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Skills ,  Learnin g an d Parallelis m 

Aaro n Sloman , 
Cognitiv e Studie s Programme , 

Universit y o f  Sussex , 
Brighton ,  BN1 9  QN, 

England . 

The distinctio n betwee n compile d an d inter -
prete d program s play s a n importan t  rol e i n com -
pute r  scienc e an d may b e essentia l  fo r  understand -
in g intelligen t  systems .  Fo r  instanc e program s i n 
a high-leve l  languag e ten d t o hav e a  muc h cleare r 
structur e tha n th e machin e cod e compile d 
equivalent ,  an d ar e therefor e mor e easil y syn -
thesised ,  debugge d an d modified .  Interprete d 
language s mak e i t  unnecessar y t o hav e bot h 
representations .  Further ,  i f  th e interprete r  i s 
itsel f  a n interprete d progra m i t  ca n b e modifie d 
durin g th e cours e o f  execution ,  fo r  instanc e t o 
enhanc e th e semantic s o f  th e languag e i t  i s  inter -
preting .  (Thi s sor t  o f  possibilit y  vitiate s man y 
of  th e argument s i n Fodo r  (1975 )  whic h assum e tha t 
al l  program s ar e compile d int o a  lo w leve l  machin e 
code ,  whos e interprete r  neve r  changes) . 

People who learn about the 
compiled/interprete d distinctio n frequentl y re -
inven t  th e ide a tha t  th e developmen t  o f  skill s  i n 
human being s may b e a  proces s i n whic h program s 
ar e firs t  synthesise d i n a n interprete d language , 
the n late r  translate d int o a  compile d form .  Th e 
latte r  i s  though t  t o explai n man y feature s o f 
skille d performance ,  fo r  instance ,  th e speed ,  th e 
difficult y o f  monitorin g individua l  steps ,  th e 
difficult y o f  interrupting ,  startin g o r  resumin g 
executio n a t  arbitrar y desire d locations ,  th e dif -
ficult y o f  modifyin g a  skill ,  th e fac t  tha t  per -
formanc e i s ofte n unconsciou s afte r  th e skil l  ha s 
bee n developed ,  an d s o on .  On thi s model ,  th e ol c 
joke s abou t  centipede s bein g unabl e t o walk ,  o r 
bird s t o fly ,  i f  the y thin k abou t  ho w the y d o it , 
migh t  b e relate d t o th e impossibilit y  o f  usin g th e 
origina l  interprete r  afte r  a  progra m ha s bee n com -
pile d int o a  lowe r  leve l  language . 

Despite the attractions of this theory ] 
suspec t  tha t  a  differen t  mode l  i s required .  I r 
chapte r  8  o f  Sloma n (1975 )  I  dre w attentio n t c 
familia r  fact s abou t  childre n countin g whic h sug -
ges t  tha t  instea d o f  usin g a  singl e progra m inter -
leavin g th e productio n o f  a  ne w numera l  an d point -
in g a t  a  ne w object ,  the y ru n tw o processe s i i 
parallel ,  usin g a  thir d proces s t o monito r  the i 
and kee p the m i n step ,  o r  abor t  the m i f  the y g e 
to o fa r  ou t  o f  step .  I f  childre n use d a  singl e 
seria l  program ,  repeatin g th e step s 
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withi n som e kin d o f  loop ,  the n i t  woul d b e impos -
sibl e t o ge t  ou t  o f  step .  Bu t  the y do ,  an d some -
time s spontaneousl y correc t  themselves .  Adult s 
performin g som e task s requirin g tw o sequence s o f 
action s t o b e synchronised ,  fo r  instanc e playin g a 
musica l  instrumen t  wit h tw o hands ,  may experienc e 
simila r  problems . 

The ability to run a program in parallel with 
others ,  usin g a  thir d proces s t o achiev e synchron -
isatio n coul d b e a  powerfu l  sourc e o f  ne w skills . 
For  instance ,  i t  woul d no t  b e necessar y t o writ e a 
new progra m interleavin g th e step s o f  tw o ol d 
ones ,  a s i s require d i n conventiona l  programmin g 
languages .  Provide d bot h program s ar e initiall y 
represente d i n a  for m whic h permit s synchronisa -
tio n wit h message s fro m othe r  processes ,  i t 
becomes possibl e t o synthesis e a  ne w skil l  simpl y 

by runnin g th e tw o ol d program s i n step .  I t  may b e 
necessar y t o develo p ne w perceptua l  skill s  t o 
chec k whethe r  the y ar e i n ste p o r  not ,  bu t  tha t 
sor t  o f  skil l  woul d b e require d i n an y cas e fo r 
monitorin g a  singl e seria l  program .  Similarly , 
instea d o f  re-writin g a  progra m t o cop e wit h dif -
feren t  stoppin g conditions ,  th e sam e progra m coul d 
be execute d an d interrupte d b y differen t  externa l 
monitors :  fo r  instanc e countin g al l  th e buttons , 
countin g ou t  button s til l  there' s on e fo r  eac h 
button-hole ,  coutin g ou t  fiv e buttons . 

