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MUSCIL is a new language developed by t h e  au tho r  f o r  t h e  inpu t  of  

musical s c o r e s  i n  a computer-based music system, 

The con tex t  of computer music composition is  analysed i n  terms o f  

a behavioural  p roces s  where a number of  s p e c i f i c  t a s k s  need t o  be 

accomplished f o r  t h e  product ion of music. The t h r e e  main t a s k s  a r e  

def ined  a s  t h e  b u i l d i n g  of ins t ruments ,  t h e  composition of  s co res ,  and 

t h e  o rgan iza t ion  o f  s c o r e s  t oge the r  i n  a f i n a l  s t r u c t u r e .  Each of  

t h e s e  t a s k s  i s  analysed and conclus ions  a r e  drawn a s  t o  t h e i r  r e l a t i v e  

importance wi th in  a given system. 

Based on t h e s e  observa t ions ,  and on a review o f  var ious  computer- 

based music s co re  e d i t o r s ,  proposa-Ls a r e  made f o r  t h e  e l abo ra t ion  of 

MUSCIL. 

The MUSCIL language f o r  music composition d a t a  process ing  is 

presented  i n  t h e  form o f  a u s e r  manual which exp la ins  t h e  d a t a  s t r u c t u r e  

and syntax  of t h e  language, and g ives  examples on t h e  use  of i t s  

f e a t u r e s ,  The language i s  p r e s e n t l y  implemented i n  PASCAL and runs  on 

Simon F rase r  U n i v e r s i t y ' s  main computer. 
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PBlEPACE 

The use  0 2  d i g i t a l  computers for t h e  com;~osition; and gene ra t ion  

of music  has progsessed great ly  since the early experiments 

conducted by Zejaren Hiller (Hillier, 1958) and Elax Hatheris 

(fiatfieus, 1959) i3 the ~arly fifties, The availability cf n e v e r  

and faster d i g i t a l  ccmguters b r o u g h t  the eItrergence of a new aad 

v e r ~  c o m p e l l i ~ g  way of producing music- Perhaps the very nature 

of eusic as a special a p ~ l i c a t i o n  of physics and aat temat ics  

best e x p l a i n s  t h e  c o n v i n c i n g  r e s u l t s  so far  obtained in 

conbining autosated data processing and msical creativity.. 

Pos centuzies  rnusic and numbers have followed zi p a r a l l e l  

patb. Bbe u~rkings uf Pythagcreaa arithmetics were partly based 

cn & z o p r t i a a s  0 5  vibrating striap l eng ths  i a  re la t ionsh ip  t o  

t h i r  sounding p i t c h ,  Principles of vibratory physics were 

i t  formulated b y  the French physicist Fourier by 

e x a ~ i n i n g  scund as a c c ~ p o u n d  of a u l t i ~ l e  harmonically re la ted  

vi t ra t ions ,  

The Bore s p e c i f i c  task of musical ccmposition also involves 

processes closely related to aalhematics,  The Art 05 t h e  F u y w  

illustrates t h e  wonderous  f a sc ina t ion  J-S-Bach c u l t i v a t e d  for 

t h e  magic of numbers, More recently, from the t h e  of 

Sch~enberg's radical deparkure f r o a  tonal p i t c h  theory, one can 

observe the allitcsst overbearing presence of "data gxocessing3* as 

the main c o a p o s i t i o n a l  concern of aodern iansic prac t i  t ioaers. 



H h i l e  the e x t e n s i v e l y  rigid rules i n  s e r i a l  c o m p o s i t i o n  resul xed 

i n  i t s  dowefall and d i s s a f f e c t i o n  by most composers, p e r h a p s  t h e  

sost i n f l u e n c i a 1  compsers of our t im {Boulez, Xenakis,  

Stockhauser,  and John Cage) have and in some cases still do 

d f f  i n e  t h e i r  c r a f t  as a selection process from a l l  mus i ca l  

wpossibfes*a by t h e  application of c o @ p o s i t l o n a l  r u l e s  : t h e  act 

of c o a p o s i n g  i s  an act o f  corapu%iag (Risset, 1980)- The advent  

of t h e  digital ccmputer,  and @ore generally of electronics, 

prokably constitutes t h e  aost s i g n i f i c a n t  mus i ca l  de velogms-ilt i n  

cen-tusies,  Very often i a  t h e  history cf aus i c  a given "golden 

p e r i o d m  car, ke l i n k e d  to the arrival, of a p a r t i c u l a r l y  a g t  tool,. 

The pianoforte by v i r t u e  of its dynamic keyboard a p a e d  a 

fruitful venue to the cornposer of the Pate 18th c e n t u r y  and its 

refinemats have g i v e n  u s  the expressive richness of romant ic  

lliwsicI 

The i opac t  of coenputers w i l l  grobably  be deeper. For the 

fir& t i a e  naw, the composer is given access to the generaZized 

instrument, Qr t o  p u t  it i n  i t s  t r u e  p e r s p e c t i v e ,  t h e  

generalized o x c h e s t r a ,  S i g n i f i c a n t l y  the c o g p o s e r  is also  g i v e n  

t h e  o p t i o n  t o  d e s i g n  h i s  awn p e r s o n a l  rules  of cora~osit icn i n t o  

a ccmputer-based working enviranment- 

A composerqs t a s k ,  in the traditional setting of 

fnstrnrnenltaZ corapos i t ion  usually cmsists sf choosing 

ins trueaents  and w r i t i n g  scores far thein, Xn a computes 

eausic-nakimg environment, however,  these t a s k s  are not obv ious ,  



Concepts of instruments and scores can still be used; but these 

become genesa l ized  in t h e  sense  that any instrument can be 

f a b r i c a t e d  by t h e  cognposer  and caa be aade to play any  score 

{Eatheus,  1969)), Digital synthesis p r o c e d u r e s  represent i n  f a c t  

a v i r t u a l  i-nstruirient t h a t  caa t h e o r e t i c a l l y  perfom t h e  tasks of 

any known acoastic i n s t r u w e n t  and offer e n t i r e l y  new i n s t r u m e n t s  

t h a t  donat have an e q u i v a l e n t  fn tfi~ acoustic world, The 

comgoser no longer merely c h o o s e s  i n s t r u m e n t s  but  a c t u a l l y  

fakr icates  thera by d e t e r a i n i n g  s p e c i a l  ccrlapuking grocedures ,  

Perhags  raom relevant 6;o t h i s  presentation is the ~ E W  sense 

of t h e  ac t  af cospositioe, The writing of n o t e s  03 ~ u s i c a l  

staves, t h e  testing on it keyboard, the erasure and r e c o m p o s i t i o n  

of s e g ~ e a t s  have successfolly t r a n s l a t e d  t h e  genius of 

generations of c o m p o s e r s  and before t h e  i n v e n t i o n  a•’ automated 

data  p r o c e s s i n g  ao o t h e r  m e t h o d  of n o t a t i n g  musical t h o u g h t  

could have  been used, IF, the c u s r e n t  s t a t e  of the software, one 

could discuss a d v a n t a g e s  and i n c o n v e n i e n c e s  of composing a t  the 

terminal a s  o p p o s e d  to c c m p o s i n g  at  tSe piano, 

Hore than a few comgosers set i n  t h e  t r a d i t i o n a i  w a y s  have 

c u f s e d  t h e  c o ~ p u t e x  a s  a form of s u b - i r t e l l i g e n c e  not aluays 

facilitating t h e  composition of a u s i c -  T h e y  see t h e  composer as 

c o n s i s t e n t l y  be ing  b e n t  into t h i n k i n g  a b o u t  music t h e  same way 

t h e  designer of the program was thinking, This problem is 

regularly experienced t y  c o n p o s e r s  %rho u s e  computers in t h e  

@akin$ 02 t h e i r  nausic, To a large  f t x t e ~ t  an e x p e r i e n c e  of this 



t y p e  is u n a v o i d a b l e  to  t h e  u n i n i t ; i a t e d  cmposer ,  The design and 

iz~lemeztation of computer music software is an exercise i n  

decision-raaking about what is i s p o r t a n t ,  afostt important  and no t  

so inportant, No two composers can come up with the  saae 

priority list, For t h i s  reason t h e  f i n a l  arbitrator in the 

usefulness of a computer-~usic psograta is the composer rho uses 

it- When a comgoser is n o t  satisfied, he d e s i g n s  h i s  oan 

programs, f4IISCIL was des igned  by the a u t h o r  to implement first 

and fortmost his own set of priorit ies  in the exercise of h i s  

craft, T h e  relevance o f  'the solutions offered may or nay not 

suit the needs of a composer with specialized delaands EUSCfL is 

not in t h a t  respect a program b y  a programmer, b u t  a program by 

a musician, It is offered as a ausicaP t o c l  to be used by ths 

advanced compuser l ~ h o  is comfortable w i t h  the compositional 

giodel om which it is based, 

x i i  





The activity of music c o m p o s i t i o n  can b e  h a n d i l y  dissected 

into a number of s u b t a s k s ,  
/ 

1, T h e  first of these tasks is to decide which instruments or 

which t y p e  of i n s t r u a e n t s  g i l l  be c s e d  i n  the c o ~ p a s i t i o n .  

G i v e n  a ccinpnter-kased sound sy nth~sis f a c i l i t y ,  the 

c o m p o e e r 9 s  work i n  s e l e c t i n g  his palette of  t i a b r e s  w i l l  De 

much nore complex than the mere choosing of available 

acoustic i n s t r u ~ e n t s ,  The congcsef will fabr i ca te  

i n s t r u i o e n t s  and test theat to f a l l t i l i a r i z e  h i a s e l f  with its 

general properties, Soae a t t e n t i o n  will be g i v e n  to what 

k i n d s  of musical statements w i l l  be made wi th  these 

i n s t r u m e n t s ,  b u t  a t  this l e v e l  t h e  n s o u ~ d n  aspect is most 

relevant, 

2,  once a group of soond-producing d e v i c e s  has been assettabled 

t h e  ccaposer w i l l  compose scores for them- A Z  this pc int  our 

d o f i n i S i o n  cf score i s  v e r y  open, Let us simply assurae that 

the composes i n t e n d s  t o  u s e  a s p e c i f i c  ins trulaent  to produce 

sore than one sound. In other words t h e  instruments will 

play soatething- 

As opposed to acoustic instruments, t h e  s c o r i n g  f c r  

d i g i t  ally i ~ p l e a e n  t e d  instruments i s  more precise and more 



general. A score can be made t c  c o n t r c l  every parameter  of 

a a  ins-truaen-t: whereas a c o u s t i c a 1  i n s t r u m e n t s  are u s u a l l y  

g i v e n  a  score of p i t c h  a g a i r i s t  time kjilth soae i n d i c a t i o n s  

for a f e u  o f  t h e  secondary p a r a m e t e r s ,  such a s  loudness and 

a r t i c u l a t i o n ,  

3, @hen scores h a v e  been w i t t e n  for  a nuoabex of i n s t r u m e n t s ,  

the composer uilf likely want t o  h e a r  theses s c o r e s  - by 

t h e a s e l v e s  or p l a y i n g  together v i t h  cne or a number o f  other 

scores. T h i s  task i s  a c c o m p l i s h e d  by o r g a n i s i n g  i n d i v i d u a l  

scores p l y  g h o n i c a f  ly and represents t h e  rnost advanced stage 

of structural, organizat ion where t h e  workss f inal .  foza: and 

s h a p e  i s  devised, 

The p r o d u c t i o n  of ausic, a s  we h a v e  d i s c u s s e d  b r i e f l y  i n  swr 

introduction, is subject to i n f l u e n c e s  by t h e  very iteaas of 

p r o d u c t i o n ,  If a  p r o c e d d s e ,  msical or not, can be d e s c r i b e d  

w i t h  s y m b o l i c  log ic ,  cosputers can offer an i n p l e a e n t a t i o n  of  

the p r o c e d u r e ,  The ~xcblem w i t h  rausica1. tasks is one of 

aerthetics, Of a l l  p o s s i b l e  m u s i c s ,  none can be s a i d  t o  b e  aore 

d e s i r a b l e  t h a n  the other, The very  nature of experimentation i x l  

a u s i c  or o t h e r w i s e  demands t h a t  e x p e r i m e n t a t i o n  tools be a b l e  to 

measure,  synthesize, and a n a l y s e  t h e  unknown, T h i s  can o n l y  be 

a c h i e v e d  tfirsugtn t h e  iatlp1eaentaa:ion of o p e n  systems based on 

e x t ~ . e a e l y  g e n e r a l  naodels, 



However, g e n e r a l i t y  rapidly b e c o w s  its oun antithesis, 

F u l l  cp t ions  s e o a i n  open 0nff as  long as we do not d e c i d e  t h d t  

some t h i n g s  are  more i ~ p r t a e t  than  other things (Truax, 1577) -  

Many d e c i s i o n s  were taken i n  t h e  course of f l O S C I L ' s  elatoration 

t o  r r d u c e  the g e n e r a l i t y  of music-making a s  a n  open-end~d 

a c t i v i k y ,  T h i s  was done b y  a ~ ~ l y i n g  specific models of 

c o ~ p s i t i o n a l  behaviour  and of m u s i c a l  a c o u s t i c s  i n  the design 

o f  its ~ a i n  f e a t u r e s ,  The models a d o p t e d ,  l i k e  t he  one  described 

above, are w i d e l y ,  i f  not universally, accepted- 

= CONCEE QP I N S T R U U T  

For cus purpose l e t  u s  define the c o m p u t e r - i a p l e e a ~ n t e d  

i n s t r u m a t  as a v i r t u a l  system capable of producing sound, These 

s y s t e m s  are d e f i n e d  by the t y p e s  of s o u n d s  t h e y  produce and by 

t h e  a l g o r i t h w s  u t i l i z e d  to g e n e r a t e  t h e i r  timbre, Programs are 

c u r r e n t l y  avai lable  to  assemble maa y t y ~ e s  of a lgori tht l l s - .  Such 

Frcgsalas are RffSIC V (Ratheas)  , flUSLC 360  and HUSIC 1 f {Vercoe) 

and SA#INS(CCRnB-Stanford)- S i n c e  t h i s  project  does n o t  d i r e c t l y  

deal. w i t h  t e c h ~ i q u e s  of i n s i t r u ~ ~ e n t - b u i l d i n g  with computers, we 

will s irnply  adopt  t h e  aost wide-spread  o f  t h e s e  programs as  a 

aodel for our own purEose of defining what an instrument 

c o n s i s t s  of, RUSIC V ~ r o v i d e s  a very  olegatit way of making 

iastsuments  and mst o t h e r  p r o g s a a s  were d e r i v e d  from it, 
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XNSTRUMEMT-BUILCfl4G IN HOSIC V 

We shall use t h e  P f f f S ' f C  V model ( B a t h e n s ,  196Q)Fa the 

f o l l o w i n g  discussions a s  a b a s i c  s k r u c t u f a l  r e f e r e n c e  for t h e  

e l a t o r a t i o n  of the dUSCXL i n p u t  language- I n  f lUSIC V a nuinbes of 

unit generators  are ~ f f ~ r e d *  These units usually have  a  set of 

i n p u t s  and an output and c a n  te connected t o g e t h e r  b y  siaply 

listing calls t o  d i f f e r e n t  u n i t s ,  T h e  c o n p o s e r  organizes 

d i f f e r e n t  u n i t s  t o g e t h e r  t o  o b t i i i ~  a netwo-rk of 

s i g n a l - ~ r o c e s s a r s  tha t  have  the p o t e n t i a l  o f  p r o d u c i n g  sound,  

The c h a n a c t e r i s t i c s  o f  tke s o u n d s  t h e y  can produce depends on 

t h e  t y p e s  a n 3  number of units used ,  the n e t w o r k i n g  of t b e  

c o n n e c t i o n s  be tweee  t h e  units and t h e  v a l v e s  of the parameters 

l e f t  open a t  the i ~ p u t  p c i n t s  of t h e  network, 

A typical i n s t r u ~ ~ n t  n i g h t  use a f u n c t i o n  g e n e r a t o r ,  a 

raodulat ing cscf l la tcz ,  a n t u l t i p l i e r ,  an e n v e l o p e  g e n e r a t o r  and a 

randos g e n e r a t o x  f o r  a v i b r a t o  for exaaple-  

The diagram shoun in dig- 1 i s  such  a ausic V i a s t r u x u e n t  

using n i n e  an i t  generators ,  The  RANdc& g e n e r a t o r  uses two 

v a r i a b l e  i n p u t  p a r a m e t e r s  : PI3 a n d  P14, The  f u n c t i o n  d e l i v e r e d  

by t h e  888 unit is added So the s i g n a l  o b t a i n e d  by a first 

l aodu la t ing  o sc i l l a - to s  v b c s e  p i t c h  is o b t a i n e d  fronn P I 0  and  nhaee  

a a g f i t a d e  i s  obtained through a i ~ u l t i p l i e r  c o n t r o l l e d  by  an 

e n v e l o p e  generator w i t h  the f u n c t i o n  d e s c r i b e d  by P t  9 and P t 2 -  



The waveshape of the modulating o s c i l l a t o r  is s p e c i f i e d  by P15. 

