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THNTRODUCT 1O

machine lanauage interfreture for use with the 5-100

sCL i=s H
Sound Effects Board., It consziszts of two functional modules: t he

Reaizter Examinesmodifs  routine and the Sound Command Lansuaase

Interprreter.

EXAMIMEAMODIFY EOUTINE

The internal architecture of the AY-3-8210 szound 1T is comPosed

of 18 reaisters that controal the fperiod, amPlitude and envelopa
of three zererate oszcillators. The chart in FIG. #1  liszts these
regizters. Included also are noisze freduencd and mixer registers

that allow a selected band of noize frequencies to aPPear on  ans
orr all of the three channels. Hote that the Enable Reaister is
neaative loxic Clow trued, so that FF turnz all channels off
while 00 enablez tonez and noize on all three channels. The
ExaminesModify Foutine allows @ou  to  indiwvidualls displaw  the
contents of each resizter and modifae it with any two disgit Hex
number. The AY-2-2210 DATA MAMUAL Prowided outlines the detailed
oferation of the Prosrammable Sound Generator (PSGY IC7s and
#xPlains each resister. The manual usesz octal notations while all
references  in thiz manual and 2SCL are hexadecimal. Thus Regizter

10 in octal & iz in Hex. etc. up to reaizter 17 octal which i=s
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EvamineModifys allows 9ou to work with either PSGE chir on the

board. The orferation of the EcaminesModife routine is explained
in areater detail later.

0L IMTERPRETER

The SCL interfreter allows the @eneration of  complex  sound
affects with minimal frosrammins effort by Prowviding simPle
access ko the PSG resister zet for loading walues, incrementins.
decrementina. loorine and time delaw. A Program can be written to
any oren section of RAM memora  in wour machine  and  recalled.
modified or flased wPon command. A more detailed analuwsis is

included in "Uzina SCLM.

IMTERFACING SCL TO YOUR SYSTEM

The SCL software accesses the wuszers A0 driwvers wia wvectors
Faszed to it in the DE and HL regiszter pPairs at startup time. The
user must Prowide a short zubroutine to fetch & character from a
console device Ckewboard? and Passz it in register A, In addition.
a subroutine to  Print the ASCIY character on the consolae
cPrinter,  wideo., etc.) iz reduired. The Pointer to the "fetch a
character" subroutine iz Placed in the HL refister fair while the
Fointer to the "Print a character” zubroutine is placed in the DE

reaister fpair bhefore entering the SCL Prosream, SCL iz then

fl-
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EOM. The following 13z an examPle of 3 tarical Prosram.
3THIS ROUTINE SETS UF THE REGISTERS FOR SCL
$ AND FERFORMS INFUT AND OQUTFUT FUNCTIONS.
5THIS ROUTINE EXFECTS YOUR DATA FORT AT 01
FAND YOUR STATUS FORT AT 00. RECEIVER FLAG
$AT BIT O AND TRANSMITTER FLAG AT RIT 7.
JWE ASSUME YOUR SYSTEM MONITOR TO BE AT
sLOCATION OFQ000HM. REPLACE WITH YOUR MONITOR
FALDRESS.,
Q000 210C00 START LXI HyOOOCH S$FETCH A CHAR.
Q0003 111800 LLXI Dy0018H sFRINT A CHAR.
0006 CODOOEO CAL.L SCL $SCL ADDRESS
0009 CIROOFO calLL MON $SYSTEM MONITOR ALD. (TYF)
Q00C DEOO INKS IN KS $STATUS FORT
Q00E E&01 ANI RDA sCHECK DATA AVAIL.
0010 C20C00 JNZ INKS s LOOF
0013 IIRO1 IN DATA s INFUT DATA
0015 E67F ANI FARITY $STRIF FARITY
0017 C9 RET s GO0 RACK
0018 F3 FUSH FSW $SAVE A AND FLAGS
0019 DROO OTFS IN FS $STATUS FORT
001R E&80 ANI TRE $CHECK BRUFFER EMFTY
001D C21900 JNZ OTFS s LOOF
0020 F1 FOF FSW $GET A AND FLAGS
0021 D301 ouT DATA sOUTFUT DATA
0023 C9 RET
0024 END
USTIHG SoL
The followina efase:s explain how to uszse the ExaminesModitw and
Sound Command Lanauaze Interfreter. The mpemonics of SCL were
azzianed to @z clozels afproximate the actual orerations as
Foszible and allow for 9uick association to minimize learnina

time .
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time.

