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Disooverin g Groupin g Structur e i n Musi c 

Jacqueline A. Jones, Benjamin 0. Miller, and Don L. Scarborough 
Departmen t  o f  Compute r  an d Informatio n Scienc e an d Departmen t  o f  Psycholog y 

Brookly n College ,  Cit y Universit y o f  Ne w Yor k 
jajbc^cunyvm ,  bombc^cunyvm ,  dosbc§cunyv m 

Abstract 

GTSIM, a computer simulation of Lerdahl and Jackendoff's (1983) A Genera-
tiv e Theor y o f  Tona l  Music ,  i s  a  mode l  o f  huma n cognitio n o f  musica l  rhythm . 
GTSIM perform s left-to-right ,  single-pas s processin g o n a  symboli c representa -
tio n o f  informatio n take n fro m musica l  scores .  A  rule-base d componen t  analyze s 
th e groupin g structure ,  whic h i s th e divisio n o f  a  piec e o f  musi c int o unit s 
lik e phrase s an d th e combinatio n o f  thes e phrase s int o motives ,  themes ,  an d th e 
like .  Th e resultin g analysi s ofte n diverge s fro m th e analysi s w e woul d produc e 
usin g ou r  musica l  intuition ;  w e explor e som e o f  th e reason s fo r  this .  I n 
particular ,  GTSI M need s t o hav e a n algorith m fo r  determinin g paralle l  struc -
ture s i n music .  We conside r  alphabe t  encodin g (Deutsc h an d Feroe ,  1981 )  an d 
discriminatio n net s (Feigenbau m an d Simon ,  1984 )  a s algorithm s fo r  parallelism . 

Introduction 

We have been developing a computer simulation of Lerdahl and Jackendoff's 
(1983 )  A  Generativ e Theor y o f  Tona l  Musi c (hencefort h GTTM)  a s a  mode l  o f  huma n 
cognitio n o f  musica l  rhythm .  Ou r  compute r  simulation ,  calle d GTSI M (Jones , 
Mille r  &  Scarborough ,  1988 )  i s a  rule-base d mode l  wit h a  neura l  networ k compo -
nent .  Th e simulatio n perform s left-to-righ t  single-pas s processin g o n a  sym -
boli c representatio n o f  informatio n take n fro m musica l  scores .  Thre e aspect s 
of  musi c ar e analyzed :  a  rule-base d componen t  determine s metri c structur e 
(Miller ,  Scarboroug h &  Jones ,  1988) ,  a  neura l  networ k determine s th e tonality , 
or  perceive d key ,  a t  an y poin t  i n th e scor e (Scarborough ,  Mille r  &  Jones , 
1989) ,  an d anothe r  rule-base d componen t  determine s som e aspect s o f  th e groupin g 
structure . 

We have recently integrated several modules of our model. Now that the 
module s hav e bee n integrated ,  w e ar e beginnin g t o construc t  algorithm s fo r 
thei r  interaction .  I n particular ,  w e ar e tryin g t o us e stron g beat s i n th e 
metri c structur e t o hel p fin d th e correc t  groupin g analysis .  Groupin g analysi s 
i s th e proces s b y whic h w e divid e a  piec e o f  musi c int o unit s lik e phrases ,  an d 
the n combin e thes e phrase s int o motives ,  themes ,  an d th e like .  Whil e th e 
integrate d analysi s provide s a n approximatio n o f  th e lowes t  leve l  o f  groupin g 
boundarie s (phras e boundaries )  i n man y cases ,  th e case s fo r  whic h i t  fail s 
rais e question s abou t  th e theory .  Recognitio n o f  parallelis m i n music ,  no t  ye t 
implemente d i n ou r  model ,  seem s t o b e a n essentia l  componen t  fo r  producin g 
correc t  groupin g analyses . 

