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Abstract 

A basi c proble m i n musi c perceptio n i s ho w a  listene r  develop s a  hierarchica l  representatio n 

of  th e metri c structur e o f  musi c o f  th e sor t  propose d i n th e generativ e theor y o f  Lerdah l  & 

Jackendof f  (1983).'Thi s pape r  describe s wor k o n a  constrain t  satisfactio n approac h t o th e 

perceptio n o f  th e metri c structur e o f  musi c i n whic h man y independen t  "agents "  respon d t o 

particula r  event s i n th e music ,  an d wher e a  representatio n o f  th e metri c structur e emerge s a s a 

resul t  o f  distribute d loca l  interaction s betwee n th e agents .  Thi s approac h ha s bee n implemente d 

i n tw o P D P simulatio n model s tha t  instantiat e th e constraint s i n differen t  ways .  Th e goa l  o f  thi s 

wor k i s t o develo p psychologicall y an d physiologicall y plausibl e model s o f  mete r  perception . 

introduction 

M a ny o f  th e achievement s i n artificia l  intelligenc e hav e bee n base d o n rule-base d symboli c 

approaches .  O n th e othe r  hand ,  ther e ha s bee n widesprea d interes t  i n paralle l  distribute d processin g 

(PDP )  system s whic h ofte n us e a  non-symboli c (o r  a  distribute d symbol )  constraint -  satisfactio n 

approac h towar d solvin g problem s (Marr ,  1982) .  I n a n earlie r  repor t  (Miller ,  Scarboroug h &  Jones , 

1988 )  w e describe d th e Beat s mode l  whic h i s a  rule-base d approac h tha t  build s o n earlie r  wor k b y 

Longuet -  Higgin s &  Le e (1982) .  I n thi s pape r  w e describ e a  P D P approac h t o th e simulatio n o f 

musica l  rhyth m perception . 

iVIetric Anaiysis 

Meter ,  i n music ,  i s  a  perceive d puls e tha t  mark s of f  equa l  tempora l  interval s i n th e music . 

Thes e pulse s ten d t o b e groupe d perceptually ,  wit h th e firs t  o f  eac h grou p hear d a s accented ;  withi n 

groups ,  pulse s appea r  t o alternat e betwee n wea k an d stron g i n a  regula r  w a y tha t  reflect s a 

hierarchica l  organization ,  a s illustrate d below .  I n th e notatio n introduce d b y Lerdah l  &  Jackendof f 

(1983 )  i n thei r  Generativ e Theor y o f  Tona l  Mus i c (henceforth ,  G T T M ) ,  th e number s a t  th e to p 

represen t  successiv e equall y space d point s i n time ,  an d th e dot s belo w ar e pulses .  Th e firs t  ro w o f 

dot s show s a  puls e a t  eac h successiv e poin t  i n tim e an d migh t  represent ,  say ,  tim e interval s 

correspondin g t o eight h notes .  T h e secon d ro w o f  pulses ,  correspondin g t o ever y othe r  puls e o f  th e 

firs t  row ,  group s th e pulse s i n th e firs t  ro w b y two s an d therefor e represent s a  quarte r  not e puls e 

rate .  T h e thir d ro w represent s hal f  notes .  M o m e n t s wit h dot s a t  mor e tha n on e leve l  (e.g .  tim e point s 

1,3, 5 an d 9 )  represen t  perceive d stresse s relativ e t o others ,  an d i n thi s example ,  the y hierarchicall y 

organiz e th e pulse s int o pairs ,  pair s o f  pairs ,  an d s o on .  O f  thes e levels ,  th e mos t  perceptuall y salien t 

i s  wha t  w e intuitivel y cal l  th e bea t  o r  wha t  Lerdah l  &  Jackendof f  cal l  th e tactus ,  a  leve l  i n th e 

hierarch y tha t  correspond s t o a  moderat e foot -  tappin g tempo .  I t  i s  importan t  t o not e tha t  suc h a 

hierarchica l  structur e i s hear d eve n w h e n listenin g t o a  sequenc e o f  equall y spaced ,  equall y intens e 

tone s (Fraisse ,  1982) . 
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Tim e 1  2 3 4 5 6 7 8 9 1 0 etc . 