IMITIAL COMMANDE

Mhen SCL iz first executed at ztartur., the ExaminesModifs Froaram
CEMPY  will ePromPt the user with "REG?" and wait for the user to

wamine. The reaizter number

ih

enter & resizter number in Hex: to
desired iz entered followed b a sPace whereuPon uron EMP
dizplavws the contents of that resizter in Hex format followed by
a 9uesztion mark. If the contents are to be chansed the new two
dizit Hex code iz entered followed ba & “space" or  “return”

o haracter. If no chan2e iz reduired the "space” or "return" kew

lezwes the resister asz iz and once azain Promfks the user with

"REG?". The following examPles examineg two of the PSG resisters
in chifr 0" and modifs one of Lthem

REG? Enter "QO" Jzpacel

REG 00=007 Enter FR (spacel

FEG? Enter "Q1i" Jzpaced

REG O01=007" Enter <sPace? or treturnd

FEG?Y

izter OO0 YChannel H Fine Tune’ was

-
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chansed from OQ +to AA while the contents of resgister 01 were
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unchansed at 00, Reaiszter numbers 00 throush OF aPPrle to the

redizsters in  PSG chir 0" while regizter numbers 10 throush 1F
arrle to PSG chip "1v,

The wuser haz the oftion of entering one of five sPecial
characters to the "REG?" prompt: Exclamation Point <!> to exit
SCL far CPM3:  a carital "L" to access the sound effects
librars Cexplained later?: carital "M" +to write into memorw;
carital "P" to elayw the =zound from memors and capital "R" to
dizflad chir resisters. A Period ¢. 3 will return the wuser from
any  of te modes to EMP mode. In the case of "M" or "P" the user
Will be Prometed with "ADDR?" which iz a reduest for the address
in  RAM  where +the dezired function iz +to be exercised. This
address loaction in the "M" mode. SCL will assume FFOO. A pPeriod

-~

.0 will return the user to EMP mode.

"M" MODE

"M" mode allows sou to write in SCL format into any available RAM

area bw enterins the first location of that area followina the
"ADDRE?"  FromPt. SCL will examine that location and displaw the
contents of that Hex addreszs. Subsequent strokes of the “"Return®
or "Space"  kews will ster szeduentialls throush the RAM startina

at the dezired location. FAny location can be chansed bw tuping a
two digsit Hex number followed by a "Srace" or "Return®. The minus

ter hackwards throush memory. H

i

I

kew J=2) mallows the user to
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Feriod  C02 will causze SCL to leawve the memory area and return to
the EMFP mode. SCL code iz relocatable. H Progsram can be moved

from one RAM area to another and ztil1l1 be fplaved with the "P*

a
command .
F" MODE

"F* mode allows @ou to plaw the Prosram sou have entered into  a
FAM  ares ope time. The pPlas mode =starts at the Hex address
entered directly followins the "ADDRE" fromft and continues until
it encounters a return command in the Prosram at which time it
re=enters the EMP mode with the “RES?" Propmt.

"L" MODE

The "L" mode iz & library retrieve mode and allows +the user to
Flas  pPre—Prosrammed sounds in RAM or external ROM. If an "L" is
enteraed the user iz PromfPted with “"IHDEX" requesting the index
number of the deszired szound. Once the index number is entered the
zound is Plaved and the wuser iz refromted for  another index
number.  The method for calculatin® the index numhers is covered
in "Librars Call Section”. A feriod ¢, will return the wuszer to

the EMP mode.

"R" MODE

"B" mode dumrs the contents of all resisters of both PSG s on the
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conzole dewice to allow rewiew.
SCL LAMGUARGE

The ZCL interpreter allows the user to Process a chain of SCL
commands flaced in either FAM or ROM. The chain defines the
control of the twoe PSG chirs on the S5-100 Sound Effects Board.