Background—arm 

Lerdahl & Jackendoff's GTTM partitions rhythm into two independent hierar-
chica l  components :  metri c structur e an d groupin g structure .  Metri c analysi s 
yield s a  hierarchica l  representatio n o f  metri c structur e whic h conform s t o 

923 



traditiona l  Intuitions  abou t  mete r  an d accent .  Th e hierarch y represent s th e 
strengt h o f  th e bea t  a t  evenl y space d time s i n th e music .  Stresse d note s 
(stron g beat s i n th e music )  correspon d t o th e highes t  level s o f  th e metri c 
hierarchy .  Groupin g analysi s yield s anothe r  hierarchy ,  reflectin g intuition s 
abou t  musica l  phrases ,  motives ,  themes ,  etc .  Groupin g preferenc e rule s (GPRS) 
tel l  u s wher e t o fin d grou p boundaries ,  whil e groupin g well-forliiednes s rule s 
tel l  u s ho w t o construc t  a  lega l  groupin g hierarch y fro m th e firs t  leve l 
groups .  Groupin g an d metri c analysi s i n GTTM ar e largel y independent ,  an d eac h 
can ,  t o a  larg e degree ,  b e carrie d ou t  withou t  th e other .  Whil e GTTM' s analy -
si s trie s t o fin d th e bes t  fi t  betwee n mete r  an d grouping ,  on e canno t  b e in -
ferre d fro m th e other . 

Our  Model—(7PSI M 

We have attempted to devise a model of the process by which a human lis-
ten s t o an d understand s music .  T o thi s end ,  w e hav e devise d a  syste m whic h 
processe s musi c fro m beginnin g t o end ,  withou t  backtracking .  Backtrackin g -
goin g bac k an d makin g a  secon d pas s throug h th e musi c onc e on e ha s hear d th e 
entir e piec e -  i s  no t  a  reasonabl e mode l  o f  ho w human s proces s music .  Al l  ou r 
algorithm s ar e constraine d b y th e limit s o f  huma n memory . 

Application of the GTTT1 Grouping Rules 

The grouping module of GTSIM identifies potential grouping boundaries in 
th e score ,  base d o n proximit y o f  not e onset s o r  offset s an d o n significan t 
difference s i n suc h attribute s as  pitch ,  duration ,  an d articulatio n (define d i n 
Lerdah l  &  Jackendoff' s  groupin g preferenc e rule s (GPRs )  2  an d 3 ,  an d thei r 
subrules) .  I t  place s a  marke r  betwee n tw o note s i f  ther e i s a n applicatio n o f 
a rul e a t  tha t  point .  Th e transitio n poin t  thu s marke d i s a  candidat e fo r 
bein g a n actua l  grou p boundary .  Ou r  modul e ha s successfull y marke d th e rul e 
application s whic h Lerdah l  &  Jackendof f  fin d i n thei r  ow n examples .  However , 
we als o ten d t o fin d spuriou s candidat e boundarie s a s a  resul t  o f  rigorou s 
applicatio n o f  th e rules . 

Exanple 1 shows our initial grouping analysis of the melody at the begin-
nin g o f  Mozart' s  40t h Symphony ,  Lerdah l  &  Jackendoff' s  Exampl e 3.19 .  Th e 
rul e application s whic h w e fin d an d tha t  the y d o no t  ar e circled .  I n al l 
examples ,  rul e application s ar e show n belo w th e score ,  an d th e groups  deter -
mine d b y algorith m INTEG2 ,  describe d below ,  ar e marke d abov e th e score . 

f - ' i ' i r i - i r r f r r ] ] - s m 

w i r 
5 

i=? < w I f  I t  n  , i  ô ^  i o 

Zfc 2 t  3 c 
3d 

Bzaiqple 1: GTTM Exai^ple 3.19 (Mozart's 40th) 

The three extra boundaries come about through rigorous interpretation of 
th e slur-res t  rule ,  th e articulatio n rule ,  an d th e duratio n rule .  We interpre t 
th e 8- 9 an d 10-1 1 transition s a s bein g boundarie s betwee n note s o f  differen t 
articulation ,  sinc e th e note s ar e no t  slurre d together ,  an d sinc e note s 9  an d 
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11 mus t  b e articulate d a t  thei r  onse t  jus t  lik e an y othe r  non-slurre d note . 
The duratio n rul e applie s a t  10-1 1 a s well ,  sinc e note s 9  an d 1 0 ar e th e sam e 
length ,  a s ar e note s 1 1 an d 12 ,  whil e note s 1 0 an d 1 1 ar e o f  differen t  lengths . 

