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D
Main 15 Sub 15

• • •

• • •

Sub (()
(4K)

Main 0
(12K)

F8 ROM

F0 ROM

E8 ROM

E0 ROM

08 ROM

00 ROM

$FFFF

$0000

t
ADDRESS (HEX)

$F000

J

256 K Memory Expansion (RAM)

Apple $0000 -$FFFF Address Space

Key Contacts '1 +5 V
10K

•••

•,
• Output Scan Bits (8)

+5V
10K•••

7 groups of 8 keys
+

I group of 5 keys .-.+--..............-'_-+-_..

Matrll( Select Bits (8)

Keyboard Diode Matrix
----------~-~--~-~----------~ - ---~- --~-~-.-~---.-~ --~
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j ntern 91 teteo t"r"!etBl pattern on Bn epo>;!d printed circu:t structure. A

presses the conouctivs foarn onto the conttjct Detter-n,: thus clD:;in!~ t~¥!8

~juce'_j

;.~,.; r-- +
: ' ! ':' '-

Thu i::"-· t; /<:"1 '-r-'! ,':. j ,•. -'-r-' Flf·'·· i nil rll-!'.-r· i ,-,.-, '-I f t hQ '.'jCR~Al-RAe c- e:l 1':: h::,;-,', i ':: +
lit ,_, •...; I_.,~ -..~ l"j! 1 l ...f ,_, ,,_, !, (I~..: ~ I j l:j I- -_ I ~ I '_" l ,_, l '; ~ ,C:: yo L. u J '_':j '_"_ '_'; ~, ,._. -~

t-,C)., j-, c: 1r, "'~1' T h ~~
~-, ,~. ''''; !-.' '-' , '-' : j ,
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, ,
cnenne i.

r .t - - I Jt r- ut -,',. "1' " IJ j - - - - 1 - ,- -' j - "-f r,,"· f ,- - q'J- 'r t I - r - - ; , .. - t' . - ",-lld,,1:! ij., -i) i, tl,rrp . i..' I::! ;:;Cw,I::!,., em ij.<::. ,-I:::il.l::! ,'i:::' ,.I::!tl_:.j ::;c-'I::!I.:,TTUl TUff

output wevet orm. frequency. end emplttude.

'..1,'.- ',' i:Jt'.- t-,·, ]' ':. I' r'l' '"1' II l' ':.u -i T ", - 1',"- ',I - t '"t''1· ]' ':. .--;, C:,::: o ,. t ,-j Q .:. 1,. n" ,:. n -i -.", e-. h, , 1j ,'___ ,J ,rI ~'.i·:;' "J I. j i ~,,_. u. ,I ,I:' ,,\ ,j , I::! "U ,i:! .•' ......".' '_., I v r "_"_' "J,'::t' 'J', I.) f:! '...I '_., i

'" ", I 1\,\,' h Q .-,., ; t·, r' t"!.::. t'r', F1 i n ''(I ern 1-',-,; ,-,r' +h a A'r, [,'I i:J ':. i "I ,-. o t L',u cut" [, j ':. '-"-1n t ,-,-,11 ,::.,j
'... ! i:j I. I : ,_, i c: ,:, M ~ l! "-i , I I i I r:::.: _£1 ::i _,,1M J ; r.:: f-, '_".' '_',! 1_, ,_, ,~J "_" ,_,C; M .... 4, I ! "_, ,_" _ i ~ ".. I •• ! 1 "_" _

to the \vCi'v'etatile entries without rehdi['lI~ on slow :::oftware retllj,h,'vrite

Q·-,""bja.-l the nt"'lA' ,-·,-,t",t;-,-,l1 at- '-It' tt·,r, suntnesizer "-:'+1=1;:,1,:·" '::"'-'-" ,-,"h-'- 1,_.t (U 1-' r,:; '..J.1 '~J '_' !.." I _" _ ! ; -, ~ ,_", ! r,::;, '_ '_, : c: '-'~::f f '_ I I r.:; ,_l i c, C 1·_' '. __" '..I , ._~ '_' II lj I := _l t, ,t: J I

'''-1-1' t: t-n .:; A r- 'I t'II' ['(11-'- rr..-, t-II r- i ,-,11-'- t,-, '1 et .e., ,-,1-'- 1M i!'::' 1. 'i=J f t-·-,rr" ;::' 1M d- ',,''::' ~I' '" l'-l] .::. hi j. +u t f....j· tJ 1. _' '_' '_" "_. t.. ,_". ..J , _,!. 1,-1 oj ,_.y '_' '_' ~ 0_ ::,1 , 0_ i.J I I _0 tt I 1...1 I ,~.( '-" , J_ !.,.j lIt ~ ~ 1....1 ' C:. " ~I ', t::: .~. {I 1_

-'- "-'1' t'_· -r-"-] - t- ---1 ...•••. t,·- r··t"lA" --r··"· '- _.. -t-'-, ,- _·t'·_,-Util::. rliji. oill::. nUl me ::: ...II::.t:! I..l wnen .ns L-',' ::;IJ:; .ern 1::: l::'fiij !i'='L. AtlUd!!::!;

functl0nij'l dieqrem tI81ov',".
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Wavetable (In Memory)

------- ---~

Sample
from Table

SUM H : SUM L

I + I
IFREQ H !FREQ L l

PAGE POINTER

AMPUTlJCE
DAC

from other
oscillators

Output

Oscillator Summary
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,.,' , " L_i I,... n.::.., I t I ,':' ! '..l '. t! I ':' .::' 11:1' i] i ] ,_. tI, I ... ':' I r!l. '.' t" t! ~ '::li-i UI '::' -: ,:;. tI i , ,p,1f! ':, '.I I!::' 1,-, f !::! t r!

.l. I. - ',' -r j- - - + f'- - ' - . -, 1' - ,~' -,., , - -'... ~. - , f t' f- - r· '. 1- . - t - _.- j C ,r .'-, c: H~U\I::' fill::!.!!::.::;,.. r !::'qUt!tll_:!~ Cl,IU •(i::'l"j ]:::; urll::' ,Ii:!!, . .It! ,:;ij[flP \::' [ij .t!" ur I ~I.'OL,_' L

Thi::; is the tneoretical meximum if an iceet low pess filter \'Vere !3',/eJiletde,

"\"I] or', fj de'l itu" rrorn a frequencq r-8:::Clon:::8 ::;tan1jpoint
,_, ,_I '_ •

',,'o'>-l i ,-·h 'YIP-::"',,-, '::. 1h'- 1"1] t 1j-Ijucl,-c,,-',-' "".1,,-,,-,1-'- 1u;:v,t ,-,]'I::!"I]' ncent ;=: h i +r- '-j'-'''' ;:,11 -,,.,,,-,-,
I! ill ,_, f! ; i , '_' !.J I I .:~ U I _ ~ '_ 1. . I l;;.'':' .:1 f I ! I ... ':: ...' i '-, I". ,:1 ~ .:1 __.1 ; _' 1..JI I '. _. LI It·:. I I G '...;!! ~ c: 1 U,

The. t....·1 j"-' + ,-,; •... /"1]' t' i r-;::"',t :=' 1-,,' t ,-, ij-r'-P t 1.-1Pn '·'1' f t i ,.,; ent t,-, ; dent]' f " +hl:-!- 1r"·' ij-t " I-,n ,·,f1 I 1f':;; ,!, ,_.'.:"~ ':1 j ~j" .; 1_, iJ 1 .'~ __1 .... v ,:) t _'. I _" "::.4 j !_" ! ,_, ! '. t. l_ I U . I • 1::1 '. I 1 _' _I ,_, ! "., _ I t '_' i

HI';:' ',loo"-j',lot",t-1 10 .:::rl'; +hl-'-'::'f-!- /-1;+0:' FI'-':' rI 11j- ,-,p d J',., -rf-I'o, :=: hit "AI'':' cointer ,-,:.,1]":'1' er'~l \_. l 1 I e ,_, ~. 1..J L ! ~. ,I W j /-1 l, { , _. ,_I _. I... 1 I. '_' '..J I '_' ~ r 1_, ..' ; i .~ I C. \_, 1-'! ', !-1 L .j "_. ~'_'! } '. ,_, , 1 ~ ,j "_I _ c:

"/""fj"ietaL:le for each osctlletcr. it \'VOU]lj tie po::;sitile to f'itl',ie S8"i8r-al

osc'jllijtor~:; shers e v'/Bvetett!1e tru sirnolu comuno more theft one osci11eto~··,_, . ,j I ,_,

et the SBrne rnemoru pij~~e,

T h c, f ,.c,n I'i=' r"I'-' II '-'I-It"! t ,-,-,] of ;::, 11 i 1,1:'"". II':'!' i 1] ;::.+ I-I r- i c A1-' t: I-I r-r', rl '11' ':'h ;:,,-1 h'IJi ! i I;:"; 1; i:;; '-! '.'1'.. ' t_".:1 "_" _ , \ '.." '_' '_' 1..J:j I ", "_" j! '_' "_I "_' , I I 1..J I. _ I ,_, 'oool _' ".... _ ~" "_! :, ,"_. '-' ..... ,_,



!::» DiG ITAL :;VNT HE~; IZEP cont,)

Firs: ,'" r"->;::""110 of ,.".,. rreuusncu i"d-'... unit r'-,r-,-oe'''-'["I.-I,:, t n ''1·,,:=;,-,tjj,,~l, "."! U '_'r,,.n • :::1'.' U, '_'I i!:! " !:!''1 .JI:! k, ~~ ,r!,~ I:;! C', ,-' I", ,_,I." , '.' '.' 1-'t" ".J'.' ','.' '~I I '.J '.' ',',< '-' I

l inutetiun r-IBS tleen of little consequence :::0 far in the d8\ieloprnent of

VERSATRACS_

c - - . - '1 ; t . '- - ld t - . .' - -I t L - t' - _.' f '" . r' _. ,'-, -, ; - -l - \' - '- • , , •_it'!.:utiw" ;', ::;tiuUI' Lit! rIO T. 1L8 !.J .rro _ ::;p!:!Cl fdlf!!~ i.:! t !:!qtH::!tIL'd mnex cuove

·z'-, "7"'::'" .. ' i 11 - '" - ..... -i "r - - -r - r 11' t- " , 1r' it - (" t- t t'- - ',- ro \\' . t-- - i ,- _. t L- - t \ \' - ' ']1'0' L" " ,_, i "'V, , I !:!i',L:I:;! co I.J :.,!!:! ::;; ij, rIi-' , 1I-f!' fI, ,:.:; 1..1 ._!!:! r j ij ,.{ ij !:!! ::;, Ii t: I:;! ,I Iij " ,'i 1.1 I.~ L

correspond to an output frequenC'j atll)\'e the N1dqui st 1imi t. No Ijatr:age L:;

musrcel value can tie obte;ine!j,

,-.- -,t", -·n, 1't i c: .:' - t' t to - t' q t l' t 'j]' q1' t -1 t - - t-'-l-I" r- -,"",,' - tot Pt- T"'p ,-of 0 t--·- ("'r:;,i , II;;, r,t'l j.. ,'_ ,~, ,A:! I 0 .U ij I L, I _' '0 ',u, ,U ij, iij L '::1 ,_, I.,i i " I;;! , "'0'" ,r I ,_. "0' I;;! I;:!!k '_'

volta'~8 ~lro"ii,j8d to the DAC is actuall!d the output of i3not.her DAC "lvt"iose

innut i:::; the contents of t.he oscilletnr emnntuue reoister, This erncli tude, . ,_r ,

'0



II

it" -j'+ " .-, t ~'.c. "," n t - " t .:' or t ~',." r:... " ,,,,,,," "",'.r,1 i +Il·-lp ,-.-"i ·:,t u'-
I Ip.J >. ,:; "I I ..., C'U i , ,.I:!rI "',,' '", .1 ,t: '.' 'I I:!, .... I, tl I ' ,~, I , '. '-, iJ ',,' , t: ':' ' ',,' '",_" ,

T ''', +~" Ci "', '-'-1 q I-A ",', t'f"'':' r H-18 r-, II t-it 1-,,:,.-, i "'':'''' h (. "" rds Art q,:,,,, f"- t I' h r-, '-'1' ,,'t ~ U f'"
I j'_, 1M; I ,_, \-"! 1_:j \ '.,: f Ii; I:;:; .' 'M I ..::' .j ~ i c~ .:1 1 .::.. r;:;i L! ....! '-i i.J .:1 i.... t- t-"I;:; U • ~l U C .:1 t"1 _ ..... c: I

:jj I] He1o::;ci 11 '31.Ot-:;:;, \NHf"! j nceuenoent control of \vB',/ef orm. fr-ecuencl I, '~Irllj
~ • ~ • I O.

'''",", '-p r- ",,'" -,1 i ,'" - t p 'J' ':'1'r -, - t'r' p. r- - '-8 t' - - t "t"·:, t r tI" ,'" h 8 t"i i1 ",-i ,'''' I j c t r C! t l' .' .. " -If , ! ',," '_ '"' L" rI !,.'! , ,_, ij ._. ",,,, , L I::! .. I ,,' ~I t! r '~ f II:! . I:!",,' ..) ,I:! '0 I I U, , ~::j I:!fJ ,,',' '_' " .1.", ,,! fit: I...

L~' t"l iD! iNTEF'~ACE CF'T iDr"J

::;t,3nljanjization of :::i:~nBJ interconnectten end ccmmumcet ion rnetr'lolj::;, At

-_.-~- .._------- - ----- -.----~-.-~~-_.~-------
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i t·q-"I'J 1"0'1 f lit- :=" 1,-, l' ';1' '-Ill r.; rr-IIJl t "'t'·or,1,.-. IJ'-'0 nf :=. ,-,; ••..'1 0 c. ,-, t·,.', a1-'t' ; "t'· 1i .-.p f-" I ,I "."'-1
I I "_' ', -l ~ U I "_- 1-1 V l_. !,.J i -:,J .:1; • • U It,.,· '_' .i .:: •.:1 t:;. _' I i_I .:': i j ij . c:: '_,1_, Ii '_' _' I ,-. I ; I I I '_' L.i:::I l, i , 1_

,"lIDI trensrmt ters. nor is there anu weu for a ,"1!DI cle'·,iice to ackno'Y\"lsljqe- -' .j -

r-p r prrt l'nn (if F commend 'I'n short on1, Ii !tnp source nf t"'ll DI cornrn Fln'J-I::: '-';"1 n__, _,to. _.. -' ...I __ J • I _'-1 t I. I...... _ -,1 _ .j'" , l _ ... _. ... _ _, I., _ _ ~ 1 ,1. 1 _, " _' '_' _ '. ,

simple-minded nature of the interf;jce prc:tocol ::'

HDV'{S'...'8t-, the

'-Oil,·j '-i n1 ,,- t-' I ,-.; ·'-'r·1 - r, - r-·j-oII<:ot-·-· J ". ,.... ·-,·-·t ,-.:=..-.•-.,-. - h'=j r:::; (1 ..\ ,--', iI chi r-' i .-. I "-"-'rl, .... '-1'.1 ,r ",1::1 'I t:!. :::1 ':' i i ri,..' I I::! r!d. , '" ',J G . " i' , ;1,-' .:' '_ '_. '-' .:', c ':'" tl '_' L .._' ._J ....., ,_, ,,..., ,_,.! 1-' I .:' ._,.::- Co.J

CBtJ1 e.

