY
(RDD SCRATCHZ SCRATCHIY
(RDD SCRATCHL SCRATCHL)
(ADD SCRATCH1 SCRATCH2})
(GET SCRATCHZ2 SAVEREGSAVE)
(POPJ)

(L0D- SCRATCHLY
(5678 & INITIALIZE PC)

GF THE CODE TO DRIVE THE) .

41212
74787
72008
58572

50576

- 58615

50608
56601
50602
58767
50604

58713 -

50688
58754
50610
58644
58612
50613
56742

(PUSHJ FETCH & RETURNS (PC) IN S5CRATCH 19)
(GET SCRATCH8 SCRATCHA & SET BUS BITS)

(DS BUS 17 & WHICH OPCODE?)

(JUMP INTERPRETLOGP & THIS I5 A TAG OPLODE)

(JUKP HEREL & HANG UNIMPLIMENTED OP CODE)}
(JUMP CREATION & CRERTE WYFH)
(JUNMP HEREZ2 & UNIRNPLIMENTED)
(JUNP HERE3 & DITTO)

{JUHP HERE4)

(JUNP 4RRG)

(JUHP HERES)

(JUMP TIHESEQUENCE)

{JUMP HERES)

(JUHP 3ARG)

(JUNP HERE?)

((JURP NMISELARG)

(JunP HERES)
{JUMP HERED)
{JUNP ZEROARG)



(& WAVEFORM CREATION ROUTINES COME HERE)

CRERTION

NOL

NO2

NO3

NO4
RANDON

MISCIARG

NOB

NO7

(& TYPE LOOK FOR)

BRANCHLODOP

615
616
617
620
621
622
623
624
625
626
627
630
631
632
633
634

;. B3%

635
B37
b4d
B4l
642
643
B44
645
646
647
658
B51
852
653
854
655
656

857

668
661
662
663
664

665
666
667
678
671
672
673
674
675
676
677
7oe
781
782

74207
41212
74007
41212
74107
17002
186084
130082
40212
58572
17882
130002

48253

50572
17082
186682
40232
50572
17002
100003
133777

40642

58572
742084
41212
74007
17002

. 140008

130002
418985
50572
17802
140801
138082
41114
58572
17082
l4asoa2
138622
300

176008

1199
5676
izee
7633
22143
leoge
leso8
10808
16360
i34@83
16182
133778
58572

8 © APPENDIX 2

{GET SCRATCH3 SCRATCH8 & SAVE SCRATCHB FRﬂHi
(PUSHJ FETCH & FETCH)

(GET SCRATCHL SCRATCHA & THIS IS WVFRD)

(PUSHJ FETCH}

(GET SCRATCHZ SCRATCHS & THIS IS AMPLITUDE OR INC)
(CHP] 8 SCRATEH3 & SAN??)

{i08800)

(BNE NDLY

(PUSHJ SAH)

(JUP INTERPRETLOOP & RROUND AND SROUND HE GO)
(CHPI 8@ SCRATCH3 | SIN??)

(BNE KO2)

(PUSHJ 51N}

(JUMP INTERPRETLOOP)

(CHPL & SCRATCHI & RANDOM??)

(100882)

(PUSHJ SGUARE)

(JUMP INTERPRETLOOP)

(CHPI 0 SCRATCH3 & SQUARE??)

(10803}

- (BNE NOA&)

(PUSHJ RRNDOH)

(JUMP INTERPRETLOOP)

(GET SCRATCH3 SCRATCHS)

(PUSHJ FETCH)

(GET SCRATCHY SCRATCHA)

(ChPI 8 SCRATCH3 & ZERD??)

tispaem

{BNE NOB)

(PUSHJ ZERCHYFH)

(JUHP INTERPRETLOOP}

(CHMPE 8 SCRATCH3 & WAVEFORM LOAD??)
(140601) '
(BNE NO7)

(PUSHJ HRKNG)

(JUIP- INTERPRETLOOP?

