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alseo, hal! way dewn the page:
“...pointed te by CPU RAM word LET_OF_SND_ADDRS"

- phould resd -

“...pointed to by CPU RAM word PTR_TO_LST_OF_BND_ADDRS"

FIGC 4 second line:
"Length (n Bytes:@ 2*
- should read -
“Length in bytes: 1°

also, about § lines down frem that:
"84 - BO= duratioen, 1 to 31"

= should read =-

"4 - B0e duration, ! te 30"

xee NOTES tew

1) hiter reading throeugh page ¢ In the Usars' Manuval, [t may be
helpful to review the follewing summary of dedicated pointers and
dats structures (discussion refers to Figure 10, included as part
ef these notes):

DEDICATED RAM

Prior to calling any OS sound routines (except INIT_SOUND), the
11 CRAM locations 7020K through 702AK must be {nitialized te
meeningful data. Ten e¢f the leocatlons zre two byte pointers:

PTR_TO_LST_OF_SND_ADDRS:
7020-21H - Points to the start of a lilst of pointers in
cartridge ROM, LST_OF_SND_ADDRS (see later). The 0B
scund reutines know where the cartridge-dependent
LST_OF_SND_ADDRS s stered through this pointer. It is
gshown pointing to the first byte in this ROM list (as it
must).

PTR_TO_S8_ON_1:

7022-23H - This and the follewing three pointers are usged
by OS sound routines to store the addresses of the four
song data aress which currently contain the sound date to
be modified/output to the four sound generators {n the TI
sound c¢hip. This peinter stores the address for the song
currently playing on tone generastor €1.

== LIAMPLE -- PTR_TO_S_ON_? {s shown pointing te the

second song data area. I.e., data for the song currently
plaring oen tone generator €3 Rappens to de stered (n the
gecond song data area. The second dates area (s used for

purposes of [Jlustration enly: other songs may very weall
require that data for tone generator #3 be stored in a
differant song dats area.

PTR_TO_S8_ON_2:
7024-25KH - As above, for tone generator 82,



PTR_TO_»_um_s:
7026-27H - As sbove, for tone gensrator 83.

PTR_TO_S_ON_0:
7028-2%H - As above, for tone genesrator 80 (tha moise
genarater).

The final Byte at 702AH, BAVE_CTRL, ie¢ used by the 0% sound
routines to store data necessary for smooth opsration of the
nolse gensrator (see bottom of pags 11 (n the Usorl; Manual),

All 11 bytes should be initialised before the OS5 routines which
epaerats upon the= are ca2llsd: this is éone by calling INIT_SOUND
and passing the appropriate cartridge-dependent information (see
Users' Manua!l pagss § and 13).

ROM

Cartridge ROM to be used by OS sound routines is divided ints two
sections: LST_OF_SND_ADDRS and the Note List.

LET_OF_SND_ADDRS:

A contiguous list of 4 bytss per each song (or special
effect) used by the game. In each 4 bByte section, the
first 2 bytes are 2 pointer teo the beginning ef thae
song's notes list (also fn ROM). The second tweo bytes are
4 pointer to the song datas arez {n RAM to be ssed By that
song (review pages 2 and 3 {n the Manual). Of course,
dnother song may slso use the same datz 2rea, since there
can be (and usually are) more songs than there are data
dreas. NOTE, however, that Song 61 NUST be the first
entry In LST_OF_SND_ADDRS for the OS routines to eperate
properly.

== EXAMPLE -- The tirst two bytes in this list are 2
pointer to song 01's mote list, as they MUST be. The
second two bytes are a pointer to the song's data area in
RAM, shown here peinting to the first song data area es
4lso MUST be the case (seoe later). As can also be seen
from the figure, the last song happens to use the sscend
song data area.

In summary, there is & note list for every note 1list
pointer Iin LST_OF_SND_ADDRS, but, since songs may share
RAM data areas, there are almost alwiys more dataz aress
than there are €data area pointers.

NOTE LIST:

The Note List (s & contiguous bloek of ROM containing the data
which comprise the notas of esach song. The number of bytes per
scng of course varies with the length ¢f the song. The first
bryte of the note list for a song Ls pointed to by a two byte
entry in LST_OF_SND_ADDRS (see above). The last byte of sach
song's note list Is a single byte end of song/repeat code (soe
Page 2 and Figure 2 in the Users' Manual).