Tho \1~nCATRACS sustern -·<:ot-I t,,::. i i cc -i ;".:..- I"'11['i1 ':'-'J".-'- i f ;::,n
: '. Co 'If c.. 1'. ..J ., ,_,:j '_' '.C', • L 'J', "0 I.,'_' I::! I.J ,j '_' cl . ,. " '_' U '_. r c. t:! ., '.J"

can D8

--~---~---- -_._...-.~---- -.-.- -- ---_.---.--- -- --- - - --- - - .. - -_.- - --------



"

Dne ot

- t- - -, T - t" - ]' - t- - 1 - t 'i ~- - t - "" -; - t- r' \- - p- ~- - - t- - q' i i r- - j hi' +i_ - J. I I i r "'1- I 't- t - ; ..U !I:! t;'<;,.Jtl. !::: U.! ~;, U '.' I, :~; ,I:!!..l!...l U i .iil:! ..I!, I:!I:! , I:!, til. I:::! I l.'::;i dll::! L u,J I' U.< : .ti. rJ

n-, - Ar p 1 - t - t-jl r- - t f l,]1 r-:r - - d - t'·j ~'( r t-' P- - - t". - n' l' r-. - i , - J'1- i- 1 - i t-, n- - A.' - r 1 ­',1I1:! ....1e-, II::! l.U ... ! 1:1. I, I .:;t-11::!1:! .. 1j!, ,,"J l:! if!!:!, flU, :::l . -:' th tJ ,tJl.J II:! ,,' '.' 1I::: P~!, I:!

Hanj\,vare ceres but U'IB nB\'v card cen tie opereted in a sornewhet "crippleo"
, .

--itlll--- -r- __ 1-" - 11---'-- rf t hc VERSATRACS - ft'I'--- i- --_.,::;u, _I" ijt I:!. I fll:! .Jt:!fll:!~ild::; I,!:!t :;:;1 uti 'J, ._III:! ::;0, '. ',.... ijf I:! i ::; fIU..,""-

runm ng,. end conteins a11 tJ:e f eetures of tne r''-lounU:li n Henj\'vare '.... en:;) on.



}) SOFTWARE «

» *F IP~T;'; -- AN INTPODUCTiDN

;'.0 U"i8 :anm:Cl'l8 FDPTH, *F!R~;T* "NtiS \je',,Ie1or,e.d S8')eral qear:::; eqc bW Dr
"-' :j . '- '--

, lU'- hn c1-':=<t"·u1t-;:.t t end nt- n;::",,,,; u-l Hi..! cson ;"!+ ',i};"! ':' '"I';net "t"1 : :ni ',,' ~I'-'::; t ! I "I' ~", c til" 11' '::w __I u I __ u _. I ,I """ II· \, 1 _1 \ \_'~'4'-'j L,i,. "_' ,_., ~8 .1 o-J. L..,-.l,..i j
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: BlCL BEll ClS ;

c1 eer the screen.

*FIF'::;T* incluljes t.r-Ie cornrnon fOR-NEXT. WHllE-IF-RPT, ern]

structure, nash teble eddress lookup, emd e6sy access to
, ,

assemb1er code.

TL·!o st ....... 1" nrgA01·zAt'OO msens t hat erithmat ic tormules ere uf··'tu'-P'j·J I, c: U If..rf\. u U U Ii: ,j _' U ._1 ~,II...: ~' 1M' , ; I I C;;.p '_' 1 ,_I I ,:, '.'t 1..J..... . I c: J:.-=.!" c:! _' I

i . ".- ,. - F" - - F' -1i e- '." f - _.. -' j .. t - ....1". - j . - t - -- - , 1 T' - , •• - t - - t -.- -I - • t' t., -,t! r e'/I:!, ::;f:! ·U df! I ut tfl.. dtll HI I:!, ,fl,:!l ]W.f:! t f:!::;'.L .::; /fld1d II:! I:; .u! el..i uti .ne

r- t - .i·" . t ,-. -1 f C -, - - .... - n' n 1 - ci r, t ~..- '·.1' .-. -.-1.-. ... (- j ,-Iit' I' -, "1 *.:•. dC .... 1 ..:,t! . ! I_,t l::!i\d"If-"I::! .• I.blt,g .• !I:! 'dd '..I.:' •. d l '..i: .1 A, s ,

(rnuJtiplication) .. I (Idi'.,.'ision) .. tr'i8 tormule

(3 ... 2) x 6 ... 52 I (9 ... 2)

in norme: notation is represented t'1d

3 2 ... 6 * 52 9 2 ... I ...

/>,1-,+ - t' i- -t t' t" - -, -j- - -f +'. -r - --"d- i v- • -t -L· -' sd t t r - --··t'l. - - »vr: _._-'iL I.t! ,ILl .. II::! or I !:!t u, ,.til? Uf-!I:!t 0,1 I:; ] .:; no .• ,_:, !dtil~1:! .. l!.l. tiO pat I::!rl .1 !t:::;I::!.:; or I:!

r"'lost st eck operettcns are pet-forr-nerj on the top two elements of the sti::lck ..

1'"",'::"'11'r-Ilji at l' r.r r- ;::'1"1,-1 '-1+ hers -'d-n ho:. Ijafl' na.-l Ij]' ,-or,t '1'1 til I t kiP orcoremrner 1'r'! I ,u; " " }- .~. \ l-i ~ . '_r I ! .:1.1 U i 1...J '_ t, j "-" .:1 C, I 1,.,,1 c: . c:; ,".~U 1 l ,_" _. " . ~::f .j ~ I "_'!- _ ::11 , } ! G, ,I

The nesn code lookup technique eurninetes the nee,j for linear

requ: red to reed the proqrern oft" Hie di 13k Brllj cornpi1e it is es::;enti a11 Ll the
~ ~

r-- --,- - - ,-. t h - t i r- - t- -, Ii 1'- d f - 1'-,-, - -1 t k - ,-I' ,-. '." - . iT' I - t' - e-.h +.- t· i 0 i c f II '-,y, 0 -I.:,i::lr.lt' d.:, ., it! ., fdl:! . l:!ql.il' e '.U I c:dU .It:! '..I] .:,f·-, uti, y. . r,l:! ,Iij.:d I ,.,j ',,_. ,.:, ,_,j 'i :._.1-1

1:5



f.
bu nertorrmno at-' srithrnettc rnernoulettcn '-t-I +f' -, (.,- srect -to,:. -,f th~ ',I."-'r-,-i';;:1 f-' '-' i , U. 01, 11:::1' ,u _II r1.-. '_ 1._. f I!J , \-',4,.j., .•J I< 'J , '., i t' ~.!I U..I L -; t! '_' t" I. ,,~. ), '_', '.I

t ~jt'll ij PI,,:·; t i nn ("-lr'-'::":'l"'I("'!'1 i "',,"1 t.-. t t"lP f-~':'II] t '-'j' the. eri t h'-r",ij+; 1-' me ni PI']:Ot+ l' on-, I I ~ ,..1,_" '_' I ~ 1 '_I, _ "_' ,_, I ,_, '_' ~. "_, i ; 1_ \ i ':j .~ '_' ,~ "_" <_' "_'.'; .. I_' :. , ; ,_" l...l I. I II , ! c; t I _. ! I • I I I l-' 1.4 u!. t.,. ,I

- ;~I J l ,-,; r- r-. - • i - .., t .. -. -. < • -..:;, -, -. - c· - f +1 .. d- f i - d \,\" - - j "th'" 1 ..;' or - -. +1 l ! ; i Ct .. t '" tOo I I +t- ­
ijl<'::! .:,d,..!.:,t!qI.4I::!tI '. uu_.!.H •..:tlt.J:;._, u. "n!:! • I::! I nl::! '1I ut I '1I 11 j 1..11: I::!L'_I '::I : !..I,_.t! ',!, '::I ',,II::!

:Otr Pr-- oriet - l' 1Il"f' r .- ri,jt-p c ' c ' trcrr t k.ij he do. t "'f' 1 -'..Ii-I ...,, Uf-' '..l _J:; __•• 1,...1 t! ...I' ,_,,_,,_, I ._.,.1 _11':0 ,,' '.", .,'JJI!:!.

Access to assembly lenquaqe progromming is ',,Iita1 for optitrn.Jrn

cr CJ - j "'t- ri rr"l]' '-1' t-"I "", ...._- C"lt-- t"r"' ':'1'":' - T" - *1=' 1r- 'cT* 1-t" nl l - ,np r.......,t -1' t' ':."'f-I._.!:!I 'J 1..1 ,,[I nurn l...lf U'::1 ij ,._, .:..!:!. ,il!:! • ro'.' tI ,1::1,40 1::1'_' ._.t'i,._w 1._,

pro',iisjon for- inclusion of an efficient 65(:'2 assembler. It is possitde to

-le f ]' ,. e. \/,,' -,-,ok· t h,:::,t A--' - r t i relu .. t- rt - --t i '-11 i / -',- t- ,:·t t'; i -·t Ct j ,- t" - c. .;:- - "-'-'f"] i i1..1 . I I f,.. t t t, r '..I '_' '.', '..i '_ ,~r J:; I:!,!_ " '!:::1 U, i-'w f '., d ;:::1 f.. '-' , ! '_' '. ,_, L . ',' I ,J I w ,_,"_,!:! , I ,.' , :j

1t1' "-I i1j ',:' qo r- I"' "'I .;:- +'-I '1-'+':. T 'r-I ij ij A':' p 1,<·''I t ~'I ',M h i 1-'"I th p f, r "II' .... '-j t-"-I '-r-' cst- 1':Ot t·, ;! W(, r'
1 If,:., ~4!..J '_ c: ,_, _! "_I I.. ! .~~ _' '- '_' . \ c: ~ I"", ,_, '_' I Y • I 1 I I : T ,_.1 ... I '_' t- 1_, ~:f I 1 ;. I I c: ,_, '..1 I j ,,,-(! , I :_'

requi r-i n:;1 speed and rnernor!d effi ci ency rnaid tie v','Ti Hen in 6502 e::;serrit:1!d

1ij-"'''! i;=< f1 ~ Vol r"1 j ] p. I' "I f"nrl] p.~<' c· t t'! I L" t I' t-p .:. f' :-Iu' t', t'IP. f' l! n t ron 111~'u-l c'II' 'u:' Ii ','-; '..' er" ,"-II it i "f!::', I 1~j ..-I'.J .:1 -_',~ I I , _. \.' \. l' \-' _' I I __ I • •• .( ....-1 '_0 "_I _' ..' _' "_' I ". _ I "_. :j ",..;." t '_ wi '.. i J , '_'

floetf.irnj point canjs for the Apple are ;:j'.... ailatde fnxn First is Fast., inc..,

--------------------.-.-- .... _-.-.----------------
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» [i~;[:!LLATDR AND \/01[:[ CDNCEPT

A r- -f ,1 - . 't" -r· ... - " rt roc - - tnt - -- -t"'n - -l't'd r .. !.J.:;t!, I.. i ::;ljtl .fit!,:;] <:.8t tfll,U. p, U W_:t! tI'.et t!::; ..1fl:j ::;U • I o,

essent iel reqerdless of \yhether acoustic instrumentel sounds are to ti8

BCOUst i c j nstruments Br8 qenere1] Yquite cornp18:< spectre 11 ij 1'"'10r8

reni -1"1" durtnc tr - snt i r-' curetion .-f the mus: -.""] nnt p '-'p"t""l'r trequencies, d 1-
'

I."~::I ' f!::l d I::! e I , I I::! L,., t! .. i .Ir, '.I I , I~, . I '..:. , Co u ,,_, '0' • (,...,. i " '-1 . [] co, '.', i .' I ..:'

.. . t - ... , ..... - ' -I ...,; .. t f' - ,4o',., i . - •••' • - t ' f +,. - .. - ." I... . ,-I 1 " , " ..• 'triij!~ II:! !JUTfll tiijn t uur ! fl!j j~; it; ij t 1 ijL~::'.1 ut Ui j:::::c! .~ ,I U \ 1. flC! nu t C!.l ut.. I,. lr!~!! !j 1\- t!

i ".', r ,',·'t - r,' t" t f',' i' I j - 't i t' . I -, f - r',' '. r-" .c- t i ,-. ,,·]"Y'; 1 '" f l' ,-, ", T f-,. ,'.' "n ,',
j ill "J~l r ,~w "Il '.t, .' i ~ I";'w u I I "::1 tl! t1; l !j t 1_! U .:1 • t :_, .~ rI !t-i i 1..,i i. ~ 1_, I I. !, 1f::! .:,!j j i i~":

stert the note ani] turned off sornetirne let er to conclude the note, the

souno cnerecterisucs cnenqe with time Tf',o memnulet ton "'"I' tho::. ri;::d:::,,_I 1_ ." I , ....t '_' • \ '.,J .~. '. I:::;; ! '_" '. , ,_" '_' \",.1 i ILl ' ~ _ 11 _, ,I '-,. I , , f"" l.i ! '..r _ ,_, I ,_. ! ,C; '...I;""~ '.-

note Thi~:: t.echnique req\.nre::; ::;:orne attention to Y!anejle ;:111 the ctei.ai)::;.

The oscillator ellocetton problem invclves se\ieral cornprornl::;es. tn

i t' t wt-' ':. t' l'"'11 ':' -,' . ", j c· hi j t t" 1,1,' • t· ':'1' t' , I ' 't t - 1" " fli . ':. ',,',', i ,-.0 ':' i· t" - 'i l'r- 'I - ':. -, 11 of i " t',, , ! '. ,_. i::! .,', I I:j '_' '.' U1,1 '_'.. .'" eo, ! I::! '_' f i ,j ! " ij, !e '_".1 .,' ,'.', ',' ',"_'. Po ! I::! ,", .1, I::! ','L,. ,j '. , ,.I, ,

\'iGU1Ij tit' fUil':! ,jl~nar·nic a]Joc:Btion of oscilletors. \,Vr'iere ,jiffet-ent voice:::

-------------..-.~ ..----. --.-.-.'- - - --.-.- .-- - -- --,,--, -- -- ----.- ~--- -- - -----~-._~--



An mrormel cJleck of severel examples of piano music. verioue orchestral

\0\.' - -k'r- - ", d "" f - ,Ii - r. 1- - .I -. - , • r: -. w.-· e-. ,-, Ii.' - Ii +f- - t -' " ,.t " " ,- r-. " ,,~,"ur "":', till '-, It!\, pUI-'U tit ',' OU:l! Plljl" ...:' .:'! 10,\ l:!~ I., Jt! _ f::!1 ::Ill 'I C.]ces f,.L

osciuetors/vctce) woulc tie rnore useful thet five or less voices ( 3 or

- - -.- - . ] 1 - +-.- - - ] -' - - -+- '.- t ~- t teck w-"-f - -, - t- - -:1' - - -1' i '" H-­one U.:;t:l iU ... UI couiu LUrJ ... ein ne a ec ... weve or m oum eer 'd Iii 1,1!f::!

evotut ion of the note, while the second oscilletor cou1;j contain the

steady-stote weverorm. BId remornq down the '.... olume of the first

asci 11 etcr 'Nhi1e simul teneouslId remp:n9 up the 1/01 ume of trle secot"!I], ti

the shitt from initial timbre to final timbre.