T h e  adder also received P 2  which d e s c z i b s s  the pitch of the laaiz 

oscillator- The sum of  t h e  adder is used to coatsol  tbe 

frequency' cf the oscillator, I h e  main oscillator a l s o  knows t h e  

k i n d  o f  uave fora  to outpu t  by  parameter P9- f i n a l l y  rhe 

instrunent is given an aaplitude contour with unit generator 

ENVelope, where P3, P5,Pi6,P7 and P8 g i v e  t h e  attack t i ~ e ,  

initial d e c a y ,  s t e a d y  state and final. decay plus a level for t h e  

steady state gort ion o f  t h e  envelope f u n c t i o n -  The o u t p u t s  of 

t h e  EIV and the OSC are multiplied and s e n t  to a second 

a u l t i p l i e r  to scale the sound t o  a WluEe  s p e c i f i e d  i n  PU. This 

i n s t r u m e a t  i s  strictly a s i g n a l - p r o c e s s i n g  network and a s  s u c h  

does not groduce sound, All t h e  "P1) p o i n t s  need t o  b e  known f o s  

'the i z s t r u w e n t  t a  produce sound, Each T*E** g o i u t  wi13. p r o v i d e  

essential i n f o r n a t i o n  with regards t o  $itch, amgl i tude ,  tiatbre 

and durat ion of the sound, T h i s  isformif45on B u s t  be s u y p f i e d  for 

each and e v e r y  soand the i n s t r u m e n t  i~ tc produce, 

R EISCUSSfOM ON THE H I E R A R C H Y  OP XNSTRUHEWT PARAMETERS 

Over the  years many d i f f  srent algosithas fox 

i n s t r a ~ e n t - b u . i I d i n g  have been proposed- J o h n  Chcwning f s  

frequency-mdulation t e c h n i q u e  (Chowning,  1973) and t h e  l i n e a r  

distortion naveshaper o f  Hark LeBrun and Danie l  Arf ib tLeBrun ,  

19'79 G A r f i b ,  1978) a r e  p r e d e f i n e d  networks t h a t  'nave provea 



useful i n  the g e n e r a t i o n  o f  r i c h  f a m i l i e s  of s o u a d s  with 

r e l a t i v e l y  few c o n t r o l  pa rame te r s ,  T h i s  r e d u c t i o n  o f  c o n t r o l  

p a s a m e t e r s  will probably  prove  t h e  rnost l o n g - l a s t i n g  a d v a n t a g e  

of ~ o w e r f u f  s y n t h e s i s  methods a s  opposed  t o  t h e  s p z c i f i c  ti~tzes 

t h e y  p roduce ,  

Wost c o w p o s e r s  see a n a t u r a l  h i e r a r c h y  i n  t h e  paraaeters 

that d e f i n e  t h e  s y n t a c t i c  value of a sound i n  relationship t o  

o t h e r  sounds,  Pitch i s  a l w a y s  favoured,  nhethen: o r g a n i z e d  

t o n a l l y  o r  a t o n a l l y ,  T k e  s u c c e s s i o n  of s a u n d s  i n  tine i s  another 

p r i l n a r y  p a r a m e t e r ,  A l though  this p a r a i a e t e r  i s  not  p a r t  csf a n y  

single i n s t r u ~ e n t  d s f  i n i t i o n ,  it i s  p r e s e n t  whenever ve a s k  t h e  

i n s t r u a e n t  tc ghoduce more than o n e  sound  : a t i m i n g  p e r i o d  e u s t  

be known b e f o r e  a second soa3.ni3 is produced- This t i f a ing  

paralrteter a l l o w s  t h e  c o n s t r u c t i o n  of  rhythm, a n d  of a11 

t i m e - r e l a t e d  s t s n c t u r e s ,  

If, a s  above, we use t h e  model of a c o u s t i c  c o m p o s i t i o n ,  we 

can d i s c e r n  a few secozldary p a r a m t e r s  l i k e  a a p l i t u f i e  

a l r t i c u l a t i c n  and timbre, In  a succession o f  s o u n d s ,  a s e c o n d a r y  

p a r a m e t e r  i s  one t h a t  i s  often found  t o  b e  dependent or  a 

function of t h e  p r i m a r y  parameters, or which d o e s  n o t  c a r r y  t h e  

saaa syntactical weight a s  t h e  p r i m a r y  ~ a r a i u e t e r s -  !lost t i m b r a l  

p a r a m e t e r s  are u s u a l l y  i n  this group, 

T h e  a c t u a l  d u r a t i o n  of each sonnd will s o s t l y  be a f u n c t i o n  

of hhe time available between each souad,  T h i s  i s  a l w a y s  true in 

t h e  case cf nonophonic  i a s t r u ~ e n t s  that must end one r o u n d  



b e f c r e  they caa produce a new one- The a~glitude of a saund Bay 

be a function of the pitch a sound, a s  i n  alaost  a l l  blown 

i n s t r u l e e n t s  like woodwind and brass, The higher p i t c h e s  are 

louder, 

Changes i n  loudness between s o u n d s  are u s u a l 1  y aone in 

broad gestures l i k e  a crescendo, a dininuendo,  or a g i v e n  

a c c e n t u a t i o n  pattern, 

C e r t a i n  t i a b r a l  c h a r a c t e r i s t i c s  of t h e  amplitude contour of 

sound often depend on p i t c h  and louilness, T h e  timbral and 

4x?@yoraf ~ h a r i x t e r  of percussive sounds, for exaaple, uiif vary 

greatly i n  relationship to  t h e i r  loudness, 

T h i s  d i s c u s s i o n  aims a t  underrtanding t h a t  when a sound is 

heard as the gr0dUct of a d w i c e ,  t h e  character of the sound is 

a result of t h e  par%icular  idiosyncracies of the systeiu that.  

p r o d u c e s  it, The s o n i c  m a n i f e s t a t i o n s  of a  v ibra- t ing  or 

o s c i l l a t i n g  tody  are always reflective of the s t r u c t u r e  of t h e  

i n s t r u s e n t  and t h e i r  c h a r a c t w  is the making of a g h y s i c a l  

s y s t e n ,  In d i g i t a l  sound s y n t h e s i s ,  t h i s  p a r t i c u l a r  

i ~ d i v i d u a l i t  y of a c o u s t i c  instruments is  n o t  easy t o  regroduce, 

Edo cne a l sp l i tude ,  p i t c h  or  t i m b r e  pranaeter s h o u l d  be t b o u g h t  of 

a s  s t a t i c ,  C r e d i b l e  syrathcais  of t o n e s  can o n l y  be ach ieved  

thrc-ugh a laoilel t h a t  respects the i n h e r e n t  i n t e r d e p e n d e n c y  of 

p a r a a e t e r s  i a v c l v e d  i n  t h e  p r o d u c t i c n  of a ~ u s i c a l  tone- 

. As w i l l  be d i s c u s s e d  later, these o b s e r v a t i o n s  led to major 

decisions i n  t h e  conceptualization of RUSCIL, This apprcach is 



a l s c  very  relevant t o  reduction of data i n  the f o r m u l a t i o n  o f  

scores of ~arameter values to h e  performed by an i n s t r u m e n t ,  

THE CCICEPT - 
Scozes arf d e f i n e d  a s  lists of  parameter vectors nfeded by 

a given i n e t s u ~ e n t  to produce a succession of d i f f e r e n t  sounds, 

The actaai  meaning or a p p l i c a t i o n  of t h e  parameters is n o t  

relevant ae h a g  a s  t h e  first ~arameter i n  each v e c t o r  is a  

w a i t i n g  pried before the next  vector i s  performed by t h e  

instrument, The  other parametes walues i n  each vector w i l l  te l l  

t h e  instrument what sound t o  produce, 

In tradit ional  acoustic scoring the ictergreter i s  asked t o  

perform the g i v e n  p i t c h f ~ s )  a t  t h e  l o n d n e s s  p r e s c r i b e d  w i t h  the 

waiting ~ c r i o d f s )  proportional .to the d u r a t i o n  of t h e  note@)-  

In a practical s e n s e  a bnmaa performer c a n  only be expected to 

process a l i a i t e d  airiount of i n f o r ~ a t i o a  regarding t h e  sounds he 

is to groduce with his ins t ruaaent ,  T h i s  has been elcrjluently 

i l lus trated  by the famous K l a v i e r s t u c k e n  by  R a r l h e i n z  

Stockhausen, XI'itended t o  e x p l o r e  t h e  v e r y  precise parametric 

contrcl of t h e  generalized ser ies ,  the gieces  were i n  f a c t  

Computers brought w i t h  them not o n l y  an amazing c a p a c i t y  t o  

s y n t h ~ s i z e  s a m d ,  but also a d i s c o n c e r t i n g  ease to perform the 

rosr c~mplicated wus i c  d e v i s a b l e -  Hot only does the cowgutex 

process instantaneous information about p i t c h ,  amplitude and 



timbre, b u t  i t  can also c o n t r o l  other parameters with great  

pxr cisban, 

While the precision of control over a11 garitmeters is 

greatly enhanced, t h e  alsount cf c o n t r o l  in.foroaation to be 

su~glied t o  the instrument is also increased- The burden is on 

the coaposer t o  elaborate very complex tables of n u a b e r s  t o  h a w  

t h e  ins tzuaeat s  produce music, 

P1,P2.P3,P4.P5,F6,P7,Pa,P3,PlO,Pl1,E12,P13,PlQ and PI5 of 

our e x a a g f e  must all be su~plied for each and e v e r y  sound, Fig- 

2 sbows one s u c h  table, 



A data t a b l e  l i k e  t M s  is a score- It i s  a list of  control .  

infcrwatioa and tinters t o  be used one line at a time by aa 

instrument v i t b  15 parameters t o  produce  one sound, and then 

w a i t  t h e  aatount of tirae given in t h e  first parameter bafure  

producing t b ~  next sound, T h e  c o a p i l a t i o n  and generation of 

control t a b l e s  or s c o r e s  of this t y ~ e  t h f o u g h  a ~owerf u l  

h i g h - l e v e l  language is tke first goal  of t h e  MDSCIL project- 

If a composer must input scores o n e  number a t  a time, he 

often f a c e s  a busden too conaplox t o  deal. with efficiently, Most 

of the i n f o r ~ a t i o n  s o p p l i e d  by t h e  coraposer in this case is 

redundant ,  e p e c i a l l y  i f  many of t h e  parameters are a kcown 

f u n c t i o n  of two o r  three p r i ~ a r y  ones, 

%e should also g i v e  c o n s i d e r a t i c n  t o  t h e  types of data 

Frocesses used by composefs in scoring for an i n s t r u m ~ l t -  A 

considerable amount of redundancy is u s n a l l y  p r e s e n t  i n  a gives 

m u s i c a l  s t a t e t e n t ,  Daniel C h a r l e s ,  t h e  Dated F r e n c h  

aus ico log i s t ,  defines msic a s  t h e  d i a l e c t i c  experience of 

change w i t h i n  gernianence (Char l e s ,  3976). R group of  itch 

values o r  a success ion  of d u r a t i o ~ s  s i l l  of ten  b e  repeated 

w i t h i n  t h e  sase work; in t h e  case of minimal. mus ic  the saae 

latusical p h r a ~ e  i s  oftefi repeated continuously w i t h  staa11 

var ia t i ons ,  If a s u c c e s s i o n  of  parameter values is  to k e  u s e d  



c o c s i s t e n t f y  in a work, a c m p o s e r  s h o u l d  be given t h e  @sans of 

describing t h e  succession o ~ l y  o n c e  a n d  r e f e r r i n g  t o  it 

subsequently by a name or  a aneinonic r e f e n a c e ,  

fn t h e  e a r l y  f i f t i e s ,  I a n n i s  Xenakis formulated and 

d e m o n s t r a t e d  a pertinent p r i n c i p l e  f a r  the generatioa of 

p a r a m e t e r  values [Xenakis, 1963). The p o s t - S e b e r n i a n  canposers 

were d e d i c a t i n g  e n o r n o c s  e n e r g i e s  t o  c a l c u l a t i n g  h y p e r - p r e c i s e  

scores while never c o n s i d e r i n g  t h a t  t h e  actual saunding  result 

was so coap lex  t h a t  t h e  a e a n i n g  of t h e  i n d i v i d u a l  e v e n t s  i n  a 

c o r a p m i t  i o n  was los t .  Xenakis s t a t e i 3  that fandcm g e n e r a t i o n  

grocedures would much more efficiently g e n e r a t e  t h e  same k ind  of 

p e r c e i v e d  ~irnctures, T h e  use of random { s t o c h a s t i c )  

distrifiuti~n methods . in ausic is now wide-spread. T h e  comgoser 

using them c a n  spec i fy  probabilistic r a n g e s  for parameters of 

sounds i n s t e a d  of d e f i n i n g  t h e  ~ r e c i s e  v a l u e  of each parameter 

f o r  each scvad e v e n t ,  

8 h i l e  e x p e r i m e n t a t i o n  with s t o c h a s t i c  p r o c e d u r e s  a s  a style 

h a s   roba ably shown its l i ~ i t s  for the c o n s t r u c t i o n  o f  scores, 

t h e  use of randua psocedures to ~ r c d u c e  c r e d i b l e  t i ~ b r e s  cannot  

b e  overestileatea, T h i s  p a r t i c u l a r i t y  is mai=iLy concerned with 

the ricro-"time s t r u c t u r e  of sound itself but it is als-o 

r e f l e c t e d  i n  foxraal st ructulcea by t h e  u n d e f i n a b l e  %uaan" edge 

of live music gesfosplance, 

, ~ a n d o e t i z a t i o n  is i n  fact v i t a l  i n  t h e  s i l n u l a t i o n  of rsature- 

P e r h a p s  the aost  c o ~ p e l l i n g  power cf p r e c i s i o n  i n  compu ter-based 



precessing is  also  its k i l l i n g  grace- C o ~ p u t e r  ausic  that d o e s  

not acknowledge  i s p e r f e c t i o n  u s u a l l y  suffers frcm an u n r e l e n t i n g  

bar d-edge, 

~ ~ O S C I L  i s  a language t o  g e n e r a t e  c o n z r o l  data t a b l e s ,  using 

a lgori t  h ~ s  te iirplelaent random and sequential  p r o c e s s e s  eas~ly 

that are often u s e d  by composers, thereby reducing  r f d n n d a n t  

ingut ,  Parae tr i c  interdependency allows the f o r m l a t i c n  cf 

s c o r e s  i n  a h i e r a r c h i c a l  fashion, 

THE CCNCEPT q g  gRCHESTRB - --- 
The l a s a  step i n  the p r a d u c t i o n  of comglete mus ica l  ~ o r k s  

is u s u a l l y  t h e  o r c h e s t r a t i o n  stage, Several ways of l o o h i s g  a t  

o r c h e s t r a t i o n  are p o s s i b l e ,  One d e f i n i t i o n  s t a t e s  t h a t  

arcke stration is the process f t h e  **score testration*# concept) by 

which a ccHlgcses a s s i g n s  different ~ c o s e s  to be p layed by 

various instruments {Buxton et a l e ,  1978) -  

Another definition, which is a d o p t e d  by HUSCIL,  states t h a t  

o r c t e s t r a t i o n  is t h e  organization of v a r i o u s  i c s t r u w e n t s  p l a y i n g  

different parts i n t o  one p o l y p h o n i c  *score9= I n  t h i s  task, the 

c o E p s e r  proceeds to the ~ a c r a - a s s e ~ b l y  of individual &arts 

scored for d i f f e r e n t  i n s t r u m e n t s -  This c c n c e p t  of o r c h e s t r a  i n  a 

cc~guter  setting is an expanded one, owing t o  t h e  almost 

unlinited variety of i n s t r u m e n t s  d e v i s a b l e  w i t h  digital 

s y n t h e s i s  techniques and t t e  t h e o r e t i c a l l y  e n d l e s s  v a r i a t i o n s  

g o s ~ i b l e  i n  t h e i r  j u x t a p o s i t i o n  and c o a b i n a t i o n ,  



An a n a l y s i s  of ~ost n u s i c s  shows t h a t  there always are 

reaundant e l e a e n t s  in a wcrk of  a ius ic -  T h e  saae i n s t s u n e n t  a a y  

for examgle appear at a later stage of a oscrk p l a y i n g  t h e  same 

score v i t h  v a r i a t i o n s  i n  a n u a b e r  of parameters, e - g ,  s o f t e r ,  

transposed by a f i f t h  or  s i a p f  y fas te r ,  Such o p e r a t i o n s  can be 

referred to a s  ~ o s t - p r o c e s s i n g  of scored data, T h e s e  processes 

are aost tlf"tea e s p l o y e d  i n  t h e  general s t r u c t u r i n g  of n u s i c -  

$a orchestra can be regarded a s  a n  o p e n  system c a ~ a b b  0 5  

producing a v a r i e t y  of v e r t i c a l  s t r u c t u r e s ,  The nu~rbes: of 

v a r i a t i o n s  possible is l i ~ i t e d  b y  the number  of i n s t r u ~ e n t s  

c m y r i s e d  i n  the o r c h e s t r a  and the number of  d i f f e r e n t  scores 

p l a p a b l e  b y  t h e s e  i n s t r u m e n t s ,  The  i m p o f t a n c s  of o z c h e s t r a t i a n  

and  global s t r u c t u r i n g  s h c u l d  not be underestimated. B final 

work of ausic w i l l  rarely consist of a lone l i n e  oE sound,  T h e  

compser must be g i v e n  tools t h a t  ease t h e  process of scoring 

aany v o i c e s  a t  the sase tiree, He raust a l s o  b e  given t o o l s  at 

this stage f o r  t h e  i ~ p l e m e a t a t i o n  of v a r i a t i o n s  on t h e  

i n d i v i d u a l  i n s t r u m e n t s  h e  uses without h a v i n g  t o  rescore a f u l l  

p a r t *  

8OSCIt rakes t h i s  o r c h e s t r a l  l e v e l  of c o r i l & o s i t i o n  activity. 

t h e  mst imgostant f o c a l  p o i n t ,  



XI, B BRIEF SUBVEY OF CUBRZNT HUSIC SCORE EDITORS 

I n  t h i s  chapter  we s h a l l  l o o k  a t  a n u ~ b e r  af  

c o ~ p t e r - b a s e d  navsic score editors, I n  doing so, we will p o i n t  

out their advantages and inconveniences with the i n t e n t  of 

i n t e g r a e i n g  scme o f  the more useful features into the design of 

our language,  The choices  ad^ h e r e  reflect the author's 

exper ience  with these systeae w i t h o u t  considering the intent o f  

their a u t h o r s -  As gas previously noted, ' t h e  real test of any  

computer music system comes srhen users are trying to generate 

music, The features of syseeas h i g h l i g h t e d  as d e s i r a b l e  reflect 

n o t h i n g  m r f  than this  author*^ biases in accoolpltishing t h e  

tasks p e r t i n e n t  to music-makin+ 

THE BUSXC 1 SISSEHS -- 
fm t h e  d e s c r i g t i c a  of the HUSXC V i n s t r u m e n t  we raeationed 

its v e r y  crude score rditirag grscess. The overvhelrainy bask of  

specifying scores i n  flf3SIc praapted  s e v e r a l  composers to 

d e v e l o p  new versions of %he progaaa by adding badly needed t oo l s  

to facilitate input, 

The NUSIC 360 and B U S I C  11 languages devised by Easry 

Yercoe a t  I resort t o  g r a p h i c  means for  i n ~ u t i n g  roSes cn 

s t a v e s ,  T h e s e   itch-time stkuctures can t h e n  b e  a p p l i e d  to a 





primary ~ a r a ~ e t e r s  of music, p i t c h  and tiwe, b u t  it places an 

unnecessary bias on what the cmpser  o u g h t  t o  b e  t h i n k i n g  cf a s  

im~crtant  in his ~usic. 

flany features of SCORE, deve loped  ky Leland S ~ i t h  a t  

S t a n f o r d  rJmiversity, were a d o p t e d  i n  B O S C I L ,  In t h e  author *s 

e x ~ e r i e n c e  SCCBE takes a very  s e n s i b l e  approach to practical 

input procedures arid at t h e  same time p r o v i d e s  very poverful 

tools for t h e  experi~enter  (Smith,  1972)-  

SCCRE was d e s i g n e d  t o  work i n  c c n j u n c t i o n  w i t h  HDS10, a 

HUSZC V t y p e  i n s t r u n w a t  d e f i n i t i o n  prograa t h a t  l e a v e s  a number 

of parameters open f o r  control d u r i n g  the execution of a score, 

Each Rpart" t o f  a cioroposition is sgecified one  parataeter a t  a 

t i ~ e  u s i n g  a nunber of operations that uilh apply f o r  the 

duration of the s c o r e ,  Parameter values can be  d e f i n e d  by 

i n p u t i n g  lists cf d a t a  or raladcm nuaber g e n e r a t o r  c o o r d i n a t e s -  A 

m a t t e a a t i c a l  language  i s  o f f e r e d  that a p g l i e s  to any parameter 

t o  i ~ p l e m e n l  parameter in terdependence  efficiently* 

SCORE cotn~iles a score from a user's c o i n p o s i t i o n a l  f i le .  