Commandzs fall into the followins catesories:

Audic Channel Setup Creriod and amP litude?
Audio Channel Update {arithmetich

Enables

Moize Setup

Moize Update (arithmetic)

Envelore Control

FSG Chir Select

Delaws and Loors

Individual Resgister Update Yarithmetic)

Librars Call

SCL doez not  allow for  GOTOSJump control statements or
Conditional Test statementz. The interfreter does not allow the
uzer to basze the sound effect on the results of conditions

external to the Program. Mote the command:s deal with the PERIOD
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of a tone., the inverse of itz frequency (P=I/F>.

AUDIO CHAMMEL SETUP

Set Channel A ({format 1M PF VW2

This command szets Channel H to a PERIOD of MPP Hex and and
amplitude Y Hex. The Hex waluez are entered into resisters 0,1
Cfor pPeriod) and 8 (amPlitded of the PSG chosen by the PSG Chir

Select command discuszed later.

Example: 13 26 05 would set reaister O to

2

& Hex regizter 1 to 03 Hex and register 8 to 05

I

vers imPortant pPart of thiz command is the wvalue of the most
sisnificant bit of the amflitude Hex value., YY. “alues from 00 to
OF 3ive a 16 level amPlitude control that can be chansed only by
a rewvizion of the hex value. If amPlitude control by the envelora
Aenerator iz desired, then the most sisnificant bit must be hish
(Logic 41>, Thus to control the amplitude of Channel H with the
Envelore Control would then become 13 26 10. Since the ampPlitude
vwalue is asszianed by the Envelore Control the walue of the least

sianificant ampPlitude bit can be isnored.

Set Channel B {(format 2M PP ')
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Thiz command rferforms the same functionz on Channel B of the

t 2. Z and 9.

14
L0

r

o]

zelected PSG chir and loads Hex walues in Feai:

Set Channel © <format 3M PR oW

Thiz command rPerforms +the =mae functions on Channel C of the

cted PEG chie. It loads reaiszters 4. S and H.

zal

1
i

ALIDIO CHAMMEL UPDATE

After the walues of Pericd and AmPlitude hawve heen aszsigned to
the three audic channels certsin arithmatic oPerations can be

Ferformed on them usine the followins commands

RDD TO PERIOD AMDAOR AMPLITUDE of Channel A Cformat 40 H% Yy

#¥ 15 & Hex value that is added +o MPP  which because of the
Feriosd-frequency inversion relationzhir, decreasesz the frequency.
FAddins a number areater than 80 Hex changes the sion of t he
oFeration and  subtracts that  walue from MPP <275 comPliment)
therebs increasine the tone frequencs. The same iz true of +he

Amrlitude resizters where YY is a Hex walue added'subtracted to

1]

I

in a leopr and rereated

L&)
i
(o'l

W' Thesze command:s are wuszualle u:
Zewversl timesz to obtain urPward or downward fredquencs and
amflitude sweers. It iz not usualle desirasble to make the wvalues

of WM or WY too larse because the tone resgisters will Quickly be
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sterred ower the tor and wrar back around.

ADD TO FERIOD AHDAOR AMPLITUDE of CHAMMEL B (format 30 XX YWY

performs the zame oPeration on Channel B of the selected PSG

ADD TO PERIOD AMDA0OR AMPLITUOE of Channel C  dformat S0 XX YYD
rerforms the same oferation on Channel C of the selected FS0G

chip.
EMABLES <format 7O HHD>

An insPection of the PSG resgiszters chart will disclose that
resister 7 allows for turnins the noise and tones on or off on
the three channels and selectin? InA0Out commands of the two I/0
forts. SCL  addresses the Enables Resister with a 70 HH format
where MM iz a Hex wvalue Placed in Rexister 7. It should be noted
that the Enables Resister iz Low True szo that all inPuts low <O
would turn on all three channels with noise and tone mixed and
allow both the I/0 ports to be written to. Tone A is the least
zisnificant bit of a dual Hex wuvord while IO B is the most
zignificant bit. [These examrles will hele explain the VO command
in sreater detail:l. Since SCL does not concern itself directly
with the I/0 eforts and thes have nothina to do with the
Production of sound we will disresard the effect of 70 codes on