USER RAM

This is the area In CRAXM that the cartridge programmer has chosen
to hold the ten byte song dats areas which contain sound and
timing informatien to be processed by the 0% sound routines.
These data arees must be stored as contiguous Blocks of tan bytes
each. In all cases but one, the programmer may cKoose to “"play"
a song in any data area; however, song 81 KUST use the FIRST song
data area for the Of routines to work properly. Also, the byte
immediately following the last byte in the last d;tt area MUST be
sere (this code tells the OS routine END_MANACER to step leoking
foer more song data arees; see bottom of page S5, Users' Manual).
This byte will aotematically be set to sero by preper lnvocation
ef the INIT_SOUND reutine before any other 0S5 gound recutines are
called (gee pages 5 and 13).

2) The ColecoVislon C8 entry point names of some of the sound
reutines and dedlicated locations are different frez Lhe!r nReimes

given in the Bound Users' Manual. They are:
Entry Peint Ecund Vssrs' Manus!l
PLAY_IT JUKE_BOX
SOUND_MAN END_MANACER
EOUND_INIT INIT_SOUKD
NOTES PTR_TO_LST_OF_SND_ADDRS

You should use the entry point names.

3) Page 22, last paragraph: It {g mentioned that z special
effect routine may want to call the 0S8 sound routines FREQ_SWVEELP
and ATN_SWEEP to operate upon data within the effect's datz area,
which “require that data bde ordered appropriately within a song
data area". Thls means:

Vhether or not the specieal effect uses FREQ_SWEEP er
ATN_SWEEP: bytes 3 and € (see FICURE 1) MUST contain the
frequency and attenuation data 2s specified. This is
because PLAY_SONCS (called every intarruopt) will output

For TREQ_SWEEP used by [tself - in addition to bytes 3
and 4, bytes 3, 6, and 7 must contain datzs as specified.
Eytes | and ? may be used for whatever (since FREQ_SWEEP
doesn't loock at them).

For ATN_SWELP used by (tsgelf - in addition to bBytes 3 and
4, bytes 5, B, and ¥ must contain data as specified.
Bytas ¢ and 7 may be used for whatever (since ATN_SWEEP

doesn't loock at them).

1t Beoth FREQ_SVYEEP and ATN_SWEEP are used, 2l] Bytes In
the data area2 must look as specified (n FICURE 1.
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The Ceolecovigion operzting systex includes routines which ellow the cartridge
programmer to s{ore "songs" and simple sound effects in tzbular farm in

cartridge ROM, and- play them on request during the geme. More complex, gpecial
sound effects can also be created and played within the same 4ata strocture gnd
procedural format. This Sound Users' Manual describes the 4data structures
erpectec by and the use cf the cperating systam sound rovtines.

EUHMMARY DF FEATURES

® £ix song note types: combinstisns of fized or varizble fregoesncy =nd
attenuation, "necise” (percussion) notes, and rests

®  hierarchical structure of local data zrees zscigned to szzh ssond chemmel,
which allows the texzporary "overwriting™ of lower priority songs (.e., I[ower
priority songs are not truncated by higher priority sengs or ssund effects that
use the same channel, butl continue unheard until the higher prisrtity-sengs
finish)

* the ability to easily include 2 specizl sound effect (say, & tcymbal crash)
&f part of a song composed primarily ¢f musics] tsnes

* both songs and special, independent sound effects (e.g., mm expission scund)
cen utilize the same data structures and output procedures

®* sweep routines, which auvtomatically create freguency or attenuaztion sweeps,
simplify note data storage and can be umed by rpeciael sormd zffects

® song enc codes illow songs to be pliyed once, or suctomaticelly restarted
upeon cempletion (repest forever)
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CENERAL DESCRIPTION
* Song data zreas, SxDATA: RAM mip mode of sound chip operatien

The Ceolecovision cparating systexm provides sound rouvtines which eutput
frequency, attenuation, and control data to tha TI 74489 sound chip. Data to

be sant to a particular sount generator channel is expected to be stored wittun
4 ten byte block of CPU RAM called a "song data area". A song ditz arsa, then,
centains ¢ RAM record of the current values "playing” en a sound channel,

Lach song data zree can alsc contain timing and descriptive information whish
allows for simple generition of musical notes. A "song” ecin be crezted ‘hy
storing in CART ROM™ i list of nots parzmeters which specify nots duration,
frequency, end attenuztion. WYhen z song it started, O/S rovtines &are Provided
to lcad the datls describing the first ncte of the seng intc 2 song date zrea .
Each song dzta area is then processed at regular intervalg By rovtines which
modify &nd output the area's data to the sound chip. When a note is completed,
the nert note in the song is automatically lezded and the process continoes.