1 

Metri c Leve l  2  .  .  .  . 

3 . 

A metri c structur e provide s th e framewor k fo r  th e emergenc e o f  rhythm .  Fo r  example , 

syncopate d rhythm s occu r  whe n perceive d musica l  accent s ar e hear d a s occurrin g a t  relativel y 

unstresse d time s i n th e metri c structure .  Thus ,  musica l  event s ar e hear d withi n th e contex t  o f  th e 

metri c structure .  However ,  a  listene r  mus t  us e th e sam e musica l  event s t o discove r  th e metri c 

structur e i n th e firs t  place .  W e ar e intereste d i n h o w a  listene r  induce s a  metri c hierarch y whil e 

listenin g t o th e music . 

We have developed a PDP model of the process by which listeners determine the meter of a 

piec e o f  music .  A  goa l  o f  th e mode l  i s t o generat e outpu t  tha t  conform s t o a  well-forme d metri c 

hierarch y (Lerdah l  &  Jackendoff ,  1983 )  unde r  condition s wher e a  h u m a n listene r  woul d perceiv e 

suc h a  hierarchica l  structure .  Th e simulatio n mode l  make s a  singl e left-to-righ t  pas s throug h th e 

piec e an d construct s candidat e metri c levels . 

A Constraint-Satisfaction Approach to Meter Perception 

In the BEATS rule-based model of meter perception (Miller et al. 1988), metric levels are 

generate d an d selecte d o n th e basi s o f  rule s tha t  embod y expectation s abou t  meter ,  suc h a s 

well-formedness .  B E A T S ca n b e sai d t o mak e decisions .  Ou r  P D P model ,  BeatNet ,  perform s mor e 

or  les s th e sam e tas k no t  b y makin g decision s bu t  b y satisfyin g a  se t  o f  constraints .  Decisio n makin g 

i n rule-base d B E A T S require s a  singl e agent ,  o r  inferenc e engine ,  wit h knowledg e abou t  state s o f 

affair s an d knowledg e o f  rule s t o follo w wit h respec t  t o thos e states .  A  distribute d constraint-satis -

factio n approach ,  b y contrast ,  ha s n o singl e agent ,  n o centralize d knowledg e o f  states ,  an d n o rules . 

Rather ,  i n suc h a  networ k ther e ar e m a n y individu d agent s o r  processes ;  eac h proces s act s o n th e 

basi s o f  loca l  constraint s an d know s nothin g abou t  th e stat e o f  othe r  processe s bu t  ca n interac t  wit h 

them .  Throug h thi s interaction ,  processe s affec t  on e another' s behavio r  i n a  w a y tha t  i s simpl e a t 

th e leve l  o f  th e processe s bu t  comple x fo r  th e networ k take n a s a  whole . 

The BeatNet model is based on the idea that every level in a metric hierarchy will correspond 

t o th e duratio n an d phas e o f  a  singl e not e o r  smal l  grou p o f  adjacen t  note s somewher e i n th e piece . 

Thi s suggest s tha t  b y determinin g th e duration s o f  note s an d not e group s w e wil l  hav e a  se t  o f 

candidat e metri c level s tha t  ca n b e use d t o construc t  th e correc t  metri c hierarchy .  Thi s i s i n fac t  th e 

approac h w e hav e take n i n th e BeatNe t  model .  However ,  m a n y duration s i n a  piec e wil l  no t 

correspon d t o a  prope r  metri c level .  Therefor e BeatNet' s tas k i s t o identif y whic h duration s foun d 

i n th e scor e belon g i n th e meter . 

