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Abstrac t 

This paper identifies goal handling processes that begin to ac-
coun t  fo r  th e kin d o f  processe s involve d i n invention .  W e 
identif y ne w goa l  propertie s an d mechanism s fo r  processin g 
goals ,  a s wel l  a s mean s o f  integratin g opportunism ,  delibera -
tion ,  an d socia l  interactio n int o goal/pla n processes .  W e focu s 
on enterpris e goals ,  whic h exten d traditiona l  desig n goal s an d 
knowledg e goal s t o addres s significan t  enterprise s associate d 
wit h a n inventor .  Enterpris e goal s represen t  "seed "  goal s o f  a n 
expert ,  aroun d whic h th e whol e knowledg e o f  a n exper t  get s 
reorganize d an d grow s mor e o r  les s opportunistically .  Enter -
pris e goal s reflec t  th e idiosyncras y o f  themati c goal s amon g 
experts .  The y constantl y increas e th e sensitivit y o f  individual s 
fo r  particula r  event s tha t  migh t  contribut e t o thei r  satisfaction . 
Our  exploratio n i s base d o n a  well-documente d example :  th e 
inventio n o f  th e telephon e b y Alexande r  Graha m Bell .  W e 
propos e mechanism s t o explain :  (1 )  ho w Bell' s  earl y themati c 
goal s gav e rise  t o th e ne w goal s t o inven t  th e multipl e tele -
grap h an d th e telephone ,  an d (2 )  ho w th e ne w goal s interacte d 
opportunistically .  Finall y w e describ e ou r  implemente d com -
putationa l  model ,  A L E C (Analogica l  Learnin g b y Explainin g 
Creatively) ,  tha t  account s fo r  th e rol e o f  enterpris e goal s i n 
invention . 

I n t r o d u c t i o n 

Thi s pape r  investigate s th e enterprise s o f  invention .  W e focu s 
o n enterpris e goal s i n design ,  whic h addres s thos e enterprise s 
of  a n invento r  resultin g i n th e creatio n o f  nove l  an d interestin g 
artifacts .  Enterpris e goal s exten d desig n goal s (e.g. ,  Goe l  e t 
al. ,  1997 )  an d knowledg e goal s (e.g. ,  R a m &  Hunter ,  1992 ) 
wit h n e w properties ,  providin g on e wa y t o explai n h o w cre -
ativ e an d innovativ e idea s ar e generated ,  evaluate d an d furthe r 
pursue d b y exper t  reasoners ,  suc h a s inventors . 

I n ou r  view ,  a  professiona l  invento r  pursue s hi s enterpris e 
idea s t o satisf y hi s curiosit y (i.e. ,  lear n more )  and/o r  t o ge t  so -
cia l  recognitio n (e.g. ,  t o ge t  famou s an d wealthy) .  Wheneve r 
th e invento r  c o m e s acros s a  n e w desig n ide a (e.g. ,  throug h ex -
perimentatio n o r  socia l  interaction )  tha t  i s  interestin g fo r  h i m 
and/o r  fo r  society ,  th e preliminar y precondition s fo r  posin g 
an enterpris e goa l  ar e met .  Bu t  a  rationa l  invento r  mus t  als o 
estimat e hi s chance s o f  success ,  befor e allocatin g significan t 
cognitiv e resource s fo r  pursuin g a  n e w desig n idea .  T h e esti -
matio n i s base d o n th e inventor' s knowledg e an d als o o n hi s 
availabl e cognitiv e resources .  Bell' s  quest s fo r  th e multipl e 

telegrap h an d fo r  th e telephone '  ( U S v .  Bell ,  1908 )  coun t 
a m o ng enterpris e goals .  Thes e goal s hel p t o expan d an d re -
organiz e th e whol e expertis e o f  th e inventor ,  b y providin g a 
reaso n t o tr y n e w approache s an d lear n mor e w h e n classica l 
desig n method s don' t  work .  I n particular ,  enterpris e goal s 

m ay generat e broa d knowledg e goal s t o ge t  domai n expertise , 
whil e th e knowledg e gaine d throug h knowledg e goal s ma y b e 
use d t o generat e ne w enterpris e goals . 

D ue t o thei r  hig h risk ,  an d t o th e possibilit y o f  cross -
fertilizatio n a m o n g overlappin g goals ,  a n invento r  tend s t o 
pursu e severa l  enterpris e goal s i n parallel .  Grube r  (1974 ) 
use d th e ter m networ k o f  enterprise s t o describ e th e wa y sci -
entist s suc h a s Darwi n pursue d a  se t  o f  relate d enterpris e 
goals .  However ,  sinc e th e successfu l  pursui t  o f  a n enterpris e 
goa l  m a y ofte n deman d mos t  o f  th e recognitio n an d processin g 
capabilitie s availabl e t o th e inventor ,  th e numbe r  o f  enterpris e 
goal s pursue d i n paralle l  tend s t o remai n low . 