T h a t  file is i r p u t  according t o  t h e  SCORE: s y n t a x  w i t h  a g i v e n  

c c a ~ n t e r  t e x t  e d i t o r ,  SCORE does not i n t e r a c t  with the user and  

s i m f l y  c c n g i l e s  the toLal scose for all t h e  i n s t r u m e n t s  present 

i n  a f i le ,  T h e r e  are no "nest ing'f  p o s s i b i l i t i e s ,  Everything  



p e r t a i n i n g  t o  the execution of a n  ins t rument  scare a u s t  be 

p r e s e n t  i n  t h e  ~araroeter colnmand list of t h a t  i n s t r u a e n L  Oace a 

f i l e  h a s  heen defined, ooe cannot refer to o t h e r  f i l e s  and, for  

e x a ~ p l e ,  produce t h e  si~ultaneons e x e c u t i c n  o f  many f i les .  SCORE 

a l a c  l a c k s  i n  t h a t  t h e  coaposer c a n n o t  prs -co legose  llcellsfi of  

data and l a t e r  u s e  them i n  his instrumzit scores, 

The last crit icisn of SCORE is e s s e n t i a l l y  its "batch" 

p~ocessing a p ~ r o a c h ,  SCCRE does not r u n  i n  seal-time nor u a s  it 

d e s i g n e d  tc, This rules out any p o s s i b i l i t y  of SCCRE being used 

w i t h  input devices l i k e  keyboards  or p t e n t i o m e t e r s  t o  iqterpret 

ar c o n d u c t  the e x e c u t i o n  o f  a score i n  rea l - t iw,  

W E E  --- 
Curtis Abkaott programmed t h e  YCBD language  to c o n t r o l  the  

4C synthesizer built by Peyino d i  Giugoo at IRCAH in Prance,  The 

outgut 05 4CED f e e d s  t h e  input registers cf the 4C synthesizer 

w i t h  pararsetric data  every tinee a new sound is t o  be pzodtfced, 

accord ing  to the score wcrked c u t  w i t h  t h e  UCEO e d i t o r  (Abbott,  

1 980) , 

W E D  is a real-time score processox and i n s t n u n e n l - b u i l d e x  

t h a t  incor~orates a MUSIC V type i n s t r u n e n t  d e f i n i t i o n ,  a 

function editor for envelopes, and a powerful sccre p r c c e s s i n y  

language,  Data for i n a i v l d u a l  scores nust still be i n p u t  ie . the 

 for^ of n o t e  lists with a11 ~aralaeiter v a l u e s  actually d e f i n e d ,  



These scores car, be c y c l e d  and treated i~ a n u ~ b e r  of ways 

tbrcugh t h e  processing part of YCffD, Since W E D  feeds t h e  4C in 

real-tiiw, a tctal recon f i g u r a t i o n  o f  the synthesizer is a l l c u e d  

*.on t h e  •’1 yn  as is t h e  i n p u t  of pararae*er rralnes through a sex 

of potentiometers t h a t  are read by the progsam j u s t  before a 

sound i s  output,  T h i s  i s  by far the aost i n t e r e s t i n g  feature of 

UCED, It is e s s e n t i a l l y  an extremely powerful seyueaGer t h a t  

processes many scores a t  t h e  saae time, cffering a number of 

ogt ions at t h e  perf or mance level, 

4CED tr ies  to i ~ p l e m e n t  a wide v a r i e t y  of sus ica2  

o&erzitions on a small comapuler (PDP t? /34) ,  That it succseds in 

doing  so is reaarbable- Its i e ~ o r t a m t  lack is i n  the tyge of 

p r i ~ a r y  score d e f i n i t i o n  used, It is v e r y  similar to a B D S I C  Tb 

i n ~ a %  f i l e  and as such  is v e r y  awkward, Huch t y p i n g  is needed if 

one wants to s p e c i f y  large d e Z e r m i n i s t i c  g i  t c h - t i ~ e  s o r e s ,  

The morch~stra ln  language of K E D  is its most i n t e r e s t i n g  

feature, f n d i v i d u a l  scores are seen as W n l t s n  t h a t  will cycle 

for a ti@@ g i v e n  in a l i s t  of real-tifae ccalntaad- A t  any goint in 

the execution of a c~mmand list, t h e  scores can change, and 

specific paraaeters can ke changed, Soae features  of t h i s  part 

o f  4tED were adopted  in HUSCIL, 



THZ POD SHSPEX - -- --- 
The POD progsams were d e v e l o p e d  b y  Barry Tr uax t o  run on 

mini-conpulers w h i l e  grov id iag  an i n t e t a c t i v e  setting for t h e  

uses (Truax,  19771, POD6 is c e n t e r e d  around a  c o n v e r s a t i o n a l  

prograa t o  a id  the uaeh t h r o u g h  a nuaher  of m u s i c a l  p r o c e s s e s  

used i n  defining a s p e c i f i c  t y ~ e  of coalgcsition, The i n s t r u m e n t  

offered b y  PCD f o r  s y n t h e s i s  is a f r e q u e n c y - n o d u l a t i o n  a i g o r i t h n  

w i t h  a fixed nuonber of ~arameters .  The parameters ~ e r t a i n i o g  to  

timbre are d e f i n e d  through %b ject d e f  i n i t i  onm F S O C ~ , ~ U ~ ~ S  and 

t h e  score c o n s i s t s  of a  p i t c h - t i m e - a a p l i t u d e  congfomsrate 

calculated fro@ a PO~SSQE d i s t z i b u t i o n  and u s e r - s u y p l i e d  l i ~ i t s ,  

An auxiliary score e d i t i n g  f a c i l i t y  allows a more general 

control  of t h e  main paraatetsrs by u s i n g  a number of operators on 

existing scone data files, 

POD prograas are n o t  r e a d i l y  amenable t o  t h e  composer  w i t h  

a kias towards deterministic ~ r o c e d u r e s  i n  coaposition- EOD1s 

ilscrtant feature i s  p r c k a b l y  its s t r e s s  cn i n t e r a c t i o n  a s  a 

tool  for letting t h e  composer d e f  in@ his owa px ior i t i c s ,  That 

honsves  is true of the r a i n  p a r t  of the s y s t e l t t ( P O C 6 ) ,  In EOF16, 

t h e  c o m p s e r  organizes a monophonic distribution of 

eventsjnotes)  b y  spec i fy ing  its s t r u c . t u r a 1  features, PO14 offers 

prograas for editing, a i x i n g  and orchestrating different scores- 

These programs run on p r e c o a p l l e d  POD6 scores. A t  t h i s  level,  

the ,. advantages of i n t e r a c t i o n  are l o s t  to  t h e  p r o f i t  of 

general i ty ,  Since mcst mesics u s u a l l y  c o n s i s t  o f  Bore than o ~ e  



l i n e  G • ’  SOU XI^, it is v i t a l  that t h e  final goal of a ~ u s i c  

prosraa always h e  a & o ? y ~ h o n i c  s c c r e ,  

T h e  % h r e e  main steps d e f i n e d  earlier i n  our c o m p o s i t i o a a l  

laadel are p r e s e n t  i n  POD, # h i h  P O D 6  was c o n c e i v e d  a s  a fufl 

c o s ~ o s i t i o a a l  facility it is in f a c t  seldom used for t h e  

c o m j o s i t i o a  of an entire nork ,  T h e  three wain tasks of 

i n s t r a a e n t - d e f i n i t i o n ,  scoring (if olne does not wish to u s e  

Poisson Distributions) and o r c h e s t r a l  s t r w c t u r i n g  are i n  fact 

i ~ p l e a e n t e d  i n  the form of three different progralilsfPOD6, PDPIL 

and BZWGE), 

T h e  present author  was i n f l u e n c e d  by t h i s  s t r u c t u r i n g  of  

t as ks, 

SSSk 
-c 

The Structured Sound S y n t h e s i s  P r o j e c t ,  coordinated Cy 

Bill Buxton a t  t h e  U n i v e r s i t y  of Toronto, h a s  c o n c e n t r a t e d  of 

l o t  of energy in t h e  creat ion af approgriate softvare for  t h e  

i n ~ u t  of a n s i c  scores, S u p p o z t e d  by some of the mcst i rayres s ive  

g r a ~ h f c s  avai lable ,  most i n p u t  is dcne with a light: &en on a 

variety o f  pitch -time coordinates like "piano-rollw notation or 

comoon a u s i c  a o t a t i o n  on staves, 

The c r i t i c i s a  given earlier to graphics oriented input 

t m l s  apply just as  well. i n  t h i s  case, In this particular 

examplo t h e  c o s t  i ~ p l i e d  i n  graphics i s  s p e c i a l 1  y felt  owing to  

t h e  relatively small amount o f  c c ~ ~ u t i n g  power available for tbe 



full Bystein,  

A nurnben: s f  relevant issues p e r t a i n i n g  t o  c o a p u t e r a i d e d  

c r r ~ p s s i t i o n  were addressed i n  t h e  d e v e l o p m e n t  s tage  of t h e  SSSP 

system [Buxtcn, l978)- Buxton correctly assessed t h a k  coagositi.cn 

is essentially a recurs ive  process whose d i f f e r e n t  steps are 

narely exclusive, He f c r t h e r  o b s e r v e d  t h a t  v e r y  feii score 

editors a f l o n ~ d  t h e  coEFoser to work with small u n i t s  and later 

use instances of these in the c o n c e p t i o n  c f  larger  c o ~ p o s i t l o n a l  

u n i t s ,  T h i s  h i e sazch ica l  c a n c e p t  of scor ing  i s  fundamental i f  

one i~ t o  take advantage o f  'the true $qassernbliag" capacities of 

a ccaputer based r e s o u r c e -  

SSSP implereents t h i s  c o n c e p t  w i t h  tree structures %here a 

recurring u n i t  i n  a co@&osit ion aeed not b e  duglicated i n  a c t u a l  

stczago, SSSP uses the event a s  its primary uni t -  This e o e n t  can 

be of various levels o f  c s e a p l e x i t y  (e-g, a score ,  a note, a 

s e c t i o n )  arid a score is d e f i n e d  a s  a number of e v e n t s .  

BlthougB the n e s t i n g  approach is v e r y  pouerful, there s e e a s  

to  b e  limits to its prac t i ca l i ty ,  I t  uould  b e  important to 

def h e  how waay levels of data nesting are relevant to music 

coayos i t ion ,  The composer can e a s i l y  g e t  lost i n  t r e e  s t ruc tures  

t h a t  i n v o l v e  mare than a few d i m e n s i o n s -  Perhaps more important 

is t h e  c r b s e r v a t i o n  t h a t  i f  music  repeats i t s e l f ,  it r a r e l y  

r e p a t s  i t s e l f  perfectly. A ne s t ing  a p ~ r o a c h  t o  compcsiz ional  

data structures s h o u l d  t h e r e f o r e  a d v o c a t e  the use of p o w e f f  ul 

parallietric m o d i f i e r s  t o  f a c i l i t a t e  the scoring of t ' r ra r ia t ionsr*  



af oested data, 

SSSP a l s o  assuaes primary parameters as  t h e  exclusive 

domain of  p i t c h  an8 time, Scores are s t r i c t l y  defined v i t h  four  

parameters ( ~ i t c h , t i m e , a m p l i t u d e  and timbre), Tigbre is 

s p ~ c i f i e d  t h r ~ u g h  a c a l l  to an indepen9ent  d a t a  structure, knotjn 

as t h e  "objecti*, Para~eters relevant to t i m b r e   envelope^, 

spectra, etc,) are defined once i n  a separate prograa- Vhen a 

score is perfcmed these p a r a a e t e r s  are not accessible, Bs we 

have  seen i n  t h e  p s e c e d i q  chapter, t h i s  approach d o e s  not lead 

t c  a "credibleH morghofcpgy 0 5  musical s t a t e m e n t s ,  Parametric 

interdependence must be  reflected a31 the way down the 

parametric  chain of a g i v e n  i n s t r u a e n t  for it t o  achieve 

critical, realism, The notion of hierarchy in garameters is 

ackmouledged, but solnf of the moat irsportant. secondary a n 4  

tertiary pramete rs  are 'tsotalf y separated, 

One develogment of t h e  SSSP groject  worth m e n t i o n i n g  i s  the 

conducting grograms o f  Bill Buxton, Si t s i far  t o  4CED i n  t h e i r  

scope, t h e y  allow t h e  s i a u l t a n e o u s  performnee of a n u ~ b e r  of 

scaxes a n d  t h e  real-tione i n t e r a c t i o n  o f  t h e  

B+perfor~e+-coaductorfl (Enrton e% al*, 1980)-  



IZZ, PBDPOSM, FOB A M  IWTEB1CTIVE BBBL-TIBE I D S I C  DATA PPOCESSOB 

4anp coEposers have t u r n e d  t o  c o n p u t e r s  a s  a way of 

g e n e r a t i n g  music  for raany years and i n  many cases t h e  r e s u l t s  

o b t a i n e d  would not have been possible v i t h o u t  t h e i r  use. Very 

often c o n p o s e r s  u i t h  a  articular m u s i c a l  idea resort t o  v r i t i n g  

s p e c i f i c  program t o  c a l c u l a t e  data from which scores are 

d e r i v e d  fXenak i s ,  337 1 S Roenig, 1875)- 8 0  p a r t i c a l a f  program 

for music-making h a s  ever succeeded i n  o f f e r i n g  a l l  canapcsers 

t h e  p o s s i b i l i t i e s  f o r  e l a b o r a t i n g  a l l  g o s n i b l e  a u s i c  s t r u c t u r e s ,  

The s c o r i n g  of  mus ic  i s  n o t h i n g  more t h a n  a special k ind  of 

d a t a  processing and the p o s s i b l e  ~ u s i c s  d e r i v e d  froa a l l  

p o s s i b l e  se ts  of d a t a  i s  beyond reach of t h e  i m a g i n a t i o n ,  

Tke design and  i m g l e a e n t a t i o e  of the HUSCPZ l a n g u a g e  has 

g a i n e d  froa the criticism g i v e n  So  c u r r e n t l y  a v a i l a b l e  aus ic  

score e d i t o r s  and, i n  s o w  cases, h a s  borrowed d i r e c t l y  f ro& 

t h e @ ,  The anthaz  v i shes  t o  ackanowledge their contr ibut ion-  

The goal of t h e  flUSCIL p s o j e c t  was t o  e s t a b l i s h  a  lacguage 

t h a t  reta ies  a a s a s u s e  of f a m i l i a r i t y  f o r  t h e  conFoser 

acquainted u i t h  cther a u d c  sccre e d i t o r s  l i k e  SCCRE or I U S I C  9 -  

A t  the same t i a e  H U S G I L  i s  to o f f e r  g r e a t l y  enhanced  f e a t u r e s  fo 

ease the p r o d u c t i o n  of complex m u s i c a l  scores, It is a difficult 

task far t h e  designer to  f o r m u l a t e  l a n g u a g e s  t h a t  axe v e r y  

general i n  the s c o p e  of problems  t h e y  c a n  t r e a t ,  and y s t  which 



allow the exrcnt ion of these tasks i r a  a r e l a . t i v d y  " n a t u r a l 1 q  

gay, 

In d a b e r a k i n g  a language, t h e  f i r s t  s t e p  is to describe 

the types of problems we wish So solve with that  lancjuage- A 

susic processor i n  itself can fie r e l a t i v e l y  s i m p l e ,  a s  re have 

seen uiith the RUSIC B note tables, T h e o r e t i c a l l y  t h e  coaposer 

could input any type of musical structure into a computer and 

have it performed,  However t h i s  process  i s  t e d i o u s -  T h e  l e v e l  of 

redundancy is usualhy so high i n  a lmost  a l l  musics t h a t  their 

actual representation c o u l d  be r e d v c a d  t o  a few base elezeats 

and a good ccnsYruction g l a n  {rnusic i n  N k i t g l  fora), The actual  

Building can b e  autotpated,  

The ultiaate legitimacy of a sccre processor i s  that it 

saves a l c t  cf work, T h e  ether aain advantage i s  that i t  a l l o w  

t h e  c o ~ p o s e s  t o  c o n c e n t r a t e  the b u l k  of h i s  work a t  t h e  l e v e l  

which suits h i a  t h e  aost, Any e x p e s i e n c ~ d  composer can f ormuPate 

npersonaln or %pmeralized" sets of  r u k s  in t h e  compositicn cf 

msicI These rules, nhen foemulated, can h e  irn~lemented in t h e  

form of an intelligent score psocessor, where the entry of data 

is miniraized a s  a primary t a s k  and Bore attention i s  given to 

what aost composers  a c t u a l l y  do when they coagose music. 

B Q S C I L  does not a t t e a p t  t o  b e  t h e  most general c f  Ecore 

processors, The c o l ~ g o s i t i o n a l  behaviour roodel adopted  a s  a b a s i s  

t o  , the design of HYIUSCIL is specific. T h e  wi-nstru@ental+q 

approach, adopted b y  B W X I L ,  has been tilce-tested t y  geracmtiuns  



of corrtposers, T h e  '"instrumentalrr process of PSISSCIL, h o w e v e r ,  i s  

g r e a t l y  exgaaded and suits a nuaber of a l t e r ~ a t i v e  a p p r o a c h e s  to  

the task of creating music, 

T h i s  chapter attempts to  j u s t i f y  tDe maia d e c i s i o a s  that 

were taken i n  the design of B U S C I L ,  T h e  HUSCIL usefee manual 

d e s c r i b e s  t b e  detai  1s cf the i aplelsenta tica* 

AN I B S T R U E E N T B Z  - 
An i n s t r u m e n t  is v i e w e d  as  a sound z r o d u c i n g  device, Ihe 

range, t i a b s e  and general a m ~ l i t u d e  c h a r a c t e r i s t i c s  of acoustic 

i n s t r u s e n t s  is usually known, fn the computer  music i d i o r  an 

i n s t r n a e n t  can be defined as a sound producing "unitqs &ere 

range, t i a b r e  and a ~ p l i t u d e  c h a r a c t e r i s t i c s  a r e  fabricated- T h e  

% o n s f r u c t i ~ n *  of t h i z  instrument i s  s u b j e c t  t c  many different 

v i e u s ,  specially i n  e x p x i m e n t a l  susic, 

Since t h e  d a y s  of the "Klangfarbenmelodief l ,  t h e  inetrumeat 

is often used as a t i ~ t t t r e  before it is used as a "pitch-value" 

mediuia, N e v e r t h e l e s s  an instrument will always be made to & l a y  

s o a e t h i a g  - vhetber  it  uses & i t c h  or not a s  a p r i g a s y  

syntactical vehicle, 

What the i n s t r u m e n t  plays i s  the s c a l e -  This s c o r e  can 109 

formulated w i t h  a list of nu~erical values that describe 



L e t  us d e s c r i b e  t h e  t a s k  of  corngos i t i on  a s  a succession of  

two recursive Frocesses t h a t  cumulate in a c u ~ p l e t e d  wort, 

Think  of an ins t rument ,  Coapose a score of prinaary 

parameters for  t h a t  instruwent ns ing  r u l e s  and pxocesses 

r e l e v a n t  to t h e  compositional style u s e d  f o r  the c o m p ~ s i t i u n ~  

T e s t  the score w i t h  an a v a i l a b l e  sound source, the piano cr sope 

o t h u :  r e a d i l y  a v a i l a b l e  instrument, Befine t h e  score u n t i l  

s a t i s f i e d  with the results, Conpose a n o t h e r  par t  for a d iEferenS  

instrument  or the  s a w  i n s t r u n e n t -  This i s  t h e  first recursive 

t as k, 

Choose cne of t h e  previously composed scores and cosy it on 

a a u l t i - v o i c e  score a t  the a p g r o p r i a t e  place u s i n g  a o d i f i c a t i o n s  

and transf araatioas r e l e v a n t  to  t h e  com~os i t iona l  s t y l e ,  Repeat 

tbr p r e c e d i n g  task until t h e  work is c c ~ p l e t e d ,  This is t h e  

srccnd r e c u r s i v s  c o m p o s i t i o n a l  process. 