BeatNet can be thought of as a network of very low frequency oscillators whose periods 

correspon d t o th e onset-to-onse t  interval s tha t  occu r  i n a  piece .  BeatNe t  make s a  single ,  left-to-righ t 

pas s thoug h a  piec e withou t  backtracking .  I t  ignore s al l  informatio n othe r  tha n onset-onse t  intervals . 

As BeatNe t  move s throug h th e score ,  th e tim e betwee n on e not e onse t  an d anothe r  lead s t o th e 

excitatio n o f  a n oscillator ,  o r  metronome ,  a  proces s tha t  embodie s thi s periodicity .  A  metronom e i s 

define d b y wher e i t  starts ,  i.e .  it s  phase ,  an d th e aggregat e duratio n o f  th e note(s )  i t  spans ,  i.e .  it s 
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period .  A s a  piec e i s heard ,  a  subse t  o f  th e oscillator s i s excite d b y th e tim e interval s tha t  occur .  Th e 

activatio n o f  a  metronom e oscillator ,  then ,  depend s o n th e detectio n o f  a  specifi c  tim e interva l  o r 

perio d i n th e stimulus .  I f  a  particula r  perio d i s detecte d wit h mor e tha n on e phase ,  eac h period/phas e 

combinatio n activate s a  correspondin g oscillato r  wit h th e correspondin g perio d an d phase .  Oscil -

lator s no t  se t  i n motio n ar e generall y inactive . 

Simply activating the metronome oscillators that correspond to onset-onset intervals does not 

lea d t o a  coheren t  metrica l  structure .  Fo r  example ,  a  serie s o f  eight h note s wil l  activat e metronome s 

correspondin g t o a n eight h note ,  a  quarte r  note ,  a  dotted-quarte r  note ,  a  hal f  note ,  an d s o o n a t  variou s 

phases .  Howeve r  a  metri c analysi s tha t  conform s t o th e Lerdah l  &  Jackendof f  rule s wil l  onl y allo w 

a subse t  o f  th e metronome s tha t  for m a  wel l  structure d hierarchy .  Thi s require s tha t  metronome s 

tha t  appea r  t o b e inconsisten t  wit h th e metri c structur e b e inhibited ,  whil e metronome s tha t  ar e 

consisten t  shoul d b e furthe r  strengthened .  T o d o this ,  w e le t  metronome s interac t  vi a excitatio n an d 

inhibitio n i n way s tha t  represen t  constraint s o n th e networ k tha t  ar e likel y t o lea d t o a  coheren t 

metri c structure . 

In BeatNet, each metronome has a variable strength, or activation level, which is modified in 

fou r  ways .  A  metronome' s strengt h decay s steadil y ove r  time ,  an d i s als o lowere d fro m tim e t o tim e 

by inhibitor y input s fro m othe r  metronomes .  Activatio n i s increase d b y excitator y input s from  othe r 

metronomes .  Finally ,  a  metronome' s activatio n increase s i f  i t  predict s a  not e onset ,  i.e .  i t  tick s 

concurrentl y wit h a  not e onset .  Strengt h i s indirecti y affecte d b y tw o othe r  feature s o f  BeatNet . 

First ,  eac h metronom e ha s a  threshold .  I f  it s  strengt h fall s  belo w threshold ,  a  metronom e ca n neithe r 

inhibi t  no r  excit e anothe r  metronome ,  bu t  i t  continue s t o tic k an d ca n stil l  receiv e excitatio n an d 

inhibition .  Second ,  th e notio n o f  th e tactus ,  describe d earlier ,  suggest s tha t  metronome s wit h 

moderat e period s shoul d hav e mor e influenc e i n th e networ k tha n thos e wit h ver y larg e o r  smal l 

periods .  Accordingly ,  severa l  parameter s ar e scale d s o a s t o increas e th e influenc e o f  metronome s 

clos e t o th e tactus . 