Choosing First Level Boundaries 

Marking all the rule applications is only the first step in creating the 
groupin g hierarchy .  Onc e th e candidat e boundarie s hav e bee n identifie d b y th e 
rul e applications ,  w e mus t  decid e whic h o f  th e candidat e boundarie s ar e th e 
actua l  boundarie s betwee n groups  (phrases) .  Thes e boundarie s divid e th e piec e 
int o th e group s tha t  constitut e th e firs t  leve l  o f  th e groupin g hierarchy . 
Next ,  w e mus t  begi n t o combin e thes e group s int o eve r  large r  units—group s o f 
groups—limite d i n principl e onl y b y th e lengt h o f  th e piec e o f  musi c itself . 

Not all of the transitions marked as candidate boundaries can be actual 
grou p boundaries .  I n Exampl e 1 ,  selectin g th e boundarie s a t  transition s 8-9 , 
9-10 ,  an d 10-1 1 woul d violat e th e GTTM rul e tha t  n o grou p shoul d consis t  o f  on e 
note .  Furthermore ,  a  groupin g structur e o f  thi s sor t  woul d violat e ou r  musica l 
intuitio n o f  ho w thi s piec e i s grouped .  I n othe r  pieces ,  ther e ar e candidat e 
boundarie s betwee n 7  (o r  more )  note s i n a  row .  "Greensleeves, "  fo r  example , 
has candidat e boundarie s a t  almos t  ever y transitio n (se e discussio n below) .  I t 
i s  no t  possibl e fo r  eac h o f  thes e transition s t o mar k a  ne w phras e i n th e 
music . 

Our initial attempt to select first level group boundaries used a siit5>le 
countin g algorithm .  Th e algorith m count s th e candidat e boundarie s a t  eac h 
point ;  th e candidat e boundarie s wit h mor e rul e application s ar e selecte d a s 
actua l  boundaries ;  thos e wit h th e mos t  rul e application s ar e considere d larger -
leve l  boundaries .  Th e algorith m work s wel l  fo r  som e pieces ;  fo r  "Row ,  Row ,  Ro w 
Your  Boat, "  i t  nicel y divide s th e piec e int o fou r  line s wit h a  majo r  brea k 
afte r  lin e 2 ;  fo r  othe r  pieces ,  i t  produce s n o groups  a t  al l  (som e piece s hav e 
no transition s wit h mor e tha n on e rul e application) . 

Two more recent algorithms, INTEGl and INTEG2, are based on the integrated 
metri c an d groupin g analysis .  On e o f  GTTM's  metri c preferenc e rule s say s t o 
prefe r  a  metri c analysi s i n whic h th e firs t  not e i n a  grou p fall s o n a  stron g 
beat .  INTEG l  look s a t  candidat e boundarie s wit h mor e tha n on e GTi n rul e appli -
catio n an d check s t o se e whethe r  th e not e tha t  woul d begi n th e grou p s o deline -
ate d fall s o n a  stron g bea t  i n th e metri c hierarchy .  INTEG l  als o produce s 
uneve n results ;  first ,  man y pieces  hav e n o transition s wit h mor e tha n on e rul e 
application ;  an d second ,  sometime s a  singl e applicatio n o f  GPR 2  (whic h identi -
fie s rests ,  amon g othe r  things )  outweigh s man y application s o f  GPR 3 . 