In a c o m p t e r - b a s e d  environment these tasks are nore 

precise and deaand mofe a t t e n t i o n  from t h e  composer- Scse new 

tasks are also i n t r o d u c e d  by virtue s f  t h e  ccmputer ' s  capacity 

to f a b r i c a t e  in s t rument s ,  

B u i l d  an ins t rument  for a patch  i n  t h e  electro-aconstic 

terminology) and h e a r  how it sounds with wdummyw paraneter 

v a l u e s ,  Bef iar-e t h e  i n s t r u ~ e n t  by changing parameter valu~s 

and/or r c c o n f i g a r i n g  the patch,  Repeat t h i s  precedure  until a 

f a ~ j l y  of irnstruments i s  available to  t h e  user's "orchestraf l ,  



Choose an i n s t r u m e n t  i n  t h e  o r c h e s t r a  and write a score fo r  

it using r u l e s  and processes r e l e v a n t  t o  the compositonal s t y l e -  

Near how -the score s o u n d s  a s  p l a y e d  by t h e  i n s t r u m e n t ,  Refine 

t h e  score u n t i l  satisfied and/or h e a r  what t h e  s a E c  s c o ~ e  srsunds 

l i k e  whew p l a y e d  by  a different i n s t r u m e c t -  The  e s s e n t i a l  

d i f f e r e n c e  of c o e g ~ u t e r - C a s e d  corapos i t - i cn  i s  perhaps raost 

prcnounced bere, a score can be s p e c i f i e d  with aksolutf v a l u e s  

w i t h  ED margin  left f o r  huaan error  d u r i n g  t h e  i n t e r p r e t a t i o n  

s t a g e  of t h e  ro rk ,  T h e  p r e c i s i o n  of scoring can be a b s o l u t e  and 

t h e r e f ~ r e  n e c e s s i t a t e s  s p e c i a l  a t t e n t i o n  f r o m  the c s a p o s e r -  

C r e a t i n g  complex  m u l t i - v o i c e d  scores  is a l s o  a much Bore 

p rec i se ly  d e f i n e d  task i n  a co iapute r -based  e n v i r o n m e n t ,  

Choose a score and an i n s t r u n e n t  and  enter i t  a t  Zbe 

aggropriate glace i n  t h e  score effecting m o d i f i c a t i o n s  and 

t ransformations t o  t h e  score r e l e v a n t  t o  the c o ~ p o s i t i o n a l  

style, Hear how t h e  c o m p o s i t e  score sounds ,  sake m o d i f i c a i i o s  

t o  t h e  s c o z e ,  d e l e t e  t k e  scase or  choose a n o t h e r  i n s t r u m e m t  to 

p l a y  the sane score untXZ t h e  r e s u l t s  s o u n d  s a t i f a c t o r y -  Repeak 

t h e  preceding grocesses  until t h e  final r e s u l t s  are  o b t a i n e d ,  

A s  witnessed by t h i s  d e s c r i ~ t i c n ,  t h e  compn te r  s e t t i n g  of 

c o r n p s i t i o n  cffers sore f l e x i b i l i t y  by  a l l o w i n g  the compese r  t o  

heas t h e  tesul%s of a p a r t i c u l a r  c o m p o s i t i o n a l  decision 

i m ~ e d i a t e l y ,  Atove and beyond t h e  a d v a n t a g e  of a a k i n g  

i n s t r u a e n t ~ ,  the coaEcser i s  g i v e n  i n s t a n t a n e o u s  f eedkack -  

Anather advantage i s  that of mod i fy ing  i n s t a n c e s  of a particular 



score a i t h o u t  having to  restate the c o m p l e t e  score, b u t  instead 

olnly t h e  garts  v h i c h  are subject t o  modificatims, 

RULES AHD PROCESSES IN CCflPOSLTIOH 

As we h a v e  d i s c u s s e d ,  ~ c s t  cf t h e  cowposerag  u o s k  w i l l  go  

towards  s p e c i f  ping or f o l l o v i a g  a set of rules- Xt is r e a s o n a b l e  

to s t a t e  that masic h i s t o r y  has yielded many sets of r u l e s  t h a t  

hays  or have  not r e s i s t e d  the o n s l a u g h t  of t i a e ,  Traditional 

h a r ~ o n y  is  a set of rules, dodecaphonic  mnsic  is r e g u l a t e d  by 

general and sgecific rules, and so is process music- One would 

be hard ~sessed to foraulate g e n e r a l  mles t h a t  app ly  for each 

and eveky s t y l e  of ausic, 

However there are d e f i n i t e  constants i n  almost all music- 

Without c a l l i n g  t h e s  u n i v e r s a l  rules, we cao a t  least  suggest 

the natulce sf t h e i r  universality- For i n s t a n c e ,  feu auoics never 

r e p e a t  t h e n a s e l v e s  wi thin  a com~osition- Repetition is 

funda~ental t o  m u s i c  everywhere but i n  s p e c i f i c  axeas of 

contemporary music c o ~ p o s i t i o n -  Th i s  suggests t h a t  sus ic  is 

u s u a l l y  coaposed  w i t h  smlf g z e - c o a p s e d  un.fts  t h a t  a r e  u s e d  

with a number od v a r i a k i o n s .  

Following t h i s  observation, one  can comment on determinism 

in nusic ,  with the exception o f  a s p e c i f i c  g h a s e  o f  5 t e  

avant-garde p e r i o d ,  no atiusic h a s  ever been fully detergtinistic- 

P h i l e  t h e  means of b e i n g  fully deterministic are now a v a i l a b l e ,  



i t  bas never been proven to  b e  desirable, Husic, vhether  i n  

gesf ormance or coaposit.ion, a lways  uses a considerable asount of 

indetarfttiaistg, This suggests t h a t  randone processes are 

i a p c s t a n t ,  a t  Peast for the simulation c f  in deter minis^ at the 

aicro level, 

P A R  AMZTER MXERARCHH 

a U S C I L  divides parameters ir, t h r e e  classes : 

Pri~arf (pitch-tiwe) , seconaazy i(a~@itude, articulaticn) aad 

tertiary ( t imbxe) ,  T h i s  d i v i s i o n  should not, however, dictate 

tBa.1: c e r t a i n  paralnetezs cannot be npriiaar jl* in theis 

c o n t r o l l a b i l i t y .  This  articular hierarchy was d e s i g n e d  a s  a 

c o n ~ e n i e n c e  t o  e s t a b l i s h  what types of processiag EQUSCZL s f iou lh  

irplement - 
UUSCIL assuaes the pre-enineace o f  pitch-time c o n g l a ~ e r a t e s  

fn t h e  h i e r a r c h y  of musical. garalgeters, R t t e n t i o n  w i l l  b e  given 

to -these itno parameters in the form of a s p e c i a l  kind cf data 

seructare that will facilitate their input and allow the 

comyoser t o  interact w i t h  &USCIP, mainly in terras of pitch-ti~e 

parameters, Seccadary parameters l i k e  articulation and a s p l i t u d e  

are seen, in the design of MEIUSCIL, as functions of tke 

pitch-t ise ccnglolaerates, A nratheleatical language should 

thesefore f a c i l i t a t e  the control af these tyges af 

relationships.  



Parametxic i n t e r d e p e n d e n c e  i s  a  powerful ccncept i n  the 

d e s c r i p t i c n  of m u s i c a l  sound e v e n t s ,  since coapuZers caa e a s i l y  

perforla the complex  transfer functions f r a ~  itoe pparareeter t o  t h e  

other, MQSCIL will ~ r o v i d e  a s p e c i a l  purgose ~ a t h e ~ a a t i c a l  

pxocesscs to  %sea% t h i s  ~ m b l m L  T h e  most i m p o r t a n t  effect cf 

t h a t  f e a t u r e  will be  to  allow t h e  contgaser to concent ra te  his 

creative energies on the production of p i t c h - t i n t e  scores a h i l e  

&her p a r a a e t e x s  - by v i r t u e  of ~athewatical expres s ioz s  - can 

be d e f i n e d  cace as f u n c t i o n s  of t h e @ -  

CCMELEX HOERS 

aaSCXL a l s o  assumes t h a t ,  whataver the m u s i c a l  idioa 

e a y l o y e i l ,  a  ~ i e c e  of mus ic  always consists i n  the final analysis 

of a n u m b e r  of sound events, with or uithout silence, played 

solo o f  simultaneous1 y w i t h  other  sound events, The muf t i - v o i c e  

scoze t h e r e f ~ r e  becoaes t h e  a a i n  F X O ~ U C ~  of HUSCIL,  

Complex works of music are usually ccnstrwted from saaller 

parts, Redundancy is ahtaost a l v a y s  present i n  sortie form or other 

as a work unfolds, The ccmposer  will often use an instrumental 

 art a t  t h e  beginning of a work and re-use the same part w i t h  

n o d i f i c a t i o n s  again later i n  the c c r p s i t i o n .  A s  in the 

m l t i - s t a v e  orchestral score, MUSCIL w i l l  a l low an % ~ c h e s t r a l ~ ~  

area rhere imny i n d i v i d u a l  "partsi* can t e  o r g a n i z e d  tcyether .  

This featuse ackaowledges t h e  fact that m o s t  m u s i c s  use 

~ o l y p h o n y  and will i n f l u e n c e  t h e  composer  t o  th ick  



g o l y p b o n i c a l l y ,  Perhaps the w~st i a p o r t a n t  part of HUSCIL i s  the 

a h g a r i t h n  t h a t  allows the  s o r t i n g  of many i n d i v i d u a l  i n s t r u a e n t s  

@Paying i n d i v i d u a :  sound e v e n t s  a t  the sase time The part icular  

task of "orchestrating@* d i f f e r e n t  voices i s  seen as t h e  rnost 

irnpxtaat in t h e  elaboration of c o a p l e x  ~ u s i c a l  uorks, 

184ERBCTICM ---- 
I n t e r a c t i o n  was and still is much d i s c u s s e d  in coBEuter  

music  a s  a gtimary feature of efficient and u s e f u l  languages. 

I n t e r a c t i o n  peraits a n o v i c e  user an e a s i e r  i n t r o d u c t i o c  t o  

music-making a i t h  a p a r t i c u l a r  language and g r e a t l y  e n h a z c e s  h i s  

c h a n c e s  of b e i n s  s u c c e s s f u l ,  

Anather vital a d v a n t a g e  of interaction is to y e r a i t  

irninediate e x e c u t i o n  o f  special sub-tasks for  t e s t i n g  p u r p o s e s .  

I n  a composition s e s s i o n  at the computer terminal, one  w i l l  v i s h  

t o  hear small f f a g m e a t s  before i n c o r p o r a t i n g  t h e @  i n  a 

full-fledged c o r p o s i t i o n ,  Once a u s e s  has ~ a s t e r e d  t h e  i a p o r t a n t  

Fsocesses in the  elaboration of  a  ans i caP  uork, the ~ o s t  

valnahle featnse of a system becoees the ease o f  execation cf 

t h e s e  p r o c e s s e s ,  A user aust be  given full f l e x i b i l i t y  t o  n o v e  

back and f o s t h  between various '*musical l e v e l s f f  o f  the l anguage-  

HUSCZL was c o n c e i v e d  a s  a h i g h - l e v e l  music  language f o r  

composers who are already f a ~ i l i a r  w i t h  the tasks i n v a l v e d  i n  

p o d u c i n g  ccmguter music  works, The t y p e  o f  i n t e r a c t i o n  offered 



i s  ease of  e x e c u t i o n  and econcmy of data  e n t r y ,  

A REAL-TIBE PBOCZSSCR 

PlUSCXL c o w g i l e s  a score i n  zeal-tirae, This i s  implenented  

by o u t p u t i n g  e v e n t  data to  an EXPO outgut buffer, This b u f f e r  

can be read frca t h e  t o p  by an i n t e r p r e t e r  f e e d i n g  a d i g i t a l  

sound synthesizer, w h i l e  it is b e i n g  filled at the bottor by the 

HUSCfL execution cycle, The o u t p u t  cycle of PWSCIL will o u p n t  

~cbardss of all synchronous e v e n t s  i n  an o r c h e s t r a t e d  score and 

grortide a waiting t ise for t h e  s y n t h e s i z e r  or synthesis program 

before it r ~ a d s  the next * c h c r d g -  The next vc2rcrrd* of 

synchronous events is calculated d u r i n g  $he waiting p e r i o d  and 

outgut after  the buffer has been read  by t h e  s y n t h e s i z e s *  

The real-the feature of HOSCIL will grove v e r y  u s e f u l  when 

real ti= i n p u t  'wiadows* are left i n  t h e  instrument d e f i a i t i c n  

of a particular parameter ,  An input: d e v i c e  l i k e  a j o y s t i c k  or 

~ o t e n t i a ~ e t e r  can t h e n  t~ read t h r o u g h  the window in the b u f  f f r  

to oktain current data,  The output stage of 19USCIL uiPf 

calculate a score of up, to 48 v o i c e s ,  



The Eolloarincj presents t h e  syntax for the MUSCfL f anguage, 

All cptioas cf FiUsCXL are used and e x ~ l a i n e d  in t h e  e x a m g l ~ s ,  

S p e c i a l  syrbols are d e f i n e d  and ex~lained as well as the syntax 

o f  the MUSCIL Comaand Language, 



I, TRE flOSCIL BOBKIBG ENVIBBBBE%T 

Fig-3 shows t h e  diagram of a v a i l a b l e  resources i n  t h e  

HUSCIL working environment. T h e  first section is a p u b l i c  use 

l i b r a r y  that contains various data  fists, instrument d e f i n i t i o n s  

and dewonatsat ion  scores tha t  can be accessed by any user  to g e t  

use fu l  "gre-definede HflSCIL statements, This l i b r a r y  w i l l  be of 

particular ose to the unacquainted user who dcss not wish so 

i a m ~ d i a t e f y  tackle all tasks involved the e x e c u t i o n  of a HUSCIL 

score* Standard i n s t r u m e n t  d e f i n i t i o n s ,  for exangle,  can be 

borrowed from t h e  public l i b r a z y  and o n l y  a p i t c h - t i a e  score 

need be i n p a t  i n  conjtnction w i t h  that in s t rument  to produce a 

~layahle scoze, The library is a l s o  u s e d  to s tore  MUSCIL 

colttmands t ha% have g r o w n  to be of genexal usefulness such as a 

c r e s c e n d o  f u n c t i o n  ar a randosization function. 

The sect-nd part of the library is tke p r i v a t e  l i b r a r y -  T h i s  

library i s  stered on d i s k  space a l l o c a t e d  to a  user. In this 

f i l e ,  t h e  ccarFoser inputs MUSCIL data thrcuyh a  general purpose 

editor like UNIX or ETS or the edi%of a v a i l a b l e  in t h e  

partkcular comptea: system, This f i l e  contains a l l  t h e  C U B ~ ~ S E ~  

data r e l e v a n t  to the execution of a number of orchestrated 





h g . 3  - M U S C I L  D A T A  S T O R E S  A N D  

I N T E R A C T I V E  W O R K I N G  S P A C E  

a u x i l ~ a r y  m e m o r y  - , -- --. mai.. -me-mbr.. -- -.- 
i 



Wheo the ElUSCKL program is s t a r t e d ,  a file name is a s k e d  for  and 

all .  t h e  d a t a  is  read into the "activem stcrage of fliJSCIL, T h e  

s t s u c t u r e  of the  file aust r e s p e c t  a strict input s y n t a x  t h a t  

will b e  d e s c r i k e d  a t  a later stage, 

aDSCXL Lf E B A f i I E S  

All interactive vork is c c n d u c t e d  through t h e  a c t i v e  

l i b r a r y ,  t h a t  w h i c h  sits w i t h i n  i aaed ia te  reach of t h e  MOSCIL 

program, T h e  a c t i v e  Library i s  subject to changes in its 

contents a t  most p a i n t s  of a work sessioa but it constitutes tke 

only data frus u h i c h  t h e  e x ~ c u t i ~ n  of a g i v e n  score can be 

derived. Lib rary  management i n  aascni is an iraportant concept= 

A t  any g i v e r ,  iwatent i a  a sessicn, t h e  usez i s  given t h e  o ~ t i c n  

to zedrau h i s  c c m p a s i t i o ~ a l  i n t e n t i o n  c c g g l e t e l y  vith t h e  use of 

a new set of definitions, T h e  l i b r a r i e s  are thercfose 

axcfiangcable, The capacity of t h e  f'activer' library, however, is 

SimiZed, References to external libraries are s u b j e c t  to 

a v a i l a h i f  ity of space, The public library, for i n s t a n c e ,  a i y b t  

c o n t a i n  a vast nuaber of definitions s u f f i c i e n t  tc exceed t h e  

a l l c t e d  active storage, A t  t h e  b e g i n n i n g  of a session the user 

can choose tc input h i s  own l i b r a r y  and p t t s  of the public 

library. In the course of in terac t ing  with f lUSCIL,  the user can 

cora~$e-t,efy a l ter  t h e  c a n t e n t s  of the l ibrary*  The  o n l y  time one 

is not allowcd t o  do so is d u r i n g  a BU5CIZ score compilat ioc-  



ahen a scsse i s  being compi l ed ,  a f f  naterials pertaining to that 

comtila%ion ~ u s t  b e  i n  tte a c t i v e  l ibrarp.  

Note: The coaposer map wish to work o n l y  in the interactive 

rsode without r e f e r e n c e  t o  a p a r t i c u l a r  user's fi le,  I n  such a 

case,hr! car1 i n p u t  a11 his data  during a  session and save tte 

gull act ive  l i t r a r y  in a personal f i l e  oa disk, 



ZNSERAGTIB SOBMA3DS 

A f l  user interaction is h a n d l e d  by a conversational 

subprogram that recognizes a nurnber of coremnds a n d  d i s p a t c h e s  

the necessary a c t i o n s  to h a v e  the ccmnands executed- The  

i n t e r a c t i v e  ccamands are e x p l a i n e d  below, < d a t a l a b e l >  iadicates  

a u s e r r s  d e f  i n ~ d  na@e for a p a r t i c u l i a r  t y p e  of data s t r u c t u r e ,  

The v a r i o u s  types of structures a r e  explained Later, <f i l e n a m o )  

refers t o  a  urerWs p r i v a t e  l i b r a r y  from a n d  t o  which data is 

being trans •’erred, 

FETCH <datalabel> < f i l e n a ~ e > ,  

The FETCH command i s  used to g e t  d a t a  from t h e  external 

l i k r a r i e s  r e a d  into t h e  a c t i v e  l i b r a r y ,  If the optional 

<data labe l>  is o ~ i t t e d ,  the f u l l  contents of t h e  f i l e  kfiovn a s  

<Zilename> will b e  s e a d .  