In sumrneru, VERSATRACS cen prcnJuce up to eight strnutteneous

voices, \'Vher8 each "/OiC8 mekes use of two of the sixteen osctttators

» Af'lF'L !TUDE EN\iELOF'E

The i:Jrrl[llitu:je verietton of a ncte es it ijqe:::: is referrel] to E1S the
I ~

1. t d 10'- f t ,... ,'- +- '''1- " I' -, - - l' '. -, ,- .......... -.. - - ' ~ .. t" - - - .. t- - ..amp 1 u e enve pe \..!I 11f::! .JUI,f::!, i' t!'!'j i:'fl:!t:,r unu: :::ijtllrllj:;;:L::.t!, ::: ccnu u:

Ie

1o-:=1rY' ",
, '-I,J; "



AMPLITUDE

Attack Decay Sustain Release

TIME

A few other ADSR examples...

(D=R=0)

(A=D=S=0)

(D=S=0)

(A=0)

ADSR Representation



t h,- ~', .l. b - t; tY - v-e- 'lJl' t-·- ,-i +- f'Jl1., - ,.,' - ·-·I't .. t bp A.' r'jc:p p",',,' -) -,n'- .:. -"'(.- ...., - - " ':'',' , tL iI." I=. ', I ,II=. ! I::! 1.1 ,i=.J " U ", , '':I t! ,", I::! ,_, ••. t! , , , '_' ....' '_" -, '_' r, , t! J '-' r-' i::!" ,_, L 1 , Ii::! ! f ,t! U J ! '_'

'-'I Ii-It', a off p,-·t ,-. ~-PI"IJJ' ,-wlj' t -I t'll]1 I I w"'rll'-'j' t +f',p osci 11- t ,- t- n -; ,- r - t' -.- nt':' '.''''' , <:' ....' Ii", '_". ':' , ,_. -I' I 0;;. • L '. I::: ...., h r- ,_, I, ,,_, '_ ':' " ij " ,.I fo'ij i f ,_. U 11_, i=. ,,".

C!'~- :"<'-''-'11':;+ i,-, ; n':'+ n I "na t'd c, nl a 'j- tt ="!L-·I~ "I I-Irt ion 'If 11- nnt a oenerellu; _' , ..-! _. '_' '_"I '_" -•.' "_. ! ......1 -~, '.'t ( , • c; . I '. "_I.' '., i;:; I l~ '. I..... • t -, j.. _ 'v _' ! '_ 1_! I -_- _ c: :j "_' ; , "_' i I ":::1

re]ea:::;e portions are less critical for an elljequate simuleuon. For tJ!i:::;

;..-~:=:t.:.-"Wl tL-o ..)--;:. 1-1 t o o I-If j"h- u!,-l.,lolrro t·-t-loc··-t=J «:r:..e, ..., ..,-i'i ':'w~"i w"diA1'ii unt i l
1_, I,.; ',' U! '.. ',' k. ...::J '_' 1..I:d '.'_"_' '_', " i I::! '," I ... ,_, , .J1"1 '_' 0. ,j 1.1 i ,_,~, ij f '_' '..' L 'J r,t ,t! '''; '_' ',"-I j ,_, t , " i ,~ , I:::, I.l t ! '. 0 I

2.0

for a note

pOint s

! ;'" t' ,-, t h; ':. 1:"1' 1"+ rl'-' nrovi 0:'; I"r' f nr 'j-li i 1":'+ i nn t hu ,-,t",,,IU 1'-1"10 t eb j o +hi:!'_' j-" .. ~_~ '. I I I ,_I ~- '_' j I ', j , f__ ~I "_, I ,_, I _I, I ! '_' I I ~) "~1 ._1 ', j • J ~j '_! j ,_, t: I, ,_" I _ j..-'_" ".1-1 I l ,_" I. I J -_'



AMPLITUDE

A few examples...

2.1

Envelope Contour

If

VERSATRACS Envelope Representation



fetch indicetcr

i· erc-t e-e- '-"-"-'1 T' -..... - - p . If-· ''''1' t i·. t i· - .-.; ,,+ - - t· - ... 11-1 c,-, - t - r' - r. :=ot j' i', - + t-- t ,., k, I '. i-l I I:!.:r ,:' c L .U ' -, I:!!::! r' fA f-' r I "I i ',i II:! .:' I ••.•, " t! f::! I I::!! I 'I t! i. ,~, t! '. tt...! ! I:!.:' I.... , .,. tl '. tl. i::! s

- , - . ... . ,;", - " "i·· . +t, • - - • + - - 1 t - - I . - I' - t - - j p. - - - - .1' . - - -." r- 1. t .-!- - 'tliutn::i ··,".'.1.rl till tilt:. ctner L:Utidu . tl::;r::'::;. ns f::!tll s ,II!::! U::;l:1 retor tl:ril-l.1.lh.li::!::;

.:. '. -.. t; t'nP. r f t--.-. t'':' t t") ij-t'l o l'nh t ':.':''-·,-In,-j.;.._.Lijll .1 ... _. .J ,fl,_" Co •• Co .:1" t, _'v'_· _.,. ""'_'.

To eccornocete rnusiC \Nitt"i notes of shorter curet i on, a rete number is

used for eacJ, pair of osci11 etors Tne rete numbsr, ca11 ed U"le envelope

rate ;.:..sirnnl i I t h.:. f"!i imner "Ii' nc,; nt s ij',jljLl,-i t (I t he 1:'1,:·t °rlvp.', '-lr-,C! t ~jt',l P.u c;: " ! ,_, ,_, I lit- '::1 l.' 1 c: ,I ,~~,. .l,..' ,_, , 1_. 1-' l I _ I .:) r t;:::.J ".... .. t;::: L.. ,_, '. c; < ,,_, '_ 1-' t... ". I _'

point.er '.... elue to caJculete tf'le next pointer velue. for e~<ijrnple., en en\ie]ope

r-'- t 0 r: f r .',0 ,"r"1 - - ", .:. +r' - t -" P.,-I! n ( l' t· t l' r' t r - .,:, t:';:, h I'It p t·- hlp i c !Jc:p.-1 \0\,' i·. i 1p - t"
o Ij .'.' ,..I, J,,\". ",I:!tlf,._. " Itl, f::!·I_·. d ,,'..1 l L I ·.,If::! "-::J'-, .....j.,._. ,.,j.'l_. ,._. ""_"J'J., "", ,_. tl I

·--·"-l-r;- ret . .-.f t\\'- mete... i·O.-· tl.-.-+ ·-t··111 H'!';' f irst thiro f'ift't' .:.t.-· r-,'-.;t'·t·-·l::! r, ',' r:; ;U.,J I:! ! u t::! 1_1 I .~ Itl
t U t t r I LI,.J ~ .....;:. '.. flU i,. :..J 11 ~j ', i . c: ..:) " * I I I..J., ! I I .. I .. r:: '. t,.• j-ll_! ( I i _ .:1

are usee. n'f/)S, when e number qreeter than one i s uselj for the enve lope

rate. the ,juration of the envelope pattern is compressed tltd thet arnount

.,.. t·· - p rd.' - 1 II - - - t::. .c . t - 1 -11 - \hI c· i .... [,. 0" c·· .. , ,',+ I·' j' i' t''I - - n', 1i tidI "1::. •.,, ',of;!! ,_pt! t ij .•. (..Jt! Xu ij . U!I ._. qu, ,_."'. a JI.LTHle" '.._. . ,I::. U'"P , l. e

c:f"larecteristics of a voice. Etv.... e10pe retes fn:nrl 1 througt·! 20 t·ie'.... e tlBen

used V-lith gocllj re::;ults. tllJt U"lis sirnp1e skippirll~ tec:f"inique resuits in en

The rete at W'['!i Cr'! nle arnp1i tude of an osci 11 atot- is rarnped tjo\·vn to

r At ........... h- j. -'.-" ,-"'t· 'c ·:·"ttr--c·t -,j j·n- ....: t~·,- C'lit-t-o,'t -;·r'r11·ti'ljP ('.f t l,,­u c. I I ,I:! I I:!f..tl':l I ,.,) ,f::! 1._.._.1.' I,. ij._.. I:!. I ..1,I. '.I,!::! '_',' ,'_.If, ij"If-I, '..••. ',' '." .r II:!



!:» FN\iELOPE AND DECA''!' RATE':; cont.::~

r: .• -, f t e".- n 1-'t' e" r-, IM'·,o:",'· f-o::,] o::,;=, sed P or' "" I' .-;=, t 0::, 0::' +',-,-\",', \ +hf-'-'I ich "-J (', A ,-0::, "'-'':','1
.:1 '_1. ~ '-_ ! 'r _' .. f':'; .:. l' 1 • ~-; I I I:;; 1':'-;'-f .:1 r.;. . ,...,' ,:;-. ~.' !.J.:i I '..I .. I:,; ._~ ! i '_ i ; I I \.,i i '_; ~ ~ I I ,L, :'~.l !-> I '~.' I¥~ .:' ,_• ..J.

Thp -,.,11-],-[ - ;::,r'j' j- -'-ii •.. -f'·'-Id·:· used if" VERSATRArc:: ""t-,:, .:.\."",.1.:;, t r
J ,! _. !::!" '.' !::! , .J, I!::! '..I,!' I!:! '--tl::i ,r!l::! .1 I'_"~ '_' A '_"_" ,. I'~ ,., '''';. ,_. '_""'!'" ,_. '• .J

I,I/""I!-=- t·....·-.·II it'r"-"-"",-1 a,... ,.·-t-j·t···-nt',:· f·-'.IP -=-f··rlidt·, th,:;·-- f- h- ,- t---c'-r-t]p, U ,j'_'.' ,I! lj ":j "I '_If' II tl, ,_. "',f-I !::!. ..,,!::! i , ",_, ,I tl , ,_. '_', i ,..I !J " ',i "_' I r t '.U '.'!::! d , !::! ;:L.U, Id 1 _.

execution.

At this point .. t.he ciscussion ['les covered the 'I'ievetetl] e.. the envelope

voice controls are used.

» FF:ECiUENCV DFF~;ETS

C'j' f'l1-'a r' 1,1/1-1 osci '/] et ftt-·-· ""t-O :::..-.,-.; 'lnar1 t 1-' P·"'t-· h i' -'1' -.- Il'- r'-; ill 1'-' ; t·,t - rsst .; ".",_I . _" \,.. ~'I _ _ ._1 _" U _ .:) loJ c: l..j -:1.:1 i :j I I \,..• -l -; _' ._.'-i _"r : ',I L! t.l::!" l,l!j I ,_" ~,,':1 i.!". t! ,_, -:. ~ ! I i~:t

effBets can tie otttai ned tll.,1 exn1oit.i nq the i nC!8Der!ljence of t.he OSC1 11 at.iYs.
'-' '- '

hi. '-'hl-'l-Ic'i t-I" ecorccrtet p 1.....:=.',10 ·'1'··1i "'r..·..,I·-·1 ;,,..,:, t 1=,[-.1 OC· At·,jlt ~.,j:t,- rr"lot ned .-,fu ~ I....i.' '_', !:i '..J I'"' 1-' _ r- j ,U ,~ "_' 1 J i..,! , ,_, I... ! \ -.... c: ! I r:: l '_'~.J 1_. ~ ,~_~ I '_.._1, M! '_ l~ I J ._. i ; ,_,,~ 11_ '-i U i

ediustment '""-'1,1i'j 1-1,:, f t-, kl:::' ll .::> both osculetors on '-'1' mult eneouslu but """1'+,'·/I..; I ) J~~ .:' .~ I I':;;,. '_ ., f ;_' ~oi I..... L -_' I.. _I 1, f.J 'I' i;::; i-' "l~ .s .:' ,_. i \ _ i_' .:' -:. I I 0{ I '..Ie; ..~ ':. , :j.r 0{ I. I·' l.. •

.-. f t' rJ r- f r- ,. -,d II r-, - d ; c- At· - t·· r 1it ' I -I - '-, - '" t r - +t - f-t· - t - f n::. , I - -- -'j I - qI - 1 t - t~· aG I ,_. ', j-II L '..I '.' l..!::! . I ._. !~, I tl r!1-1 !', I..!...!::! L,!::! '..I. 1-1tI,.. !::! 1 tl. tl " ·_·ll.H:; r1I_':j!::! J tl. ,U ,I h..

-,·:·,-·i 11 - t - t-C' , f -- ql'- t· -'1' I d' ff - -,:. . -., C 'n.]l ··t··:· - t .:. . 'I - A "t' t"·- --,,-1 "'-0':' -,,' ;:..',t"t·.,-•.. , .tl ..U , • f!::! .1;; !l.'.j 1,,!::!f ._.tlLe. .A.,B. I OT '_'!::! .~. q] .. !::! i~ e, elf"J I '."_"_'lI'Ji".

,-j:t'-'l,H f ["1:::'+ ,-·tl- t'! hu] rl rl1""1-IU-1I '1-' a :::. n],:,;:.·-·; f"11 ·-·I-tt·l l-· t- l' r' 'I It' .-. ",,1'-'1-' n'-"-"-'; '-11 1.-, t 1-'I ,_0.:1 -Ii I.. '. t.Jl,. ,_.1 II I i\..- ,... t-' __~_.l_, I..] t-' C:1.J':I! '.j .:'_ (I ~:j' ~ j.:. UI.::,_1 i_--U':":'1_!C ~,_l

2'3

-ff·-·-t th- r' -a, 0",-·' -.-, h '1- - - ".- ·,f.-· t - .-.ht:=.;·. j·j·t··-----·t -ft"- -·f.-·U i , ':'\:!. , ,l:! f,~ I...; U,_. I , L· 1\:! .:' '-, y I tl rg\:! tl rr ,1.1 Ur. '..:. '. U ,_, ,-, '. '..I If; I 1 t! r !::! r". t:!, I t:! L· ':'.

fl,-·ttl-"':' ilff':'a t t'nf- ir·,·:·t;:;,n-· u t,il.'a.:· t't-Iu '-1 nrl'-' ,-t "f'litli t' - f·.-a:::.te r·,it-·-
'- '.' .' '.' '-' ... , , ._' .... !. .. '-' , '-' '. 'J, ,L,Co.. -:i"! '-"-' • ,Co - i-',... -" ','.' ":::1 "U ._.! '_'!..!.' r.,-" !::!