INTEG2 provides better results. All notes which seem to begin groups, 
base d o n th e fac t  tha t  the y follo w on e o r  mor e rul e applications ,  ar e checke d 
t o se e whethe r  the y ar e a t  a  highe r  metri c leve l  tha n th e tw o adjacen t  notes . 
I f  the y are ,  the y ar e considere d t o b e firs t  leve l  grou p boundaries .  Exampl e 2 
illustrate s a  successfu l  analysis . 

i Z b J j  3 c ^ c 3a.ii > M 3a .  ^  A - 2A id^ ' 
tY»' -

Exampl e 2 :  Kookaburr a 
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INTBG2 ensure s tha t  w e wil l  captur e onl y group s whic h begi n o n primar y o r 
secondar y stron g beat s I n a  bar ;  phrase s tha t  begi n o n upbeats ,  suc h a s thos e 
i n "Farme r  i n th e Dell "  an d "Aul d Lan g Syne "  (Exampl e 3 ,  transition s 28-29 ,  36 -
37 ,  42-43 ,  an d 50-51 )  wil l  b e ignored . 

r l r l i i i M ' i i l r M r l l g 

1« i 1 5 o S '  '1 -  n  I H V  3( .  M y  W M.  4 \  At .  H ^  •I H 'i ^  •4fcS 7 If  ̂  rei»  ̂ ^T ,  T j ^  ^ 

^^11. J^» Ki a2 2b ^ v..''?*^ lb 1^ ^ 3c St. ii > 2fc 3c2blo^ ^ I k 3 c ^  S c 

Bzan^l e 3 :  Aul d Lan g Syn e (chorus ) 

^ 

The group s whic h ar e establishe d b y INTEG 2 ar e no t  alway s thos e whic h w e 
woul d pic k b y lookin g a t  th e scor e o r  b y listenin g t o th e music .  Ofte n th e 
group s ar e o f  irregula r  siz e throughou t  a  piece ;  on e sectio n wil l  b e completel y 
undivided ,  whil e anothe r  sectio n wil l  b e overl y divide d int o man y smal l  groups . 

^  I  1  3  s  s  t  7  J  1  10 a  IT .  ( 3 !« « l i  l u n  . 4 " t  I V u  »« -  « i  M L- ^  » « J- J ' ^  ̂ ^  >» ̂ \l̂ \  ̂  * f  i  4 '  I f  JH c "li . 

I t  ' ^  a  &  ! J i J  ̂  l i ^ l S 

Bzanpl e 4 :  Aneric a 

Partly this reflects the fact that we have not yet implemented all the grouping 
preferenc e rules ;  on e of  th e significan t  marker s of  phrasin g i n musi c i s paral -
lelism ,  ye t  w e hav e no t  ye t  attempte d t o implemen t  GTTM' s parallelis m rul e (se e 
discussio n below) . 

Higher Level Boundaries 

Eventually, all the first level groups must be combined into a single 
well-forme d hierarch y of  groups .  Thi s wil l  b e carrie d ou t  b y imposin g th e 
highe r  leve l  rule s o n th e evidenc e accumulate d b y th e lowe r  leve l  rules .  Wo 
hav e attenpte d t o d o thi s onl y wit h th e firs t  simpl e countin g algorithm . 

Discussion 

Our atten5)t to develop a computational model of this formal theory has 
brough t  u s t o a  cleare r  understandin g o f  th e limitation s o f  th e theory .  We 
als o hav e mor e awarenes s o f  th e difficultie s i n modellin g th e theory .  Ther e 
ar e problem s a t  eac h of  th e levels  o f  analysis . 

Rule Application Level 

One problem at this first level is that strict interpretation of the rules 
cause s GTSI M t o fin d excessiv e number s of  rul e applications .  Automate d appli -
catio n o f  th e rule s find s duratio n differences ,  a s i n Exampl e 1 ,  transitio n 10 -
11 ,  whic h Lerdah l  &  Jackendof f  ignore ,  seemingl y becaus e i t  crosse s a  rest ,  a n 
issu e unaddresse d b y GTTM.  I n othe r  pieces ,  lik e "Aul d Lan g Syne "  (Exampl e 3 ) , 
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"We Thre e Kings, "  an d "America "  (Exampl e 4 ) ,  ther e ar e section s wher e almos t 
ever y not e ha s on e o r  mor e rul e applications .  Musi c whic h alternate s lon g an d 
shor t  notes ,  particularl y musi c wit h dotte d rhythms ,  tend s t o produc e man y 
extr a attack-poin t  rul e application s (GP R 2b) .  Musi c tha t  ha s melodi c pitc h 
skip s wil l  produc e extr a pitc h rul e application s (GPR3a) ,  an d musi c tha t  alter -
nate s betwee n slu r  an d standar d articulatio n wil l  hav e extr a articulatio n (GP R 
3c)  an d slur-res t  (GP R 2a )  rul e applications .  Mos t  of  thes e rul e application s 
ough t  t o b e Ignore d but ,  onc e produced ,  mus t  b e processed . 