The INPUT c o m ~ a ~ a  is used ta i n p u t  an1 type of data into t b e  

ac t ive  l ibrary  fro^ t h e  c o ~ p u t e r  t e m i n a l ,  Note tha t  t h e  t y p e  cf 

data i n p u t  is determined by the f irs t  letter of the < d a t a l a b e l >  

and will be stored accordinglp i n  t h e  a c t i v e  l ibrary,  

SAVE < d a t a l a k e l >  <filecam> 

The S A V E  ccnwana %ill s t c r e  the data c o n t a i n e d  in the a c t i v e  

library under the <datalabel> i n t o  the a ~ y s o p r i a t ~  store 0 5  %be 

f i l e  known a s  <f i lena@e>,  Here again t h e  first letter of t h e  

< d a t a l a b e l >  determines t h e  type of data, If no label Is given 

t h e  f u l l  active l i b r a r y  will be saved, 

The E D I T  c o ~ m a n d  a l lows  Xbe user t o  c h a n g e  scme of tke data 



conta ined under t h e  <datalabel> ,  The c a n t e n t s  of the < d a t a l a b e l >  

arf p r i n t e d  cn t h e  screen,  The edit functions are t h o s e  of a 

c c m m n  t e x t  editor, 

The PLAY comaand is t h e  o n l y  command that is restricted to 

particular d a t a  structures, Only PXTCH/SIBE SCORES, PAfiAElETRfC 

C C H f l A I D  LISTS and ORCHESTRAL CCBMAND LISTS can b e  played, Refer 

to t h e  n e x t  sect ion for details, 



noscrL u s f t  _STRL~C:TURE --- 
P i g - 4  presents t h e  various co~ponents  of t h e  MVSCIL a c t i v e  

l i b r a r y ,  It i s  composed of three d i s t i n c t  garts ,  

The BEBDEB,  where data  is eatered i n  s torage  u n i t e  of the 

'types PTICH/TIME SCORE, LIST and MASK, The HEADER is a data 

store t b a t  is accessed by PARAHETER CCflkAND LISTS,  T h e  

HEADER i s  o ~ t l o n a l  i n  t h e  e x e c u t i c n  of a MDSCIf score 

compilation b u t  is u s e f u l  uhen i d e n t i c a l  s t r i ~ g s  0 5  data are 

t o  ks used more than once i n  a particular contgcsitioq- Up to 

t e n  different e n t r i e s  of each t y ~ e  can be eneesed i n  the 

active l i b r a r y ,  

The PARBHEZIBIC COfiBAPJfr LISTS ( F C L )  09: I ~ s t r u n a e n t  Definitions 

constitute the o n l y  coiapulssry data  for a ElUSCIL i e x ~ c u t i o a ~  

The A c t i v e  Library has space for 2 5  PCLs ,  

T h e  O R C H E S T R A L  CD1U1flAND LISTS (CCL) , T h e  A c t i v e  L i b r a r y  u i f i  

accept 3 CCLs, Each of t h e s e  can consist of ug to 4 8  txacks 

of instrumen%s @la ying to g e t h e r ,  

The interpretation and execution cf sounds is not t h e  

resgonsr ib i l i ty  of HUSCIL, It is therefore a s s u m d  t h a t  a B U S C f L  

file ixnterrgreter and a syath.esizsr are carrying out the ac tua l  

p l a y i n g  of the iastruteents ,  It is alsc  assused t h a t  a * p a t c h t  

serqice prograin w i l l  define i a s t r u a e n t s  to the i n t e r p r e t e r -  



F i g .  4 T h e  A C T I V E  L I B R A R Y  

S T R U C T U R l  



l C T E  : f o r  t h e  purpose of our examglss  t h e  i n s t x u r s e n t s  use a 

fixed waveform s y n t h e s i s  method and arE controlfed b y  f i f teea  

inpuS parameters s i ~ i l a r  t h e  t h e  MUSIC V i n s t r u m e n t  d i s c u s s e d  in 

the first  part of this t e x t ,  

The ordering of parameters ui51 be  a s  fo l lows  2 

P I  : Hait ~ y c l e ( e n t r y  d e l a y )  b e f o r e  a new note i n  ~ i l l i s e c o n d s ~  

P2  : Pseqnency  i n  Centi-Hertz. 

P3  : Curatim of each note in i u i l l i s e c o n d s ,  

P4  : ilaximum a ~ g l i t u d e  of each note i n  decibels* 

P5 z Attack "kie i n  a i l l i s econds ,  

P6 z I n i t i a l  decay i n  will isecoads,  

P7 : Cnration of steady state i n  m i l l i s e c o n d s ,  

Pa : Final decay i n  a i l l i s e c o n d s ,  

P9 2 Wavefora nuaber, 

PI0 : Vibrato rate in centi-Hertz, 

PI1 : Vibrato a s ~ l i t u d e ,  

PI2 : Vibrato attack t i n e ,  

P I 3  : Randoe d e v i a t i o n  f o r  g i t c h  warble in percentage, 

P1Y : Frequency of random f luctuat ion  i n  c e n t i - H e r t z .  

PI 5 : Waveform of vibrato oscillator, 





The stoxage area d e f i n e d  as the 8 3 A C E B  is d i v i d e d  in three 

sections, Each section stares a d i f f ~ r e ~ t  t y p  of  data 

structure, Cata c o n t a i n e d  in t h e  HEADER area  can o n l y  be 

accessed throagh  the PABABETRFC C O a f l A N D  LISTS- T h e  HEADER i n  

fact serves a s  a n  auxi l iary  storage f o r  t h e  PCLs, so that 

particu3ar groups of data used o f t en  in a coaposition can be 

predefined, g i v e n  a label, and recalled by using anly t h e  l a b e l ,  

The three tgges of data  structures c o n t a i n e d  i n  t h e  HEBDEB are 

9- The  PITCH/TIflE SCORE, 2- The LISTS and 3- The MASKS, 

Note that HEADEP data n e ~ d  n o t  Lf present i n  t h e  act ive  

l ikrary for the e x e c n t i o n  of a scose, A11 HEBPER da ta  referencttd 

from the ECLe B u s t  however be p r e s e n t -  



PITCH/TZH E SCORES -- 
PITCHJTXI"IE SCORES are  a special t y p e  of da%a structure 

that a l l  ow a p a r t i c u l a r l y  efficient i n g u t  of the two primary 

paraimters of % i t c h  and e n t r y  d e l a y  * 

Each c h a r a c t e r  on t h e  computer t ermina l  keyboard i s  

assigwed t w o  v a l u e s ,  one for g i t c h ,  t h e  other for t h e ,  The 

c o n f i g u r a t i o n  of d i  ffefeat keyboard will vary  b u t  a s  a rule, the 

lawest pitch of t h e  tempered s c a l e  fcisca C 1 )  2 s  a s s i g n e d  t a  the 

lef teost/u~perrow character { u s u a l l y  t h e  c h a r a c t e r  " 1") - Plovinj 

t c  t h e  right from that corner each key increaents p i t c h  by a 

se~i - tone.  Gne char a c t  ex represents one p i t c h ,  Sheref  cre tke 

f u l l  keyboard can be a s s i g n e d  a range of over e i g h t  octaves- 

A future implementat ion of HDSCIL n i l 1  of fez a l t e r n a t i r r e s  

t o  the t a p e r e d  s c a l e  by a l l o w i n g  the coEgoser tc specify his 

own increaent  between keys. The base f r equency  [ p i t c h )  o f  the 

lonest hey cazi a l s o  be changed t o  "modulate" t h e  keyboard- 

T i m  is also c a l c u l a t e d  by s p e c i f y i r g  an increment between 

t h e  k e y s ,  the lowest  k e y  s s e c i f y i n g  t h e  srnalleat i n d i v i s i b l e  

P I T C B / T I f l E  SCORES are entered by first s p e c i f y i n g  the 

PI.ICB/TIEIE SCORZ labe l ,  T h e  f i r s t  l e t t e r  o f  the l a k e 1  E U E ~  

aluays  be an *X9*, The next line will c o n t a i n  the t i @ e  v a l u e s  i n  

t h e  far= of characters and the third l i n e  w i l l  contain t h e  p i t c h  



values ,  There ~ e e d  no& be an egual numbex of n itches and times, 

The f i r s t  t i n e  v a l u e  is used in con junct ion with tke f i r s t  p i t c h  

v a l u e  and so on, The two lists c y c l e  independently- The  user 

anst therefore ensure t h a t ,  i f  that i s  d e s i r e d ,  there n i l 1  be a 

related a m b e r  of pitches and entry d e l a y s ,  

PfTCBJTZ8E SCORES can o n l y  be used in a P A R A N E T R X C  C o M a A N D  

Z I S T  as a reglacenent for P1 and P2- This is done in t h e  

PARARETRIC COHBBBD L I S T  by listing a call to the lake1 of a 

PITCfl/TIME SCOflE with t 3e  spacia l  "PLBIIH ccmaaand, The special 

for@ of this cssmand will be treated i n  t b e  f o l l o w i n g  c h a p t e r  on 

t h e  H U S C I L  COMflAND LAWWAGE, 



EXAtPLE - T B E  PfTCHjTIFlE SCaRE 

XVTO 

703ygyg460tgtg469TGH69 ; (each character is an e n t r y  d e l a p )  

2C392039gldgIdgldgldgl; (each character is a frequency)  

X V I E  

T; 

GLEGLS;  

X V I F  

TOCTOCBI ; 

$1 ; 



&IS% 
7- 

T h e  L I S T  s t r u c t u r e  is s ianp ly  a sequential list of data 

a l s o  to be used in She PCLs- A L I S T  can contain a number of 

d e a e n t s  of two t y p e s  : an actual numerical value or a L f s T  

' label  that c o ~ t a i n s  LIST data. %he f i r s t  line o f  input is the 

LIS"Label which must always  have the character "LW as tte f i r s t  

le t ter ,  

The s a i n  a d v a n t a g e  o f  the L I S T  structure is its p c t e n t i a l  

for nesting LISTS within LISTS5, There is ao restriction to the 

level of nes t ing  and t h i s  r e ~ r s s e n t e  a powerful uay af  

cons-tructing ccmple x stfuctures= 

LISTS are used s e g u e n t i a f l y  by t h e  "SW term in t b e  

PARBHIZRIC CCfEHAMD LISP, When a LIST label is encounte red  t h e  

f u l l  contents of t h a t  LIST is output before the next eleuient in 

t h e  or ig inal  L I S T  is o u t p u t ,  

The c o a p l e t e  form of the term ail1 be discussed in t h e  next 

chagter  on the LlDSCTL CCEIBAMD LANGUAGE, The user @ u s t  of course 

Ce awaze of where in t h e  PABUJEQRIC CUflHAND EISlS a p a r t i c u l a r  

L I S T  will be used,  as d i f f e r e n t  p a r a ~ e t e r s  w i l l  e x ~ e c t  different 

nuner ica l  v a l u e  ranges, 



EXABELE -SORB C B T A  LISTS, 

L A B V I E  (late1 on first line) 

10 20 30 Y 500; fdata on next  line) 

LBMVIQ 

300 U O C  500  LABVI33; ( n e s t i n g  allowed but not recursion) 



igASKS 

B M A S K  is d e f i n e d  as  a two-dimensional geometrical 

construc0 specifying t i m - d e p e n d e n t  Iiaits w i t h i n  which a randca 

nuwker is generated, T h e  specific use of BASKS will be discussed 

i n  t h e  next chapter. The tiine co-ordinate i s  gfvea i r r  tba 

EftRABETRIC CCHe98ND L I S T ;  therefore, I lEBDER B A S K S  are s t r i c t l y  

s h a p e s  that can be s & r e t c h e d  i a  t h e  time doraain by a t h i n g  

oar iable-  

#asks are i n p u t  in the HEADER the same way lists axe i n p u t  

w i t h  the e x c e p t i o n  that o n l y  one aask ccixprising tuo, three or 

four coordinatee can be entered  under one l a b e l ,  W e s t i n g  is not 

a l l  owed. 



EXABELE - S C E E  EASKS. 

W.BUB ( l a b e l  of, f i r s t  line) 

30 15 ; [data cn n e x t  line) 

BTR€l[]P 

100 500  2800; (if three coordinates are g i v e n  t h e  f o u r t h  is seen 

a s  egnal  to t h e  t h i r d  number) 



ZZI, THB PARB3JBYRIC COPJflBBD LIST 

The n e x t  Fart of a BUSCXL i n p u t  file is coapcsed c!f 

I n s t r n m e n t  definitions cr PARBBETRIG CCMEIBID LISTS (PCL) , The 

reader s h o u l d  a t  t h i s  p i n t  b e  c o n c e r n e d  cnky with t h e  s t r u c t u r e  

of Qbe PCL, The syntax o f  the coiumnd language  w i l l  be described 

i n  t h e  next  c h a g t e r ,  Each instrnment d e f i n i t i o n  must begin w i t h  

an inshruaeat label, of  which the f i r s t  character is a l w a y s  an 

f13[", It must also  b e  tesainated by the *END;Qccntrol word- T h e  

P B R A R E T B f  C COBBAMD LIST i s  entered after t h e  l a b e l  l ine ,  One 

line of i n g u t  aust contain all the c o ~ m a n d s  for . k f . , ~  execut ion cE 

one parameter- Conatand lines are in~ut i r  order  front P 1 to P tn) 

The actnal pararetar nunber need lnot be given a s  MUSCIL w i l l  

assume t h e y  are in order from P I  to  P ( n ) ,  The i n a t r u m e r t s  bere 

have 15 ~ a r a e e t r t s  to cclztfcl, Each of these garameters inus% be 

s u g f l i e d  with a coamand s t r i n g  that w i l l  be used for the 

outputing of a parameter value as the instrument & l a y s s  

The act ive  library c o n t a i n s  space for 25 different 

i n s t r u a e n t s ,  One can s i p p l y  input a l l  ccamand strings for t h e  15 

parmeters every time a new i n s t r u m e n t  io d e f i n e d  or one can use 

the 'CrPPII* astion, T h i s  o p t i o n  nses t h e  PCL of a pr~viously 

d e f i n e d  instrument s p e c i f i e d  after t h e  'CCPY*  command, ff the 

*COPY* node is csed some of the parameter command s t r i n g s  Eay be 

s u h & i t u t e d  by i a p u t i n g  a new s t r i n g  preceded by the p a r a s e t e r  



t o  which it will a p g l y ,  

It follows that a t  least one i n s t r u ~ e n t  aust be d e f i n e d  in 

t h e  l l l S C I L  actire l i frary.  Other i n s t m a e n t s  can be cop ios  

p l a y i n g  different PITCH/TI f i8  SCORE for e x a ~ p l e ,  

m t e  that  a l l  i n s t r u a e n t  definitions or PCLs m u s t  ~ n d  with t h o  

contrcl word *END;*, 



EXAEPLE - A PABABETBXC C C M M A N O  LIST USXMG THE PLAY OPTION, 



EXAMPLE - A  PABBHETRIC CCHMAND L I S T  COPPING X V I O L I N  AND CHANGXNG 

S C R E  PARAHETERS 

ZCL ERIN A 

COPY I V X O L I M ;  

48000 PLAY XCZA 13000 8 RCLAPE XCLA XCZA2 XCLA; 

P3 : 18000 S LCUCLD 13G00 S LDUCLO LDOCLA LDUCLE; 

FlZ : 1 R 50 6 0  10 5; 

P5 : j #  3,255; 

P6 : 44000 S 30 40 10 5 17000 R 5 11; 

ENC; 



E X A E E L E  - A  PCL C O P Y I N G  I V I O Z I l  ANC S ~ B S T I T B T I N G  PI E P2. 



Foz e v e r y  p a r a ~ e t e s  of an i n s t r u ~ e n t  a cumnand s t r i n g  is 

e x ~ e c t e d ,  whether duplicated from another instrument ar input 

d i r e c t l y -  The syntax for each command string is the same for 

every parameter with the exception cf t h e  ogt ional  "PLAY* 

ccmeand where o n l y  c e r t a i n  types of psocessing arc afluwod- T h i s  

case is t r e a t e d  separately* 

If we consider tho I f l I O L I N  [exaragle ) ,  ue fiad t h a t  each 

cclsmand i s  a lvaps  preceded by the t i ~ e r  symbolr  The optional 

nuaker fcf fovimj the "1" syntbol is a tiraer value that  will be 

counted down whi l e  t h e  following coaraand ie executed, The times 

g i v e n  a s  a t iaer  a r e  a b s c f u t e -  Every t i m  t h e  i n s t r u m e n t  & l a y s  a 

note  or every time an e v e n t  is s u t ~ u t  in the execution of an 

orchestration, t h e  parameter timer is subtracted by t h e  actual 



w a i t i n g  cycle of t h e  last event, When a timer has sun o u t  t h e  

next coamand io the c o m a a d  string is i n i t i a t e d  with a new 

tireer, 

Sow o p t i o n s  are avai lable  i n  the u s e  of titllers, The l * l f l  

symbol  however ~ust always be present at the beginning of the 

command string- A numerical timer need not b e  g iven,  If a 

n u m ~ r i c a l  t imr is  not found, t h e  comand parser g i v e s  t h e  

s u b j e c t  eommand a tiarer equal to the timer g i v e n  f o r  t h e  PI 

~ a r a ~ e * t e s ,  This means t h a t  every time t h e  co~rnand in P I  is 

changed ,  a sieeilar u p d a t e  u i f l .  occur i n  the parameter w i t h  co 

t inn es, 

MITE : a  tiruer must  always be g i v e n  for the P1 p a r a ~ e t e r -  

The timers a l s o  a c t  as  ccrtimand separators. I t  i s  therefore 

i i a ~ ~ ~ t a ~ i t  tc urrdetsta;ld t h a t  if a timer runs o u t  and there are 

ao further commands t o  process, ireI t h e  *;' terminator s y m b c l  

is eacountered, the comaand s t t ing  will be recycled fro@ the 

s tar t ,  %his does not hold for the P I  waiting cycle paraaf ter -  I n  

t h a t  case when t h e  end of the coamand s t r i n g  is ~ e t ,  the 

instrument s t o p  playing, regardless of the t i m i n g  v a l u e s  in the 

ctber paraaeters, 



EXAP'IPLE -THE USE OF TIMERS I l y  THE FABBRETRIC CCPlflAND S T R I N G  

P(n):{200 ccmnand expo 12000 coamand e x p ,  13000 c c ~ m a n d  exp, ; 

P {2-n) : j cossand e x p ,  ; 

P i n )  ind ica te s  t h a t  a l l  pirameters can use t h e  Xcllowing for&, 

T ~ E  other cases a p p l y  to a11 praaeters e x c e p t  P I ,  



THE BUSCIZ PARAEETBXC CCEgAND EXPRESSION 

B l e g a l  RUSCIL ccmwand e x p r e s s i c o  is d e f i n e d  as an 

operatian c o n s i s t i n g  of one or acre 'termsi l i z k e d  by 

8c>~eratrrrs*, A comand delivers only one final value as a result 

of the e x p e s s i o n  given in the comaand, An expressioa n u s t  

contain at least one HUSCZL term, 

The user must ensure that the data input in a com~amd is 

s y n t a c t i c a l l y  correct, The input parser only p a f o r a s  partial 

error reporting or correction, 

A PSUSCIL cagarnand i a  always seen as a n  ope ratio^ r h a t e v e l :  

the nusber of terms given, T h e  cannand Farsef will read through 

t h e  sentence and fabs icate  a l i n k e d  list cf agerations between 

tezas until a times $ ' S n  or an end of string I l ; "  is ~ e t .  Ihe 

agerator symbols "*", rc+t t  I - and -1" are allowed, Tney 

r e s p x t i v e l y  s tand  for : m u l t i g l y ,  add, subtract: and divide, 





EXBtPLE - S C R E  STRLBGS OF HUSCIZ C G B f l A N D  EXPRESSICNS, 

[each type of t e r n  is d e f i n e d  l a ter ,  T h e  s y n t a x  of an e x ~ r e s s i o n  

requires tha* each term of an expression be separatsd by an 

operator, Each expressioa must be ~eparated b y  the  " 1 "  tiaier 

s y ~ b o 3 . )  

8 120 teml; ( t h e  one-term express ion is a l lowed)  