If programs are to be run in parallel this 
can b e don e eithe r  b y time-sharin g a  singl e pro -
cessor ,  o r  b y usin g a  networ k o f  processor s whic h 
can wor k i n parallel .  I n principl e th e tw o ar e 
equivalent ,  thoug h tim e sharin g on e processo r 
raise s man y difficultie s i f  eac h o f  th e separat e 
processe s ha s it s ow n requirement s concernin g 
spee d o f  execution ,  synchronisatio n etc .  Further , 
ther e i s plent y o f  evidenc e tha t  huma n an d anima l 
brain s consis t  o f  man y unit s whic h ca n d o thing s 
i n parallel .  I t  i s  therefor e mos t  likel y tha t  i f 
processe s d o ru n i n paralle l  a s suggeste d above , 
the n the y probabl y ru n o n differen t  processors . 

This immediately suggests the possibility 
tha t  di/feren t  processors  may hav e differen t  com -
putationa l  resources .  Fo r  instanc e the y may var y 
i n speed ,  o r  memor y capacity .  Mor e importantly , 
the y may var y i n th e exten t  t o whic h the y hav e 
capabilit y  t o ru n program s o r  th e exten t  t o whic h 
the y hav e acces s t o mechanism s require d fo r  syn -
thesisin g procedures ,  monitorin g them ,  debuggin g 
them ,  interruptin g an d restartin g them ,  relatin g 
executio n step s t o goal s an d percepts ,  an d s o on . 

Thus there might be some processors with all 
th e facilities  require d fo r  developin g programs , 
and othe r  processor s capabl e onl y o f  runnin g th e 
programs .  I f  full y  develope d an d teste d program s 
produce d b y th e forme r  ar e shipppe d ou t  t o th e 
latte r  processor s fo r  execution ,  the n thi s coul d 
produc e th e kind s o f  phenomena ,  mentione d abov e 
whic h sugges t  t o man y peopl e tha t  compilatio n ha s 
occurred .  B y contrast ,  ou r  mode l  doe s no t  requir e 
a chang e o f  representation ,  merel y a  chang e t o a 
differen t  interpreter .  Th e firs t  proces s migh t 
develo p th e genera l  structur e o f  a  skil l  o r  abil -
ity ,  perhap s leavin g som e o f  th e fin e tuning , 
adjustmen t  o f  parameter s an d thresholds ,  etc. ,  t o 
be don e a t  lowe r  level s whil e th e progra m i s ru n 
by a  differen t  machine . 

A theory along these lines could explain how 
many skill s  (e.g .  musica l  performance )  migh t  b e 
learn t  b y learnin g variou s subskill s  whic h ar e 
subsequentl y pu t  together .  Th e synchronisatio n o f 
tw o ol d skill s  migh t  involv e th e developmen t  o f  a 
new thir d skill ,  whic h wil l  ru n i n paralle l  wit h 
them .  (Tr y openin g an d shuttin g you r  mout h an d 
you r  fis t  repeatedl y i n time .  The n tr y doin g i t 
out  o f  phase. )  Mor e comple x skill s  migh t  involv e 
an extende d hierarch y o f  sub-processe s som e o f 
whic h contro l  others .  Some sor t  o f  synchronisatio n 
betwee n largel y independen t  processe s i s i n an y 
cas e require d fo r  co-ordinatin g visua l  perceptio n 
wit h movemen t  o f  limbs . 

There are different ways in which synchroni-
satio n migh t  b e achieved .  Th e difficult y o f  play -
in g a  pian o piec e wher e th e lef t  an d righ t  han d 
use differen t  beats ,  suggest s tha t  sometime s th e 
co-ordinatio n o f  tw o o r  mor e low-leve l  machine s 
require s synchronisatio n signal s linke d t o suit -
abl e point s i n th e programs .  Synchronisatio n 
coul d mak e us e o f  globa l  timin g signals ,  share d 
betwee n al l  processes .  Alternatively ,  differen t 
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group s o f  processe s migh t  us e thei r  ow n synchroni -
satio n signals .  (Th e forme r  woul d limi t  th e numbe r 
of  differen t  task s reouirin g differen t  rhythmi c 
pattern s whic h coul d b e performe d i n parallel. ) 
Further ,  som e kind s o f  synchronisatio n migh t  us e a 
sor t  o f  variabl e representatio n o f  spee d (lik e a 
throttle) ,  a s i s suggeste d b y th e co-ordinatio n o f 
comple x danc e movement s o r  th e han d an d foo t  move -
ment s neede d t o driv e a  car . 

It is possible that other things besides tim-
in g ca n b e co-ordinated .  Fo r  instanc e i n playin g 
musi c wit h tw o hands ,  phrasing ,  stres s an d volum e 
can b e co-ordinated ,  an d th e sam e piec e may b e 
playe d wit h differen t  superimpose d 'expression' , 
suggestin g tha t  ther e i s a  supervisor y progra m 
whic h control s th e wa y th e sub-program s ar e 
executed.  S o beside s timing ,  i t  seem s tha t  a t 
leas t  amplitude s an d smoothnes s o f  executio n ca n 
be externall y controlled . 