(CHPE 8 SCRATCH3)

(140882)

{BENE NO&)

(IOR] SCRATCHL SCRATCHL & THIS IS A BRANCH)

(170000 & LRBEL AND SET PC T0 IT)
(LOD SCRATCHZ & BOTTON OF OSC OPCODES)

(5678}

(LOD SCRATCH3)

(7633 & TO OF OSCCODE)

(READI SCRATCH2 SCRATCHA)

(NOP)

(NOP)

(NOP)

{CHP SCRATCHA SCRATCHL)

(BEQ MATCH) _
{CHP SCRATCHZ SCRATCH3 & ENTRY OUT DF BOUNDS)
(BNE BRRNCHLDOP)

{JUP INTERPRETLOOP & NO MATCH GO BACK AND)



(& INTERPREY)
MATCH
(& SANPLE)

(& LOCATION)
NO8
NO314

TIMESEQUENCE

(& ARG OF TINHE)

NO9

NOi®

NOLL

NO12

ZERUARG
NO13

NO14

- 3ARG

K015

703

704
7085

786
707
718
711
712
713
714
715

716
717
728

721

722
723
724
725
726
727
738

731

732
733

734

735
738
737

740

78]
742
743
744
745
746
747
750
751
752
753
754
755
756
757
768
761
762
763
764
765

766

4121

76177
58572

17802
148083
133777
76278
50572
74207
41212
74887

17802
10808
136002
41161
56572
17862
18081
130002
410837
58572
17002
18602
130082
41165
50572
17802
18003

133777

41643
50572
17007
2
130882
41114
58572
17887
i
133777
41026
58572
76307
41212
74007
41212
74187
41212
74207
17683
50006

133777

48473

(DEC SCRATCHZ SCRATCHZ2 & POINT TO0 NMATCHING)

. fPUT SCRATCHZ PC) :
(JUNP INTERPRETLOODP & NOW PC POINTS TO NEW)

(CHMPT @ SCRATCH3)
(160003)

(BNE NO314& & UNIMPLEMENTED DP HANG)

{PUT SCRATCH3 #VOICES)
(JunP INTERPRETLOGP)
(GET SCRATCH3I SCRATCHE)
(PUSHJ FETCH)

APPENDIX 2

{GET SCRATCHL SCRATCH8 & THIS IS THE SINGLE}

(CHP1 @ SCRATCH3 & SEQUENCING ROUTINES)

(10080 & 1S THIS. A PLRY??)
(BNE ®09)

(PUSHJ PLAY}

(JURP TNTERPRETLOCPY
(CMPI 8 SCRATCH3)
(10801}

(BNE ND1B)

(PUSHJ HAIT)

{JUHP INTERPRETLOGP}
(CHPT 8 SCRATCHI)
(10082}

(BNE NODL1}

{PUSHJ PLAYHM)

(JUHP INTERPRETLOQP)
{CHPT B8 SCRATCHD)
{10683 & IS THIS R HRIT??)
(BNE NDL2 & HANG)
(PUSHJ WRITH)

(JUMP INTERPRETLOOP)
{CHPI B SCRATCHB) '
8)

{BNE NOL3)

(PUSHJ HANG & HANG JUST WAITS FOR AN 11 INTERRUPT)

(JuhP INTERPRETLOOP)
{CMPI B SCRATCH8Y

(1}

(BNE NOL4 & HANGY
(PUSHJ PLAYFOREVER)
(JUHP INTERPRETLOOP)
(GET SCRATCH4 SCRATCHS)
(PUSHJ FETCHY

" (GET SCRATCHL1 SCRATCHS & ARGL)

(PUSHJ FETCH)

(GET SCRATCH2 SCRATCHB & RRG2)
(PUSHJ FETCH)

(GET SCRATCH3 SCRATCH8 & ARG
(CMPI & SCRATCH&)

(5heed)

(BNE KOLS & HANG)

- (PUSHJ SCALEARRAY & THE ONLY 3 ARG ROUTINE FOR NOW)
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(GET SCRATCHS SCRATCH8 & SAVE GP)

- (PUSHJ FETCH?