I/0 commands.
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7O 00 Enable tonesz and noize channels H B % C

'.-"'0 Turn off tones and noisze channels A B & C

F“O Turn on channel A tone only

vO 2E Turn on channel a tone: channel B noise
VO OO Turn off tones Turm on noize BB & O
Example: —>» 3F HEX iz 0011 44441 in binarwg

—»3JE HEX iz 0011 1410 in binarwg

Channel H on, (tone)

Actually since the two hishest bitsz (BE &B7?Y do not matter the

igned as 70 CO ; 7O FF; 70

i
i

L0]

walues  could Just have eazily been as
FE: V0 EE and P00 7. The term “enable" misht be better dezcribed
as "mixer" =since it iz adwized that to turn off a channel

comfletels the amplitude for that channel be assisgned a value of

MOISE SETUP (format 20 MHHD

The PS5G senerates a noize sPectrum whosze frequency is his

it

zomewhat akin to the center fredquency of a notch frequencd whos
walus iz fn= { clock~s1eMH 10 aor the inPut clock frequencwy

tuzualle 1 mhzd divided by the product of 16 timez the DECIMAL
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equivalant to the Hex walue MM, Since regiszter € to which the
"S0" code addresses itself. iz onla 5 bitz the hishest walue for
MM would be 4F Hex or 31 decimal. Hith a 4 mhz inPut frequencs

hiah as &0 kKh=z.

(0]

the noisze could be as low az 2 khz or a

HOSIE UPDATE <format D0 ¥x>

Once the noize fredjuency has been dstablished bw the 20 command a
He:x walue can be addeds/subtracted o thiz frequencwo by the format
2O HWE where H¥ iz a3 Hex walue added to the Hex freduency
designator HH. Az in the casze of the Period and Amelitude
commands walues areater than 20 Hex chanze the sisn and subtract
from MH. Since HM refpresents: an  inwverse function. beina the
reriod of the noise fredquencs, addins XX to HH will actually
decreasze the noise frequencwa. The 20 command iz most often used

vise fredquency.

L]

in loors to zweer the n

Examf le: 20 02 would add 2 o the noize Period.

20 FE subtractz 2 from the noise Period.

EMYELOPE COMTROL

Since most sounds have a defined attack. sustain and decaw

Frattern the ability of 3 sound =enerator would be severly limited
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ba & lack of Enwelore Control. The AY-3-3210 PSG pProwvides for
Enwvelore Control with PSG registersz B, © & D The SCL format i
A% HH LL where HH LL iz the He:x Period of ¥ tuepre. A =tudy of the

chart #4 will disclose that there is in eiaht different

14
i

enc

L]
14

tupes of enwelores. It should be noted that while the chart shows

ten., there are duplications. It zhould alszo be noted that a walue

for % af 0.1.2.2, or 9 Hex will all =2iwe the zame bazic enwvelore!

o
151

a share attack Cinstant? with a3 decas who: walue iz determined

15
U
it

ha  HH  LL. The hisher the wvalue of HH LL the lonser the decaw

)

&

time. To calulate the lensth, use the formula fe= §f  clocksC25

HH LL ¢base 10 where the clock freduency iz diwvided bw the

product of 258 times the HH LL walue conwerted to decimal.

It i the enwelore that aiwves different characteristics to

different tupes of sounds. Careful manifulation of this section

Wwill wield more realistic sounds.

'S5 CHIP SELECT <format BO. Bl., B2, B3>

e to thisz Point all of the SCL commands have been written in

aeneral. With the PSG chif zelect command the efrosram is  told

to he written to. The

which of the two PSG chirs the data i

commands are az follows.

1. BO selectz chir #0 Jleft stereo channel? with random

feature dizabled



2 3 Bl =zelects chip #1 <risht stereo channel) with random

[
feature dizabled
3.3 B2 Selects chip #0 random feature enabled.

Do |

4. % BR selects chir #1 random feature enabled.