In an o p e r a t i o n  cossisting of two or Bore terms, each t a m  must 

h e  s e p a r a t e d  by an *operator8 symbol 'that also gives the kind of 

operation t-r: be p e r f c r i e d  between two terms, There are four 

t y p s  of legal t e ras  in MUSCIL; each one is di scussed .  Note t h a t  

t a w s  a r e  garsed a f t e r  a new command is i a i t i a t e d ,  

A)-THE S (for ~ r y l u e n t i a l )  TERB 

The s e q u e ~ t i a l  command is invoked by the "Sf l  symbol, fo i loved by 

t h e  data  tc be cycled, The only legal types of data are 

n u ~ e r i c a l  values and list labels- In t h e  la ter  case t h e  lisL 

l a b ~ l  @us% br: ~ressnt i l m  the current 'Headerlist* library, The 

s e q u e n t i a l  frocessor r i l l  cycle a l l  data g i v e n  a f t e r  t h e  "SW 

s y ~ b o l  and before an oprator or t h e  next t i m i n g  rtlg* sylahol-  

Vhen a list labe l  i s  given, t h e  data  of t h a t  l i s t  i s  

seguentially read befuse  the n e x t  v a l u e  i n  t h e  term data string 

is read, Vhen u s i n g  the PITCH/TIHE SCCRBS, t h e  S t e r e  is 

a u t c a a t i c a l l y  assuaed and is r e g l a c e d  by t h e  PLAY command 

f o l l o w e d  by the PITCH/TIRE SCORE l abe l s ,  Note that PITCH/FHRE 

SCORES and t h e  P L A Y  ccffitaand can only be giver,  as  a replaceraent 



for 2 1  and P2* 



EXAEPLE -USE OF THE SEQUENTIBL (S)  TERM, 

J S  3aavio lamia; 

13000 PLAY XV30 X B I E  XVIA;{note hiow the FLAY replaces  ' the  "SH) 

1PLAY XVIA; 



3) -THE R (for Random) TE5PI 

The random g e n e r a t o r  is invoked by the contnol s y a ~ b o l  W R * *  

f o l l o w e d  by eitker a ogask label or a list cf two, three or four 

nuabers giving the c o o r d i n a t ~ s  of a tendency mask t h a t  w i l l  b e  

used t o  calculate the t i m e v a r y i n g  minimum and l~aximura va lues 

used b y  t h e  randon number genera tor ,  ?Be timing v a l u e  for t b e  

s t r ~ t c h i n g  a f  t h e  figure g i l l  be the same a s  t h e  one g i v e n  • ’ o f  

the timer, This assignment is done after t h e  tiner has keen 

o b t a i n e d ,  theregore guarantee ing  a timer will be knogn-  T h e  

s i a y l e s t  case 3 

In t h i s  case: a random numrtber (equal weight)  w i l l  be g e n e r a t e d  

between 10 and 200 every  time the terrn is c a l l e d  upon t o  d e l i v e r  

data, The t i ~ e  variant fac*ar here will not have  a n y  effect 

because b o t h  l i ~ i t s  remain constant, 

Three .or four numhezs can def iae  a t i w - v a r i a n t  laask- A 

mask can also be defined in t h e  header  and c a l l e d  upor; i n  t h e  

comtytnd s t r i n g ,  The f i r s t  two numbers a l w a y s  give t h e  starting 

v a l u e s  o f  t h e  random L i m i t s ,  The other n u a b e r ( s )  g i v e s  rke 



p o s i t i o n  of the two li~its at the end of t h e  t i m i n g  p e r i o d -  If 

there are o n l y  three numbers t h e  t h i r d  number is csed as nnaxinaum 

aad rtinimm a t  t h e  end of the timing period, Only one rask can 

be i n p u t  in a siagf e t e r ~ -  



B 10 200 400; (The fourth nunber when not  g i v e n  is made q u a 1  

to the t h i r d  nunbar>  

R IITRUII; f on ly  cne s a s k  l a b e l  can he referred to in a s i n g l e  

R statement) 



A p a r t i c u l a r l y  interesting way of using t h e  random coamand 

is as  a sslector ratbar than a generatcr-Tn the latter case a 

value te.tuxned by t h e  random number generator beccmes the va lue  

o f  the term, Phen used as a selector, the randew number is no? 

returned as the value for the term but  is u s e d  t o  select a v a l u e  

in a given list of v a l u e s ,  The form of this special u s e  of the 

"RW cclkrnand expects a)- the R synnbof, b)- mask, c)- the s p e c i a l  

control synkol "Etq ifad c)- a list of values {list labels os 

numerical), 

T h e  list of data  to be chosen fro@ remains t h e  same t h r o u g h o u t  

+,he e x e c u t i o n  of t h e  coiiltaand, The iteats to ka s e l e c t e d  are 

counted and given a r a n g € ,  The n u ~ b e r  received from t h e  r a n d m  

generator @ask be situated b e t v e e a  O and 100, T h e  f irst  i t f l s  i n  

t h e  data list is a s s i g n e d  the fawest range and t h e  l a s t  I t e ~  i n  

She P i s t  is  assigned tfe h i g h e s t  range, If the item s e l e c t e d  by 

the randoet nuoalber i s  a fist label, t h e  f u l l  c o n t e n t s  of the list 

is c u t p u t  before another sePection is taade, 



EXAESLE -The X B N D O R  SELECTOR 

B tTBtf8G ZVIE LBXA LVIE; f a l l  data  following tke  H E t 3  

is s u b j e c t  to se lec t ion)  



A tesm can consist of a s i m p l e  reference t o  a current 

p a s a a e t e r  value that a l r e a d y  has beea c a l c u l a t e d  and o u t p u t  t o  

t h e  o u t p u t  buf fer ,  Since ~arametess are g r o c e s s e d  cme at a time 

it is possible to use a precedent paraaeter value a s  a term, The 

code s y ~ b o l  "Pn is f o l l o u e d  by t h e  paramties number we r i s h  to 

capj- 1 f an atteotpt i s  aade to copy a pasaaeter that has not yet: 

beer! o u t p u t ,  an error sill occur, Note t h a t  a parameter v a l u e  

can only be c o ~ i e d  fro@ the same instrument,  

For example  : 

Ln these e x a ~ p l e s  v h a t e v e r  panametes t h e  fxpressions are a p g l i e d  

to will U S E  t h e  p r e v f o u s l y  calculated v a l u e  from the s p c i f i e d  

Fararneter, 



C )  -THE COMSTANT TERR 

A cocstant value can be given as a t e r ~  by siwply i n p u t i n g  

that_ v a l u e ,  Special .  precautions raust be taken, however, if the 

constant Bappens to be tke first tera a f t er  a " 1 "  t i n i n g  symbol- 

f n  such a case the constant will be confused w i t h  a tiaer v a l u e ,  

If t h e  .tireex va lue  is to be c o p i e d  from PI, t h e  timer synrbcrl 

shou ld  i n m e d i a t e l y  be fol lowed by t h e  ti W3* symbol, 

840013 Y-55; 

J 2 C O  600 + 3 - 3 ;  

(it k 4 ;  

40 60000; 





The OBCflESTS1AL C O i W A N D  LIST of MfJSCIL can process up to 48 

i n s l r u ~ e n t s  in para l l e l ,  and can best b e  thought of a s  a 

48-track secordes for c o n t r o l  data ,  One of the most important 

processes i n  8 U S C I L  is t c  sort up t o  48 instruments playing 

d i f f e r e n t  scares at t h e  sane t i a e .  

After having i n p u t  a nuaber 0 5  instrument definitions o r  

P C L s ,  t h e  uses has t h e  option .to i n p u t  a n u m k r  of 

orcbestratione cf t h e  prede f ined  instruaents- M f f S C I L  uses the 

08CHESTBAL COBBAWD LIST to cowpile a p o l y ~ h t 3 I i i C  score, 

An orchestration is i n p u t  by  f i r s t  stating the name 05 t k e  . 

orclestratioa ( t h e  f i r s t  character ~ u s t  b e  an W q 3 ) -  O n  the  next 

l i n e  the f irs t  mtsackn i s  i n p u t ,  Subsequent  l i n e s  a l l  con ta in  

data f o r  one track for up to 48 l i n e s  of i n p L  ,hen the nu~bes  

of desired wIt.sack-lilaesw is i n g u t ,  the f l E N D ; w  control wozd is 

expcted,  A l l  tracks are analoguous t o  a voice i n  an orchestral 

scoxe, 



E X A B P L E  - A  10 voice DRCHESTRBL COHflAND LIST, 



TBE O R C N E S & G  SGHHANB L A N G U A G E  

Any i n s t r u a e n t  that  is used i n  an  crchestration mrst h a v e  

b e e n  defined p r e v i o u s l y ,  otherwise an error  w i l l  cccur- 

The sorting algorithm of MUSCfL ensures t h a t  all i n s t r n m e n t s  

will be p l a y i n g  their actual  score regardless of other tracks- 

1- B I B E R S  

'fifsers work t h e  sane way in t h e  ORCHESTRAL COBPIAND L f S I  as 

t h e y  do in t h e  PARABETRPC CO!fflBWD LISTS, D i f f e r e n t  conmands are 

separated  by  timer sy~bols " 3 "  ar*d t h e  number f o l l o w i n g  i t  is 

alsc  c p t f a n a l ,  Shen a timer i s  n o t  g i v e n ,  t h e  timer will t a k e  

the form of a " f l a g "  t h a t  will b e  raised when the instrument 

l a b e l  following the timer has played  a11 its notes -  ahen t h i s  

hapgens  t h e  next  command i n  that track is i n i t i a t e d ,  If a timer 

is g i v e n  in t h e  form of a number, and givea that t h i s  t i m i n g  

value  exceeds the time t h e  following instrument would n o r a a l l y  

play ,  t h e  iastruatent i~ re-initiated and s tarts  playing a t  the 

beginning again u n t i l  t h e  t r a c k  timer h a s  run out- 

If the timer is  less than the n o r m 1  p l a y i n g  time of t h e  

ins trument ,  the instrument i s  d i scarded  before the end of i ts  

past and a new comaand i s  i n i t i a t e d ,  



2- COM?IAMDS 

T h e  '*STOPH cosmand is used t o  i ~ t r o d u c e  s i l e n c e  i n  a 

 articular track at a n y  g i v e n  p o i n t ,  T h e  " S T O P e  com~and must 

always be used in c o n j u n c t i o n  with an ac tua l  n u m e r i c a l  timer- 

B aunaben: of ~ ~ o d i i i c a t i o n s  can be raade to parameter v a l u e s  

received fron the PAR AflETRIC COfiPIANI) Lf STs, Essentially the 

FARAgETBIC CCHEAND ZXPRESSXOMS a p p l y  a s  d e f i n e d  for t k e  

PARAHETRIC COBflAND LISTS,  Paranteters can therefore be changed 

inside the OECHESTRAL COHBAND LISTS, There are  a few 

p a s t i c u l a r i t f e s  i n  their use ,  The p a z a t o e t e r  we wish to alter 

must clearly  be stated, and t h e  e x p r e s s i o n  must be included 

betueen * * I ) + t  &-rackets, If more t h a n  one ~aralneter i s  to he 

altered, each  g a r a m e t e r  expression must ke separated by t h e  " B n  

sylabol, 



I I V I O L I H  f P 2  * 1 - 3 3 3 ) # 2 0 0 0  ITRl l fPETP [I? 1 + 100 $ P4 +10) ; 

( Z V I O L I N  w i l l   lay its score w i t h  a l l  R2 vaInes transposed by 

one t h i r d ,  ITRUMPETT will then p l a y  2 0 3 0  time units 

w i t h  PI h a v i n g  I00 aaded and P4 having  10 added,) 





B SAHPLE B U S C I L  USER'S FILE - -I__ ----- --_U -- 
The following com~ositional f i l e  is knovn as "RSt* a "8s" 

is a uses's file t h a t  oas written with t h e  PITS t ime-sharing 

systeta e d i t o r  [ i n  the current i iaplemen-tat ion of l?rUSCIL)-  Mote 

the s p e c i a l  use of the ccantrof iord to ind ica te  that a 

part icu lar  section cf the file i s  s e r m i n a t e d -  



11, LZSTA 

12- 20 40; 

13, L I S P B  

14, 22 55 LISIA S I S T C  44; 

15, LZSTC 

16, 1-2 3-2 Y-3 5-4 5 - 5  LISTD; 

17, LISTD 

18, 3 3 0  666 990 115 330; 

19, LISTE P T > 8 , 2  7 - 2  6 - 2  5-2 6 - 2  7 - 2  8-2; 

20,  . L1STP 

21, 220 tr40 880 4Q0 220 880 1760 220; 



2 2 ,  EWD; 

29, END; 





59- PIN; 









FIG, 5 SHOWS THE DATA STRDCTURE CP THE CBCHESTRAL COWHAND 

LIST,  ALL DATA PRQCESSEC BY RUSCIL XS D C N E  SO T R E O U G H  A 

S T B I L A B  STRUCTURE, 

THIS V E R S I O N  OP MUSCIL OSES SPECIFIC EXTERWAL FUNCTfONS 

IN THE UEC ICPLEPIENTATICN O F  PASCAL, THEBE ALSO I S  kN EXTEflNAL 

C A L L  TC A FORTBAN R A N D C H  NUMBER GEMERATOB IN THE NAG L I E B A R Y  02' 

S C f  E N f  IFIC SUBROUTINES,  







TYPE 

TP = TRACKMODE; 

I T E B  = B R B A Y  11,- 12)  OF CHAB; 

PPLEID = ITE# ; 

O A T A f  O I N T E R  = PDAT; 

OCLOOTBEC = RECORD 

TRACKIUH :INTEGER; 

BUFSET : ABRBH (9,. 15) CF SHORT; 

END; 

BCLCUTEDT = BRRAY [ I , *  SO) OF CCLOUTEEC; 

act  - - RECORD 

Sl4ALI.f : SHORT; 

OUTBZJFFER : OCLOUTPUT ; 

TaaRaxP r asaAP [LW) OF T P ;  

NOOPTRACK : f NTEGEB; 

EMD ; 

T R A C R N C D E  = R E C O R D  

PIPHE : SHORT; 

NCCAT : B D O L B A N ;  

OLDP 1 : S H O R T ;  

CC 8 : fTEQ4; 

TDP : DATAPOINTER; 

Kg : INTEGER; 

END; 

OCLFTR = OCZPNPUT; 



C H A B L I N E  = A R R B P  (1,. 109) OF CHAR; 

OCLIWPOT = RECORD 

OCLNAHE : ITEM; 

OCLDAT : ARRBP {1,,48) OF CHARLINE; 

END; 

OCLTREE = A R B A Y  f l . , U )  CP OCLPTR; 

OPPTR = DPLfNK;  

TEHlPTR = TERH; 

STKPIT = STACKMODE; 

LISTPT = LISTINPUT; 

LSSTIMPtlT = BECDBE 

LLNAWE : ITEE4; 

LDAT : C H A R L I N E ;  

END; 

LISTR'EE = B B R A Y  11,,25) OF LISTINPUT; 

PCLB = RECORD 

P C 1  : R B R A H  jl,,NOOPPARA3) DE CHARLIME; 

PCIAHE : ITEM; 

END; 

PCLTREE = A R R A Y  I - ,  10) OP PCZA; 

S T A C K N O D E  = BECORD 

LLBBEL : C H A 3 Z f  HE; 

NUW : INTEGER; 

RESETPT : INTEGEB;  

NEXT : S!IKPNT; 



END; 

P I C K M O D E  = RECOXC 

R A N G E  : SHORT; 

IIPBOGRSS: EDOLEAM; 

ST : STKPNT; 

END; 

H A S K N C D E  = EECCRC 

T2 : SHORT; 

&SLOPE : SHOBT; 

BSLOPE : SHORT; 

SR : PICKNCDE; 

A,B : S H O R T ;  

END; 

= RECQRE 

ACTUAL : CflBR; 

CONSTA 2 SHORT; 

PI 2 INTEGEB; 

S 2 STKFNT; 

B : X3ASKfUOGE; 

Q PE : OPPTB; 

END; 

OPLZ HK = RECCRD 

BATOR : CHAR; 

N f X T E B M  :TEBflPTR; 

END; 





V A 2  

TESTDAT : FDAT; 

P C L L I B  : PCLTREE; 

OCLLIB : OCLTBEE; 

CCLSOURCE : O E L I N P W T ;  

PE,EVENSIPABAH,R,  BH : INTEGER; 

TCTIBB : SHORT; 

HEADLIST : LISTREE; 

CCL A : OCL; 

CATAFIEE 2 T E X T ;  

P I L E H A B E  : F I L E I D ;  

CGMHABD : ITEM; 

F f I I S H E D  : EGOLEAN; 

RUMCFIMST : INTEGEB; 

STORESTACK : STACKARRAY; 

STOFETERFIPTR : T E R M P Z R A R R A Y ;  

SSOREOPPTB : OPPTBAEBAY; 

FBSSPOINTER : TERBPTR; 

ELRST : INTEGER; 



F U N C T I C N  G 0 5 0 A P I X  : REAL;Y : R E A L ; )  : REAL; SLLMKAGE; 

PBCCEDURE BASKSET ( V R E  ACRSS : C N B B L I N E ;  V A 6  3 2 IWTEGER; 

Y AB MPASS : 4 A S K I O D E )  ; F O F Y A R D ;  

PRCCEDURE P C O f l Z I I P  ( V B R  I N Z I N E  : PECIMT; V A R  PCLBE : 

CBABLINE) ;FCEBARD; 

P R O C E C U R E  TIBEUPDATE [ V A R  OCLA : OCZ) ; PORWBRD; 

PRCCEC-URE COTPUT(BAFL 0CL-B : OGt )  ; FDRBIIFD;  

PROCEDURE TRACKREAD f V A 8  KK z I N T E G E R ;  

VBR fTEPlX : ITEM) ;FCBWBED; 

PRCCEDURE C O H T I B I N I T ( V R E  TRANSFER : TRACKNODE; 

V A R  IMTAKE : C H A R L I N E )  ;-FORVARC; 

FRCCEDURZ FITJDSBALL {VAB OCLA : OCL) ; FDRWAXID; 

PRCCEDURE GIYSET ( V A R  I N C A T  : DATAPOINTER)  ; FORWARD; 



ERGCEDIIRE SEAECRPCZTREE (BAD IMNAPSE : If EE; WAX LCRETU : PCLA) ; 

T A R  INDEX : IBTEGER; 

FOUND : EBCLEAI;  

(*SERVICE R O U T I N E  TO SEARCH THE INSTSUEENT LIBRARY 

FOB AN INSTRUFIENT N A H E ,  IF POUND TEE INSTBUBEUZ: 

CAT& IS R E T U R I E D  V I A  *LCRETU',*)  

BEG IN 

FCUIP := FBtSf; 

I N D E X  := 1; 

BHf LE IC'I F O U R D  AMD I N D E X  

Ef G I N  

WITH E C Z X I B { I N D E X )  CC 

HF PCNABE = SNNABE THEM 

3 E G I B  

PCGRD := TRUE; 

LCREPU := PCLLXB ( I N D E X )  ; 

END ; 

ELSB IZBCR [ I N D E X )  ; 

END; 

IF NCT FCbND THEN LCRETE), PCMBEE := 'BGT FOUNBe ; 

ENC ; 



B E G I N  

IF STORESTACK f 3 )  WIL THEN 

E E G I N  

SS := S%CRESTACK(I) ; 

FOR A := 1 TO 45 DO 

STORBSTACK (A)  := STORESTACK ( & + I )  ; 

END; 

ELSE MEW (SS)  ; 

END; 



PRCCEDURE CXSFCSS (BAR S S  : SPKPNT) ; 

(*SERVICE R O U T I N E  TO S T O E E  A DISCARDED STACKMODE 

POINTER IN THE 'STCPESTKFGT1, THE C A T A  PCINTED 

AT IS NULLIFXEC*)  

V A R  I N D E X  : INTEGER; 

B E G I N  

IF 55 NIL THEN 

E E G f  N 

I f l D E X  := 1; 

U H X E  STORESTACK (INDEX) NIX A N D  IWDEX 

IF STORESTBCK ( I N D E X )  =NIL A I D  IMDEX 

BEGIN 

STORESTACK (XNDEX)  : = SS; 