(GET SCRATCH1I SCRATCHE & ARGIL)
(PUSHJ FETCH)

(GET SCRATCH2 SCRATCHS & ARG2)
(PUSHJ FETCH) )

(GET SCRATCH3 SCRATCHS)

(PUSHJ FETCH)

(GET SCRATCH4 SCRATCHS)

(CHPI 8 SCRATCHS)

(126008)

(BNE NO1B)

{(PUSHJ VOICE)

(JUHP INTERPRETL.DOP)

{PUSHJ NRPWVFHA)

(GET SCRATCH2 WVFMSIZE)

(SUBT SCRATCH2 SCRATCH2}

(4opld

(PUT SCRATCHZ XR)

(SUB SCRATCHZ SCRATCH2)

(HRITEI SCRATCHL SCRATCHZ)

(BXCI ZEROLOOP)

(POPJ & SHOULD BE HITH INTS ENRBLED)

(PUSHJ ZEROWVFH)
(LOD SCRATCHZ)

(-4881 24)

(PUT SCRATCHZ XR)

(76408)

(HRITET SCRATCHL SCRATCH2)

(BXCI INPLOGP)

(POPJ & SOMETINE ENRBLE INTERRUPTS)

{GET #ITERS HUVFHS)

{PUSHJ OSCINIT)

(GET #ITERS AWVFHS})

(PUSHJ DSCSTART}

(DIS BUS 2 & 11 INTERRUPTS)
(JUNP PLAYFLOOP)

(NOP)

(PUSHJ SERVELL)

(PORD)

(LOD SCRATCH2)

(580 & THIS IS DUE TO 2 NSEC CLOCK)
(PUSHJ POSHULTIPLY)

(JUHP HAITADJUST)

4ARGC 767 74407
778 81212
771 74887
772 41212
73 74107
778 41212
775 74207
© 778 41212
777 74307
1809 17004
1881 126000
NOILB 1882 133777
1693 | 40526
1694 58572
(&)
(& SCRATCHL:WVFH)
ZERCWVFN 1805 48550
1808 74171
1e87 7181
1816 5081
1844 76123
: 1812 6101
ZEROLOOP 1813 26041
‘1814 163776
1815 75600
(8)
(& SCRATCHL:WVFHA
IHPULSE 1816 41085
1817 1180
((BYTE OVERLRP WRRNING ONLY) (-4881 24))
o 1020 -3755
1821 76123
1822 76409
IHPLOOP 1623 26041
1024 163776
1825 75600
(&)
(8 NEVER RETURN BUT CHECK FOR ELEVEN INTERRUPTS)
PLAYFOREVER 1826 74579 .
1827 40313
PLAYFLOOP 1830 74578
1831 40324
1832 72328
1833 51038
1034 10608
1835 81117
1836 75608
(T3]
{& SCRATCHL: #SECONDS)
MAIT 1837 1180
1848 500
1841 41056
1042 51845
(&)
(& SCRATCH1: MSECS)
1843~ 6061

HALTH

(ARS SCRATCHL 1}



_ , 1844
HATTADJUST 1845
1045
HAITLOOP 1647
: 1859
1851
1852
1053
1854
1855
& ,
& SCRATCH1:NUMBER) .
& SCRATCH2:POS NUNBER)

6191
1298

73348
51847
6082
6823
26881
133772
75608

(& RETURNS SCRATCH1:RESULT (LOW)?}
(& RETURNS SCRATCHZ:;RESULT (HIGH))

1123
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(3UB SCRATCHZ SCRATCH2)
(LOD SCRATCHI)

(1 '& OUR DECECER}

(RIS INTS 1 & 2 KHZ WRITY
(JUMP HRITLOGP & WRIT)
(SUB SCRATCHL SCRRTCHY)
(60208 SCRATCH2 SCRATCH3)