A second problem Is that other clearly heard boundaries are excluded by 
th e GTI M rules .  Fo r  example .  I n "Londo n Bridge, "  transitio n 20-2 1 i s no t  a n 
applicatio n o f  th e pitc h rule ,  althoug h a  listene r  feel s tha t  i t  ough t  t o be , 
becaus e th e chang e i n pitc h fro m note s 2 0 t o 2 1 i s th e sam e a s th e chang e i n 
pitc h fro m note s 2 1 t o 22 .  I f  not e 2 2 wer e eve n a  half-ste p lower ,  20-2 1 woul d 
be marke d a s a  pitc h boundary .  Th e rul e correctl y reject s th e 21-2 2 transitio n 
fo r  th e sam e reaso n (i t  i s  th e sam e pitc h differenc e a s 20-21) ,  bu t  thi s stil l 
does no t  see m satisfactory . 

r  ^ r -  ^  <•—;—n r — " ^ ^ 

4 ^ l l r r f r N ^ r l J J ^ M ' ^ r l r r r r l i ^ r l J r l J . i : 
« 3  4  S  U  t  ?  ^  i o I I  111 3 I S 1 5 if c n  i % At e 1 4 1 1 I H 7 S 

^b 2b U U 

Example 5: London Bridge 

A third problem is that some of the folksongs we have used as sample 
score s d o no t  hav e clea r  groupin g boundarie s t o th e ey e o r  ear .  We intuitivel y 
assume tha t  th e musi c divide s a t  commas ,  o r  a t  th e end s o f  lines ,  bu t  ther e i s 
ofte n n o evidenc e othe r  tha n linguisti c fo r  findin g grou p boundarie s a t  thes e 
points . 

On closer inspection, the music sometimes does provide evidence of group-
in g a t  suc h points .  Ofte n th e musi c contain s paralle l  sequence s whic h corre -
spon d t o th e linguisti c divisions .  Tw o sequence s ca n b e sai d t o b e paralle l  i f 
the y instantiat e th e sam e pattern .  A  melodi c figur e an d it s verbati m repea t 
ar e certainl y paralle l  sequences ,  bu t  parallelis m i s no t  necessaril y  limite d t o 
identity .  Tw o musica l  sequence s ca n b e considere d paralle l  i f  the y ar e simila r 
i n rhythm ,  pitc h contour ,  o r  interna l  grouping ,  o r  i f  on e embellishe s o r  sim -
plifie s th e othe r  withou t  changin g it s essentia l  melodi c o r  rhythmi c character -
istics .  GTTM ha s a  parallelis m rule ,  whic h say s tha t  paralle l  segment s shoul d 
be combine d int o paralle l  part s o f  higher  leve l  groups .  However ,  i t  doe s no t 
specif y ho w t o pic k ou t  th e paralle l  group s an d mar k the m i n suc h a  wa y tha t 
the y ca n late r  b e combine d int o large r  groups . 