We have created two versions of this BeatNet metronome model. In the first model, called 

th e Broadcas t  model ,  w e hav e trie d t o buil d i n ver y fe w o f  th e require d constraint s int o th e networ k 

structure .  Tha t  is ,  w e configure d th e networ k base d o n a  fe w simpl e principle s tha t  onl y indirectl y 

embody th e constraint s tha t  a  wel l  forme d hierarch y mus t  have .  Th e issu e wa s whethe r  suc h a  simpl e 

architectur e migh t  nonetheles s produc e metri c analyse s tha t  wer e wel l  forme d i n th e Lerdah l  & 

Jackendof f  sense .  Th e secon d model ,  calle d th e Resonanc e model ,  make s m u c h stronge r  assump -

tion s abou t  th e natvu- e o f  th e interaction s betwee n metronomes . 

The Broadcast Model 

I n th e Broadcas t  model ,  w e trie d t o avoi d assumin g specifi c  pattern s o f  hardwire d interactio n 

among th e metronomes .  Instead ,  interactio n amon g metronome s occur s onl y i n respons e t o signal s 

tha t  ar e broadcas t  throughou t  th e syste m i n respons e t o particula r  events .  Thes e broadcas t  signal s 

originat e fro m bot h externa l  an d interna l  events .  A n externall y generate d signa l  i s  broadcas t 

wheneve r  a  not e onse t  occurs .  Th e effec t  o f  thi s signa l  i s  tha t  al l  metronome s tha t  tim e ou t  o r  tic k 

at  tha t  instan t  ar e activated .  W e als o assum e tha t  metronome s diffe r  i n sensitivity .  Tha t  is ,  w e assum e 

that ,  a s wit h pitc h perception ,  w e ar e mos t  responsiv e o r  sensitiv e t o event s o f  a  particula r  period , 

and tha t  thi s pea k sensitivit y i s th e basi s fo r  th e tactus ,  th e metri c leve l  tha t  i s  perceive d a s mos t 

salient ,  an d whic h i s generall y aroun d 2  H z (Fraisse ,  1947-48) .  Th e secon d sourc e o f  broadcas t 
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signal s come s fro m th e interna l  tickin g o f  th e metronome s themselves .  A  tic k o f  a  metronom e is , 

functionally ,  m u c h lik e a  not e onse t  i n tha t  i t  excite s othe r  metronome s tha t  tic k a t  th e sam e time . 

The strengt h o f  thi s signa l  depend s o n h o w man y metronome s tic k a t  th e sam e time .  However ,  i n 

th e cas e o f  thes e metronom e ticks ,  w e assum e tha t  th e metronome s ar e organize d int o a  linea r 

structur e lik e a  basila r  membrane ,  an d tha t  th e effec t  o f  on e metronom e o n anothe r  decrease s wit h 

th e distanc e betwee n th e two .  Clos e neighbor s ar e excite d o r  inhibite d strongly ,  whil e mor e distan t 

metronome s ar e hardl y affected .  Distance ,  fo r  purpose s o f  calculatin g th e effec t  o f  on e metronom e 

on another ,  i s  define d i n term s o f  th e rati o o f  th e period s o f  th e tw o metronomes . 

The idea that metronomes that tick at the same time strengthen each other is a weak way to 

implemen t  th e constrain t  tha t  i n a  wel l  forme d hierarchy ,  a  metronom e wit h a  perio d T  shoul d b e 

i n phas e wit h othe r  metronome s whos e period s ar e relate d t o T  b y simpl e intege r  ratios ,  e.g .  2 T o r 

3T,  an d 1/2 T o r  1/3T .  Metronome s tha t  ar e i n phas e wit h eac h othe r  ar e mor e likel y t o tic k togethe r 

tha n out-of-phas e metronomes .  I n addition ,  tli e tic k o f  a  metronom e broadcast s a n inhibitor y signa l 

t o al l  metronome s wit h shorte r  period s tha t  d o no t  tic k a t  tha t  time .  Thi s implement s th e constrain t 

tha t  i n a  wel l  forme d metri c hierarchy ,  a  puls e a t  on e metri c leve l  shoul d coincid e wit h pulse s a t  al l 