It is apProfiate to explain the Random Feature pPart of SCL at
this time. It allows a pseudo-random number to be Placed into
desionated resgisters each time the frosram Cor leoop? is starpad
throush. bith B2 as a PSG select command ans 00 Hex walue pPlaced

in an4 of the followins SCL command with “randomize® that walue:

1.2 or % series Period or AmPlitude values.
30,50 or &0 series arithmatic orerations.
20 series noize fredquency

a0 zeries noise arithmatic orerations.

HH and LL Hex pPairz of the enwvelore control {especially

i)

]
4
-4)
14
n}
+
et
D

In addition "DO" loop values. delas walues, and "E" tupe commands
am he randomized. ‘Mare shout those oferationz  in their
resfrective zecktionsd.

Either chif can be chozen in either Random Feature or Hon—Fandom
Feature mode but both chirs cannot be addreszsed or Plased at the

zame time. Femember ., howewer . that wvalues can be loaded into a

L4



FEG"z reaisters and thews will remain until the walue is changed
or the reset activated., The tones: amflitude noise and envelorPe
can be set in one PEG and activated., left bw the host Processor
and will eflasy merrily 3lons until it iz told to do somethins
elze. Thus both PEG7s can be made to Produce different zounds at
the =ame time if the Program iz proferly written., If all of this
zounds confusins., it iz, .. bhut a little time with the Program and

the Zound Board will helr clear uf the mesters.

DELAYS AND LOOPES (DO OF.DEX

Fh  wesz! How the crust of the SCL fFrosram. RAs maY alreadws be

axfected the Prosram runs much faster than real time sounds take

i1

0 all of the commands written ufe to thiz Point zatiszfy the PSG

chir but not @our 2ars. Some method must be used to load a wvalue
and  let it occour in real time. Deladsz and Loors consizt of a DF
Hex: command <Oelas For) and a 00 command 0o Loor). Each of these
commands iz followed by a 2 disit Hex code to asszian a wvalua., DO

locrs can be nested but for each 00 there MUST be = DE ClooP end?

command .
For Examele 0o 10 O 16 times
30 05 00 Add & o channel H
oF oA felas each time 1 millizec.

DE End aof looe.

/5
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The DF command caused SCL to Pause for MM # 100 microsounds with
a 2 mhz swsztem clock <note thiz iz not necessarily the PSG clock
fredquencad. Az can be calculated. the total delaw with a sinsle
DF command iz 25& % 100 micreseconds or . 256 seconds. Althoush
the DF can be rereated., and easier waw is to nest it in a DO loor
which multirlies the total time by the walue of DO MM where HM is

& Hex number. Thus the followin3 looP would delas for 2. 56

zecaonds .

Do OAH Do 10 Times
IF FF Delay for FF # 100 Microszeo.
DE End of loop.

H stated Frewviousls DO loors can be nested ufp to the extent of

ztack RAM Prowided by the Prosram callina the SCL <or 632 levels

whichever iz smaller’. Each nested loof uszsesz 4 hutes of stack.
For EsxamPle: no o5 Do S5 times.

40 08 00 Add 06 to channel A Period.

Do oA 00 10 times.
nF FF Delay for 295 seconds.
NE Inner LooPr End.

e Duter Loor End.



This pProasram would add 08 to channel A; delaw for 2.55 seconds
then loof four more times for a total of 20.48 seconds. Ubviouslw
werd lons time interwvals can be dquickly develored. The location

of a DE areatly effects the frosrams” actions.

INDIVIDUAL REGISTER UPDATE

Thiz =SZL command formated ER  ¥¥  YY where ¥¥ iz added to P3G
reaister and masked with ¥Y. Since it addresses any s=insle PSG
redizter it allows manipulation of that zinale reaister onlys. It

can also be used to reset any register ba usins the format ER 00

00 where B iz the desired register.