(I0R SCRATCHI SCRATCH2)

{BNE HRITLOOP)
(POPJ & SHOULD BE I}

(PUT 2 JOT)
(LoD )

(-17)

(PUT 2 XR}

(NOP @ & 1F NUMBER.IN ZERO IS NEG)

(BPL BOTHROS)

(PUSHJ CHPLE & COMPLEMENT IT)

(PUSHJ BOTHPOS & MULTIPLY)

(SUBI 1 L & COMPLEMENT THE SHORT ANSHER)
@

(SUBI & B & RND COMPLEMENT ANSWER)

(8}

(POPJ)

(SUB 2 2 & RESULT WILL RPPERR HERE)

(AGD 2 2 & CLEARS THE CARRY)

(XRBD 1 1 & REG OHE RUST BE POSITIVE)
(IFC ADD 2 & & REG & CAN DE EITHER)

(IFC INC L & TD PUT HIGH BITS IN D)

(BXS1 POSHULTLOGP)

(ROT 2 6 & GET NUMBER DIVIDED BY 188 IN 8)
(ANDI @ 2 & TEN BITS COME FROM THIS HGRD)
(1777)

(ANDI 1 1 & AND SIX FROM THIS ONE)

77y

(ROT { &)

(RDC 8 1)

(RNDE L 8 & ONLY 11 BITS FOR MOVE)

(777 & DO 1T HERE 50 THE SIGN IS RIGHT)
(GET 2 JOT}

tPORJ)

(DIS INTS 2)
(JUnP BODEOH)
(NOP)

(PUSHJ GETHORD)

(GET SCRATCHI SCRATCHL)
(LOD SCRATCH2Y

(- TOPYEN 1)

(PUT SCRATCH2 PC)

POSMULTIPLY 1856 76276
1857 1788
1868 =17
1861 76223
1862 10088
1863 124007
1864 41678
1865 41673
1866 7161
1867 8
cHPLS 1878 7008
1871 8
1872 75680
BOTHPOS 1873 6282
POSMULTLOGP 1674 4262
1875 4151
1876 34260
1877 36148
1108 167773
1181 4205
1102 10842
1183 1777
1184 1141
1185 77
1186 4106
1107 4061
1118 1140
1111 777
1112 74276
1113 75680
13
(& HAITS ARCUND FOR 11 (AND ONLY 11) INTERRUPT)
BODEGH ~ 1114 73328
. 1115 51114
1116 19008
(& USURLLY ENTERED VIR POPJI AT END OF BSCSTART)
SERVELL 1117 41183
© 1120 74208
1128 1160
1122 7776
76177
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. 1124 6787 (5UB SCRATCHAB SCRATCHB)

SERVELOOP ; 1125 41143 (PUSHJ GETHORD)

1126 74788 (GET SCRATCHS SCRATCHI)

1127 41221 (PUSHJ STORE)

1138 4222 - (DEC’ SCRATCH3 SCRATCH3)

1131 133773 (BNE SERVELOOP)

1132 i708 . . tLOD SCRATCHB)

i133 © 140082 (140062 & THIS IS A BRANCH TO THE BEGINNING OF THE MACRO)

1i34 41224 {PUSHJ STORE & STORE JUNP)

1135 6787 " {SUB SCRATCH8 SCRATCHS)

1136 41221 (PUSHJ STORE & STORE TAG (ARG FOR JUMP))

1137 ieeq (LoD SCRATCHL)

il4e 7777 (TOPNER)

ilsl 76977 (PUT SCRATCHL PC)

1142 58572 (JUMP INTERPRETLOOGP)
GETHORD 1143 73328 (DIS INTS 2 & BYTE READY?)