O ur  exploratio n i s base d o n a  well-documente d example : 
th e inventio n o f  th e telephon e b y Alexande r  Graha m Bell . 
We starte d b y analyzin g Bell' s  inventio n proces s i n term s 

of  themes- ,  goal s an d plan s (Schan k &  Abelson ,  1977) ,  bu t 
we realize d tha t  som e o f  th e themati c goals ^  go t  refine d an d 
achieve d a  preferentia l  statu s i n a n unexpecte d way ,  tha t  fur -
the r  guide d th e whol e inventio n process .  A s a n example ,  Bel l 
became obsesse d b y th e ide a o f  th e telephone ,  eve n i f  i t  wa s 
not  i n hi s themati c expertis e domai n (i.e. ,  acoustics) . 

Socia l  interactio n playe d a n importan t  rol e fo r  th e inven -
tio n o f  th e multipl e telegrap h an d telephone .  Bel l  neede d 
Watson' s hel p t o build ,  evaluat e an d repai r  electrica l  artifacts . 
Throug h collaboration .  Bel l  learne d specifi c  plan s t o achiev e 
hi s enterpris e goals .  Readin g electricit y book s an d perform -
in g electrica l  experiment s wer e a m o n g thos e plans .  Bu t  i t 
was th e opportunisti c recognitio n o f  informatio n interestin g 
t o hi s enterpris e goal s tha t  guide d Bell' s  learnin g processes . 
Unlik e traditiona l  goals ,  enterpris e goal s m a y remai n activ e 

afte r  finding  severa l  alternativ e desig n solutions'* . 
Whenever  Bel l  c a m e acros s a  bette r  model/desig n i n th e 

servic e o f  a n enterpris e goa l  (suspende d o r  activ e i n th e back -
ground) ,  h e learned/assimilate d th e ne w alternative .  A s a n ex -
ample .  Bell' s  initia l  conceptua l  mode l  fo r  th e telephon e (i.e. , 

th e har p apparatus^ )  wa s base d o n th e ide a tha t  speec h mus t 
be decompose d explicitl y i n it s harmoni c ton e constituent s 
fo r  electrica l  transmissio n a t  a  distance .  Later ,  durin g a n ex -
perimen t  wit h th e multipl e telegraph ,  Bel l  cam e acros s a  ne w 
desig n abl e t o transmi t  al l  th e component s o f  speec h a t  a  dis -
tanc e withou t  decomposin g i t  explicitl y  int o simpl e tones .  A t 
once ,  th e goa l  o f  inventin g th e telephon e wa s opportunisti -
call y remembered ,  an d th e n e w desig n wa s considere d a s a 

'Alexande r  Graha m Bell' s  Notebook s ar e availabl e o n th e 
W WW at :  http://jefferson .  village .  Virginia .  edu/~meg3c/id/albell / 
homepage.htm l 

^ A theme ,  accordin g t o Schank ,  i s a  generator/predicto r  o f  the -
mati c goals . 

^Themati c goal s ar e thos e goal s tha t  ar e "around "  al l  th e time , 
and ca n b e predicte d fo r  a n individual . 

''Ol d desig n solution s provid e a  contex t  fo r  adaptin g an d evalu -
atin g ne w solutions . 

'Th e har p apparatu s wa s Bell' s  menta l  mode l  fo r  a  devic e tha t 
coul d transmi t  eithe r  musica l  tone s o r  speech . 
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more promisin g solutio n fo r  it . 
Whenever  a  recentl y considered/processe d artifac t  wa s 

prime d durin g th e elaboratio n o f  th e curren t  enterpris e goal , 
tha t  artifac t  wa s considere d a s a  potentia l  alternativ e t o sat -
isf y th e enterpris e goal .  Fo r  example ,  whil e workin g o n th e 
telephon e microphone .  Bel l  wa s als o performin g experiment s 
wit h th e ea r  phonautograph ,  a  mechanica l  devic e fo r  visualiz -
in g speech .  W h e n Bel l  trie d t o desig n a  devic e abl e t o m o v e 
a piec e o f  stee l  i n th e wa y tha t  th e ai r  wa s move d b y th e ac -
tio n o f  th e voice ,  h e wa s reminde d tha t  th e ea r  phonautograp h 

provide d th e require d behavior* . 
Thi s idiosyncrati c sensitivit y fo r  enterpris e goal s behave d 

lik e a  kin d o f  "knowledg e lens" ,  whic h helpe d Bel l  t o dea l 
wit h larg e amount s o f  information ,  b y focusin g hi m onl y o n 
th e relevan t  parts .  Th e relevan t  informatio n wa s constantl y 
reorganize d an d learne d a s n e w case s (i.e. ,  chunk s o f  knowl -
edge) .  Consequently ,  Bel l  achieve d a  goal-directe d expertis e 
i n electricity ,  ver y efficien t  fo r  hi s goals ,  bu t  whic h sometime s 
ignore d th e traditiona l  vie w o f  th e domain . 

Based o n ou r  analysi s o f  Bell' s  inventions ,  thi s pape r  iden -
tifie s a  proces s o f  goal/pla n handlin g tha t  begin s t o accoun t 
fo r  th e kind s o f  goa l  processin g tha t  inventor s an d exper t 
researcher s do .  Enterpris e goal s exten d th e propertie s o f  cla -
sica l  desig n goals .  W e identif y ne w mechanism s fo r  process -
in g suc h goals ,  a s wel l  a s mean s o f  integratin g opportunism , 
deliberation ,  an d socia l  interactio n int o goal/pla n processes . 