WITH STORESTACK ( I W D E X )  DO 

B E G I N  

LLABEX := 

NU H - - *-  4 ;  

BESETPT:= 1; 

%EXT r= WXL; 

END; 

END; 

EBD; 





PROCEDURE DISklAITLSTACK (BAR S S  : STKPNT) ; 

B {*SERVICE ROUTINE TO CISMEPIBER A LLNKED LIST 

OF STACKNODE S A N D  SBVE THE PCZNTERS FOR 

LATER USE, *) 

BEG I N  

fP SS NIL THEN 

B E G I N  

IF SS-NEXT = NIL THEN 

DZSPOSS (SS) ; 

ELSE 

B E G I N  

DISHAUTLSTACK (SS,N E X T ) ;  

UISBANTLSTACR ( S  S) ; 

END; 

END; 

E N D  ; 



PBOCZOUBE NEPSERM (V A R  SS : OPPTB) ; 

B R R  A : I N T E G E R ;  

(*SERBICE R O U T I N E  TO ALLOCATE A NEV 

POINTER ' C P P T P '  FROB T H E  POINTER STORE, 

If THE STORE IS  ERPTY, A NFV PCIWTER IS 

IIETURNED*) 

BEG ll 

IF ST0RECPPTR (I) If L T E E N  

E E G I N  

SS := STQBECPPTRf1) ; 

FOR A := 1 TO Y 5  DO 

STCRECPPTR 48) : = SPGREOPPTR ( A + 1 )  ; 

END; 

ELS E HE# (SS ) ; 

END ; 



PBCCEDUBE GISPGSTEBB (Y B E  SS 2 OPPTB) ; 

f * S E B V I C E  ROWTIBE TO STOBE A DISCaXDED *OPPTRO 

IN THE *STOREOPPTR8 ABD EASE IT A V A I L L B B Z E  

FOR LATER USE,*) 

TAB INDEX : IiUTEGER; 

BEG 1% 

IF SS WIL THEM 

BEGIN 

INDEX := 1; 

%HILIE STDBECFPTR (ICNCEX) NIL A N D  INDEX 

fF STOREOFETB (INDEX) = N I L  AND I N D E X  

BEGIN 

STCREGFFIE {IIAIDEX) := SS ; 

WITH STOREDPPTR (P;'eaEEX) DO 

BfGXE3 

RATOB := * *; 

N E X T E R L C P E  := HfL; 

END; 

END; 

E N D ;  

DISEOSZ (SS) ; 

END ; 



{*SEBYICE RQDTIBE TO DISHEBBEB A L I N K E D  LIST OF TERRS*) 

BEGIN 

IF $ 5 - O P E  BIZ THEN 

E EGXI 

If SS-OPE-ISEXTERLOPE NIZ THEN 

msasvm Iss-oaE, HEXTERM) ; 

ELSE D I S P C S T E R H  (SS, OPE) ; 

E 113; 

E N D  ; 



PBOCZCUEE PUSHS"IBC ((VAR STBCK : STKPIT; V A R  NBBE :XTEPI) ; 

(* SEFtBICE WOUTINE 10 SEABCB THE L I S T  

L I B R R B Y  FOB A LIST L A B E L ,  CREATE B M E W  

MEW STBCKNODE AND PLACE THE WBW NODE 

BT THE STBRT OF THE L I N K E D  LIST*)  

V A E  NE#NODE : STKPNT; 

I N D E X  2 I N T E G E R ;  

HOUWD : BOGLEAN; 

BESGfl 

FCUND := FALSE; 

I H D E X  := 1; 

'klHfLE: NOT FCUIF! OiiP fWDEX > 25 DO 

IP HEADLIST [INDEX) ,ZLNAElZ = N A M E  THEN 

FGUNC := TRUZ; 

ELSE 

IF I N D E X  > 2 5  THEH 

DIRITZLI [' E R B O R  f W  STACK, L I S T  DOES NOT E X I S T * ) ;  

ELSE I we ti f r  wozx] ; 

NEWS (NE3lNE)E.E) ; 

PtEBIMQDE,LLABEL : = HEADLIST (IPIDZX) ,LDAT; 

EZWICDE,BUE := 1; 