A one

VERSATRACS uses a rnult i pll cat i '/8 off ::;et ::;cf"l8r-ne to i:il1 (11,0\/ off:::;et::;

',. - r - r- t· ,. - .- - ... - ,. +- -, I - t- - t,,· - - - t - .. - -- .. 1 - it 0 ~ t- 1 i _.. -i!! U, it:! .A~n 1IlU f.:![fit:!11 1.1:; U '.' l:!, ij ....... u ut: .. 'j ..... 1;; t tJ[I'-i!::! '. C...... !L = 'i ; {',,', 'J! :j
~ . lVV



': FFECiUENC'y' DFF:::;ET::; cont.::

:2.4-

T f',f:! f ~-Q"f 1" ..... '-·1' 1'1f' f -=: Qt C' Qf".1 Ct c: p,net ~'I Q t' i ""1 [I n tot Ant f i il'l (. t' j I'f','; , '_' ';' ~_. '"'1 ~.( "-' , "-'~:! '- I ._. ,_, '. ,_, c; ; ,I::; ,_, ".,I \ _' t. ! I '_' , I l I , : . '_" .~ '..... -~ ,-_l' '_' ,_1 I ! •

'j st r ,-·t· 11-1 , ; t" t - -f - ,- ::J' - - ", j' f', ,- " t~' - '-,::, -'::J' - .'- O:'r' ,--+! '-. r- t· "":'w .-.f Q:=t -"',, e.:) .r tk ,1 'l t!,1:1 "I, t:!t , t:!t '=- ! t:!Pt:!I ,I 1, f l~ .J I I '_ I II:' f '.J t I! UI rI '.' ,ij f c oJ~' f-I, Iu .,.".' I.'; ,_, ',' U I

r'e 1at i '.,.'8 phase bet -veen t \'1,0'0 osci 11 etcrs mafd nq !.m Cl vci ce i S con~;tantl u
~ , ~

» \,/ iSF:ATD

The fined o:3ci11Btor and \,'cice control is vibrato. vibreto is e

verietion in the frequencid of a note \·vlth ttme The variation L:; often ;J

fjetenrli ni sf. j c functi on Of t i rne. 'v'i oreto adds i nt.eresti nq r1 cnne::;~; to the

f(f3~~U8nCtd rncijulation. vrbret« elso ~le1 s'rrnul;jte r-eBr acoustic

fl ute.

r, ,,,,,-.+ i' t' g(..... t)]· ,'..,.]' f" n111 ..... '01.'; t k ",,' t i." -, -i - "-,C!" o-'r" "8\ ".f P" '.' U I IT 0
'

.:. ":' 1[11-' .j ITo s 'Il I ,I I i'J, I dl!;:: t,Jt:!j-""fl t: II.. .,

°N,'[ 1 + d'cos(w ,0]u v }

,-'..-', ..; t i -." ."", 1,11.",,- f'-- ~ _. -'I' T} - "11'" at tt tt t' -.,-. t --l.~ k ."I t!i-'I::! i, i,l t" J '.Jil!::i'" i !..if ,i f:!'-!U!;::t!L:-j. 1.11:' ur 0 repe on ra e L,-'tl.t U, .:. ''0 ',",'



!::» \,.' 18RATO cont.:~

rate .. etc.

[. - t - ·d· ",,' t ".'.... -. r: ' ..-. t -- ' . t ,-, e-, i' t t" VERSATRACS .-. " .-. L- .... . tJUt! U i.lle uqm ,.1fflHii;:l 1_••Jrt.::,.r ern ':' '_' ,18 ·:'S·:'I.f::!lfl,1.

INa::; not 1'etlsitde to calculate, cnnunucuslu in reed time the vibreto

j. It· <t i nr D'·."- -·+11' ,-,,-, i,·,-I1' -..-t D 1' -t'·-lIe T'h c tur -'+1' -,. -'- -,,,- -1"-1" J ,-~'111r"-l.l It. '. , Ul l ,_.....r ,j t. I. i.:! !J .:' t r i I..; t.lj. ,_,!_ ?j I U',' '. ,,,I::' I .l, 11_· '. Url ij LI I_, ',' I::' ',', UJ ! , ,,_, I-! .•J. !::!

severe1 floating point ca]culet ions end convsrsi ens. and, e',ien ",~,"i th the

rest t'1--t·· r: int <r: - -·-r·.-,- .... ti··=>t + -.-.1... A oulo '-'-'-"'''1' ... -·-·t· ,-f t' L'-ij.:,. ; ! Uij .,1tI!~ p'J1 t!, co-procsssm .nui '.d,:;r-, wou '_'Ll".'I-I.:/ i flU,:", J I.d!::!

n'-'-'L-'D,-,r'L-I'- '-''''[1 eb i ,]. til ifF!]1 si -.0+ ,",e.t', '-!'-'c'i 11 ij-t '-It-·-· \,_.'~.-e. t r' h·::p '0 "'1-"]' \'e. "i ht-:=d 'l,.... I I_I ,l,,;~ .:' .:1 I ,_,IJ I oJ .! \.~:1 i! [.... I .:...\ tooc: c::: t. _' .:: .... I ~ 1..... I .:' I 'J "_" I ~ .~ ,_; I II...; '/ t_, U _' ', t' I:;;; ~}; i...' I !.....~_

,-. i "r'!111 t' ij-n 01-' I' .-, 1/ ' "1.·..-· +0,::,·-1 +1.-. 1:1 C'e-..-.; "'i=' T", If· L-' +; 1-'n ; r-. r- '" 1,-" ,1 '" t e. ,::I 1"-'1' ",'1 ij- ,,~, c:h'-
.;) :! 1:. .~ • I I J ,_, _' \..4 .:' • d. I : ':1 \. ,_,I.J I..J ,: t l i ._. ,_,1_,':1 I ! 1..' _ t..1.; , C i _' I \ i·:' i_. tJ i ." t{ I tJ '_G. .of.:' I :j! L '_' _'

f-,Id.::. lockun -I' '-j['1 1 i=o o::,"ld tL-.~ '-;:,,'111;"0::.11 r(J!i1t ir·]i r,,,,t l' '-,t·! is cerrisd nut 1"::;'-'0'1 :=t1_'::;1 r, ~ ,_,1_. '. 1~4 !-' ... I - ; '.'.. '_II \..i '. \ I -.... ( ,_" -4-.~ ! I ~.J "~ ',,' : " ! !"" ; ,'",' U -; , 1_ . ,,-' _' I.J ! '_"..J _I _-I '. -~~ -_' ! : ~:j u
, .

•:. fl ",,\-. i "'] - foi 'f'-n,-,·:·e. ;=0':":' ,;:,n',i-."; I'J" 1ij- t',1'1 ! I d-"'o::. r-,-, ,it i .",e. '-I,d i ,"(,i 71:11,-1 f 1-"- 1" r'",e. ',ii bret n
,_t t""~ _. ; I.,J I i-' f...'i t-,"- '_' t:;;; •.../.'_'_;_'; , ,>.-' - ...' ; J... '.::I'~-i I ::i l~; _ ,_",- '_ f ~ ! c: '..'j-,'k l 1, t ..... '_' 'J ,_'I .. Ie; ! I -, ' ...... '_'

'JrnrATRAc r , n l -'. - -i .,i~'-11'1 -,·-11- -i i:_,_ ir 41"'1' 1"-] ";"",-,,,,+,- ,",-'-,'rf 'C. 1'":::;H ' • ::; 1-1I ij flU f ; I, i , ioj, ::\ L ,j I ! I:!I..; ! Ur "i L ,\' 1..1 I.,ij! ',': co I 'oJ!. ,..I : ,j i. C

,-. i', "" ", " e11 t h Q i r t-'J -!'j- +; "0 n ~., ij-.-. 0 I, .1ij-'-1' ,-,1''-' ""1 ,-. '"•.. .-' l"' f 11 cot t ',""'1 .::, t-'-, i ; •., 'j n', i ,-.:_,f II..,jj l:j '...J '.. I i~!, • _, I '.. f V G t-:j,1 .:1\.... v I I ... _'I':' ~ I r::l,.Jll·:l ,I :j'_' \.'~ ; ltj 1-, !_.I.~I ,: .~[ i; .:'



{» \iI6RATO cont.:~

independent depth control.

For this reeson, VERSATRACS eccornoljates vibrate retes trorn ebout five

,-·,-,_li'-'l4 in fL-IQ Q'·;f~'-'dQli t-'-IRt-r-..-,'-I·! ,-.r';:'I-·~ 'j-'-' '010'0]1 '-j'-' ,-'r f 1 ,-, r ! I- ' j ' ,-!i,-,t,· ThoUIf! ! 11,.°. t! 1 ,_, 1.,....., '_ ._.J I ,_" wI. _" II. t ,:I .::~11..J .' "...'.' i '::1 \ 1 ,_, 1 { I ':t U, f : l U:- rJ.d '.i, _:1/ 0
. , . (11 c:

11' t- - - r- H- - A- - 1 - '-. "-J 4 1 i r - t - ,,+ j l' - - -, "" ' , Ti, - \ I' - , , - - - t'.-j - t- " - 1 - r- - - - - t" '--. !I::!., U I ',I i I::! PPi!.:! ::' L" ,. II::! "!.:! r. '_ I ::;p ,-,1::1' l I It! u ij ',' I::! ::; ij j!.J l:' h!.:!, U foil::! ::: C: ij, I UI:'

rnb::e;j end metched into qroups of \oI/e'./e ernel envelope peirs, thus !jefjnlrll~ e

'-r-I i=J;:' '-I c' '-I f.:. A '.."; r·..... r- ,",'-,r- i e'It ; to,::, t i (,.-. C' n f ,"" I'< ',1'-' c P '-, '.,'u 1,-, 'I R.:' "" "1,-1 '.,' f! ,-i '-'l' c- l-'t L-, u t-I ,.oWI ,_, ... I ,...tf...l'! I 1::\ 1.,'_'11 ~ ~~I_;_ !,..i '_I "_'; ;,_1 '." It ...J r C_'.1 ,.,11', G ~lr- ........' .• '..JI U "I ·..JI J ... ~._l I.f r,:;

The~:;e confiGuration::: ere often cel1e!j
'-'

"presets" or "p ches' in the electronic rnu::;'ic verneculer. since the nrst

e18c1.ronj c synthe::;j zsrs requi ref] knot!:::; to tie preset end speghett1-] jke

definitions, cal1eij leyels .. Cit" sub-instruments. Eac:r-! 18'.,."81 contains a

of orcentzetton \,vas ado~lted after it INas fou["jlj that d qrcup of

-~--'-----'------ - -- - - - - - ~ ~ -- ---



T t'tU u 1'-' l' r- e "'"m n 1"!t ,•..-Ie c:;ut" t i no ;",1 i ;-;I..',,' .:; lool iff pn:.t" t ')1-11" i-OW .:; t ,-, Li_l~ c..-,;'1 i '-'1-1
! '< ,_" '!'!.Jl t.:- • u._ p e Ii U U "_, r,:; _ '_ ' , '::! __I! ',,- , i .~- -"" _' \ ' .. -., I~ I.. ..' :_, '_' '. '_' ' .. ' ,_, I.., -...: , c: .J

sections. The octave specificijtion is imocrtent beceuse it ellcws eech

'-0-", ..,,,,, rlf rt i t r- h t h,::,,', ,::, "'1 i '-'r"-' 1.-, i-" ,t f-t,-·t h r"''''''J" r,A "'1 1,::" 'a,,, ':"1" "r'll' 1t """,ar,, ,.:·1/' i ...
I I i I :j r:;; '_ i i--! '_ 1...';, .;. I..J i i !-i 1- -1 ,_. '_' ,_I I 1_.' i- '~i _ L .J ,_" ; 1 U ~_, '- '_' ~ I t,.J :j I.. ,.... ....' 1 .i I ". I..J l t ....• -_ 1.." ....1 1 _:I ' I i

:jifft~r8nt voices tl~d :::p8cif!din~~ the appropriate CC t. d \i8 number Tr"i8octd\,l8

This ccncludss the mtrocuctton to thE~ oscillator- end voice contr-ols. A
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WAVE I

Oscillator I

ENVELOPE I

WAVE 2

Sum Voice IXI
Output

-

ENVELOPE 2

Oscillator 2

Versatracs Voice

..



Once B ',/oice has been definelj ,,",Iith '\,Vij\"8S, en\le]ope:::, offset:::, etc..

[ ,-- ell,r. - "" ,,-.; ,-. ]' t" ._-",,'-t]· t'·, - ; ", ,-- '-·r • t' '-'0 t -, t,·-'I - r-- ,-.,-. - c· -,1'", - r: i ""r' -,-,-·t!'1 0,If UI.J",_.I:! f fl".;:, I'.' I r I:!u I , d!::! III , I:::'';:'I-IU I.:".· .U ,... I:!:-i p, lj.;:,,::.I:!._, '_'Ii d t-" U ,I., .:' '.-1 ,_.. -

'., -I' ,I-.- - rd TI.- - I"~ _. Ih - - r-'j t" p -.L' - m '-·"r' 'j. scri b-.-j et ,-lip i,' B', -, I.- ercwerer·.,lj.j,-,UtJ '..I. I lit=. r·.. e'j,-,Ud' fl_·LlltJ I .;:,,,1., ,lj.::,_. e,..I '..I LJ',' _. ", l.Ii!::! du ' ]I'.J '.'

':. - -.+; .,t'r - t' t t']' c: r - r - t- -.- t"' b- ':. C· - t' t' - j t I' I +L'J - 0:'r f t '..II· tOO T" t=> t.·' - II i- - .- rd'_' et. " l U ,U "I '_' 1-'tJ,.JI::! s L ij" ,e '.' .ij 1 II:!, I.j ',I. I:! ~,.J ," ij, '_'. r1.-. ", I:!:j ,-IUij

,-.' t-· - , '1" i n .:. - -... . . 0:- j' \01 - t ,t - ':. -, f t L' - " ,1 - '0:- ..... -' ',. '-;'11 1'/'-I ':. rr- -.~dl. t I::!tIT. '::I ]t, ILe Ut.LUP] e.., ," u 'y ,I::!.•• ,_ .1 II:! AP~,,!::! '_' t-'etJ Ptll::!l ,_, " l ._,,...ijL-...

Th .:. ,:-,-,j't 1.1 , "'rl:::'- 0:' r'""t'!':. t I.-,~ F 1 -i"'-'II I":,, ,h'-"-jr,-l in al""r",t I.··C", 'c'l rlr·I.,c- 1-11' ',',It-; tl' nn ;:,lie: "_11_" • I' fJ ' ._,-_,1..1 ,_I.! ,,_, ,_1 I r-',r:::j t-..C:~I,.,.'!_! .J r,; c: .:t,l. /\C;:j ...1 __.f.....' ;"'~:I '" i; i ,~~ 1...1

b; t-rne cl> +n the.. metrt ... sal ect ij-ddress ij-nd t'hen r o,,,,,,,]' ~'I'" t hp '-"IP-O",t i"o,1! 1 \-!('" 1.,_, ."1,,.' U lin I I -_I _.... I ...l,l! I .. ,_.! I 1_.1..,1 .... ,,~:! "_,. __. _'VI' I '_'II'. r""_',j

.:·i·--:1', - hl,t- ""-1"° li/in-· -",,~ .-:f "h- -iq't',+ hit,:· 1:1,1,' {(','j end t",- ntf"-t- Cp\,'Or,
,_, I I rl r-I ".., tJ ~'.-1 '.I::! 'c ij ',' '.' '\"" I L I ! '.' '_., L, I::! l::!,: ,'. L"', ~', ,. .J Il '. ',' r, ' ij, II "rII::! '_',' II::! '_' '.' , ,_,,,- - .