Based o n Bell' s  cas e study ,  w e hav e develope d a  compute r 
program ,  A L E C ,  whic h account s fo r  th e rol e o f  enterpris e 
goal s an d socia l  interactio n i n inventio n an d creativ e design . 
Our  compute r  mode l  extend s th e m e m o r y architectur e pre -
sente d i n Simin a an d Kolodne r  (1995 )  an d Simin a an d Kolod -
ner(1997) . 

Cognitive Issues in Invention 

H ow d o interestin g idea s giv e ris e t o ne w enterpris e goal s (i.e. , 
goal s t o inven t  n e w artifacts) ? W h a t  knowledg e an d process -
in g i s relevan t  fo r  pursuin g a n enterpris e goal ? W h a t  i s th e 
rol e o f  socia l  interactio n i n invention ? Thes e ar e som e o f  th e 
issue s tha t  a  cognitiv e mode l  o f  inventio n mus t  address .  Ou r 
analysi s o f  Bell' s  ques t  fo r  th e multipl e telegrap h an d tele -
phon e ha s identifie d way s i n whic h existin g goa l  processin g 
method s (e.g. ,  Schan k &  Abelson ,  1977 ;  Kulkarn i  &  Simo n 
1988 ;  H a m m o nd e t  al. ,  1992 ;  R a m &  Hunte r  1992 )  mus t  b e 
modifie d o r  augmente d t o handl e invention . 

A Critical review 

We starte d b y analyzin g Bell' s  reasonin g i n term s o f  goals , 
plan s an d themes ,  accordin g t o Schan k an d Abelson' s (1977 ) 
computationa l  mode l  o f  goa l  generatio n an d refinement .  Us -
in g Schan k an d Abelson' s model ,  w e coul d easil y identif y 
Bell' s  mai n lif e them e a s a  "teache r  o f  th e deaf" ,  whic h gen -
erate d th e goa l  t o inven t  machine s tha t  woul d m a k e i t  easie r 
fo r  th e dea f  t o hea r  an d t o lear n t o spea k (e.g. ,  t o "visualiz e 

.  speech "  b y providin g visua l  feedback) .  Bu t  w e coul d no t 
identif y a  straightforwar d theme-goal-pla n chai n t o accoun t 
fo r  Bell' s  goa l  t o inven t  th e multipl e telegrap h o r  th e tele -
phone .  Afte r  all .  Bel l  wa s a n exper t  i n acoustic s an d hi s 
themati c goals ,  a s taugh t  b y hi s father ,  ha d nothin g t o d o wit h 
electricity .  No r  i s i t  clea r  w h y a  teache r  o f  th e dea f  woul d wan t 
t o inven t  device s suc h a s a  multipl e telegrap h o r  telephone . 

Not e tha t  th e require d behavio r  wa s no t  reflecte d i n th e pho -
nautograp h function ,  namel y t o transfor m th e speec h i n a  graphica l 
representation .  Consequently ,  Bel l  coul d no t  remembe r  th e pho -
nautograp h base d solel y o n it s function .  Thi s issu e i s addresse d i n 
Simin a an d Kolodne r  (1995) . 

Accordin g t o ou r  analysis ,  th e generatio n o f  enterpris e goal s 
i s a  deliberativ e process ,  i n whic h th e rule-base d mechanism s 
fo r  goa l  generatio n propose d b y Schan k an d Abelso n (1977 ) 
ar e onl y par t  o f  th e story .  Eve n i f  a n invento r  finds  som e 
desig n idea s interestin g fo r  himsel f  and/o r  society ,  h e wil l 
not  decid e instantl y t o pursu e thes e ideas .  Befor e that ,  a n 
invento r  mus t  als o estimat e i f  h e ha s th e prerequisit e knowl -
edg e an d cognitiv e resource s t o pursu e th e ide a successfully . 
Bradsha w an d Liener t  (1991 )  argu e tha t  successfu l  estima -

tio n mus t  b e guide d b y a  functiona l  analysis ^  t o focu s an d 
guid e th e furthe r  desig n process .  Bu t  analyzin g functiona l 
constraint s an d identifyin g efficien t  method s t o furthe r  inves -
tigat e thos e constraint s i s usuall y no t  a  straightforwar d proces s 
t o b e complete d i n on e reasonin g session .  A n invento r  migh t 
nee d t o postpon e th e generatio n o f  a n enterpris e goa l  unti l 
he opportunisticall y learn s method s t o investigat e functiona l 
constraint s critica l  fo r  fulfillin g tha t  goal . 

Once a n enterpris e goa l  i s  generated ,  wha t  processin g 
mechanism s ar e relevan t  fo r  pursuin g i t  further ? W h e n a n 
invento r  decide s t o pursu e a n invention ,  h e allocate s signif -
ican t  cognitiv e resource s t o it .  Eve n afte r  processing ,  en -
terpris e goal s stil l  remai n activ e i n backgroun d fo r  a  while , 
affordin g subtl e primin g effects .  B y strategicall y activatin g 
and suspendin g th e curren t  enterpris e goal ,  a n exper t  reasone r 
m ay maintai n a n interrelate d networ k o f  activ e goal s i n th e 
background .  Simila r  reasonin g processe s wer e identifie d b y 
Grube r  (1974 )  i n Darwin' s work : 

The fact that he was all these things [the pigeon fancier, 
th e evolutionist ,  an d th e materialist ]  a t  onc e mean t  tha t 
a uniqu e an d productiv e intersectio n o f  m a n y enterprise s 
coul d occu r  i n hi s thinking .  A t  th e sam e time ,  th e ex -
istenc e o f  thi s ensembl e wa s no t  a n acciden t  bu t  th e 
deliberatel y cultivate d frui t  o f  Darwin' s work . 