Application of a parallelism rule would find other candidate boundaries, 
and ofte n thes e woul d coincid e wit h th e linguisti c boundaries .  Example s o f 
thi s ca n b e see n i n th e firs t  fou r  bar s o f  "America "  (Exampl e 4 ) ,  wher e ther e 
ar e onl y tw o candidat e boundaries ,  neithe r  o f  whic h reflect s ou r  perceptio n o f 
th e actua l  grouping .  However ,  th e firs t  si x note s ar e clearl y melodicall y an d 
metricall y paralle l  t o th e secon d si x notes ;  a  parallelis m rul e woul d fin d 
boundarie s a t  transition s 6- 7 an d 12-13 .  A n algorith m whic h discovere d thi s 
parallelis m woul d greatl y enhanc e th e analysis .  Similarly ,  th e firs t  eigh t 
note s o f  "Prere s Jacques "  (Exanpl e 6 )  for m tw o paralle l  group s tha t  ar e no t 
delineate d i n an y wa y b y th e existin g rules . 
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Selectin g Grou p Boundarie s Leve l 

Selecting the appropriate first level boundaries Is not as simple In a 
computationa l  mode l  a s I n a  forma l  theory .  Th e forma l  mode l  explain s th e con -
cept ,  bu t  doesn' t  nee d t o worr y abou t  reasonabl e implementatio n of  tha t  con -
cept .  Thu s Lerdah l  &  Jackendoff' s  discussio n o f  th e selectio n proces s involve s 
backtracking ,  weightin g o f  rules ,  an d determinatio n o f  parallelism ,  al l  of 
whic h ar e computationa l  problems . 

Backtracking—applying rules in retrospect, after hearing the entire 
p iece—i s no t  a  reasonabl e mode l  o f  ho w human s proces s music .  I n thei r  expla -
natio n o f  Exampl e 1 ,  Lerdah l  &  Jackendof f  rejec t  th e boundar y a t  transitio n 
9-1 0 b y notin g tha t  th e boundar y a t  transitio n 10-1 1 divide s th e exampl e i n 
half ,  an d i s therefor e correct ;  sinc e ther e canno t  b e a  grou p consistin g o f  on e 
note ,  th e 9-1 0 boundar y i s incorrect .  A s a  listenin g model ,  thi s assume s tha t 
one ca n liste n ahea d t o th e en d of  th e section ,  determin e wher e th e sectio n 
ends ,  an d the n backtrac k an d decid e tha t  th e 10-1 1 boundar y mark s it s divisio n 
int o tw o larg e groups .  Thi s muc h backtracking ,  whic h require s storin g 2 0 note s 
i n memory ,  seem s unlikel y a s a  mode l  of  huma n performance . 

Another problem is selection of first level group boundaries when there is 
a conflict .  Eve n on e rul e application ,  o f  th e righ t  kind ,  ca n indicat e a  tru e 
boundary ;  th e conjunctio n o f  man y rul e application s i s als o stron g evidence . 
However ,  withou t  som e weighting ,  thi s decisio n proces s canno t  b e automated . 
Lerdah l  &  Jackendof f  sugges t  usin g a  syste m of  weight s applie d t o th e rules , 
wher e GPR 2  outweigh s GPR 3 ,  excep t  whe n GPR 3  measure s a  chang e i n dynamics . 
They d o no t  specif y th e weightin g further .  Thu s the y appl y th e rule s i n a 
rathe r  a d ho c fashion :  i n Exampl e 1 ,  tw o rul e application s a t  transitio n 8- 9 
ar e ignore d i n favo r  o f  tw o a t  transitio n 10-11 .  I n othe r  o f  ou r  ow n examples , 
a transitio n wit h on e rul e applicatio n clearl y (t o th e listener )  outweigh s a 
transitio n wit h tw o o r  mor e rul e applications .  I n "Frere s Jacques "  (Exampl e 
6 ) ,  th e boundar y tha t  divide s th e piec e i n hal f  (transitio n 14-15 )  ha s onl y on e 
rul e applicatio n (GP R 2b) ,  whil e th e les s importan t  transitio n 11-1 2 ha s tw o 
rul e applications .  A t  othe r  times ,  tha t  sam e singl e rul e applicatio n mus t  b e 
ignored ,  a s i n "America "  (Exampl e 4 ) . 