+L"Cl r -"-'1' t; - t'..-· -,f I" - I v· t -1' t' i1 r ~-,-s ,<r-. - j -::0" d .,' - ,-. 1't' t k. .. - -,.-.; t i '"'t' ,-.U ..... :...Il,.:, '.' U '-:' l" ~..e::t'::' II::!. f'j 1-1, e.:,·:,1::!1 .. uil U!lI::!·:, ',III::! Pl.,·:" ',iI_' I·:,

! ", +t.", ,-. '·.1""',1 t t"lo i,'o" rlt-Cl,-·("·Cl.-' """,'j ra] C''''''-·Cl,-· ,-··=on t-,o .-jut Clr.+ ,-.." ·"'t,,.i '-P'-'I-'t-,jalj f Pr-, J i I.; 1 ,~ '1 I l..J.j.' • a.., r". t:,;.::; r c' ':' .:1c::':' \.J I f c' I:: 1-1 .:r a...':' i_. 1..J I! .... 1_, 1-1' c: f. ,_< ,_, t. c:'..J I..J,! i... ! _' ,_, _i. . 1';'-; - i "_t,

; ; 0:' u h, I tho I'",,-,f e ':. t :=. tot "" t'llj ':.t I-1of t-,-, , ,t]· f'" ~ .:- T h u ':.,-.ij. ~'I f' ,-,-,,-. Cl 0:' .:. i ':. ·-Cl r, a ij- t ~ Ij'
'.~ ,_I -_" l..<~:1 '.:' J:.-; ; I _I.. . '_'. I..J _ •...J. ,_I. _ r' _' '.4 ) "_< "_I . ; i i c: "_, ,_,I, r'! _l 1_, ,_. "_: ,_, i __, 1 C; r c; f '...."

:::r,-lP,"'I';':d Cl t]' t",Cl f··P-::I-') iJl i I,t', \,1,11 t t"l'-Il it 01 11' 1;" 1n·-' 1'1', ':'1.1>'1 t .-.k, "',n'''''I·';;'·:·l..l w"_" 4 ... '..f '. t:::. .. •. ,_. "_' ._. _. ' .., • f "_' _ ;, 1 • .1_ .... f-' J "_,; '. : , t~::l .4 ;_" ,_, !! ; _ 1_" 1 I i...' '•• ·"Oot i , ,,_, ,_" '_' •



Df the 4 1:) inetrument t it lee, the current i:13trurnent end porcrneter

~:;ettin~js; e f1ashin~~ rn:3trcnorne incicetcr, etc. :;orne of these fetitur-es vv1 i 11

enswer sirnple questions or- solve cornmon problems.

» THE EVENT CONCEPT

i:rccornOtjet8 insert ions de let i ens. end rnolji fi cat ions vvi t. nout undue
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Thp 9',IPni' ,-p'-'ne-ell' "",' ,'npt h,-,d ;"11 c,,-, A]] ,-!,,'.o":' t ...... ck-on-t r ... pL- reccrdi "9
I Ii'..." ' ...'; "-', , ~ , '_' ',w,' "_" I ...;. J J-__ ,,, '_' ". I ,,_, . ...j ...,:, '_' ,_, "-': 1 ,_" I I ,_1 ~ u Pl-. t Ii U 'i..r 1\. 'OJ" ..... !.J it ~, '.

~ ,

trun tk - -,,-t'·,,··,-t', recordino stud: - t - cnm ql'- ,-,f recordir..-r .-iij·i-t·-t·+ r- -.-+,-,f rJ, [I .,! I::! L ,) r" I I,) I i I::! '..,l' ....1 ,I::! '_' _'.' ,U ,t!L, I I 1 ., t! ,_" I ,_.,_, 'J i .... , P:i '-' lit! t!,!" f-Iij I ',,:,

of a :30n~~ on !jitfet"'ent ph~dsical trecks on e rnu1tip1e treck ta~i8 r-ecor!jer-. in

tr-ack on t~·le tape. The cornp!ete corr.pcsit icn '::ounl]S 11:<:8 ;:"11 the

VERSATRArc:; ;=:1],-.,-,'.0":' e;,n+n' ,-·f 11f'! +1-' o;"'r-,t t,'o=:'-+':: nf n:,,"nn'c.,-l n,-,f;:.':' Th;::.
• • Ii ll..r _. ...... " _\ , "_' ,_., 1 '.: :j ,,_(! <.i t- '. _' ,..."~:t.". "., ,~,_" ','_" '_' I "_" '... ' .... , _I'_, •..J ;, '_' 1_ '_' '_' , '," 1 "_'

, .

events rrorn the ke!dtlcerlj ere all storefj :::equenti i311Y jn the ~:;erne r8,~ion Cif

r'l w '-"1" '-IJ h ut ,",:=t .-. h o I,,' w ,', t i -: "1' ',I w to, ;::, t ,-;"1 ,-,V nI "-(1'-L' 0 t- l'ndi r <=.f '-I r- r- (I t b;=t+ +h 0,I v r I ._ 1 '_' ,: 1-' ~,~ r::•..J !_,;, ,_, , ':= I ,'a : ,_, >j " C;, J '...f '~i .... '__ ,", I ~~ I, I :_. • I I ,_, U '_ ,_, : ,;) ._ ', • ,U l t, i ,_,

;"'0';1.1;-'1,-1 tr-;-,-,[..-·:, .-,"0:. cr i l l -lic·tin"lji,:·'·,fjl-l'- t·- tr-" o:'-ft\;I,';::.n;i C;",·h -f H'o
I f I ,"" U '" ij! ",j '_""" ,_, Ij I c '_' '. I I I L, ,_, '.. e • ::;l" ,,_, r,u L II::! '. 'J ,II::! '_' U, '. , , ,J. ,_., L ,j ,_.;; U, '" k.

eiqht tracks rnay t-la\18 an entire] Id dHferent i nstrumsnt Ijefi nit.ion

;::'0:":' i P"I ed t 1-' ; + ':""1 t r-fc, t-'-'I ,,:.]' r: ,'(, ;::'11 J..-"-j '"ip- I j'" t ,", el'qn+ t i r"l h t-p- .:' r11;::, 111' rll'1,.; __, ,_: I :j i ...... \~ _I ,l.,. ,I '_"_ ~ i ~ I l ...of,_, _' I f I f..J.j I 1 I _' ~ t-' 'a '_' Ii.. i . I ;..'. _. '_' r- I 1..1__ .~

- '.-- i 1+- .. " - I ' - 'I ,",...~. - ."- t 1- ,- - t" J..-. +- ..- - - +',. .' , , +,-- - , "- -, j:::1, [II". "uffl;;U,_J::: Id I" I lIt! ~Ij U i" ern U, ,IU\'V "U ffitlp .ne f::!] ont ',I CC:K::: em

instruments onto the elqht Ij'·/aiiatlle csctlletor pijirs \'1,0'111 tie Ijj:::CUSS8Ij

in the rr'! - t--, -nit h:i t· ,-,+" ",1- t' t .-,-,.,-, .....-1 - nr,p:=tr-o:- 1 i l,'o t~· ,.:"
, " ,11'_' ". f::! [; U; ;:1-, ,,' ,_. k, "I::! I::! ',' I::!. I" , l:; '_',_, I 'J tl "" t-!._' '...I, '.' ;, "', '_" ,; I , ',,'.

BVTE :#
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1 - I,ll-It u p'IIOt',t ·-·t :=tt-t +i '·'IP. "r"'r ,-,t ·-·i ,"',i t', ,--=O~-,t i-I'+ p.
I ~ i~ ':: _' 't' ,-. ! _ ':' .. 1"J H !. 1 ; ~ _',' I i \ J ':: '. ':'::j I ,1 ; ,_, I...J! , .. L,ld '. _'

.) - Ke'd nurntler (O-6(J)
4 - Note dunition tlr"r"le" least significent. tlidte
5 - Note ,jewation tirne., rno::,t ::;il~nificijnt. byte
[; - (~;pere)

.... ~ 1,-, 1-' it i' lj f'r T' <:. 'j 0 .:,,-. t-i h~ 11 ]' "I t h p- f"l;::' t-Ij ',M:=t t-p- 0:' p" l-'T' i ,-,t' '-1 t" r" 'r'l p- "'/'-jn - t-
.. '_" I 1_, _. I '''::f . U ~ U ' ,_. ,_1 ,_" ,\-.•_. -' I I ". i I _' I:J , I 1..J _' ,_I _. '. I ,) ,! '- .. _' ~ I I-'!::!' .



» ~;''I''~;TEr1 T! ["11 NG AND ~;EC!UENC iNG

t ir, CI -. 1 -, -.1.., "t i -.1,'r." , " . - j' .' f f '. -.t - -1 i- j' :'H"" t.- .,. r. '-I ,-' -II j - 1 - ; s r-. i." t ir' .. ,' '.
'.! i ',' !.., I 1_, L·~, " i L:~, .:' 1j t I::! t!U. ,j ,I::! C. ,,!::!!,J L,L:l u J':l "t! t, !1-' '.'l tH:j I !:" ij::, .:' Ii! ',I! I::! rr i tl H I

soft ;"yare 1oup.

+i .. - i, j' .. - t -, t ,.. , . , ~ ... - t .... - "i, t ' 'j' ,-, 'j .r '1 t 1'1"" r' f ' '" t L, ,urne ,11I1 1_:ij ,. u t s rrns 1~!J"18 enout rune IfI,tIU.e::; u recorm iI:I ,fll::! .II:! tI,1:! .ne

~l"-'f" ".'r"--1 .,,' ," 'J' , .... t ,," '.'. r-, 1".,.'.-1, 'j ·"'t,,,,·t"'·i-,"'Il ;.., t t~'.-t· , U'.,~. i ,-' I II::! 1,J tI 'I t! t . II 1nI::! rr 11 tII.L e.:, IN 1j .:' L (I II.:, l'J I:!rs 1 .:' 1j • 1.:- , ij L. " ,)! ':\' Lhi.. U I':!

!, .' "" t-i "" t-I]'::' ".] ,-",.1., to:=. +t-' ," ""ro 'j-t,i ]1't 11 1M :=' ,-, '-'1-' t'l ,-. i Ij I:!- red , ,y,n ,',·-t .::. "I t ric -.,'1' ',-, 0
I,l '..J 1!..J L., i:;:; I.... 1 I_, _" t·\ I...J /. ': _. i..J t-l l l' ••j I' 1..J':1 '-_ ...i .:: I • c: i I ! 1 1'-= _'! ~!..J i • ,I i-' I ' '-' t-4 ':1 '...'

... ,. " j' I] ' ' '-I' .. ., t - ··r ' . ".'. . 'r .. + - ' - j' •. , t .. . j' , , .... f' ·t - i- ' , 'ffli:Hild '.b8 I.•. t I:!!,:ut I...1fl l, .I:!L:.ltll qUI:!::; I t!qUl t c:. ef! I.f 'd U j iU ,t!::; ij, d Lutf; I ut .t"-.I! 'd

r'l '. L· "t· '. ',., . -t r- r- • Ii' - t . .. .' 1j i- ~ I r: . .::. j' tor .:;. ,.'. ,~..::;. l 0 /,'':;' n 0'7"', ... " ., ·-11 F!',_.,Oc.r-. t ij,,1:! 1,.II,jlll:l/:":' U','I::!t "nfle CUU.I L,I.,. "b,•.1 ,...t l..'LI.·C'" c'.' .:.s:' ...... .:.' "-::it iju.,k!

i.·", """':'0 . r ':'r 0' "(', ',' "-1 r ..:;.",0'7' ' "d' .] -I' '. "!"t.:.' '" .:.r, d'" Tko .. rn' t h,-", nfII'U I:!u·,,\., 1.1 .",.J,_./:''Js tI, .'.' L 1..•• ' ...' \,gt ij Uij. UI::!U I:!,~._,/:' H, .•,~,ee ... I I ,I::! ",I:! ",,_,,] ','

"'. '. - ,'1]' t" '1 +f',:; '..'I'·..·]· '. 'c' .' ':"'1 ,,' r'-.' (',r' .. 'It - "'vents ':"'!"th],:,c- t hp .:·r. '·.:,riI lj I..- tI, I... .f j '.. I,· ,r. .•.::- I.. ij '..' ij ._.I:! l~ ,.I:! il..-I::'" fit·. I::' ., ,_,! ,,~ ~, ".".' '." '.' ',' 1-' I::' ',"..,j

- t""n' t-' ··-t-d'-- ·t tf" ,Mt--t'.O ':'", . j' th-, """,1" rj;:d' ".:·,;::,,.-1 ,::,n.:. t,'•.::. .:·t -t,ti"",i:::! ,,'-' t-l::! !::! LUI:!r tl·. ., II::;! I I , U '." '.' I-' I:!I::! I. '. , i I::;! """::;1 '_ '.i '. U '.' .,"., ..,j i... , ',' ',; ".' ',' '. d, , , ;:j

t j ,'"p ij'rifi r'lnt P. r'I't-d' t j nr', t'lnt t hp 'd" r: t "ij"1 ;'1t'li111 nil ',/I/p",ipf (H-r-n::; i n'/n] \/pr!~'lll_ • ..J _ ~~ ~~'4 w'''' ,I . __ ~il_ .... ¥~ ... __ .j .t I..J I _ 1_. ' •• _ " .. -_"f .... '-<.