Researc h o n predictiv e encodin g ( H a m m o n d &  al. ,  1992 ) 
gre w u p fro m th e difficultie s associate d wit h managin g ac -
tiv e goal s (e.g. ,  i t  i s  unlikel y tha t  al l  th e goal s ar e activ e du e 
t o computationa l  demands) .  Basically ,  goal s tha t  canno t  b e 
satisfie d immediatel y ar e associate d a t  th e tim e o f  encodin g 
i n m e m o r y wit h feature s o f  th e environmen t  i n whic h goa l 
achievemen t  woul d likel y t o b e possible .  Bu t  i n inventio n 
th e structur e o f  goal s i s mor e comple x an d i t  i s  difficul t  t o 
enumerate ,  i n advance ,  al l  th e feature s o f  th e environmen t  i n 
whic h goa l  satisfactio n migh t  b e possible .  Fortunately ,  w e 
ca n maintai n a  smal l  numbe r  o f  goal s activ e a t  an y time ,  with -
out  excessiv e computationa l  demands .  Simin a an d Kolodne r 
(1995 )  present s a  m e m o r y mode l  whic h account s fo r  th e exis -
tenc e o f  activ e goal s an d postulate s thei r  limite d number .  W e 
sugges t  tha t  Gruber' s network s o f  enterprise s hav e active-goa l 
properties . 

Whil e th e explici t  purpos e i n inventio n i s designin g nove l 
and usefu l  artifacts ,  learnin g als o play s a n importan t  part . 
A n invento r  ofte n mus t  lear n n e w concept s (sometime s b y 
consultin g others ;  sometime s b y experimentatio n an d explo -
ration )  i n orde r  t o m o v e forwar d wit h designing .  R a m an d 
Hunte r  (1992 )  describ e th e rol e o f  knowledg e goal s t o guid e 
inferenc e an d learning ,  i n th e contex t  o f  stor y understandin g 
and proble m solving .  Bu t  i n addition ,  inventor s (an d scien -
tists )  hav e a  specifi c  wa y o f  addressin g suc h knowledg e goal s 
throug h deliberativ e experimentatio n an d exploratio n (Gor -
m a n,  1997) .  Indee d i t  sometime s seem s tha t  experimentatio n 
drive s invention .  K E K A D A (Kulkarn i  &  Simon ,  1988 )  illus -
trate s this .  I t  propose s a  scientifi c  discover y metho d drive n 

'Th e Wrigh t  brother s functionall y decompose d th e flight  o f  bird s 
and matche d i t  wit h bicycles ;  Bel l  decompose d speec h transmissio n 
and matche d i t  wit h telegraphi c equipment . 
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by experimentation .  Bu t  i n allowin g itsel f  t o b e drive n b y ex -
perimentation ,  K E K A D A misse s opportunitie s t o achiev e it s 
goals .  Namely ,  K E K A D A ignore s it s backgroun d goal s whil e 
i t  focuse s o n a  curren t  experimentatio n subgoal .  A  combina -
tio n o f  deliberativ e an d opportunisti c processin g o f  goal s i s 
needed . 

Th e rol e o f  socia l  interactio n has ,  i n general ,  bee n min -
imize d i n cognitiv e model s o f  invention .  Bot h I M P R O -
V I S E R (Will s &  Kolodncr .  1993 )  an d I D e A L (Bhatt a &  Goel , 
1993 )  propos e a n oracl e fo r  modelin g externa l  interaction .  I n 
I D e A L ,  a n oracl e supplie s th e neede d informatio n w h e n th e 
syste m itsel f  fail s  t o solv e a  proble m an d th e syste m assimi -
late s th e ne w informatio n s o a s no t  t o fai l  fo r  th e sam e reaso n 
i n future .  Thu s IDeAL' s interactio n wit h othe r  agent s i s quit e 
limited .  Ou r  analysi s o f  Bell' s  notebook s suggest s tha t  exter -
nal  interactio n i n inventio n take s th e elaborate d for m o f  socia l 
interaction .  A n invento r  m a y reques t  informatio n o r  assis -
tanc e fro m hi s peers ,  bu t  a n answe r  i s no t  guaranteed ,  no r  i s 
i t  guarantee d i n a  timel y way .  N e w processe s ar e responsibl e 
fo r  handlin g socia l  interaction . 