J * 
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Exampl e 6 :  Prere s Jacque s 

GTTM's Intensification rule (GPR 4), says that a larger-level boundary may 
be place d wher e th e effect s picke d ou t  b y GPRs 2  an d 3  ar e relativel y mor e pro -
nounced .  Thi s als o suggest s th e nee d fo r  weightin g th e effect s discovere d a t 
th e rul e applications .  Althoug h w e hav e rejecte d unchangin g weights ,  w e pla n 
t o incorporat e dynamicall y determine d weightin g int o ou r  nex t  algorithm ,  notin g 
Deliege' s (1987 )  experiment s wit h weightin g GTTM' s groupin g rules . 

A final problem is parallelism. Parallelism is represented in GTTM as a 
highe r  leve l  rule ,  tha t  is ,  a  rul e b y whic h t o for m large r  group s fro m smalle r 
group s (GP R 6 ) .  Eve n i f  ther e ar e othe r  rul e application s a t  th e end s o f 
groups ,  i t  i s  th e perceptio n tha t  on e se t  o f  note s i s paralle l  t o anothe r  se t 
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of  note s tha t  enable s u s t o selec t  th e correc t  groupin g boundaries .  Withou t 
parallelism ,  groupin g analyse s ar e improperl y segmented .  B y findin g ou t  wha t 
we ca n d o withou t  parallelism ,  w e hav e discovere d jus t  ho w poten t  a  psychologi -
ca l  argumen t  parallelis m i s i n determinin g groupin g structure . 

Recognition of parallelism, however, is a difficult pattern recognition 
problem .  Ther e ar e severa l  possibl e approaches .  On e algorith m wil l  us e a 
modifie d discriminatio n net ,  modele d afte r  EPAM-III ,  a  mode l  o f  recognitio n an d 
learnin g devise d b y Simo n an d Peigenbau m (Feigenbau m &  Simon ,  1984) .  EPAM-II I 
was develope d t o lear n t o recogniz e string s o f  symbol s suc h a s a  sequenc e of 
phoneti c features ,  o r  a  lette r  sequence . 

Another model which we expect to use as a guide to recognizing parallel 
structur e i s alphabe t  encoding .  An y sequenc e ca n b e describe d i n term s o f  a n 
alphabe t  tha t  contain s al l  th e element s tha t  occu r  i n tha t  sequenc e an d a  se t 
of  operator s tha t  describ e transition s betwee n element s an d group s o f  elements . 
We ca n encod e th e sam e sequenc e differentl y b y usin g a  differen t  alphabe t  or 
set  o f  operators .  Alphabet-base d codin g allow s u s t o represen t  th e hierarchi -
cal  structur e o f  a  sequence ;  i n thi s way ,  sequence s ar e reduce d t o code d chunk s 
tha t  ar e easie r  t o remembe r  an d matc h wit h othe r  chunks . 

Deutsch and Feroe (1981) assume that pitch sequences are stored internally 
as hierarchica l  networks ,  an d us e alphabe t  encodin g t o represen t  a  hierarch y o f 
neste d pattern s an d subpatterns .  Th e ide a tha t  musi c i s represente d b y suc h 
structure s account s nicel y fo r  th e fac t  tha t  recognitio n o f  melodie s i s no t 
affecte d b y transpositio n or ,  withi n limits ,  b y temp o changes .  A t  a  mor e 
detaile d level ,  th e complexit y o f  a  formul a ca n predic t  ho w accuratel y th e 
correspondin g musica l  sequenc e i s perceive d (Jones ,  Mase r  &  Kidd ,  1978) .  Whil e 
thei r  mode l  i s a  stron g intuitiv e representatio n o f  th e concept ,  i t  i s  no t 
obviou s ho w t o implemen t  i t  withi n th e constraint s o f  ou r  model . 

Conclusicm 

Our computer model of Lerdahl & Jackendoff's GTTM calculates preliminary 
groupin g structure .  However ,  withou t  weightin g th e groupin g rules ,  an d withou t 
addin g a  componen t  whic h recognize s parallelism ,  a n importan t  psychologica l 
facto r  i n determinin g grouping ,  w e wil l  no t  ge t  accurat e results .  Sinc e GTIT I 
does no t  addres s thes e issues ,  w e mus t  develo p ou r  ow n algorithms . 
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