th e lowe r  metri c levels .  Th e asymmetr y betwee n excitatio n an d inhibitio n ca n b e see n i n th e natur e 

of  a  well-forme d metri c hierarchy :  a  bea t  a t  a  give n leve l  nee d no t  b e a  bea t  a t  highe r  levels ,  bu t  i t 

must  b e a  bea t  a t  al l  lowe r  level s (Lerdah l  &Jackendoff ,  1983) .  Th e Broadcas t  model' s patter n o f 

inliibitio n an d excitatio n i s suc h tha t  metronome s tha t  togethe r  constitut e a  well-forme d hierarch y 

wil l  ten d t o strengthe n on e anothe r  an d inhibi t  outsiders .  Finally ,  a s mentione d above ,  w e assum e 

tha t  metronome s ten d t o ru n down .  Tha t  is ,  withou t  sustainin g inpu t  events ,  th e activatio n o f  a 

metronom e wil l  decay . 

The interactions can be summarized as follows: 

ticks 

metronom e 

3 

4 . 

a b c b a b c b a b c b a 

At  th e 'a '  step s metronome s 1 ,  2  an d 4  excit e on e anothe r  an d metronom e 3  i s inhibite d b y 

4,  whic h ha s a  large r  period ,  an d b y 2 ,  whic h ha s th e sam e perio d an d a  differen t  phase .  A t  th e 'b ' 

step s metronome s 1  an d 3  excit e on e anothe r  whil e 3  inhibit s  2 ,  an d a t  th e 'c '  step s ther e i s onl y 

excitatio n betwee n metronome s 1  an d 2 .  Nothin g inhibit s metronom e 4 ,  becaus e i t  i s  th e largest ,  o r 

metronom e 1 ,  becaus e i t  tick s togethe r  wit h al l  higher-leve l  metronomes . 

Figure 1 illustrates metronome interactions. Each curve represents a single metronome. The 

ordinat e represent s th e activatio n leve l  o f  a  metronome .  Th e abciss a intersect s th e ordinat e a t  a n 

activatio n leve l  o f  0 .  Th e horizonta l  dashe d lin e abov e th e abciss a represent s th e threshol d tha t  a 

metronom e mus t  reac h befor e i t  ca n affec t  othe r  metronomes .  Th e abciss a represent s time ,  an d th e 

vertica l  dashe d line s mar k not e onsets .  Th e ver y firs t  not e onse t  occur s a t  th e ordinate .  Figur e l a 

(lef t  panel )  illustrate s th e emergin g activatio n patte m tha t  occur s i n variou s metronome s whe n th e 
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lisoqt r  isochronou s Thytht i I  >  I  I I  I isoqt r  ' isochronousThyIhr t 

r-

N, K N . 

l;^J'-^= 4 

Fig .  1 ,  Quarte r  Notes :  a )  Broadcast ;  b )  Resonanc e 

Broadcast network hears an isochronous sequence of 20 quarter notes followed by two whole rests. 

T h e jaggednes s o f  th e activatio n pattern s occur s becaus e o f  change s i n activatio n tha t  occu r  i n 

respons e t o externa l  an d interna l  signals .  I n betwee n thes e signals ,  activation s decreas e a s a  resul t 

of  decay .  Thoug h thi s patter n appear s t o b e rathe r  chaotic ,  a  quarte r  not e metronom e (to p curve ) 

an d a  hal f  not e metronom e (secon d highes t  curve )  clearl y emerg e fro m th e noise .  Further ,  thes e tw o 

metronome s ar e i n phas e wit h eac h other .  Les s clearl y eviden t  i s a  whol e not e metronome .  I t  to o i s 

i n phas e wit h th e tw o mor e activ e metronomes .  However ,  i t  i s i n competitio n wit h othe r  whol e not e 

metronome s tha t  diffe r  i n phase .  I n addition ,  ther e ar e metronome s wit h a  perio d o f  thre e quarte r 

note s a t  variou s phases .  N o clea r  winne r  emerge s fro m thi s competition .  However ,  thi s i s no t 

necessaril y  a  failin g o f  th e mode l  fo r  tw o reasons .  First ,  wit h a n isochronou s sequence ,  ther e i s n o 

clea r  basi s fo r  inducin g on e well -  forme d metri c structur e ove r  another .  Second ,  th e lac k o f  clarit y 

at  highe r  level s o f  th e metri c structur e matche s th e ide a tha t  th e tactu s i s a n intermediat e leve l  o f 

th e metri c structur e tha t  i s mos t  strongl y perceived . 