Enterprise Goals in Invention 

To deal with the above invention issues, we identified a dis-
tinguishe d clas s o f  goals ,  namel y enterpris e goals .  Enterpris e 
goal s ar e ope n goals ,  outsid e th e operationa l  knowledg e o f 
a reasoner ,  whic h ar e "interesting "  fo r  him ,  an d fo r  whic h 
th e reasone r  ha s som e "competence "  t o approac h them .  En -
terpris e goal s borro w fro m desig n goal s (e.g. ,  Goe l  e t  al. , 
1997 )  an d knowledg e goal s (e.g. .  R a m an d Hunter ,  1992) , 
but  they :  (1 )  fulfil l  explici t  themati c goal s o f  a  reasoner ,  (2 ) 
hav e a  long-ter m significanc e an d activit y assesse d explicitl y 
(enterpris e assessment) ,  (3 )  rel y explicitl y  o n opportunisti c 
cross-fertilizatio n processin g (eve n partia l  result s m a y hel p 
satisf y overal l  themati c goal s indirectly) ,  an d (4 )  ar e activel y 
seekin g solution s b y plannin g an d actin g (e.g. ,  experimenta -
tion) ,  filling  implici t  knowledg e gap s i n th e process .  Enter -
pris e goal s ar e usuall y long-ter m goals ,  ar e no t  easil y satisfie d 
(the y migh t  loo k fo r  severa l  alternativ e solution s t o facilitat e 
reasonin g an d evaluation) ,  an d the y requir e bot h theoretica l 
qualitativ e reasonin g an d experimentatio n fo r  thei r  achieve -
ment . 

H o w d o interestin g idea s giv e ris e furthe r  t o ne w enterpris e 
goals ? I n ou r  view ,  a n ide a i s interestin g fo r  a n invento r  when : 
(1 )  i t  i s instrumenta l  t o satisfyin g som e o f  hi s highe r  themati c 
goals ,  an d (2 )  h e ha s som e ide a abou t  h o w t o investigat e it . 
S o me o f  th e highe r  themati c goal s ar e persona l  (e.g. ,  scientifi c 
curiosity) ,  whil e other s hav e t o d o wit h wha t  societ y wil l 
value .  I f  a n inventio n ide a i s judge d t o b e interestin g fo r  th e 
invento r  and/o r  th e society ,  th e invento r  mus t  als o deliberat e i f 
he ha s a  minima l  knowledg e (e.g. ,  functiona l  decompositio n t o 
quickl y asses s wha t  i s k n o w n )  an d th e cognitiv e resource s fo r 
pursuin g i t  further .  Enterpris e goa l  generatio n is i  deliberativ e 
proces s i n invention . 

Let' s illustrat e th e abov e idea s wit h th e episod e whe n Bel l 
decide d t o approac h th e inventio n o f  th e multipl e telegraph . 

I n Octobe r  1872 ,  Bel l  rea d a  newspape r  article *  describin g th e 
impac t  o f  a  ne w telegrap h syste m abl e t o transmi t  simultane -
ousl y tw o telegraphi c message s ove r  th e sam e wir e (Stearn' s 
duple x system) .  Th e articl e als o suggeste d tha t  fam e an d 
fortun e awaite d th e invento r  o f  a  telegraphi c syste m abl e t o 
transmi t  mor e tha n tw o message s simultaneously .  Th e mul -
tipl e telegrap h ide a wa s definitel y interestin g fo r  society ,  an d 
thi s coul d b e a n incentiv e fo r  Bel l  t o chec k th e relevanc e o f 

"i n Bosto n Transcript ,  th e newspape r  i n whic h Bel l  advertise d 
hi s speec h lessons . 

th e multipl e telegrap h ide a fo r  hi s o w n research . 
Bel l  functionall y assesse d th e proble m a s follows :  (1 ) 

multiple x multipl e message s an d sen d the m ove r  telegraphi c 
wire ,  an d (2 )  demultiple x th e message s a t  destination .  Bel l 
remembere d tha t  h e ha d som e experienc e wit h telegraphi c 
equipment ,  whil e h e wa s tryin g t o understan d Helmholtz' s 

Apparatus' .  Accordin g t o Bell' s  understanding ,  Helmholtz' s 
Apparatu s wa s abl e t o unscrambl e (demultiplex )  multipl e 
tone s sen t  ove r  a  singl e wire ,  b y usin g tune d receivers .  Sinc e 
bot h device s performe d demultiplexing .  Bel l  coul d us e hi s 
understandin g o f  Helmholtz' s Apparatu s fo r  th e multipl e tele -
grap h idea .  Bel l  estimate d tha t  h e als o ha d th e prerequisit e 
knowledg e fo r  inventin g th e multipl e telegraph .  Helmholtz' s 
Apparatu s provide d a n eas y solutio n fo r  hal f  o f  th e proble m 
(demultiplexing) ,  whil e th e multiplexin g par t  looke d eve n 
easier :  jus t  ad d severa l  ton e generator s i n serie s wit h th e 
on e existin g alread y i n Helmholtz' s Apparatus .  Give n thes e 
premises .  Bel l  decide d t o pursu e th e inventio n o f  th e multipl e 
telegrap h (a s a n enterpris e goal) ,  fo r  whic h h e alread y had  a 
theoretica l  mode l  an d a  partia l  implementation . 