B/S routines alsc exist which facilitats the creetion of “special effects=:
sound routinegs written by the cartridge progrizsmer which algorithmically
generate data to be sent to the sound chip (as opposed to the tzbla Isok-mp,
song approach).

RAM space for at least four song datz arezs must be regerved by the cartridge
programes. one eich to deszribe the current status of the four sound chip
channels. More than four song data arezs will be required if the ability te
"overwrite" lower prierity songs is desired, and some songs =iy share the same
datz area (see the following discussicn, "Higrarchy of seng datza zreas:

priority, truncation, overwriting”). The first byte (n esch scng data area,
byte 0 (its offset from the beginning of the data bloct = 0), containg the
channe! number upon which the song is to be played (0: noise generator, £ £s5.2:
tone generator) and the song's identification numbaer (SONCNQC: 1 to 41). A song
data area is raeferred to throughout the rest ef this manual &5 "SxDEKTA", <shere
X = the song's SONCND. For & detailed description of each byte in a2 song data
arer, see the following discussion, "NOTES", and refer to Figure &.

® Nole list storege and note headers

A note list is a sequential list of frequency and timer dita stored In

cartridge ROM that, when processed and eutput te the seund chip, crests the
notes that comprise 2 song. Each bloek ef 1 to & bytes of date that describes
4 note in the list must begin with a one byte header which conteins informatisn
(bit flags or walues) that indicate (see Figure 2):

{} The number eof the channs! upon which te play the note
2) The note type (one of 4 combinations of fixed or swept
frequency and zttenustion, plus a rest).

The single byte header can 2lgo be used 2s an end-of-song marker, & repeat-song
indicator, or an indicator that a “note” is to be determined algorithmically by

& special sound effect routine (the starting address of which izmediately
follows),

A 14 bdit pointer to the location of the neader or the next note to be playcé
(NEXT_NOTE_PTR) is maintained by the O/5 reutine END_MANACER in each song's
data area (SzDATA, offsets | and 2),

2
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* LET_OF_SND_ADDRS ané PTR_TO_LST_OF_SND_ADDRS

The O/5 routiner expect the ten byte long song data areas to be storsd

contiguously in CPU RAM, starting with the data area used by song number sne.

The beginning addresses cf sach of these dats zrezs, &8 well as the addresses

of the headers of the first note in each song, are stored in a ROM table ealisa
LET_OF_SND_ADDRS (see Figure 2): The cartridge progrimmer may place this tanle
wherever desired in ROM. The 0/5 reoutines know its starting address through 2
decdicated CFU RAM location, PTR_TO_LST_OF_SND_ADDRS, which must be lcaded with
the 16 bit sddress of the table by the cartridge progrim before czlling any O/8
routines which use it (see description of INIT_SOUND).

® Hierarchy of song €ata areas: truncation. priority, overwritimg

The routine that does the processing of the note data stored in the song data
ireas, SND_MANACER, and the routine that sutputs the modified ditz to the sound
chip, PLAY_SONCS, are designed te be called by the cartridge program every
Video Display Processor (VDP) interrupt (every 14.7 mg). Starting with the

€its ares for song number one, SND_MANACER processes the appropriate timer and
sweep counters and modifies the frequency and sttenuation data sceordingly. 1If
the data are:r is assigned to a special effect, SND_MANACER calls that effect.
When a note (s finished, SND_MANAGIR, using the data arez's nert note pointer,
moves data for the next note of the senp inte the arsa.

After the operaztions upen a datz ares have been performed, the sound chip
channel nuzber (CHR) stored in byte D of that data ares is consulted and the
approprizte "channel data arez pointer™ (PTR_TO_S_ON_x) is set to point to the
beginning of the data ared just processed (four of these pointers exist at
dedicated 14 bit locztions in CPU RAM, one for aach of the sound generztor
channels). The following data areas are then processed in the same fashien, in
erder of occurence, until the end of data zrsa code, 00, is reached. If a data
area s inactive, l.e., if the seng(s) that use it aren't playing at the

moment, SND_MANACEIR simply passes it over, deing no processing or channel data
area peinter modification.,