:::ter-tinq Urnes arjlj ljuretions tlij chElnqinq U'le Elctuel1ljetEl ',/tiJU8::; ::;tored
'_ .... 1 '_ '_

1,111'tt' -,-.-.•.• ~11p'r+ .....·'·(t'j ,-- 6", V ""t' I" t .. - "t'i·.I., t"t-" ,f +",- (,1-,',[,- 1'-:"'-; i,-,,'" . ". I I::! ij ',,! j ',' I , .• ", , /:' " .. .I, I .. Uf .. " IJ .:1 • , II:! . I I..- r-, tl.1:! ,.I1 '. I ,I:! '.'. tI ',' ". .L.I:! L ,',"

+ir--"]',,,,, t·"· '11"',t,:· Fl'lt' t'.::.:=.1-+1·rf"I'" 1'·~'I""''''q.::.·:- ','t 1'·:, n"'T' d~<:·i,'·::.h1~ t" ':'+"1" tkjQl~ 1 rf I I::; . 1ft! f:! 1,1 I::! i w ,_, • • _ t ':; 1..J I,. ~ _·1 1"JI i "_ r;;.,_I ,I _ ,_I; 11_' _ !..l '...' "_: ,i U j.,.' ) ,_. '_ 1_, ',.1 '_ '_ ~_:._ I I l,.'

r 1' I'''''' -.t--- 't' ,--I t'P - ' .• 1r! ,] , t r .. 11 t~'" ",i ~ ,'d t ; .... i r' ] d' j'., \.1.'h~ t· , ','':'" .. .:. p .. ~ -I}-I,1.:I.::lL,dl..- .... 1.:1 liJ ',' I..ij", .• ij.1:! ij ..111::' /:" ','11'. '. Iffl, II..' ,... ij ",j ",,~. II::! I,,·j tl ",}-d.:'.,.U

the number of interrupts per clock tick. !n VERSATRACS., it. 'l/;jS

Ijetenrli nelj tJH'lt a useful n:mqe of n'lte ct"!anqes >,'vou]lj tie fn::t"n one half 8:::;
~ ~

i· :j' ':. t .; I" f I-Ii It.. t i ,"r'1 P. c· -::, C' j';::. ':.t 'j' -:- .; i'l j.J r-t' i f'i t'·;=; 1 ,"·=d;;:; I' c..•·ri 1-' h;"'! Ii ,'. 'I' n " '''1 1-1" , -:-.-. ,-.", t 0
• ' ._: I. 1. ..' ; ...~ r t I , _. ,_I 1.J ._: ...J '_"~ I ,_, t, ....· .J, l:::l I ! 1'-'! ; l,.,j,~ ,_, ) '.. ' e --I . _. I I -.. \ r__ .:, J. ~j I-J L tJ ,_, t: ; 1..J C. '_'

·',f f"'jt- q .-.-,i]1i,:·, -·(,n,::!' i·,tj.Jn··j..-t,:· r'i=lt' ,-.'1'1,·1.., it"TO(r,,:,'t tf'~ ':"Id 'r-'-: li.:",;=<11I''-', ; '_' I., ,_, I I , , ' i , '.. ' I::! I...." , ' , , I " "., I I..f-I _'.' \-.." \.. , L I" t·, "k·, '.", "'.' fl." i ,i I,,,, '_';::; ',' "1:::' I, ',< .H,i ,-' I , :j
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·-·1,_, i ',-At w i t"lljP.'.:' i c: p"p -I' nteqral nert ;''It''d, H'IP 1ro\,I,'-nt-'lp,- L...·j It l:! t hp:...J '. ,_, 1 I . _" I ,,_, '. I I _' , , U ~'" U "f...! ', i '_' I "_" , ! _" '-, _' i !.j W ._. .~ l !_.

rrectronet pert. of tne number of interrunts to count t18T:Y8

ft--", clock l'ncrsment +,- ,-·1.-,.-,1.·' Increment +1-' ..i"o +f"w r,/-.'rl-'- "uer"""ei U, rI ,_. U'_. ,., . 1.-.; ,_., rI'.' , I, ".J '., i ,_,,_. f'·. I l ,_. I::! I • , ,_. , ". '. ,_, '::I' '! ,_. ",!.... \-" 'J I- I::! l U 'II' U ~

incrernent rete.

niB normal set tine of four mterrunts aer clock increment. This i::: ijone to
'_< 1 •

t!8cJrCitile crier to :::Ci"iinq Ci compcsttion. t:eccH.Jst:, of the r8]Citi\lel!~ ltnJ8
, ,_. '_' .~l

» F:ECOPD AND PLA\'BACV: TFr:Hr'JI [iUE':;

",.-1 i 'IC t +e',' too .•.•.,. r" I r -v i nts t'·-· t - - "'-"-'f" - ''1'' L- +hp ,',.' ,..'f .". ,',t ''1'' t· . ,',,-1UUj""'''' ,.,it! ,r!l::!illU ':! ,.Jeil , •.t: ..:' ,1.1 1::11.·,.,,_, qU, ij'.i::! '.i,_· ,,1::."",>. t!'It!" .. ' ij,.w, 1j",...

,"'1" ember thc. -.-j-h-p,::.;:. -if t·t·, duretior butes or t l• • • +1· - 01;:,rc'0.-\ +1· ..·' ,-.;::."1 Co. rII:!, rI I ....r '.,".' th.•I..l1 ,_. ',' ,_, L, " It!, .<l '..I '. I '.' I ' ::1 "0".' ,_, U " I !tl L '. I It! '0" '..I 1-' ~,,_.,~ '. ff I t! '.' oJ I I

r- -0 - -" - '. t' r-rv r: - -r-i Tl. - +-.- .. i . -" . _. _. t i 01' - t- - . - H· - -.. l' + -1­,.Huper t!'I t!f1., i 1::!!.:Ufi.l. ,Ill::! '. I::! I rrldltHlUn ?j1_:.IOn tl.::;U ,JI:!91n::; ',Ill::! dtrlp ]'.W... l::!



'j - -.- , - - ,. ,-, f t ir, .- .-. .' 11 t' - .-. - ,-. r- . , - -i t'· t f- .., - T -
! !::!tCl!:) t ernp ,_" ,1.8 ..1.:;.(.]. ,EJ .ors Cl.:t ,:.] qneu U,dl:! flU •. !::!.

Pl euneck ] ::;; eccomo: i shed bq stern nq the sust ern clock and
100: • '_ '_ ....

~-o[, -At edlu I-"-'r'r'trltl- ri ~', ..... t i·to 0::" "'t-'; "", ,; t'f',,,, I-'r' t f'l;:r next p'"o,',f 1 r"1 ':'''''-P 10 t·,,-·'" t ['I '_'. 1 t! ..... N '_" r~:i _' !_: • to- ! I I ~~ _ I ,_, ,_, f_ l...;. t I I ::1 ', ~, c:: _I _ •. '_' _' ,", '. _' ',I ,_, l I"M i... ,_, V ''''i l_~ ~. , , _' G ,__l

.-t-t-'· .,..,., t IM,- -t I If - -' - r" -nt s nt' t ",0 -.,-, mt-i - ',h,'r - t---'-II "'t-'- 1- '-"-0",', - r t Cl'j ,- r-e! dlJ I rII:! ",.) L:),,!::! !::! II:! f II:!, , ,,:, '_'. .1 p_. to \..1..1 1 1 I..i U 11 • I tl f ij.:I !.J !::! '.... I:!,_. r c , i!::!, ',._., oJ.!

"'-t-I' -·1-'·i,.· increrr -rot '"IlL, -'", +ir· ,...,ft·..li·t'O j" - '."-. H, -t "'r' ."_",.·,,-t·t h-.'·'::!'.'I:! d L U,_·r·. I ,1_.. '::! fll:!., ... 11 !!I:!f, '-III:! .:"..1, '", lj '.' I '::!',!::!I_.'..:' \.ild .. !.J , I:!!C!lii:',I. "u·:'

J" -·~-Ot··· p" t - j "/1 0' - \hi" t t n -:>;:rt"" t t"o r- "~'t" "'f'nr -11' r' , ~', -,t 0 f' '.:. h - .:;,t·, 1'",1 - I,C,,-iI !:!L, '.' :I,.t! .,!::!I d , .•,il:! II Cl':" ,_. s, ',' ,.I.. " i',· '.' t.. I:!.:;.,.., '.' lIJ. fl::! "l,·. c... ltL, L' I:!". I !-. I Cl ::1,.. 1..;

s:rlI'mt drl;"'" 1'"1 ",-,r' c.••:- ,... l'C: orccesdi r!'.... the rr'·u"r'l-'t-li nni nters 'r"ltl" I':; r',;:run ! 'r"1,,,+ r,,-I,_,1 __ ! \_ ... 1 I l ! (_! '_' ._' c: ,_1.:) ._" roll ~ _' ..' c: i,~:t.t '..1 c: . ! c; 1 r t I ,:t t-.".; ...r;; ,_I • t l,' c:; _' '_' ,_.,: 'A,..l "..,i '-I " '=- .J

t r. ...,'-I l' ~'I + .;:, + +h;:r ",a '.'+ r:" 1 C. t" t' r- t '"t-t i nI' ti ~Yl 0 lj-t"l"'! t' 't''I0 ,-. 1'1 t"',r, rj t-i r: .• ', ". 1'", r .', l" Co,- ....'. u !-';_, _I ,t l...l;H 'K)'- "_' ) 1 '_.' ,,", '_ c:/ c: i ~ .:' I.; I. l , 'd ... I t· G.1 1..J.. r,:; _' _ f ~ I I ':. !_,! i ~'. i...1 ,c; ':1 ':.

,-. ,-, t'l' ; ,',; i 0 .:. I,;,' i t h I-II I' ,-. ~'I'j- ~'", P'_' ~..:, , \~ ~ ; t i_~ ,_, ,_I ! r , __ : 1 ... 'H; t ,_,I I ! 1 ~j _'.

r- - t" t .... - - i· 'r t,' - , I, ~'- - Ct- j l' t' '1 t Ir - - - r' t Ii ' • ,-' ~--. I • t· - i r' , '1 t' - t' p. • I ' - 11lru "tll:r':.-U i-." til,:':·. ,t!I.: I I 1I:I ., . ! f;;! ::;u '. ,'n:!!!:=. ;[11.<:::. ::;,.[1" ,1:1 1•.1.1.,::;,::\
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real-tirne.

T.. '"IP. t"r"lnl-l..li i1 i"'t'i ti i pnd if ;',',r:r l' m·IP] j t! I 'If t'I'IL:! ::;nf t .,..../~j~.p.1 .... ," _ ..'l! 1 ..J. t ,j ..J I 1 -l , ~" ; _ _ ... ' ..J.. H.:\ ,-, ,_, t".. __". '. \ I I '_

nt"-"-'u,::,th ·'fl.... t' "I "::1 l'IU':'I-'~-1''-d; l'I'·1 'If t h:. '-',-,ft' \,V''''r-'::' ':'01" !~H·,'-'Q· p""'fAmetof chAPl!n""ro-' :._,I.......... c:'.J II ':j .L I .JC;;,_I_.J !-- ... I ! I '.. I '~llt_. .='1.-' I ~ " i..J, G·_It"... -it,,-_.; ,1_.'..... ,u 'UI ~ V It U!I!:tJt:r

e·.jents, The VERSATRACS panHf!eters inclUije the ternpo .. o'"let-al1

- ,. "",- •.. ··i .. · .' ,,- -,ti'j·t, uERSATRAf'S '" .''----1 tf·- r- ....-"· t'.-:::(I uti. rut i [I a ;:-:; I rr Iut rI ',' t! r::: ij '-' . 1 ' Y.. y ~ L: wt! I i::' c: ut LJ ',,! C ;..! 1j, Ij, fie !::!,

ror-'-'I'",O'- +i r...,- ·:··-'.... '101' '.- ,', 't 't-r':-t]· .... -111 tf' - r -t--," 't~t' ,-··t·,::. ....'lP·:· ".,;" h;:rf-' ',' ;"".,: C I • "t! '_' 1:"--1 I., '," !I..l:!. M!. t!, !,j., .. t! ..:1.' ,.! I:! 1-1d, 1:1 1 r!t! .._. ,_. 1'J I 'b",,_, ,f, til::,. ~",'



,jiffut-ut"l-'~ i-il! oecodmc tt"'~ ':';I,n I-ii+ nf th~ thin, hlltp in 'It'lo i:>1.;~,·,t· hit i'-
, 'I , G r c:!! _' '_' :....::1 •.J c:: 1_, _'... ; ::1'_ l' '.. ' ,_I I .j" :l... I '. \...' 1 .. J ! "_. '~,; i f '..J L'::; • _' l; 1 _ I ,_, !;;.·l -_-j 1 v . !-. I -, , -

•.. '''''r e-. t h""J. +·t·,:, t=:' 'c.nt ,-1' +A shnul r! h' ; ,. r',:,r-" t" t' ~.-j "".'..' r ""r-' met ~t· ".i·, At• n'
! rII:::! '..1 ! ':. . , j '-' I. i. I·" ',' ',' '." ". '... tll.'~ .:' i j ',' .i j 'J L.;I:; j j I • ',' f-i I:' .",~ '..1 .:' ci f-Il..> tI .! I:' I.'.' , '_. r,l~, I::1 I:::!

'"llit f' i ', th- r -r-'-'''' -t -t' Ol.!w··d -·l;'·:·,:ifi,",:di,-.'·. n·.t--, sub-tuces sxist:". ; I ; f, '.' i I:; ",Iij ,j j I ! I:; • I:;I "." '.' r, '. L.,.j ',' ',' , , . ',' j~ '. , '_' , I.. '. I I j I:'I:' '_' '... • '::I 1-1.,.." I:'.", '_' ..

track qlubul end sqstern merkers /0:' tt·,o t·,i'!'·,·,o ir··,n1i-·:· t·......ck.... _ u fis.~ ~ l..iu , u U -ua. oiJl " u I\. :::> A._, '. !'.. ' 1 tl..J: 1 i'_- "I')-'i ,t! -;,... ! u f\

oererneters control onlu T"r·,':' "ij- 1 I j ':" -' T"'-It- ,-. ,-·r,ol-·l·fi':'lj t rark liko tho ·1-·-··-·;l1r" ..:;·-1~JL, i..J II:. '~C;l .:' '_' !! i c: _ ,_!j .:1 _ c: I,' I. C;.:, '- tJ .:II-t~. _' I. ~ ,.1 1.... _·'·· .•1 I, , ! i~· C':~':~::j ;I_.l.j

;,·,,-·t -,,··.pt·,; ,-,'- ;r-",,·-·i··· "·-t1j It··· r. Glob"'l .'.~. "''''.-, 'r-t··-r·r· tf-;:. r'A ',:,t····otut-·'·\ i j .:' • t li rrJ ,_.• i '. ',' I '., '-' '_. i-, '0' ',' ; "< i 1r.::: . U ,_. I Iij I I::1 I:::! .:. IJ . I:::! '_'. .,! ',' I-'''~ t '..1, I I ,_. '. ,_., .:'

AVTE #:

rn8rnOr!~ r~3qu1 rernents.
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» A'v'A/LABLE '··,iOleE_HUNT

tie r-nElije i:'!tlout now to neno!e the situetion wnen rnore then eiuht note::;
,-'

A""";~' l- - f - t-CI t'~· p. - t·· r i l' t 1,.-l~.:. r,f +" - - r i '11' t· ""1 r - t -..:. h,-',,'p h - CIt" t-""t····pCl,j d- ·.Mt''~::!'-i"ll..ll::!.U ,_. ,11_. u flf-I, '..,'J._...' '_', '.III:! U. ,I::!. i1J IU.t:'·_, ,,;:1,._.....,l::!,_. I, '-i " ..."_,, ,U".I

to 28t-0. Ho',o," ever the situation occurs .. s8"ien:!l methous can tie irnagined

to COpt? "vith Hie problem:

R "~I r, - 1- - - -, - - t' t f' - " . - ' ' " .,,. t .. - t -' -t . - .. d-,-- ,/'" '. t I, ­
i..../ r::.I::!P t:il-:l::! utll:! U .ne e,..:,l::;T.1tII.-I eH.j1I. flU lj::; d r ijrl U,[i \'.'1 U: '.'!l::!- - "

ne'r'v note.

C) F'ep]f1ce t.he e>d::;tinl~ \,Joice that her:; [Ieen "on" for the lcnqest

t i rne v'ii th tt"8 ne\'v note.

Thp rnr:·:·t ':;1 ",',1 fi '"ij-I"I+ r'r-r,'!'::i11' ur-""t i ,".,', f,-,r' the, f' ,'.::,I ., _" , "_" ,_, -; "_",::;:. I , ,1_" I l,. "_. _. "_" _ c: 1.2,_, ,_" i ~ '"_': '. ~ ,1:'-: .! l...l ·-on·-'t(f1ck: Dlijut~
, -'

:.) " .
r"~8lno!]