What  knowledg e an d processin g ar e relevan t  fo r  pursuin g 
enterpris e goals ? Enterpris e goal s ar e goal s tha t  identif y in -
terestin g artifac t  idea s (function s an d behaviors) ,  t o b e pursue d 
furthe r  a s desig n goals .  Consequently ,  enterpris e goal s ma y 
contai n a  behaviora l  devic e specification ,  possibl y incomplet e 
and inconsistent .  T h e synthesi s o f  a  structura l  solutio n ma y 
be facilitate d b y evolvin g i n paralle l  severa l  alternativ e so -
lution s t o th e desig n specificatio n (Will s  &  Kolodner ,  1993 ; 
Gruber ,  1974) .  A s a  sid e effec t  o f  pursuin g enterpris e goals , 
th e expertis e o f  th e invento r  increases .  Namely ,  i f  enterpris e 
goal s canno t  b e pursue d du e t o th e lac k o f  expertise ,  the y ma y 
spaw n broade r  knowledg e goal s t o ge t  tha t  expertise . 

I n ou r  view ,  tw o complementar y an d interactin g pro -
cesse s ar e responsibl e fo r  incrementall y evolvin g a n inven -
tio n (Kolodne r  &  Wills ,  1993) :  (1 )  Enterpris e Processing , 
whic h propose s ne w desig n solution s t o th e curren t  desig n 
specification ,  an d (2 )  Evaluatio n &  Repair ,  whic h crinque s 
th e curren t  desig n solutio n an d m a y updat e th e desig n spec -
ification .  Bot h processe s rel y heavel y o n th e previou s expe -
rienc e o f  th e invento r  Enterpris e Processin g relie s o n a 
librar y o f  know n artifact s an d technique s fo r  adaptin g the m t o 
fit  th e curren t  desig n specification ,  whil e Evaluatio n &  Re -
pai r  relie s o n simulation ,  experimentatio n an d knowledg e t o 
interpre t  th e experimenta l  results .  Th e critiqu e provide d b y 
Evaluatio n &  Repai r  m a y als o sugges t  a  divid e an d conque r 
strateg y fo r  pursuin g a n enterpris e goa l  b y decomposin g i t  int o 
subgoals .  G o r m a n (1992 )  report s tha t  Bel l  use d suc h a  strat -
eg y t o independentl y elaborat e critica l  functiona l  subpart s o f 
th e telephone . 

But  wha t  processin g i s responsibl e fo r  generatin g suc h sub -
goals ? Ou r  exploratio n o f  th e inventio n o f  th e multipl e tele -
grap h an d o f  th e telephon e suggest s th e followin g approach . 
Th e invento r  choose s a  desig n alternativ e responsibl e fo r  sat -
isfyin g th e main ,  o r  mos t  difficul t  t o satisfy ,  constraints .  The n 
he generate s subproblem s t o satisf y th e othe r  secondar y con -
straints ,  i n th e framewor k o f  th e mai n desig n alternative .  Fo r 
th e inventio n o f  th e telephone ,  th e mai n constrain t  wa s t o 
transmi t  a n "undulator y current "  (i.e. ,  bot h pitc h an d ampli -
tude )  ove r  a  telegraphi c wire .  Onc e Bel l  identifie d suc h a 
design ,  h e generate d subproblem s t o improv e it s secondar y 
characteristics .  Thos e subproblem s resulte d i n th e desig n o f 
th e telephone' s microphon e an d receiver . 

Let' s als o addres s som e o f  th e processin g difference s be -
twee n enterpris e goal s an d themati c goals .  Whil e theme s 

'Helmholtz's Apparatus was an electrical device for producing 
artificia l  vowels ,  relevan t  t o Bell' s  acoustica l  research . 
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may characteriz e th e goal s c o m m o n t o mos t  inventors ,  the y 
don' t  sa y anythin g abou t  h o w inventor s idiosyncraticall y re -
fine  thes e theme s an d w h y differen t  individual s workin g i n 
th e sam e domai n m a y chos e differen t  path s t o achiev e thei r 
(similar )  themati c goals .  Also ,  th e traditiona l  vie w o f  the -
mati c goal s doe s no t  explai n w h y an d h o w inventor s allocat e 
more computationa l  resource s t o som e themati c goal s (keep -
in g the m mor e active) ,  bu t  no t  t o others .  Enterpris e goal s ar e 
intende d t o explai n th e idiosyncrasie s o f  individua l  experienc e 
among experts ,  providin g a  "knowledg e lens "  fo r  efficien t  in -
teractio n wit h th e event s notice d i n th e world .  Ou r  analysi s 
of  Bell' s  diarie s an d relate d literatur e sugges t  th e followin g 
mechanism .  Onc e a n exper t  evaluate s th e potentia l  o f  a  goa l  t o 
fulfil l  a t  leas t  on e o f  hi s majo r  themati c goals ,  h e activate s an d 
focuse s mostl y o n tha t  (enterprise )  goal .  Th e exper t  ignores , 
fo r  a  while ,  othe r  way s t o satisf y hi s themati c goal ,  sinc e th e 
achievemen t  o f  a n enterpris e goa l  wil l  implicitl y  satisf y th e 
associate d themati c goal . 

What  i s th e rol e o f  socia l  an d environmenta l  interactio n i n 
inventio n ?  I n ou r  view ,  a  cognitiv e mode l  o f  inventio n mus t 
accoun t  fo r  socia l  an d environmenta l  interaction .  Otherwise , 
th e mode l  fail s  t o giv e a  plausibl e accoun t  o f  th e hug e compu -
tanona l  resource s involve d i n acquirin g th e "right "  knowledg e 
fo r  makin g th e inventio n possible .  A  rea l  exper t  take s advan -
tag e o f  th e knowledg e an d processin g availabl e elsewher e 
throug h strategi c socia l  an d environmenta l  interaction . 