PLAY_SONCS, usuilly called immediately prior to SND_MANACEIR, outputs data te
the sound chip frem the four song data aress pointed to by the channel data
area pointers. Thus, a channe! ocuiput priority {s established on the basiz of
oerdinal pesition within the datz ares block: the last datz aree processed that
useg & givan channel is the one that will be played on that channel. E.g.,

order of datz ares
within data bleck

conlaining all songs that use this data area:
song data arers SONCND/CH® song is to be plaved on
ist 1/CHex (remexber: although other songs may use

this data arez alse , song ! MUST use (O

3th &/CHEL
éth J/CHe2
7th 11/CHE2

1bth 2/CHE3, §@/CHE3; 7/CHe
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First, consider channal 2. Let's say that the only sengs which use channel 2

ire assigned three contiguous song data areas, Sth through 7th (growping songs
which use the same channa! isn't necessary &s far as the code is concerned, but
it makes it simpler to think about), BND_MANACER, as it makes its way through
the song data areas in order, will process the Sth data area (which “belongs™

te song é) and set FPTR_TO_S5_ON_2 to the address of byte 0 in the Sth data Zrea.
Then, the éth arez will be processed, resulting in resetting PTR_TO_S_ON_2 te
the éth data arss {(song number 3). Likewise, the Tth Gata arez will be
processed, finally leaving PTR_TO_S_ON_2 peinting to the 7th dats arees (song
number 11). The next time PLAY_SONGCS is caiied, it will send to sound ehip
channe! 2 frequency and attenuation data in the data area pointed to by
PTR_TO_S_ON_2, namely. the datz for song numbar 1.

Note that elthough only song 11 will be heard on channel 2 this pass through
PLAY_SONGCS, the timers and dats f{or songs é and 3 were nonetheless modified,
Tegarcless of the existence of the higher pricrity seng 11. That is, all songe
“"keep going"”, whether or not their data will be output during PLAY_SONCS.
Songs ¢ and 3 are said to have been “overwritten™ by gong 11. GShould song 11
become inactive (end) before song 4 and/or song 3, then the highest pricrity of
the remaining active songs (l.e., the last data 2res within the block of data
areds to use g given chinnel) will be heard.

Thus, assigning several datz aress to songs which use the sime chinnel allows
the creation of "background™ songs which can be momentarily interrupted
(overwtitten) by & higher priority seng or sound effect (a.g., an erplesion, eor
¢ bonus seng) and continue on after the overwriting seng is over.

Now examine the 10th song datz zrea. Again, let's say that the only sengs that
use channel 3 are shown here and that they all share the 10th dats zrea. In
this case, the programmer may have arranged things such that sengs 2, ¢, and 7
are neve:r active sizultaneousiy: {.e., there was no rezson to 2gsign three
different data areas for songs which never overlap. 1f, however, this is not
the case and, gay, song 4 may be started before song 7 is finished, the O/S
routines would stop song 7 in favor of song €. That is, for soengs that shire
the same data area, the most recent song started is the song heard, and
interrupted songs do not continue: {.e., songs sharing the sime date zrea
truncate each asther. In many cases this may be both acceptable aad desirable,
x5 it saves RAM space.

KOTE. The preceeding description states that a channel data area peointer is
updated every time SND_MANAGER processes & scng data area: this is actoally net
the case. To save processing time, & routine which updates zll the pointers is
called only when, after loading the next note in & song, SND_MANACER detects
that the data zrea’'s CHE or SONCNO has changed. This happens whenever the next
note: 1) uses a different channel (see "Noise nctes: special case Type 2

notes), 2) is a special effect note, or 3) is an end-of-song indicater. It is

only necessary to update the channel data ares pointers in these ceses, and

when & new scng is started (in JUKE_BOX). 5See “Pseudc code versions of maun
routines”.

® The f{our basic routines, briefly
The following four O/S rouvtines are the only ones that need be called to creste

songs which use the fix €t2ndard note types (wore cemplete descriptions of each
routine can be found in the “OPEIRATINC SYSTIM ROUTINES"™ section):
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INIT_SOUND. This routine should be cilled immediastely after power on, befcre
&ny sound procesring can occur. It turns off the sound generators, initializes
the CAET RAM locations to be used as song data areas, sets up the four channel
Sata ares pointers, and initizlizes PTR_TD_LST_DF__SRD_ADDRE.