1144 51143 (JUNP GETHORD & NO)

1145 lagoe (NOP)

1146 74127 (GET SCRATCHZ L11BUFF)

1147 1141 (ANDI 3CRATCHZ SCRATCH2)

1150 - 3N (377}
GETHAIT - 1151 73328 (D5 INTS 2)

' 1152 Si15l (JUnp GETURIT)

1153 . 10808 (NOP)

1154 74027 {GET SCRATCHL L1BUFF)

1155 1840 (ANDI SCRATCHL -SCRATCH1)

1156 177400 (177400

1157 . 20l (I0R SCRATCHL SCRATCH2)

ilce 75608 {POPJ)

(CALL 78 #VOICES)
“{CALL 37 SAVED)
(CALL 36 SAVE2)
(CALL 35 SAVEY)
(&)
(& SCRATCHL:¥SECS)
(& MIVFMS:HON MANY ACTIVE VDICES)

PLAY 1161 - 1100 (LOD SCRATCH2)
' lig2. 6 (6 & THIS FUNNY CONSTANT TAKES}
1163 41658 . (PUSHJ POSHULTIPLY & CRRE OF TIME SPENT IN INNER LOOP)
1164 51178 (JUHP PRDJUSTED)
(8)
(& ALTERNATE ENTRY POINT MSECS INSTERD OF SECS)
PLAYN “1185 6063 (ARS SCRATCH1 3) ;
1166 5062 (RRS SCRATCHL 2 & DIVIDE BY TINE IN INNER LOCOP)
1167 6101 (SUB SCRATLHZ SCRATCH2Y '
PROJUSTED . 1178 1289 (L.OD SCRATCHI)
1171 i ) (1 & USED AS A DECCER)
1172 76837 (PUT SCRATCHL SAYVEL)
1173 76136 (PUT SCRATCHZ SAVE2)
1174 76235 (PUT SCRATCH3 SAVE3Z)
1175 40313 (PUSHJ OSCINIT)
PLAYLOGP 1176 74578 - (GET AITERS #VQICES)
1177 40324 (PUSHJ OSCSTART)
1289 74837 (GET SCRATCH} SRAVEL)
1281 74136 (GET SCRATCHZ SRYE2)

1262 74235 (GET SCRATCH3 SAVED)
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i2e3 6802 (SUB SCRATCHL SCRATCHI & DEC LOW ORDER)
1204 76037 (PUT SCRATCHI SAVEL)
1285 76136 (PUT SCRAFCHZ SAVER)

. 12886 76235 (PUT SCRATCH3 SAVEY
1287 12881 {T I10R SCRATCH1 SCRATCHZ & BOTH ZERO?)
1218 133765 (BNE PLAYLOOP)
1211 - 75660 (POPJ & SHOULD BE D)

(CALL 7777 NMAXMEM)

(&)

(& RETURNS SCRATCH7:BONBED)
(& RETURNS SCRATCHS: (PC))
(& RETURNS. PC:PC+1)

FETCH - 1212 74677 (GET SCRATCH? PC)
1213 22647 (READI SCRATCH? SCRATCHS)
1214 17806 (CHPI 8 SCRATCHY?)
. 1218 7634 (- MAXNEM 143 & MEHORY OVERFLOW?)
PCOVF ; 1216 137777 (BEQ PLOVF) : ‘
1217 ‘76677 (PUT SCRATCH? PC)
1228 75608 (POPJ)
(&)

(& SCRATCH8:VALUE TO BE HRITTEN}
(& RETURNS SCRATCH7:BOMBED)
(& RETURNS PC:PC+1}

STORE 1221 74677  {GET SCRATCH? PC)
1222 26647 (URITE] SCRATCH? SCRATCHS!
1223 17886 (ChPI B SCRATCH7)
1224 7634 (- MAXMENM 143 & MEMORY OVERFLOW??)
1225 134802 (BEQ PCOVFSTORE}
1226 76677 (PUT SCRATCH? PC)
1227 75648 (POPJ)
PCOVFSTORE 1238 1608 (LOD SCRATCHT)
1231 5678 (5678 & NOTE WE JUST WRAP AROND ON A PL OVERELOM)
1232 76677 (PUT SCRATCH? PC) !

1233 75608 (POPJ)
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