An exper t  invento r  i s par t  o f  a  societ y o f  expert s (agents) , 
who ma y communicat e amon g themselves .  Eac h exper t  ha s 
simila r  cognitiv e abilities ,  bu t  differen t  knowledge .  Conse -
quently ,  particula r  enterpris e goal s m a y b e addresse d b y som e 
experts ,  bu t  no t  b y others .  Eac h exper t  ca n as k (i.e. ,  mak e 
queries )  to :  (1 )  retriev e knowledg e availabl e elsewhere ,  an d 
(2 )  reques t  externa l  evaluatio n o f  a  propose d design .  Onc e a n 
exper t  learn s t o desig n a  ne w artifact ,  al l  o f  th e othe r  expert s i n 
th e societ y hav e acces s t o tha t  desig n throug h th e publication s 
and socia l  interaction s o f  tha t  expert . 

By readin g a  newspape r  articl e (i.e. ,  environmenta l  inter -
action) ,  Bel l  learne d abou t  th e importanc e o f  inventin g th e 
multipl e telegraph .  Th e Enterpris e A s s e s s m e n t  proces s 
foun d th e proble m interestin g an d feasible ,  s o i t  generate d th e 
goal  t o inven t  th e multipl e telegraph .  W h a t  abou t  th e rol e 
of  socia l  interaction ? I f  th e Enterpris e Processin g proces s 
canno t  propos e a  desig n solutio n t o th e curren t  specification , 
i t  ma y as k othe r  expert s fo r  a  solution .  I n particular ,  thi s wa s 
th e reaso n w h y Bel l  hire d Watso n fo r  developin g electrica l 
artifacts .  Also ,  i f  a  desig n solutio n propose d b y th e Enter -
pris e Processin g proces s canno t  b e evaluated/repaire d b y 
th e Evaluatio n &  Repai r  proces s (du e t o hi s lac k o f  pre -
viou s experience) ,  i t  m a y as k othe r  expert s t o perfor m th e 
evaluation .  Fo r  example ,  whe n Bel l  ha d doubt s abou t  th e 
physica l  principle s involve d i n telephony ,  h e requeste d hel p 
fro m distinguishe d scientists ,  suc h a s Josep h Henry . 

Computational Model 

Architecture 

Our computational architecture for invention is implemented 
i n a  compute r  progra m calle d A L E C (se e Figur e 1) .  W e 
assume A L E C i s a n agent ,  representin g a n exper t  inventor , 
tha t  ca n collaborat e wit h othe r  agent s (sam e architecture ,  bu t 
differen t  knowledge) . 

Sinc e ou r  vie w o f  th e inventio n proces s relie s heavil y o n 
even t  detectio n an d processing ,  w e opte d fo r  a n event-drive n 
architecture .  A  W o r k i n g M e m o r y ( W M )  keep s trac k o f  al l 
th e stat e informatio n whic h m a y generat e interna l  o r  externa l 
events .  Sinc e th e processe s (represente d a s gra y rectangle s 

i n Figur e 1 )  operatin g o n th e W M rel y heavil y o n previou s 
experience ,  w e als o nee d a  L O N G - T E RM M E M O RY ( L T M )  t o 
accoun t  fo r  th e rol e o f  experienc e i n invention .  Ou r  mode l 
build s o n th e blackboar d mode l  o f  W M (Hayes-Rot h 1985 ) 
and o n th e C B R m e m o r y mode l  o f  L T M (Kolodner ,  1993) . 
Basically ,  change s i n th e W M generat e event s use d t o activat e 
or  generat e n e w goal s i n th e A G E N D A.  A  Strategi c Contro l 
proces s select s th e nex t  C U R R E NT G O AL fro m th e A G E N D A, 
base d o n a  C O N T R OL Plan . 

WM LTM 

I  o c n ^ 
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Figur e 1 :  A L E C :  a  Framewor k fo r  Inventio n 

Let' s elaborat e th e L T M o f  ou r  architecture .  I n a n event -
drive n architecture ,  th e monitore d event s ma y remembe r 
Suspende d Enterprise s an d Themati c Goals .  Th e Sus -
pende d Enterprise s ar e indexe d i n L T M i n term s o f  thei r 
preconditions ,  represente d a s monitore d events .  T o facilitat e 
th e generatio n o f  desig n solutions ,  give n thei r  intende d func -
tion ,  th e L T M contain s a  collectio n o f  Cases ,  Artifacts , 
Models ,  indexe d b y thei r  function .  T o facilitat e interna l 
evaluatio n o f  th e CURRENT Solutio n propose d b y th e Enter -
pris e Processing ,  th e L T M contain s EVALUATIO N KNOWL-
EDGE (e.g. ,  Forbus ,  1984 )  use d b y th e Evaluatio n &  Repair . 
To facilitat e a  furthe r  analysi s o f  th e inventio n process ,  L T M 
contain s a  NOTEBOOK,  whic h provide s a  derivationa l  recor d 
of  th e invention . 