J.  j ^  J  J  I  J  J  J  I  J  J  J  I  J  J  J  I  J .  ; •  J  J  I  J  J  J  I  J  J  I  J  J -

Fig .  2 ,  Londo n Bridg e i s Fallin g D o w n 
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Figur e 2  show s th e not e duratio n secjuenc e fo r  th e song ,  Londo n Bridg e i s  Fallin g D o w n , 

whic h i s i n 4/ 4 time ,  wit h th e first  dotte d quarte r  not e beginnin g o n th e d o w n beat .  Th e respons e o f 

th e Broadcas t  mode l  t o thi s piec e i s show n i n Figur e 3 a (lef t  panel) .  Th e to p lin e represent s a  quarte r 

not e metronome ,  an d th e nex t  tw o line s dow n ar e a n eight h not e an d a  hal f  not e metronome , 

respectively .  Thes e thre e metronome s for m a  prope r  metri c hierarchy .  N o whol e not e metronom e 

emerge s clearly ,  bu t  th e nex t  stronges t  metronom e is ,  i n fact ,  a  whol e not e metronom e wit h a  phas e 

tha t  agree s wit h th e othe r  level s o f  th e metri c structure . 

Ldon Bridge ' I  I  I  1  I  I  I  I  I  I  :  I  I  I  I  '  t  '  I 

^ r ^ ^ w ^ 
•"  ml 

L o n d o n B r i d g e I  I  I  I  I I I  I  I  I  I  I  I  I  I I  I  I  I 

! ^ f ^ ^ ^ r ^ ^ ^ ^ ^ S ; ; J : ' - r -

Fig .  3 ,  Londo n Bridge :  a )  Broadcast ;  b )  Resonanc e 

All in all, the Broadcast model seems to do a fairly good job of inducing ^jpropriate metric 

structure s o n th e basi s o f  som e fairl y  simpl e assumption s abou t  ho w th e metronome s migh t  interact . 

Further ,  th e interactio n patter n doe s no t  appea r  t o depen d criticall y o n th e choic e o f  parameter s tha t 

determin e th e magnitud e o f  th e interactio n effect s withi n fairl y  wid e limits .  Th e importan t  poin t  i s 

tha t  th e principle s fo r  metronom e interactio n d o no t  explicitl y  embod y th e concep t  o f  a  metri c 

hierarchy . 

The Resonance Model 

I n th e Resonanc e model ,  a s wit h th e Broadcas t  model ,  w e assum e tha t  a  metronom e i s excite d 

by th e occurrenc e o f  note-onse t  interval s tha t  matc h it s perio d an d phase .  However ,  th e Resonanc e 

model  make s mor e specifi c  assumption s abou t  th e architecture .  I n particular ,  thi s mode l  assume s 

tha t  excitator y an d inhibitor y interaction s continu e t o occu r  i n th e interva l  betwee n tick s an d not e 

onsets .  Fo r  thi s t o occur ,  w e hav e t o assum e tha t  eac h pai r  o f  metronome s i s  connecte d vi a a n 
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excitator y o r  a n inhibitor y connectio n dependin g o n whethe r  o r  no t  tha t  metronom e pai r  i s  i n phase, 

and o n whethe r  thei r  period s for m a  simpl e intege r  ratio .  Thi s assumptio n lead s t o a  patter n o f 

interaction s tha t  produce s m u c h quicke r  sortin g ou t  o f  "bad "  metronomes .  I n addition ,  dependin g 