--------~----------------- - ----- ---------------------------_.__.~



L;.> A\iA!LABLE \iCiiCE HUNT cont.)

eno r-\-',l"-"r':'c -I' he n~",O with f,' "1 0 '("h"PCT' nrinri t n f'i'('n-,'-rb,'r"'l,' tn thf:J t,"n1,'ir,'oI<'it'li'!.J, , '... '. "_I ~ I c;: ,_.Ill".,' I .. I ..I ,_" ! "_, ! I _' '_'.. r'. . _, , ".j '...1_" _' -_. ..J ,I j ..._ ,~" _' _ ,1_" I', .::f

order of preferred rep1ecernent

3B

2 ­

3-

4-

·::nf+ \oIo':='r-':' t'; t"'IJ-'·:' t h.:. ,),"; I'U \01.']' t h "h.:. 1n\",,~,:,t '-'r'-j '-It-; t I' '"I' !''r",hur''
._. ,_' , " ; i ,_" c; _ ),!. "_, '. \ ; i;;. ,,_I i ,_, c; ,! ". " t.. j\ c:: ! "_' ! I ._. ,_,". }-.!, ,'_. :"...:1 f !"i I ; .....' c.-;. .t

irnr-ll~'"-"or,t ,=ot'l,j it \Ioi'-I~-I:,c' ',,'at-Ii or"r·O:;I'+1",.'0111 -- o~.:',-·,:,,,+ ',,\,'h~", l'"ioiirlut-:='ioI r , '!-- I ,_. i ! J...", ! '.. .l '-l.' ,'. I I 1_:. r -, ,_, ''_0 j ,_. ,r,:; _. I•. ! '_" , .j "_" I I _. c:!-' '_ J ; J ..... l ! .J ,_, , , t, C;, !...J .. ,_.

at tempts 5t-8 ['nBlje to thwert its ect1ens.

... i . t" t" - . ,', t - ',-, t -.- -,t.·' ,- - -i t - tor e- r- " ,- ' . - th' ,',,'. .' 11 .;::, t -, ,- ,:=.'­I', ] '.It ,I!I::! tk, ,I:::' .:' J tit"" tll:::!t!I.J '.1.1 J,_. ,j.:,.:, ] i~tll::!lJ T..U ,!II:::! '-,.:;.(.] , I '.J ',I.', ~,,-, 11

f t- ':::' I" O t~ I-' 1 1 ]' t"'U-l, 1'':::''-' must be r:... 11,\'1 etsd 1''-'; no +L"I O -'fr- '-'pt ":=0111':::' end H','• I ~-i'-' I_',j ~11_·C;;·:· i ~.f.:r ~ ''-.' _·w _.... U .r.:; .4.:11 f~::i tl 1.-' tl .:1,_,. 1/;.J\!.~r.::•• T..J I' t:.1::!

t h .- -.•- ....,tt--1 rout ir -c· -··t',tF -·t t ', - correct r·-r...t"Cd~r velues \0\0'1 +h "hu ,'i .... ht,,,I::! L'-'I,I". U i '"1.,, !!I::!.•, LU ",I::!',.,•. r!1::! ",U ,,_·L," f-Ilj !.J,[I,.".•. , ...tll 'C,_, !! 1'.. 1 ',.1..." I!:i'i.

» LC!A[i ::;HE[::[:IINf3

Dnx:esd ,ji recti u as i (pji catelj in the f1 0\",' cieorem oj ven nrevi ou~:] U.
1-- ~ ~ Q ' - ~

------~-------------------_.-_.---._--~-------_.-.-._.--.. -.---.-_.--.- -- - - -- _.-.--_._.-._-------~



tie plElid81j neck quick:1Id .. the sort\'\'ar-e loop ::;irnp]id cannot keep up, This

r·t-,-·h'lQrYI i 0:;' ,-,,-,f'+ it-II '1' 'r-'''' '-,i If +~-IQ '-'1 rrrent versi1-''''' ,- f 'i..'E DCATRA r-C' >-,,°1 ,: ,j-:' '_~:.-' \... , " I ,_1 '_. \_ , J 1." , .of.; :j., L ...oJ '. '~1 "-- L·.oJ. I;:;: _. v c; ,_I _~ I I =J! ¥ f\,.J .... ~ _H ~,J I t L ._"

1-;'1 i<hJlw_t---i-"- - 11'11- -t- -----t°J'-J' keut --'-J' --(- ..-t -.--li:-- tk.­0.. " " fl i::!, Il::! \. !::! i tl I 'I i::! U f i::! '.•:U I i::! I ,(,f;:! I. IUti f i i::! '", i::!; I '. 1.1 :_: :o:'.J; ::', '. I '1:'



.,., VER5ATRACS i"-iDDULE CiFC3p,1"j i 7AT! [iN

VERSATRACS cDntain:;:; softl'\,;jre (no;ju1e:; other than tf-i8 8',,:ent



!.» VERSATRACS t"mDUlE DPGANIZATIClN cont)

- - .-.; j - - t i ~-, t h - 'j" y- - -, tl :=t -j j r- - c-c,,- 't ' - c-r - c' - n i' t 't-I - ,\ r ro 1- At .-- I i -~'':' +i t-- 0t I:!.::> I I I:!t I., '" v I ,!;:! , ], I:!t· -; ! 'd '..1 1..1 I I:!,_, ,_"j 1II:! ,_,,~.1 ij ._.I:! ._. '., t! ,....q.l;-, I::! '~" tH I:j U" '_' '.' rk .

-,'. '" ""i~-+I,,,,1 j]'.',l, drive" Tf" virtue: 'j:"-"" .-·r,-.-,- ,-'''''',+ ,-,,-. +h- r.t-'-'ilt'~·-'"ij .:' U 'o' I' '__ I U, I ':"', U ',' I:!. I' II:! '0' i " '_i ij, , I ':' r'" ':' j..'ij '" I:! ',,!.., r , " I l·j '; I ''::. \on '_' ':! ,j r , ,

US81j to shuffle nle t-equir-elj code ::;8IJrnent':; trorn the e;.::terpjeIJ mernoru to- '.

l' - -,t ,-'t- t ,- ,- t- ,-- "'d1' ,-q , r- f-II'-']' ,.,-' ji ,-.j" .- ,- ,.j f' 'I' - t' t-l - - r'I' .-11' cl -,k ''''t-·, - r- r- .... o1:1::.._>:. .,!ICi:' 1 I:!u d,_ ij 1-',1:::\.:, L,j' I I,:,r:", cnu i I::! ',',' I:! "UPf-'.j U ;:'f~, Ld'J !I:!!::!;:, ,ji ,_,

n:,·.,. ,; " 'r! "-Ir-t: t l- - ':'1' c t - 'on he ':. r - a" '1'-' i,' d - ttl" t=o ':' t "" y-t .-' f ;::, ':'':' .:' ':']' '-1 t-I i\, '..' '-\1.4 " I::! I..l U" L '_' , I II::! ,_, d'_' _I:', " , ij '_' ,..I I::! ,_, , 1 ,Jij L I:! ij _ _f ,,_, '.", '..! I '_ '_" '..I ,_, ',"_' ,_, ,_,. ,...,

ut -i ' -i~ - +; - '- oj - - - t-i r t ]' - t- - f +r' F! \' t' ',- j' - d ,- - - ,- - - n I i - , i . , - ,- 'i s- ,\ r r - t- -l; ., F'
:..4 ~ l ! i Lij i..1 urI 1..Jt:.::;C:. II-I.~ U J U 1 ••• l~ _·"':1 l:!l if t! I fit!! flU; ~~ 1 ::; bI \' t!:! i It M;..Ij-H:': fl..; i ;:':, ••3.

"[ h u 'I;,-, '1 1 /-, ,", l'nil ts ij- tlt-; o fda c-r-t'; f, t ; 1",'-, c, f +h f;I 'on ij- i r, n ,-nn'-ij- t-'"f ~-,', I-I,-i, 11 o c- .,1\
li~ . '_' 1'.lil II.j '.' I ,C;) c; ,.1 '.' 1r- .. I·.l ".11 !~:i'_' i.,1 ,Ii F; '_'::11 I II J!! ...··... \.... Ilw.· ••I. r

Ijescr-iption of tr-ieir use can tie found in ni8 VERSATRACS manual

at t;:lched to tJ-li s p,sper,

The Auto-SeQuenfer module contains U-18 Li'-.ie f<81dt!l:tanj ::;tdstetrl, ar-pj

US8lj t!8CaUS8 the ::;oft",,-',"are ;jutornet1cal1u e;-::ecute::; Hie reconjelj S80uence
~ .

··,f r:;."u'"'r' c i.- r-' '"!-t]'t"r" - T't- - AI'tJ-- C - I1 I ' - n -· - t- t--ql';'--c' tk," 110:·r:;.'- t,-, r1':'11 H',', ,_. '0' .... " _ '_' ,!! , I:!ij , .II::! . , ! I::! M _4 --' ._, I:! ''1 ·_i I::! " L l::! I:! _4 " l::! '_' _;I c: '.i '.' ',' ! '_ '_' r-I, '..i.::\ ,~

'-"::or-T' i ""1.,,, +.,;::",t... "'1' t ~- " -. "",-r t.-· r; +-,k '='t-·j d-'f Ii' l- ,-,- ;::,] +f- - '1''''- ad]' r' ; ,',•.,,_"..!, _, I." '.41 ,j! ,_, '... ,_,h \",' _I! ,j 1...1_, ''<, ,j _c: f-I, '_ t· II '..I !' , ".j _I '" I.. '..I ,_"UI.,'-j f' '.' '..I _!I,:::!

,\ ,;+,-, - C;u il' 'u to, 1-' t=> t- '-r-"', Ii I '1 p. h ij- .:' t t-, P. rr-II-' c· t 1-' 1'1 rr-, r. .- u h a 'f-":' ; v u ,-l ; ':' " L::o iI ,-, t t
M '.-( r. ~i '-' c; '-1 t~ f.-:; ;.' '_' , ! '"_"-l .~" _" 1 ll. ".' _ 1 _. . _ "_, _ _" _, 1-' I e,-;: I It.. ,.1, " '.' lJ I ,.11-' 1 '...l:j '...i f '.

41

-rl·...... O' .....·!-,-Phn+hm modlfile h",,-,-,-,t "'+ r - ',- j-"'·'·1'r -.-1
t ~ n:: ~ I Lt. t ~ l n II~:J~' '.0 ~, i ij u· t i U .:1 rIu!. :::1 c: ~_ I-I !:! !=. , f ! c: .:' L· I . ,J~ i..J.

t'~-l!t h·-·' i ro,C ,- t-'-'-i",t i - '-, - ttl-It=> ,'.' '--,- t i r- - !='i .... ':.+ I::' '-\.' ;-'-"'0 -" -1' ; ,y, -. r", ':'0:',llj'_"lil ,,-,! -..I ",'..I _fur, tl, ,1,,_. ·::>urr,l:! ,_, r11:!, , ".,"_ .. '..i r,I..!, , r ,_,ijl _llIit' ~I,j .•,._,

,40 0:- 1' ,-o:j r - t 'C' 1 - tho 1·1,- 'u' ; ' , J" (:I . t -1'- r- j \.\1' t ~, " t f'" r 'f '.' -,- f" ,. t '- 0 ,-. ,-, ,-t-r:;. ,-, t
I.J ,_..,' "_" "u "!::! '_' --'t I ,_! j ',' '," ij ,II::! t t·,-'!d IL ,j. I , , 1'.1'u,.1, ._. J t,u::!t ,! 1 ,_" ,.tk- '_' '_" , '_"_' '_

.'k.. 'th'...· '-:t-,,·,o +hi=l r'1' t ,-.f-, - c· ;::"'- - nt ,:,t-- -l ]'n .:.' '1f 'a~- -.- - .:'t=> "CI'- "1 r,·- ':'0:' i ':' '-0-' - ,-ia'I'~ ,.Ill. t. IL,'.· ,_, ,,_, i'" ',L"ll::!,., '... , t' I:! , '_'.' I::!I.J "._,l::!I-\ .l'_'1 II,,!:! .. ij ·_·.·\...._·,!L I-,ij,-,,-, "_' 'I,U·..i"·



L> VERSATRACS !"1DDULE ORf3AN!ZAT!DN cont)

rnuthm correct tit the serne tirne. Trucks can be enterelj usinu tt"ie
~ v

enterelj usinq tf"le Auto-~;equencer sustern.'- "-

:jurinq Hie mtcn entru step. The notes cornprisinq niB chonj ;jre pleqeij in- -' . , - -

seuuence stertino y·tith the 1m'vest note. then either- the 2. 3. or 4 keu on. ~ . .,.~

recorn (::;8e the E\/ENT CCiNCEFT sE'ction aelove) of tJit' -iO\·V8S1. note in nle

·-·,-.t-'-ucrlnn,ji'"·., t.-, '!f-,p start nf thu fl-'IJ,-th ro'-o,-·p,-·,-1inil '"'"'C:=<':',"-O Tho ':·',c·tp,",·,
:_" '_', I ~..~t 1-''_'I 1 -, t t 1::1 '-C: l_, 1 .. , ,_I -, 1"; -, '_" • ; 1 1_, ! ,.1 _; I~ i, \-1 Ii... ,_, _' t: '-I I ;:) I: ~ '.," '..J ,_1 '.'!' :_'. :, ! ,_, '-':::J '_' '..... , i i
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-n::r·:'·: svsnts IMitf' tne t'",\,I' -'r-':' -rIc! t l.,,,, t---,-niin' f'---'-':":' ,,-,.',ti""i"'·:' '=t'::'U, '."_".' I:! _'.' I '.' ", .• I '. Ic I '.' I t,,! c ,_, " u ,L '. I 'v , I:!t, ,.I, ,.",1:1 t-I , U ll:!_, '.' '.' t· I I " , , ",. '.".' '. ','

if,'''', +f',i t'I'" 'r" "j d ", "j r/ n '"nedIi !l!_;l.i il.:-j I' Itl ~~t._. Ie: •

real-time eui t inq.

i nformetion frorn ar!l;:l of U',e tracks,

The Compositions module hendles the trenster of event dete files

recordi nq step usinq nil?' Auto-::;equencer or the Pi tch-Phuthrn sust em_... . , ...-

,,,/,' t f' ';"f -,L· ,,- ,",- - co,' T' i - r" "ncludes -, 1 t f-,,::r t',-,f 0 ',' d r';"fr-'::.r·' • t -.'- '-"',,- " 1­" .. 1 C,.LII ,_,u.r.pu,_, .,U, ,I.- t., c:,_, ul, ,,,'-, "t".'_' u,l 1-"_ 'J ril:!,l:!f '_,f,u,lIjl:!
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t h - rnet--I- r; ..,,,,,t l' r: r- - t- roz -t- r- r r- e--r: t- t ro: r . r fi -vr- ,-,,- L·"i:J" r- - rn '0'- f'O'-' Tk, - '''-''::It"' I'_ iiI::. '" . IlU j L U '_ 'J I U I.J L I::. ! .:. J, ,_".I I _, U ,~,-I...1 f::! .:. '_'I "'. ,_. ':J .:-I::! '-i ,_< '_,11._",_,o, !' II::! I, p_', ,t.