INPUT: n

TYPE: B bit constant

PASSED: (n B

DESCRIFTION: number of song data areas used by the gime

INPUT: LST_OF_SND_ADDRS
TYPE: 14 bit address

PASSED: in KL
DESCRIPTION: TST_OF_SND_ADDRS is the base address of a list of the starting

b
-

sddresses of sach zong'c datz araz znd note Ust,

esses of gach zon -
DUTPUT: 1) turmns coff 2!l gound generatorsg -
2) initizlises FTR_TO_LST_OF_SND_ADDRS
1) writes the inactive code (OFTH) tc byle O of the n song data arsas
4{) stores 00 at end of song data areas
S) sets the & channe! song pointers te & dummy inactive &rez
£) =ets SAVEI_CTRL to OITH (see “Mcoise notec™ discussien)

JUKE_BOX: JUKI_EOX is called to start 2 song. Using 2 song number pzesed in E,
JUKXKE_BOX locads the data for the song's first note into the apprepriete song

date arez, thereby truncxzting whatever song had been "playing” in that data

eres. (The address of the appropriate zrea ig found by using the song number

s zn inder inte the LST_OT_SND_ADDRS tabla). It also fermats the data area's
header and sets up the next note pointer. If the song is & specizl sound

effact, {ts next note pointer is set to the address of the special effect

routine. The next time PLAY_SONGS is called, that song's first note will be

plaved.

If SUKE_BOI is called with 2 song nuzber of 2 song ilready in progress, it
returns i{zmediately (U.e., it doesn't restart the song.

INPUT: song number to be stzrted
TYPE: 8 bit constant, 1§ teo 4!
PAESED: in B

CALLS:  PT_IX_TO_SeDATA, LOAD_NEXT_NOTE_PTR, UP_CH_DATA_PTRS

OUTPUT: 1) meves the song's first note data to the approprizte song data area
1) formats byte 0 header of the song's data ares
2) peints next note pointer in data area (bytes 1&2) to address of
first nois in song, eor address sf special ssund effsct rouvtine

END_MANAGER: SND_MANAGER should be called every VDP interrupt (every 14.7 ms).
For each datz area, SND_MANACER processes the appropriste timer and sweep
counters and modifies the frequency and attenuation data accordingly. If the

data area i assigned to a specizl effect, SND_MANACIR calls that sffect.

Whern a nots is finished, SND_MANACER, using the data area's nert note peinter,
moves data for the next note of the song into the area. I! END_MANACER reads o
header byte (in CART ROM) that has bits 384 set, indicating repeat song, it

will start the song again by reloading the first note in the song.

Ater the operations upon a data area have been performed, if necessary, the
cthannel dale ares pointers (FTR_TO_S_ON_X) are updated. The following datz
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SND_MANACER does not output the modified frequency and attenuation data.
PLAY_SONCS is called just before SND_MANACER to do this.

Page

Epecial codes in byte © of the song data arsa indicate:

283 detz area inactive, do no procsssing
é2: & special effact is to be played; SND_MANACIR calls the effect rsutine
0. end cf song data areas (SND_MANACER processes datz areds until it sees

0 in byte O

NOTE. Seng nueber 1 MUST use the first arez in the block of song date arsas.

IKFUT:

CALLS:

none

PT_IX_TO_SxDATA, PROCESS_DATA_AREA

DUTPU‘T: Cells roviines which:

1) decrement song durztion znd sweep timears

2) modify swept frequency and attenuation values

} call specizl epffects reutines where necessiry
update the channel dets aree pointers if nezessacy
) restart the song Y indicated

c!-l

(Ll

PLAY_SONCS: PLAY_SONCS takes the freguency and attenuation data pointed to by
the four channel data are: pointers @TR_TO_S_ON_x) end outputs it to the four
scund chip generators.

INPUT: none
CALLS: TONE_DUT, UPATNCTRL
QUTPUT:

1) current freq and stn dita is output to each tone generatsr, £f
song/effect on that channel is active; U song on that channel is
inactive, that generator is turmed off

2) neoise generator is sent current atn datz, and control data, i{f new

1) modifies SAVE_CTRL I necessary

These four rouvtines would normally be called as follows:

power en inits done by O/S
cartridge program receives contrel:
LD B, & of song data arezs used in the game

LD KL,

address where LST_OF_SND_ADDRS is stored in ROM

CALL INIT_SOUND to initizlire song datz arsas
whatever other power on inits you want te de
start game:

LD B, ¢ of song you want to start
CALL JUKL_BCX to set up for start of song

VDP interrupt eccurs:

CALL

LAY_SONCE te sutput data

CALL SND_MANACER te process song data
whatever else you want to do during VDFP interrupts
RETN t» game