IEUHCDE,  RESETPT : = 1 ; 

~~~~~~~~gEXT := STBCK; 

STACK := IEPNQDE; 





EROCECURE EOPSSACK {TAR STACK : STKf NT; V B B  N A M E  : ITEH1 ; 

f*SEBVXCE BDfiTIWE TO D I S P O S E  A STACKBODE A N D  

REESTABLISH THE LINK TO THE NEXT STACKNODE IN 

A L I N K E D  L I S T  Of STACKNODE*) 

V A R  TEN? : SIRPIT; 

BEGIN 

TEMP := SPACLNEXT;  

crsmss [STACK) ; 

STACR := TEBP; 

E N C ;  



PRCCEDBRE Z T E f l R E A D ( Y B R  LINE : CBARLXNE; VAR K : INTEGER; 

V B R  ITERR : ITEff) ; 

[*SERVICE R O U T I N E  TO R E A D  S E P B B B T E  DATA f I E K 3  

A N D  CONTROL SYBBQLS IN A ECL CDMMAND S T R I N G - * )  

VAR 3,f : INTEGER; 



I N C R  [K) ; 

INCR (I) ; 

E N D  

E N D  

END ; 



PROCEDURE ETBIMCR (VAR L a m  : CHARLINE;Y A B  80 : IMTEGEB; 

BBR OPF : BOOLEAN) ; 

(*SERYXCE BCUTXNE TO SEABCH FOR AN 

OPERATOF IN R L I B E  OF CSBRACTERS*) 

B E G I N  

B H I L E  L A B A ( K 0 )  NOT IW STOPCAARS DO I l C R  480) ; 

IF LABAIKC) IN OPERCBARS TRBN OPf := TRUE ELSE OPP :=FALSE; 

END; 



PRCCEDURZ I I S T S E T ( V A 3  XIS : STBCKHQDE; V A R  KK : I N T E G E R ;  

V A R  LABS : CBBRLIME) ; 

(*SERVXCE RODTINE TO XHITIAEIZE A STACKNODE*) 

B E G I N  



PBECEZUBE SETERtl ( V A B  CCflDAT : TERH; T A R  KT :INTEGER; 

VAR LABS : CHBRLINE;  V A f i  I T E H N  : ITEH) ; 

V A R  ITEtITZ : ITEM; 

Z , f  ,J,L : ZRTEGER; H : SHORT; 

{*SETEBB BILL I#fTIALfZE THE T E B B  BY R E A D I N G  

IN THE CBBRACTER LINE 'LABS*, THE FIRST 

SPWBQZ RETUBNED WILL C E T E R B I N E  BBICH OP 

OF IRE SETTLWG ROUTINES %ILL EE CALLED, 

ENCE A TERM BAS BEEH INITIALIZED, SBTER3 

B I L L  READ PURTf lEW S E A R C R I l G  208 AN  OPEBATOR, 

IF J T  IS FOUND, AH OPEBATQB LINK f S ZSTABLISBED 

AgD SETEBM IS CALLED GECURSPVELY TC I N I T I A L I Z E  

THE NEXT TEWR OF THE OPERATION, THIS PROCESS 

XS REPEATED UNTIL 10 OPERATOR CAR BE FCUND, * f  

B E G l N  

XPEMII := IT&##; 

WITH CORCAT DO 

BEGLP 

C A S E  ITBETI ( 2 )  OP 

' S V  B E G I N  

ACTUAL := ' 3 ' ;  

DIsnAPlTLsaacK fs) ; 



PTRINCR (LABS, KT, CPPZND) ; 

DISPOSTERR (OPE] ; 

, fF Q P P f l D  = TRgE THEN 

BEG IN 



ITEMBEAD {LABS, KT,IIEWgL) ; 

BEWTRRfl ICPE) ; 

END; 

EN C; 



PWCCEDURE PCOHINXT [ V A R  INLIPIE : EPOINT; V A B  P C t A B  : CHARLINE)  ; 

BAR ITEHX : ITEM; 

GG : INTEGER; 

(*PCOt4INIT IS CF.?.LEE ERUN GIVSET WHENEVER 

A PARAMETER 1% A N  I N S T R U E E N T  RUST BE 

Z I I T X A L I Z E D - I T  HILL FIRST LOOK FOR A TIMER 

ZN THE CHAXACTER LINE I T  RECEIVES AND T H E N  

C A L L  'SSZFERM' TO COaPZETE T 8 E  PROCESS O F  

I I I T Z A L I Z I N G  THE TERPI, THE GLOBAL VARIaBLE 

8 P A R U I '  IS USED TO DETERHIMED I F  U E O 3  P!EETf NG 

A N  END OP LIME SYBBOL * ; *  THE PARABETER 

BEING PRCCESSED I S  THE 'P1' T I B E  DELAY 

P A R A B E T E L  IF SQ THE STOF FLAG IS RISEN 

OTHERWISE THE C H A R A C T E R  23NE IS REPROCBSSED 

RZCEfRSIVELY WITH W PCINTEB SET TO TEE EEGSlir' 

W f  NG OF THE L I N E ,  BEFORE 'SfTERPfs IS GALZED 

THE PREVIOUS TERH BECEXVED TBRCUGW f l L L N E  

IS DPSHE#BERED T O  5 E G A f  H ACCESS TO THE 

POINTERS THEY aSED, *) 

BEGIN 

OITH I N L X I E  DC 

BEGIN 

WHILE PCLAB (RD) NOT I N  ( , a  f ' , ' ; * , )  DO IHCR (KD) ; 



PCOMINXT (INLINE, PCLBBJ;  

E N D ;  

2 YBITELB [ *  ERROR*); 



END; 

EN I) 

E N D ;  



PROCEDDRE &ASKSET (VAR ACRSS : CHARLINE; BAR I. : INTEGER; 

B A R  BEASS : 8ASKIODE) ; 

(*WASKSET WEAES FOR N U H B E R S  I N  THE CAABaCTER 

LINE 'ADRSS' SENT EY THE 'SETERR* AND STORES 

THEH ZH THE NE9 MSKII3f)E STRUCTURE WITH 

THE SLOPE VALUE IT DERIVES I P C f l  THEB, HASKSET 

LCOKS PO3 TUG THREE OR FOUR BUflBERS,  

19 THEN LOORS F08 THE 'PICK' HODE S P H B O L  

' 8 ' -  f P IT IS FOUElD THE PICKMODE IS 1hlXTIAEXZX;D 

THE MUHBER OF ELEMENTS IN THE FOLLBBING LZS? 

OF ITEaS IS COUNTED AWD A N  AYERhGE R A N G E  IS 

CALCULATED, *ST ' IS I lJITIALFZEiD,  *) 



BEGIZO 

READSTR [ZTEWB IOBEwZZ) ; 

t := ZZ: 

ITEBREAD IADBSS, 1, fT E a H ]  ; 

fP I T E M  (1)  IN IUBS THEN 

BEGII 

BEADSTR [ITEPlH,OHE ,ZZ) ; 

I) := 2 % ;  

ITEtlREAD (ADRSS,I,ITEIYIfV1) ; 

E N D ;  

ELSE D := I; 

PEI C; 

ELSE BEGIB 

C := A; 

D := 3; 

EN I3; 

ASLOGE := {C-A) JT2; 

B S L O i E  == I D - 3 )  J T 2 ;  

END; 





INCR (f;) ; 

aNTIL LLABEL 48-1) IN STOPCHBRS; 

I := L - 1; 

END; 

END; 



PECCEDUPIE LISTPROC ( V A R  I B S T R  : STMPBT; 

Y A R  PVAL : SHORT) ; 

V B F  ITEMS : 1TEff ;VRLI  : SROBT; f N E  : IMTEGER; 

I*LISTDROC RECEIVES B POIMTER TO B STACgNODE 

AID READS T E E  ITEB f N  THE C N A R L f N E  OP THE 

STACKBODE WITH THE E C I I T E X  RD, If A NUEIBEW 

IS FCDNDI THIS BECOMES THE FINAL V A L U E *  

IF A EISTLBBEL IS F O U I D ,  THE E C X N T E B I S  

SENT TO 'PUSHSTACK' TO REPLACE THE CATA AT 

THE TOP Of THE STACK C H A I N  A N C  LISTPROC IS 

RHCURSZYELY 3MTIL A 24UMEER I S  FDUHD, IF 

A RECYCEIBG CBARACTER 15 FQUHD T H E  POINTER 

IS BESET AT TEE B E G I N N I B G  OF THE DATA ABD LXSTPROC 

IS CALLED BECUBSfVELY, LISTPRCC 3EVER LOOKS 

FURTHER THAN THE PISRT E O D E  PGINTZD BY INSTK*) 

BEG1 N 

IMTERM 2s IBSHK; 

BITB XMTERR EC 

EEGXN 

IF L L A B E L t 1 )  = 'g' THEM V A L 1  := -399993;  

ELSE 

B E G I N  



EN I) 

END; 

PVAL := Y A Z I ;  

PNSTR := XBTEWfi; 



ENC; 



PROCEDURE LTSTkPICE { B A B  BPXCK : 58081"; 

Y B R  V A L 1  : SHORT; V B R  SELECT : IITEEGER); 

Y PLACE : SBORT; X : IESTEGEB; 

DONE : ECOLEAN; 

t*ZISTPICK USES THE LlAMGZ ' l iPICK* A1D THE GUMBEB 

* Y B L I V T  OETDWN A N  EMTEGER 'SELECT' T H A T  GIVES 

TBE PLACE IN THE LIST THAT IS B I T H f N  R A N G E  OF 

TEE RB24DCfl NUHBER EECEIVED*)  

B E G I l  

K := 1; 

ELACE z =  BPTCK; 

DCNE := FALSE; 

O R I Z E  WCT DCEE DO 

BEGIN 

IF V B I I  >= PLACE THEN 

B E G T I  

PLACE := PLBCE + APICK; 

I N C R  (K) ; 

EID 

ELSE DCME 2 = TRUE; 

END; 

SELECT := K; 

IF SELECT 



ENC; 



PRO@TS.DtlRE BASKPROC [VBR M A K  : MASKNODE; V A R  VALB : SHORT;) ; 

V A R  TI : SHOOT;BI ,X  : INTEGER; 

V,V,VARL :REAL; 

8A : SHORT; 

{*BASKPIOC R E C E I V E S  A WQDE OP ffASK 

COORDIWBTES, CHECKS IF IT IS CURRENTLY 

BDTPOTIWG A L I S T ;  XF S E  IT GOES DIRECTLY 

TO *LIST PBOC* , OTBEBWISE Beg cooamnasxs 

ARE CALCULATED E X  BEFEREMCE TO TBE NEP 

PBRAREPER PTXWE BRLDE A N D  THE BUMBERS 

OBT 31 MED 

ABE SZNT TO THE RANDCH MUflBER GEMERASER BS 

~ B I B D k l  AND NAEIHUPS, IP THE HASK IS DEDICATED 

TO SELECTING A H  fTZEl IN A L I S T ,  THE RANDOM 

MUPIBEG ZS USED T O  SELECT A MEg ITEM THROUGH 

THE 'LISTPICK' PBDCIEDIJRE, OTHERWISE TBE 

NURBEB IS OUTPUT AS T E E  P I B A L  VALUE.*)  



B E G I N  

WITH WAX DO 

EEGP N 

f P SR = NIL 0% SB, IIPROGBSS = FALSE THEN 

BEGIN 

SFLTNPROGESS := TRUE; 

PBSHSTBCK [SR-ST, LAB) ; 

L ISTPROC (SRIST,  VA) ; 



E l f 9  

V A L R  := V B ;  

E%D; 





(*GETEBflYAE PBDCESSES ONE TEBH ONLY A N E  

RETURN THE CURBENT VALUE OF THAT T E R f  TQ 

*TERBSCANg, DEPElDIlG ON THE BCTUAL 

RODE IT CALLS 'LISTPBOC 'OR * f?ASKPROC1*) 

BEGIN 

P I T H  INTERM CCI 

CASE ACTUAL CP 

* P* : VALT := TESTZAT,PSET (PI) ; 

* C t  : VALT := CONS?& 

S* : LfSTPROC fIlTERES- S ,YALT) ; 

'R* : f l A S R P R O C ( R  , V B L T )  ; 

END; 



PXJ ICTZBN TERPISCBEJ ( TRAMSTERE : TERElPTR;) : SHORT; 

V A H  V B L l , A 1 , 8 1 , V A L 2 , V A L 3  : SHORT; 

OPER, COICP : CHBE; 

CURTERM : TEFHETR; 

CC : BOOLEAN; 

(*!PERPISCAW PROCESSES A L I N K E D  CHAIH OF 

TERES RECURSIVELY, EACH TERB IN T H E  

C H A X I  IS CONTRACTED TO 'GETEBHBAS*  B H I L E  

THE OPERATOR LINK DETEBHINES THE O P E R A T I  O N  

eo BE PERFOEBEE BETWEEN THE TERK T ~ ~ ~ M S C A N  

BETURWS B F I N A L  PARAPETER V A L g E  TO TBf 

*GIPSETs PROCBDD RE, *) 

BEG I N  

CUBTEBH := T B A 8 S T E B H ;  

GETERElBAL (CDRTER19,TfAL I )  ; 

IE CQRTEB&OPE = MIL THEN TERPlSCWN := V A L 1 ;  

ELSE 

BEGIN 



BID; 

END; 

TERESCBH := VAL1; 

END ; 



PRCCEQUBE EVACUBTE ( V A I  OCLAU : CCLCHTPZJT; V A R  RG : INTEGER ;) ; 

V A f i  f N C , A ;  f N f E G E R ;  

(*AT THIS T I H E  TRE ONLY PDRPCSE OF THTS ROUTIFBE IS 

TC PFIMT THE PARAklETER VALUES O f  TBE O U T B U F F E R  

ON THE TEREXN-BL S C B E E L  THE O U T E U F F E R  S T R U C T U R E  

IS A BECOBC E O H F A I N X N G  THE TRACK NUMBER O F  EACH 

EVENT, THAT 15 PRINTED FOB EACH EVERT, CQBEENT r 

THE ' EVACUATE ' R C U T X N E  WILL BVEMTU ALLY B E  RESPOH 

S I B L E  TO FEED B SYNTHESIS EBOCEDURE IN SOFTPARE 

0% B A R D B A R E ,  *) 

BEGfEi 

FOR INL) := 1 PQ K G  DO 

BEGIN 

gBITEtN f * EVEhtT NXIRBEB: * , EVENT) ; 

URPTEZH f TRACK NUBBER: *, OCLAU fIBblD),TRACKMDM) ; 

FOB A :.= I TO 8 DO 

P R X T Z  fOCLAU ( I N D )  , B Q P S E T  ( 8 )  ) ; 

W R I T E L N ;  

FOR R := 3 TO 15 DO 

HRXTE (OCLAU (IMD) - EUFSET ( A )  ) ; 

WRITEL8 ; 

X N C R  {EVENT] ; 

$ND; 

END; 



(*?BOCEDURE TO PSOPCRSS EVERY 

CWECK 

ACTIVE TRACK A N D  

TNE OLDPI TO SEE IF XT IS R E A D Y  TC OUTPUT, IF IT 

IS, THE PSET Of THAT TRACK WILL B E  OUTPUT A N D  

REFILLED BY GHVSET UNTIL THE OLDPI IS NOT E Q U A L  

O m  ALL VaLUES ENTEBED IN THE OUTBUFFER A R E  GIVEN 

A VALUE Of 0- ALL TBACKS ABE PROCESSED TO ENSUHE 

THAT ALL INSTRUMEMTS HAVE A NOPI-ZEBC R A I T I N G  

TIHE IN OXDPI- ONCE THIS IS DONE, PZHDSBALL IS 

CALLED TO SELECT THE IRSTRUHENT #ITH THE SiYAZLEST 

#AITIEIC PERIO'C A I D  THE LAST EVENT ENTERED IN TEiB 

OUTBUPFEB IS G I V E N  A H B X T I N G  TlPIE EQUAL TE '?BAT* 

THE 'EVACUATE' ROUTINE IS THEN CALLED TO EHPTY 

THE 

30 E 

CUTBUPPER, NQTE THAT OHLP THE LAST EVENT IN THE 

PZR BAS A BUN-ZERO VAXTIMG TXIIE (PSET ( I )  ) ,*) 

BEG IN 

G G  := 1; 

PCR TRACK := 1 TO OCLLNOOPTBACK DO 



EECI N 

IF CCLA,TRARBAY ( T R A C K )  B I L  THEN 

srrs C C L A - T R A R E A Y  ( T R A C K )  DO 

IF TDP NIL THEN 

EEGIN 

WITH TDP DO 

WHILE O L D P I  = 0 DO 

B E G I N  

OLDPI := PSET(1); 

O C L L  O U T E U E F E R  (3;Gf. BUFSET ( I )  Z= 0; 

FCR G := 2 TC IOOFPARAR DO 

OCLA,CW!BuFPER (GG), Bff FSET (G) := (PSET (G) ) ; 

CCLA, O U T B U F F E R  ( G G ) , T R A C K  NUB := TRACK; 

GIVSET [TDP) ; 

INCR (GG) ; 



END ; 



[*THE COdTIflIWIT PROCEDURE READS INTC OME 

LINE OF THE OCLSOUBCE TRACK DATA TRANSFERED 

ITROB 'TIHEUPDBTE* O R  *SETOCL', I T  USES T H E  

KK P Q I I T E B  IN THE TRACKNOCE TO G E T  FIRST A 

IIHEB SYMBOL, TEEN A COPI#BWE~ THE COMBAND IS 

EITHER A 'STOP' SYElBOL TN P H I C H  CASE THE CBTA 

OOIBTER *TDP'LS DISPOSED, OR AN I N S X E U R E N ?  

IA8E-  IN THAT EASE A HEW TDP IS ASKED AND 

V A B I B B Z E S  AXE I N I T I A L I Z E D ,  A M D  THE FSET IS 

PTZLED BY A CALL TO GXYSET,*) 

BEGIN 

Bf TH TRARSPER DO 

EEGK 1S 

FOR J := 1 'fO 72 DO I I B Y T g J )  := * 9;  

ITEBRZBD {TITAKE,  EK, fTE14T) ; 

IF ITEHT fl) = '; * T f l E l  C0fl  := * -  9 -  s 

ELSE 



fF TDP N I L  THEN 

FOR J := 1 TO 15 DO 

END; 

ELSE Pf XHE := 9399999; 

NODAT : = FBL SE; 

IF ITEWT = "STOPB THEN 

B EC.18 

COB 2 -  ITEHT; 

CLDFf := PTIME; 



END; 

ELSE 

EEGXH 

ME% (TDP) ; 

CfDPl := 0; 

COH := ITEBT;  

OITR TDP DO 

B E G I N  

NODATT := F U S E ;  

IMB#E := I T E H T ;  

BOB J := 1 TO 15 DO 

BEG I N  

PflAT(J) ,PTfHE := 0; 

PaAT 13) * fCP9,S := I n ;  

P H B T ( J ) = C Q i L O P E  := N I L ;  

PPIAT(3) ,Kf) := I ;  

END ; 

cxrrsals ~ T D P )  ; 

E N D  ; 

END; 

ZiJD; 

ELSE V R I T E L X  1' * * '  TIHEB FZPECTED, EBBOR*) 

EBD; 

EIC; 



PROCECURE !X IHEUPDATE (V AR CCLA : OCL) ; 

BAB X , T R A f R  : INTEGER; 

YES, YESYES : BOOLEAN; 

f*TBE TIEIEUECBTE PROCECURE I S  RESPONSIBLE 

FOR KEEPING TRACK OF ALE T I B X N G  PARAHETERS 

I3 THE EXECUTION OP X O R C H E S T R A T I O N ,  ALL 

TIWIMG PARAPETERS ABE SUBTRACTED BY s n a u P  

IP AN OCL TIHER IS PCUND TO EE OI TRE INITIA 

LLZBTIOM OF A MEW COBPIAID FGR THAT TRACK 

IS COMTRaCTED OUT TO 'Cf)HTfP.ffNIY', ZE THE 

M f R  COfiHABD IS POnWD TO BE THE END OF THE T R A C K  

THE TRACR POINTEB IS DISPOSED, THE PROCEDURE 

2ERFORBS A ZEST TO DETERHf BE WHETHER SOWE 

TRACKS ABE STILL P L B P I N G  AID ZP NOT EEWPS 

B POSITXVE 'FINISHED' FLAG, 

THE OLDPI CF ALL TRACKS IS U S 0  SIJBTRACTED 

EH SH&LLD, TBEREFOR GUARANTEEING THERE WILL 

ALBAYS A N  fBENT WITH AN OLDPI gfTH VALUE=O, 

982 OBLY EXCEPTICN TO THIS IS WHEN THE TRACK 

SET FOR NEXT OUTPUT IS DISPCSE BY REFERENCE 

TC THE 'CCMTININIT' PROCEDURE- THIS EXCEPTION 

IS COVEBED BY A CHECK UP CLDPl BEFORE THE 

MEW CQBMAND IS Il lITIBTED, IF IT I S  EGUAL 

TC 0, A NE8 BEPERBNCE TQ 'EINDSHALL* IS 



BADE AHD TEE LAST TIME D E L A Y  OF THE CUTPUT 

BUPPEl? IS CORRBCTZD, IP A TRACK HAS NOT 

EEflJ I N I T I B L X Z E I ) ,  &EL TIklIWG VALUES IN THE 

INSTROflEMP9S 'P!IATq STRUCTURE ARE SUETRACTED 

EY SMALLP,*) 





PROCEDURE FZBDSHALL (VAR QCEA : OCL) ; 

YBW TRACRK : IETEGER; 

FCUMD : EOOLEBN; 

(*THE PIRDSMALL WILL LOOK AT ALL THETRRCKS 

AND FIND THE SHALLEST ' O L D P I *  VALUE Atdl1 

WILL R A K E  S8BLLP EQUAL TO THAT, THIS 

HARES THE BHGUNT TO EE SUBTRACTED PROM 

A L L  TIPIING PBRA8TERS XI3 THE TIHEUPDATE 

PROCEDURE, IT &LSD GIVES T H E  TLBE DELAY 

VALUE OF THE LAST EVEMT ENTERED IM THE 

ODTPUT BUFFER, *) 

BEGIEI 

TRACKK := 1; 

TdITB C C Z B  CC 

BEGIaJ 

BAIZE T R E B R R Y  [TRBCKK) = NIL DO IICB (TBBCKBJ ; 

Sf lALLP := T R R R R A Y  [ T R A C K K )  .OLDPI ; 

FOR TRACKK := TBACRK+f TO NOOFTRACK DO 

SMALLP := T R A B R A Y  (TRACKR) , CLDP1; 

END; 

END ; 



PRCCEDURE GIBSETfVAR INDA4 : DATAPCINTER) ; 

VBR PBWL : SRCET; 

EETURIP : PELA; 

[*THE GEVSET PRGCEDUBE RECEIVES W POIETER 

TO B PEAT STRUCTURE- THE TASK OF GIflSES 

IS TO FILL THE PSET A R R A Y  VIPB THE 

PARAMETER VALUES OF THE %EXT EVENT 

PROP! THIS XNSTUHEMT BY USING THE *PMBT', 

DPCN ENTEXING THE PCIHTED STBUCTURE IS 

COPIED TO THE GLOBAL PDAT 'TBSTDAT ' SO 
THAT ITS CONTENTS CAN BE R O D I E I E D  BY THE 

RODTZNES THAT HILL USE THE 'FMAT'DATA F R C a  

GIVSET, 

EACH POSITION IN THE ' P B A T *  A R R A Y  IS 

PBOCESSED IHOIIIDUALY AFTER A T I H I M G  

CHECK IS PERPCRHED, I F  THE TIMER PS 

SET FOR RENEBAL, 'PCO?lI#IT* fS CALLED 

EiITH THE TEBB CDE1IYIBND AND THE PARAMETER 

OP THE INSTRUREHT PRZVIOUSLP FETCHED IN THE 

T O  I N I T I A T E  TBE NEXT CQHMAMD OR SENE 

A 'HODAT' FLAG IF THE INSTRUHENT H A S  

NC MORE HOTES TO PLAY,*) 



B E G 1  M 

TESTCAT := ZMCAT; 

SEARCHPCLFBEE ( I N D A T -  PMAIIEIBETURNP)  

IF RETIIRNP-PCHAPSE = 'ECT FOUND* THEN 

%RPTEZN{INDATI  NWAPIE1' WAS IOT FCUND, IGNOREC,  ' )  

ELSE 

WITH TESTCAT CO 

FOR P A R A M  := I T O  NOOfPARAEl GO 

WITH PblAT (PARAPl) DO 

B E G I N  

IF PTIME 

ECCP1INIT f P B A T ( P B i 3 A R )  ,BETUREJP, PCL ( P B R R B ) )  ; 

If NOCBTT = FALSE THEN 

BEGIN 

PASSPOINTER := COB; (*TERHStBN ACCEPTS A POINTER*) 

PVAL := TEBMSCELBJ tPBSSPQINTER) ; [*VALUE A R R I V E S * )  

COB := PASSPOINTER; ( * T B E C O B B A B D  IS UPCBTED*)  

??SET ( P A R A H )  := PVBL; ( * V A L U E  IS STORED*)  

END; 

END; 

I N D A T  := TESIDAT; 

ENE; 



PBOCECURE S ETHEBDER ; 

V A R  Y : I M T E G E E ;  

(*THE SETHEADER PRCCEDUBE READS THE PIBST 

G S C U P  OP L I N E S  IN THE INPUT F I L E  BND 

STOBES THE8 IM T H E  HEADEB L I B R A R Y ,  IT 

@ I L L  LOOP U N T Z t  TBE * E N D ~ Y I ? B O L  I S  

ENCOUWTE8ED, O N E  LXME CGNTATNINC THE 

LIST LABEL PS ALWAYS FOLLOWED BY ?HE 

CATB O P  THAT LIST, *) 

BEG IN 

Y := 0; 

REPEAT 

INCR ( Y) ; 

READLN (DAlfAFXLE,HE1DLXST (P) ,LXBZkffE) ; 

IF H E A D L I S T  (Y) , L L B B H E  ' END* TAEN 

BEGIR 

READZ8 [DATAFILE, HEADLIST (Y) , LDAT) ; 

WRITELM ( *  * , REACLIST (P) . LLNABE, * * ,HEADLIST f Y j  ..LDAT) ; 

END;  



PROCEDURE SEIPGZTREE; 

V B R  POUMD,CUPC*DQNE : BOOLEAN; 

SE,SS : IWTEGER; 

IMDEX zINTEGE8; 

I T E a R  z TTEH; 

D U P L I C  : CHARZIBE; 

PCLRET : FCLA; 

I ,SC, RL : INTEGEB; 

(*THE SETPCLTREE BCUTIME PILLS THE 

FCL LIBRARY WITH THE ZISTRUMXHT 

DEFINITION D A T A  FROB THE I N P U T  FILE, 

IT LCBKS FOR COSTHOL HQRCS FOR XNSTBU 

HX3T DUPLICATION SYBBOZS AND SUBSTITUTES 

E A R A B E T E R  COMB AND STRPNCS P l B N  GIQEU- 

ALL LIWES FROM THE INPUT FILE &RE READ 

XETOTHE CHARACTER ABRBY ' DUPLIC', *) 

B f C f N  

CCHE := FALSE; 

FCUHD := FAESE; 

DOPC := FALSE; 

I N D E X  := I O E O F I N S T ;  

W B f L 3  BOT DONE BND INDEX 



BEBDLN {DATAPILE,  D U P ' 1 . X )  : 

IF D D P L I C  = *PI#;' 0% I N D E X  >= 10 THEE DCNE := TRUE 

ELSE 

(*THE IABE OF THE IBSTBUflENT I S  R E Q D w  

T B E  NEXT LIHE IS READ AND PARSED TO LOOK 

FOE T H E  'COPl[9 WOXD. I F  IT 15 FOUND THE 

HEXT WORD IS PARSED ?C GT THE R A H E  OF THE 

INSTRUMENT TO COPY, ?RE COPY IS HBDE FOR 

EACH PBRA#f?TEE COflHA%C STRING- THE DUPC 

PLAG IS TRUE, 

fE' THE COPY SY&BO% IS NOT POUND, THE 

L Z l E  BEING PARSED IS STORED AS THE P I R S f  

PARBnETER COHllAND STRING, *f 

BEG1 N 

r Nca f X  NDEX) ; 

WITH PCLZIB (IN CEX) DO 

B E G I N  

STEHREBD (DUPLXC, KL,PCNAHE) ; 

B R I T E L N { ' I H S T F Q f l E N T  : a,PCIAME); 

H := 1; 



ELSE 

B E G I N  

F O E  H := 1 T O  NOOFPWBAH DO 

PCL (H) := PCLBET, PCL @3) ; 

WRfTE {PCLRET, PCNAEDE) ; 

URITELN ; 

END;  

DUPC := TBUE; 

P O 8  T := 1 TO 100 DG D t l P L f C ( 1 )  := 1; 

READLN ( D A T W F I L E I D U P L f C )  ; 

E I D ;  

ELSE 

CUPC := FALSE; 



[*THE3 LOOP PROCESSES 2HE lEXT LXWE 

U l T I L  TBf )END* CONTGCL VORD IS BET, 

ZP THE DUPC FLAG IS TBUE THEH THE 

LIWE IS P A R S E C  TO SEE BBICN PARAPfETEIf IS 

TO BE REPLACED- THE S~35TI'l"fJTION IS FADE- 

If TEE OOPC FLAG IS FALSE, THE INPUT 

LIWE IS STORED IN ORDER,*)  

EEBDSTR [ITE#B,CNE*SD) ; 

WHILE DUPLXC (SE) ' 1 * DO INCB (SE) ; 

PO1 I := 1 TO 100 DO P C L ( S D , I )  := * I ;  

BHLLE DUPLIC (SE) * ; ' DQ 
BEGIN 

PCL (SD,SS) := DflPLIC (SE) ; 

I H C B  ( S S )  ; XNCR (SE) ; 

END; 



END ; 

MU BOPINST t = I B D E X  ; 

E N D  ; 



PPCCEDURE EXEC; 

BAR 3,L : I H T E G E R ;  

GLOBAL 'FIN ZSRED * FLAG EECOPIES TRUE, 

THE TPO M A I N  STAGES OF R HUSCIL EXECUTION 

BRE C A L L E L  OUTPUT #ILL SHIP OUT THE 

PBRABETBIC VALUES Of ALI EVENTS CURREWTLY 

BARRED PQB OUTPUT ANC % I L L  R E F I L L  FOR THE 

NEXT OWE, REGARDLESS OF TIflPNG, 

T I B E U F C A T E  BILL TAKE THE TXHE DELAY OF T H E  

LAST EVENT SHIPPED OUT A N D  SUBTRACT IT 

FBOH A L L  T I M I N G  P 8 8 A f l E T E R S  Ih' ALL 

TRACKS A N D  INSTBUMENTS F L A Y I N G ,  THE VblUE 

OF ' f f N I S B E D q  IS COSPBCLLED BY THE 

'PIHEUPDATES ROUTINE,  IT IS SET TO T B U E  

WHEN ALL TRACKS B B E  EMETY OF FBWTNER 

D AT&, *) 

BEGIN 

FIWPSHEC := EAISE; 

PHfLE NOT P I L I S H E D  DO 

BEGIN 

, OUTPUT ( C C L B )  ; 





[*THE SETGCLTREE B O G T I N E  READS DATA PROR 

THE G I V E N  INTPUT FILE CE FROM THE 

TERMINAL, ALL DATA IS R E A D  INTC THE 

CHARACTEB A R R A Y  *DltIPL'fs gHICH IS EXA 

HIWED FCR CCNTEOL BORbS, PHEB A NEH 

QIEICBESPBATICIB IS ENCOUNTERED, A NZW 

POINTER IS I N I T I A L X Z E D ,  

COITBCL ISORDS ARE 'ENC* I N D I C A T I N G  THE 

TSE E N D  OF AH ORCBESTRATICN SCC8Eg1FII' 

I N D Z C A T I M G  TBE LAST ORCHESTRATfDN HAS JUST 

BEEN INPUT, *) 

EEG IN 

INDEX := 0; 

A := 1; 

EOfi D := 1 TC 100 DO DUPLI(D) := * *; 

REACLN (DATAPI L E , D U E L I )  ; 

WB3LE DUPLI 'FIR; * B M D  I N D E X  

BEGPW 

INCR [ I N D X X )  ; 





PWOCEGURE S Z T O C L I V A R  OCLABEL 2 ITZH) ; 

V A R  LL,TBAf K,J,I1 I N D E X  ,XX : INTEGER;  

(*THE SETOCL EOtlTINE SEAACWES THE 

OCL L I E R A R Y  PO8 THE OCL LABEL RECEIVED 

FROPI TBE M A f N  P R O G R a H ,  If THE LABEL I S  

POUND,  THE TRACK DATA IS REBD I N T O  THE 

PERMANENT 'OCLSOURCE' STRUCTURE b4HERE 

THE EXECUTIVE #ILL GCHE TO G E T  CaTA FOR 

THE X X E C U T f O N  OF THE SCCRE, 

IF IT 15 NOT FOUND, INPUT IS ASKED F88R 

TBE KEYEOABD, 

A F T E R  INPUT, THE SETCCL RODTINE COUNTS THE 

MOMBEB OF TRACKS TO BE PLAYED A S D  I N I T I B  

LIZES THE CEEJTRCL DATA OF EACH TRACK,*) 

B E G I N  

INGEX := 1; 

LL := 1; 

FCUND := FALSE; 

#XI.TELN{* S E R f i C H Z N G  FOR F I L E  * , O C L A B E Z )  ; 





f*OlLA DATA STRUCTURZ 15 I N I Q I A E f Z E D  HERE, 

FOE EACH TRACK A TEiACftlODE IS CREATED, 

i! POINTER INTO THE TRACK IS SET TO 1, 

I I I T I A L I Z A T I B N  IS CCMTRACPED OUT TO THE 

' C O H T I M I N I T 1  ROOTINE,*)  



STORESTACK {El) := NIL; 

STCBEOPPTR (H) := HI%; 

STOBETERRPTR (H) := HIL;  

END; 

f * A  GLOBAL ECINTER fS fNfTIALfZED*) 

nEw ~ r a s s ~ e r a z l ~ ~ )  ; 

{ * A  P I L E  NABE IS ASKZD FCtR,IP NO PXLE 

IS GIVEN, DATA WILL BE BEAD PROH INPUT*)  

WRITELN ( *  THPE A "HTSa* FILENAME OR f8CR* F O R  K30 * ) ;  

a E m  { F Z L S N A B E ) ;  

If LINZLEHGTH @NP UT) 

F I L E I A B E  := ' *MSOU BSE* * ; 

B E S E T  {CBTAPILE,PILl3WAEIE) ; 

IF FILE!?ARE['I) = * * *  THEN 

WRfTELN INFW L I N E * )  ; 

{*THE DATB IS READ IHTO THE THREE 
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