:>:> "N'HAT NEED3 Ir"'lFPU\/Ef""lENT

""'1 h .... '-r-·:"ti,"'~- I-'I-I,-,-,[,l;:,;'-d ,::,r'I-,'!f ~IERSATRACS'h"",:· rlup'-, t;-,u ''''J',::,1i +0 I of\ I J... ) II .... j ,_I i _' _ r ! I, ' I ',.1 I ( I 'M 1..J•..1 _~ l_of'M Y .. I l:' , ! f..l ._; .... '.' ~.;: M i ,. ,_, \-j:~. '-i , l '~;j _'.

construct i on of the r"'lountBi n Herdwere ::;untrlesl zsr tIOdr-fj::; enc the
'-'

'-0 r- '-I1i ;t i 1-' '-I '-I f f h 0 ,~: C;F, l-, li t o \,1,' .::."e, t ·"'tl l c,r- t 1-1o IJ 1-'- ~YI r-I'I ,-"I T \-,1-'- f '-,-,,"" 0 ,-"-,,,
! '..' .:' u ~ ·M. t I _I J J '_! l~ j 1,_" .s::.. ,_, ,_I Ll:j \w "_' 1 1 I..J V c: _IJ ; c: .:' . I ~. '_' .. ' I 1 ~ '_'.j . j I i _. I 1 C ~~ I_~ ,_, t ; 1_,:j

r-esconse cherectenst!c is not adeouate for- trulu t-tioh fi:jelitu sound. One
, ..j "-' '-'

47

fL-..- -, 1"-"- +'-," rAir'll -"dro t ,-.- ebilitu t - j -i"- ,- 1"1 1[ " - - " ., ,- - -i nertorrr - -,-·c,,_Ii!:::' t, '.< .:' I::! '_r,I:! , I, Li, 1.., ,_, ,_,..' u_'_' ijP'...i ':i I :::J i: U I r , ',' I::. cl , I J f::! I...U! Cp!:! 1.J f-I,_.j ,A r. Iij f:!_, \.,

UFRSAT RAi'"S l-'l-II j 111 ho I'I':' ed ,,0,,' -r'-':' 'I t::l r' he ,-",1' -"ll-IR'-'J' sunt 1.-.0'=' i"7 Ct'- '-"-'11] ,1 nrnvi ,-i,;:,"If" _ . ~ \..to - '." , _ !...' 1..' .-1"_I ,_" .' f1 I I ,~. _ !; . _'.01 '- __" f,,; j '. ..... _' I f. i 1 ,_" '_' I a:... '••"I 1_, I_I ~of , •.J 1-" 1_ i ! ,_1,_,



( ",,"":- \,1" HA'T TIl1=" C ['!c· : "'1 p Pn\/cr- ~···1 P\iT ,-.C' (I"C' "j_,..- " !!,. i f 1\1.... 1- . ,_1 1, • I'. ,_-, I '1-.1. l 1,..- _I .,1.

necessitu for vl/ideSDretilj interest.
-' ,

rnenticneij tl~:l observers an:j encountered in prograrnrrlin~;;. The 1 r-"lHz -clock

arch, tscture of tr~le Ac:pl e ere di ffi cUI t tiar~-i ers V,ti th \'\/hi en to cope. A user-

!~.u~_c·'"

.;. '-':_C.:,
". __l ' .... '_"



·'. oi-_ 'j

I.;~

-:" ,.::"-
,-. _' i

or- ~_O t



REFERENCES

Benade, A. H., Fundamentals of Musical Acoustics, Oxford University Press, 1976

Gayler, W. D., The Apple II Circuit Description, Howard W. Sams & Co., 1983

Maher, R. C., et ale, "A Low-Cost Digital Synthesizer System for Music

Applications and Psychoacoustic Research" (abstract), Journal of the

Acoustical Society of America 77 (1985): S75 (supplement)

"MusicSystem Operating Manual", Mountain Computer, Inc., 1981

"SY6500/MCS6500 Microcomputer Programming Manual", Synertek, 1976

"model JUNO-106 Operating Manual", MIDI implementation, Roland Corp. US, 1985



APPENDIX A
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Fig. 6-1. 6502 Microprocessor.
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82 Apple II Circuit Description

0
GNO 26 25 +5V

OMA IN 27 24 OMA OUT
INT IN 28 23 INT OUT

NMI 29 22 OMA
IRQ 30 21 ROY
RES 31 20 I/O STROBE

[2]INH 32 19' SYNC
-12 V 33 18 R/W

[2]
-5V 34 17 A15

COLOR REF 35 16 A14
7M 36 15 A13
Q3 37 14 A12
$1 38 13 A11

USER 1 39 12 A10
et>0 40 11 A9

DEVICE SELECT 41 10 AB
07 42 9 A7
06 43 8 A6
05 44 7 A5
04 45 6 A4
03 46 5 A3
02 47 4 A2
01 48 3 A1
DO 49 2 AO

0+12 V 50 1 I/O SELECT

0 NOTES:

~ SLOT 7 ONLY
FRONT o SLOTS 1-7 ONLY

Fig. 6-17. Peripheral connector pinout, (Courtesy Apple Computer, Inc.)
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The 6502 and System Bus 83

Table 6-1 The Apple II Bus
Pin Signal Modem Description
Number NameGJ

1 I/O SEL I INPUT/OUTPUT SELECT. Seven individually decoded
lines for slots 1-7. I/O SEL at anyone connector goes
low during <jJ2 when $CNOO-$CNFF is accessed; N =

slot number.

2-17 ADO-AD15 B 16-bit address bus. Address becomes valid during <jJ1
and remains valid throughout <jJ2.

18 R/W B READ/WRITE. Becomes valid during <jJ1 and remains
valid throughout <jJ2. High for read; low for write.

19 SYNC I Video synchronization signal (C13-8). Connects to slot
7 only.

20 I/O STB I INPUT/OUTPUT STROBE. Common select line that
goes low during <jJ2 when $C800-$CFFF is accessed.

21 RDY B READY. Taken low during <jJ1 to insert wait states. The
6502 recognizes low on ROY only during read cycles.

22 DMA 0 DIRECT MEMORY ACCESS. Taken low at the begin-
ning of <jJ1 to halt the processor and make the address,
data, and R/W lines high impedance.

23 INT OUT 0 INTERRUPT OUT. Daisy chain to lower priority slots.
Normally driven high if used; connects to pin 28 if not
used.

24 DMA OUT 0 DIRECT MEMORY ACCESS OUT. Daisy chain to lower
priority slots. Normally driven high if used; connects
to pin 27 if not used.

25 +5 V + 5 volts

26 GND Ground

27 DMA IN I DIRECT MEMORY ACCESS IN. Daisy chain input from
higher priority slots. Normally high.

28 INT IN I INTERRUPT IN. Daisy chain input from higher priority
slots. Normally high.

29 NMI 0 NON-MASKABLE INTERRUPT. Taken low to start a
6502 non-maskable interrupt.

30 IRQ 0 INTERRUPT REQUEST. Taken low to start a 6502
maskable interrupt. Recognized only if interrupt dis-
able flag is not set.

31 RESET B As an output, taken low to reset the 6502 and other
peripherals. As an input, goes low during resets from
the keyboard, on power-up, and from other peripher-
als.
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Table 6-1-cont. The Apple II Bus

Pin Signal Mode@] Description
Number Name IT]

32 INH a INHIBIT. Taken low to inhibit the ROM address space
($DOOO-$FFFF).

33 -12 V - 12 volts

34 -5 V -5 volts

35 COLOR REF I COLOR REFERENCE. Connects to slot 7 only.

36 7M I 7MHz. 7.15909 MHz clock.

37 Q3 I 2.040968 MHz (average) clock.

38 1>1 I PHASE 1. 1.020484 MHz (average) system clock.
Used on bus in place of 6502 1>1.

39 USER 1 a Taken low to inhibit the I/O address space
($COOO-$C7FF).

40 1>0 I PHASE O. 1.020484 MHz (average) system clock and
compliment of 1>1. Used on bus in place of 6502 1>2.

41 DEV SEL I DEVICE SELECT. Eight individually decoded select
lines, one for each slot. DEV,SEL at anyone connector
goes low during 1>2 when $COXO-$COXF is accessed;
X = N + 8, N = slot number.

42-49 07-00 B Eight bit bidirectional data bus. Data becomes valid
during 1>2 and remains valid to the end of 1>2.

50 +12 V + 12 volts

Notes: IT] Unless otherwise specified, all signals appear on all eight connectors.

o I: Input With respect
0: Output to peripheral
B: Bidirectional card.
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OPERATING INSTRUCTIOS

To start up the FIRST system, insert your FIRST
diskette ~n the floppy disk drive.

Powering on the computer causes a bootstrap­
read from the disk. The indicator light on the
disk drive will come on, and you will hear a
few clicks and scraping sounds, indicating that
the read-operation is in progress. FIRST will
type a copyright message, then display its
prompt~symbol #. Now its ready and waiting for
your typed input commands.

To transfer from FIRST to the APPLE MONITOR,
enter MON, followed by a return. The prompt
symbol changes from I to * To re-enter FIRST,
hit RESET key. To reboot from the monitor, type
6, then CTRL P followed by RETURN (the control­
key is held down while P is typed). To reboot
from FIRST enter COLD. To do a warm restart,
which resets FIRST back to the startup
condition but does not reload from the disk,
enter EMPTY.

To list the directory lines for all the screens
on your disk:

#20 139 DIR

(each line of the typed input words
upon when a RETURN key is pressed).

acted

I

You can alter the startup actions of FIRST by
editing Screen 20, which is automatically
loaded (compiled and/or executed) after the
initial FIRST vocabulary is fetched from the
disk. You may compile new words and also
directly execute words by editing them onto
screen 20. You might, for instance, alter the
startup message, or you might execute 20 30
DIR, which would list part of the disk
directory.

When FIRST starts up, try these wo r d s :

DW Lists all temporary words.

DPW Lists all permanent words.

D Lists all words, showing their
memory locations.

7



NOTE:
filling
hit any
listing)

The previous list-words pause after
the screen. To continue the listing,

key (except ESC, which aborts the

DST Displays the contents of the
stack and the aritmetic stack.

loop

MON Breaks out of FIRST,
Apple monitor system.

back to the

COLD Reboots FIRST from the disk
with auto-start ROM).

(wo rk s

20 L 20 L lists screen starting at 20.
-> pages forward
<- pages back.
AE enters editor, RETURN terminates
L.
ESC shows the help display

II

EMPTY

20 LIST

2 3 + I.

Erases words created since boot­
load, then loads screen 20, the
startup screen.

Reads screen 20 and shows it on the
display screen.

Adds 2 and 3, then displays the sum.
In detail, this means: Push 2, Push
3, ADD, POP and display the result
(16-bit integer arithmetic).

2. 3. F/ F. Floating point arithmetic

I
CLS Clears display screen.

e x e c i s e ,

I
I

Now try a small exercise for creating
word POSTMAN. Type in as follows:

#: POSTMAN BELL BELL

a new

Executes the new word. Whenever
POSTMAN is executed, the bell will
always ring twice.

I
I
I
I

IDW

#POSTMAN

You will find the new
created at the top
vocabulary.

word
of

you
the

I
8



I
I
I
I
I
I

To power the system down, open the disk drive,
remove your FIRST diskette, then turn off power
to the computer and the display.

RESET key Hitting RESET stops whatever the
computer is doing and restars FIRST.
For instance, to return from Apple
monitor mode just hit RESET.

If you accidently write a perpetual program (an
easy mistake to make), you can break out of a
loop by hitting RESET, which resets both
arithmetic and loop stacks and signals
readiness to resume by printing the PROKPT­
sign.

COMPILING NEW WORDS

NNNN 000 PPP QQQ ; means, create
the new word NNNN as a command
equivalent to the sequence of
exsting words 000 PPP'QQQ.

(colon), followed by the new word,
is the start of a compilation.

We have now lost the ability to addl

I
I
I

Warningl
meaning
would be

End of compilation of a new word.

It is easily possible to rede1ine the
of a word which is in common use. It
dreadful, for instance, to redefine:

I: + BELL BELL;

I SPELLING RESTRICTIONS

New words can have 1 - 255 letters or symbols,
with no interspersed spaces (the space is what
seperates one word from the next).

14 BELL BELL ;

I
I
I

Word spelling should
numerical constants.
example:

avoid
Here

conflict with
~s a disastrous

I

I
I

This really does have the mean~ng that 14,
instead of pushing 14 on the A-stack, now
causes bell to ring twice. No warning is given

9



I
I
I

when one redefines a number as a wordl. Another
pointless and misleading definition:

14 15

Now both 15 and 14 will push 15 on A-stackl

I Each new word created by
memory:

has this form ~n

Previously existing words
I
I
I
I

NAME =>

CODE =>

(PREVADR)
TEST
o

JSR XXX
JSR XXX

ADDR of prevo name
Spelling of new name
Null-termination

For immed-mode words
the first OP in the
code-section is NOP

I
I

RTS

Empty (available) Memory

ALLOCATION OF MEMORY IN FIRSTI
I
I
I
I
I
I
I
I
-

$0000 - $OOFF
$0100 - $OlFF
$0200 - $02FF
$0400 - $07FF
$OBOO - $OBFF
$OCOO - $OFFF
$1000 - $13FF
$1400 - $17FF
$1800 - $lFFF
$2000 - $3FFF
$3COO - $3FFF
$4000 - $XXXX

$B800 - $BFFF
$COOO - $CFFF
$DOOO - $FFFF

Constants, pointers
6502 JSR-stack
Keyboard buffer
Text-screen buffer
Disk-screen buffer
Hires graphics code
L-Stack
A-Stack
Hash-code table
Hires-Graphics buffer
Line-save buffer
FIRST (restart addr = $4003)

RWTS disk I/O code
I/O device addresses
ROM addresses

10



While writing procedures which have sizeable data­
arrays, it is prudent to type FREE occasionally to
avoid running out of memory. If you do exceed
memory limits, fatal error messages will result,
indicating either excessive array size or too many
new words.

Displays amount (in bytes) of remaining
available memory.

Shows amount of memory used. Top of
used memory equals start of availabe
memory.

ofDisplays the current s~ze

vocabulary (total program size).

TOP

SIZE

FREE

I
SHOW XXX

FIND XXX

Disassembles the word XXX

Finds XXX, if it exists and
its address. If XXX does'nt
an error message results.

t yp es
exist,

II
I

LOAD NN LOAD compiles and executes the
words held on the disk screen NN.
The effect is the same if a robot
were entering the same text as ~s

written on screen NN. (Text ~s

written on a screen with th~ aid of
the text editor). .

I

I LLD MM NN LLD compiles
through NN. Example:

screens MM

I

I

: PROGV 25 29 LLD ;

creates a word which creates a vocabulary of
words from definitions on screens 25-29.

I
I

I
I
I
I

11
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