on th e strengt h o f  th e interactions ,  th e Resonanc e mode l  literall y doe s resonat e i n tha t  a  particula r 

subse t  o f  th e metronome s ca n for m a  patter n o f  interaction s i n whic h th e strengt h o f  th e interna l 

signal s alon e i s sufficien t  t o hol d th e metronome s i n a  stabl e patter n o f  activation .  Thi s m a y no t  b e 

an unreasonabl e characteristi c o f  th e mode l  becaus e i t  mean s tha t  th e sam e structur e tha t  recognize s 

a metri c structur e ca n als o produc e a  metri c stmcture ,  jus t  a s a  listener ,  afte r  hearin g a  fe w bar s o f 

a piece ,  ca n anticipat e th e rhythmi c patter n thereafter . 

Figure lb (right panel) illustrates the emerging metric structure with the Resonance Model in 

respons e t o th e isochronou s quarte r  not e sequence .  Here ,  a n unambiguou s metri c stmctur e emerge s 

consistin g o f  a  quarte r  note ,  a  hal f  note ,  an d a  whol e not e metronom e al l  wit h th e appropriat e phas e 

relationship .  Al l  othe r  candidat e metri c level s becom e quickl y inhibited .  Figur e 3 b (righ t  panel ) 

show s th e respons e o f  th e Resonanc e mode l  t o Londo n Bridge .  Her e to o a  complet e metri c hierarch y 

emerges .  Th e to p fou r  line s represen t  a  quarte r  note ,  a n eight h note ,  a  hal f  not e an d a  whol e not e 

level .  Again ,  othe r  candidat e metronom e level s ar e strongl y inhibite d withi n a  relativel y fe w notes . 

The Resonance model induces metric structures much more clearly than does the Broadcast 

model .  However ,  befor e w e ca n entertai n th e Resonanc e mode l  a s a  plausibl e descriptio n o f  ho w 

peopl e migh t  recogniz e metri c structures ,  w e nee d t o hav e a n accoun t  o f  h o w th e specifi c  patter n 

of  excitator y an d inhibitor y weight s betwee n metronome s tha t  i s  involve d i n thi s mode l  migh t  arise . 

At  thi s point ,  w e d o no t  hav e a  clea r  answe r  t o thi s issue . 

Conclusion 

The BeatNet models succeed in producing reasonable metric analyses for many pieces. In 

othe r  cases ,  th e outpu t  doe s no t  coincid e wit h th e interpretatio n specifie d b y th e score .  However ,  i t 

i s  possibl e tha t  a  h u m a n listene r  woul d m a k e th e sam e error s i f  deprive d o f  al l  informatio n othe r 

tha n tim e intervals .  Whil e BeatNe t  ha s som e intuitivel y apjjealin g properties ,  i t  i s  no t  withou t 

problems .  A  difficult y wit h BeatNe t  tha t  i s  inheren t  i n networ k model s i s th e virtua l  impossibilit y 

of  predictin g th e model' s outpu t  an d th e difficult y i n understandin g th e relatio n o f  thi s outpu t  t o th e 

syste m parameters .  However ,  i n genera l  w e hav e trie d t o constrai n th e syste m parameter s base d o n 

a prior i  judgment s abou t  wha t  wa s reasonable .  O n th e othe r  hand ,  whil e a  rule-base d syste m suc h 

as B E A T S (Mille r  e t  al .  1988 )  ha s fe w parameter s an d i s ver y predictabl e — o n th e whol e i t  ca n 

produc e onl y on e analysi s ~  BeatNe t  ca n produc e differen t  outpu t  a s th e value s o f  it s  initia l  stat e 

and parameter s ar e changed .  Explorin g th e variou s configuration s ove r  a  numbe r  o f  parameter s i s 

a dauntin g task ,  bu t  w e ar e encourage d b y th e fac t  tha t  a  configuratio n tha t  work s wel l  wit h on e 

scor e tend s t o wor k wel l  wit h othe r  scores . 
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