If complex actions involve many different 
processe s runnin g i n parallel ,  the n interruptin g 
and re-organisin g th e processe s may b e a  ver y com -
ple x matter .  Suc h disturbance s see m t o pla y a 
rol e i n som e emotiona l  state s fo r  instanc e whe n 
you los e you r  balance ,  o r  ar e startle d b y a  fac e 
see n suddenl y a t  a  windo w (Sloma n 1981) . 

There are at least two different ways in 
whic h a  progra m migh t  b e "shippe d out "  t o a  lowe r 
leve l  proces s afte r  bein g synthesise d b y a  "cen -
tral "  processor .  Th e whol e progra m migh t  b e copie d 
int o th e memor y o f  th e ne w processor .  Alterna -
tively ,  ther e migh t  b e common acces s t o som e 
memory,  wit h ne w processor s bein g tol d t o ge t 
thei r  instruction s fro m th e ver y sam e data -
structur e buil t  b y th e program-synthesiser .  Th e 
forme r  migh t  b e mor e suitabl e wher e ther e i s n o 
shortag e o f  processor s o r  memor y space ,  o r  wher e 
ther e i s a  shortag e o f  rapi d acces s communicatio n 
paths .  Th e latte r  migh t  b e appropriat e wher e pro -
cessor s hav e t o b e re-use d fo r  differen t  purposes , 
and wher e subsequen t  modification s t o th e program , 
achieve d b y th e higher-leve l  machine ,  shoul d b e 
immediatel y availabl e t o th e lowe r  levels . 

There are many problems and gaps in this 
theor y sketch ,  includin g unknow n trade-offs .  I s 
ther e onl y on e program-synthesisin g machine ,  o r 
ar e ther e several ,  allowin g mor e tha n on e ne w 
skil l  t o b e learn t  a t  a  time ? (E.g .  Learnin g a 
new poe m a t  th e sam e tim e a s learnin g a  ne w scal e 
on th e piano ? Learnin g th e word s o f  a  son g a t  th e 
same tim e a s learnin g th e tune? )  I s ther e a  ver y 
larg e numbe r  o f  processor s availabl e fo r  executin g 
program s i n parallel ,  o r  onl y a  smal l  numbe r  (e.g . 
seve n plu s o r  minu s two? )  Th e forme r  woul d allo w 
arbitraril y  comple x hierarchicall y organise d 
skill s  t o b e developed ,  subjec t  possibl y onl y t o 
th e constrain t  tha t  a  singl e globa l  synchronisin g 
'beat '  i s  t o b e share d betwee n the m all .  Ho w dee p 
can th e paralle l  proces s hierarchie s get ? T o wha t 
exten t  i s horizonta l  communicatio n acros s th e 
hierarchie s possible ? What  happen s i f  th e centra l 
processo r  an d a  low-leve l  processo r  bot h attemp t 
t o ru n th e sam e program ? (Breathin g seem s t o b e a n 
exampl e wher e thi s migh t  occur ,  sinc e i t  i s  con -
trolle d intelligentl y i n speaking ,  singing ,  etc . 
i n additio n t o bein g a n 'automatic '  process. ) 
Perhap s th e runnin g i s alway s don e b y a  lower -
leve l  processor ,  bu t  sometime s unde r  th e contro l 
of  th e mor e intelligen t  progra m sythesiser ? Ho w 
ar e th e primitiv e instruction s route d fro m proces -
sor s t o stil l  lowe r  leve l  processors ,  e.g .  t o 

muscles ? I f  program s ar e physicall y copie d int o 
th e lowe r  leve l  processors ,  the n ca n processor s b e 
re-use d durin g th e proces s o f  developmen t  an d de -
buggin g a  skill ? I s ther e som e sor t  o f  garbag e 
collectio n o f  processors ? Simila r  question s aris e 
abou t  th e spac e require d fo r  th e alternativ e sys -
te m wher e differen t  processor s acces s th e sam e 
progra m store d i n th e sam e location .  Ca n storag e 
spac e fo r  instruction s b e re-used ? Ho w ar e ne w 
processor s an d ne w storag e spac e allocated ? D o 
th e differen t  processor s shar e limite d resource s 
of  som e kind ,  e.g .  memor y o r  'fuel' ,  o r  ar e the y 
trul y independent ? Doe s thi s hierarchica l  paral -
le l  organisatio n o f  "motor "  skill s  als o pla y a 
rol e i n othe r  abilities ,  e.g .  perception ,  languag e 
understanding ,  problem-solving ? What  ar e th e 
implication s o f  al l  thi s fo r  ou r  understandin g o f 
consciousness ? I s i t  possibl e tha t  man y o f  th e 
lowe r  level s us e computationa l  resource s o f  type s 
whic h firs t  evolve d i n muc h les s intelligen t 
organisms ? Ho w di d th e newer ,  mor e sophisticate d 
mechanism s evolve ? 
This is a short list of questions I cannot 
now answer .  I  don' t  claim  t o hav e offere d a 
theory .  A t  bes t  i t  i s  a  researc h progra m whic h may 
produc e explanator y theorie s on e day . 
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