LLIERARY CALL

cFormat CA HHEd The Library Call command allows Pre—froarammed
routines or sounds to be called from a libkrars ROM and intesrated
intoe the current frosram. At the CH command SCL leawves the

current Prosram and dumPs to a3 location in the Librars ROM  that

U

is four times the Hex walue of ¥, SCL assumes that the Librarw
FOM liwves in the next 1K bute of memors abowe the location of the
SCL ROM. Thus  if the swztem SCL ROM iz located at EOOO the
Librars ROM would hawe to be located at  E400. If there was a
routine at E440 the command to call that routine would be CA 10.
Foutines written in the Librars ROM must end with a DE command in

order for the SCL to re—enter the original frogram at the spot it

/7



left and continue. The CA command allows access of up to 1024

t of librarws effects in 4 bute increments. Since most SCL

o
i<
14
[

Froarams are more that 4 bates lons thisz offest  pPresents no
Froblems. The wuser must remember to locate the beginning of a
librars Prosram at a ROM location that iz a factor of 4. The
rnal librarz zounds areatly increases the Power of

access bo ewxt

1

ZCL to immulate comPlex and realistic sounds. An examPle would be
a librars EBEIM with all of the maior and minor chords froarammed
in and to zimPle do a CA command to Plas that chord. One channel

coidld Plagy the melods while the other Plads the chords.

MISCELLAMECOUS COMTROL GROUPE

The final SCL control command iz the EXIT command that consists
of an ofen 00 or FF. It szhould be remembered that while the EXIT
command causes  SCL to leawe the frogram and return to this
Fegizter Examines Modifs mode, it doesz not reset ans of the chir
registers. I¥ the oscillatorz. noize and envelofe registers are
ot dizabled, the chifP will continue to execute the last command

it received until it is updated. Az vou will see from the zample

14
4
hd
#
o
[
-+
o
=2
©
I2 4
xF
14d

Froaram: certain regiszters should be disabledsr

a few =ound effects zlong with dezcrirtion.

—~
-
14
-+,
[
ot
—
[
E
[N
puu
.
w
-
14

TUAL PHASOR
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BO Select left channel random disabled

no Do zix times

iD (IJQ

05

OF Zet Channel A to period 005 at full wvolume
20

IF

OF Set Channel B to Period O1F at full wolume
FO

Fa Enable a1l Tone Channels

o

a0 DO 230 hex times

30

0z

00 Add 02 to Channel A leawe wolume alone (sweepP?
S0

0z

00 Add 02 to Channel B leave wolume alone (swzepP?
IF

03 Delaw for 200 microzeconds each tima

DE End inszide loor

TE End ocutside loop

7O

FF Dizable &1l channels

0 End Pro=ram



SMALL AR

10
01

10

IF

TF
00
o
035

IF

Select left channel ramdom enabled

Enable Moise on all chanel A onlw

Fut Channel A under Envelopre Control

i
-
[}
A

Zet Moize reriod to S

Do eiaht times:

Fandom noise Pariod

Do 20 hex times:

lelaw For

FF he:x times 2100 microseconds

End =zecond DO loop

0

et enwvelore to type &

Mith random Period in MSE

Delaw for random Feriod

A



00
IE

DE

Random delas period
End third DO loor

End first <outside) DO loor

Dizsahle all channels

Turn Channel A off

End of frosram

Al
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TYFE REAID.ME

NOTES ON USING CF/M VERSION OF SCL

SCLX IS THE COM FILE THAT CONTAINS THE SCL INTERFERTER.
DEMO.COM IS NOT A TRUE COM FILE. IT IS A DEMO FILE CONTAINING
SEVERAL SCL FROGRAMS TO CHECK OUT YOUR SOUND EFFECTS BOARIN.

DEMO.COM IS LOADED VIA DOT. IN ORDER TO LOAD » TYFE THE COMMANDS AS
FOLLOWS. ASSUMING THE SCL DISC IS IN THE SELECTED DRIVE.

BxADDT
DOT VERS 1.4
~IDEMO ., COM
K

NEXT FC

1500 0100
~GO

BrSCLX

REG? F
ANDIRT 1000

AN "1®" EXITS SCL AND REROOTS CF/M.

DEMO IS LOADED RY DOT AT 1000H., DEMO IS FLAYED RBY THE "F" COMMAND
OF SCL.,

ANY SCL FROGRAM CAN BE STORED ON A DISC RY USING STANDARD CF/M "SAVE"
COMMAND AND RELOADED USING DDT. THE DEMOJHEX FILE I8 A GOOD EXAMFLE.
CF/M IS A TM OF DIGITAL RESEARCH (CALIFORNIA.)

A