Once a n exper t  learn s abou t  othe r  relevan t  expert s (an d thei r 
expertis e domains) ,  it s Externa l  Interactio n proces s mus t  b e 
abl e t o us e thi s knowledge ,  i f  needed ,  t o sen d reques t  mes -
sages .  Consequently ,  L T M shoul d b e als o a  repositor y o f 
knowledg e abou t  Exper t  Network ,  indexe d b y thei r  exper -
tis e domains . 

The W M represent s th e "activated "  par t  o f  L T M .  T o simu -
lat e p n m w ^  effects ,  W M keep s trac k o f  th e recentl y processe d 
desig n goals .  Backgroun d Enterprises ,  an d o f  th e recentl y 
processe d artifacts ,  Backgroun d Artifacts .  A  deca y pro -
ces s (no t  represente d i n th e Figur e I )  limit s th e numbe r  o f 
activate d item s i n W M.  Base d o n th e event s notice d i n W M, 
th e Enterpris e Assessmen t  &  Activatio n ma y updat e th e 
Agend a by :  (1 )  activatin g suspende d enterpris e goals ,  o r 
(2 )  generatin g enterpris e goals ,  instrumenta l  fo r  satisfyin g 
themati c goals .  Th e Strategi c Contro l  select s a  Curren t 
Enterpris e fro m th e Agenda .  Th e Curren t  G o a l  ma y 
contai n a  Curren t  Spe c o f  a  desig n (possibl e incomplet e 
and inconsistent) ,  a  CURRENT SOLUTION,  an d a  se t  o f  AL -
TERNATIVES (use d b y th e Enterpris e Processin g t o propos e 
ne w designs) .  Th e MAILBO X IN/OU T i s use d fo r  commu -
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nicatio n wit h othe r  experts ,  vi a Externa l  Interaction .  I f  a 
desig n goa l  canno t  b e achieve d usin g th e knowledg e availabl e 
locally ,  a  reques t  i s sen t  t o relevan t  experts .  Sinc e a n answe r 
i s no t  guarantee d an d i t  m a y c o m e asynchronously ,  th e syste m 
must  b e abl e t o predictivel y encod e th e goa l  i n m e m o r y an d 
t o approac h othe r  enterpris e goal s fro m th e A g e n d a i n th e 
meantime . 

Algorithms 

N o w w e ca n describ e th e mai n algorithm s fo r  creatin g an d 
manipulatin g enterpris e goals ,  essentia l  t o ou r  theor y o f  in -
vention . 

Enterpris e goa l  generatio n i s par t  o f  th e Enterpris e A s -
s e s s m e n t  &  Activatio n process .  Wheneve r  A L E C learn s 
abou t  a  ne w desig n ide a (b y socia l  interactio n o r  experimen -
tation) ,  i t  perform s th e followin g steps :  (1 )  identif y  i f  th e ide a 
i s interestin g (doe s th e implementatio n o f  th e ide a resul t  i n 
condition s tha t  matc h thos e o f  importan t  unsatisfie d themati c 
goals?) ,  (2 )  estimat e it s expertis e t o implemen t  th e ide a a s a n 
artifac t  (give n th e idea' s roug h desig n spec ,  ca n th e Artlfacto r 
Generato r  generat e a n artifact ,  judged/simulate d a s promis -
in g b y th e Evaluatio n &  Repair? )  (3 )  generat e a n enterpris e 
goa l  (instrumenta l  fo r  satisfyin g specifi c  themati c goals) ,  i f 
th e result s o f  step s (1 )  an d (2 )  ar e positive . 

Enterpris e Processin g attempt s t o deriv e n e w design s 
by opportunisticall y adaptin g an d mergin g piece s o f  know n 
designs .  Thi s involve s W M primin g an d L T M retrieva l  o f 
device s base d o n a  give n desig n specificatio n accordin g t o 
th e followin g enterpris e processin g algorithm :  (1 )  i f  th e cur -
ren t  enterpris e specificatio n matche s an y piece s (behaviora l 
segments )  o f  th e desig n alternative s associate d wit h th e Back -
groun d Enterprises ,  adap t  (b y analogy )  thos e piece s an d ad d 
the m t o alternativ e solution s o f  th e curren t  enterpris e (2 )  oth -
erwise ,  i f  L T M retrieva l  i s  successful ,  exten d th e alternativ e 
solution s o f  th e curren t  enterpris e wit h th e retrieve d devices , 
and chec k als o i f  th e behavio r  o f  thos e device s  i s opportunis -
ticall y relevan t  fo r  th e backgroun d enterprises ,  (3 )  otherwise , 
sen d a  messag e t o othe r  expert s fo r  artifact s fulfillin g th e en -
terpris e specification ,  an d suspen d th e enterpris e i n memory , 
indexe d b y  it s desig n specification .  Th e Enterpris e Process -
in g algorith m i s responsibl e fo r  th e synerg y a m o n g (related ) 
enterprise s evolve d i n parallel . 

I n Figur e 2  w e hav e represente d tw o enterprises .  Enterpris e 
1 an d Enterpris e 2 ,  whic h evolv e i n parallel .  A  functiona l 
specificatio n o f  a n enterpris e account s fo r  a n initia l  give n 
state ,  whic h i s transforme d b y th e devic e functio n i n a  final 
makes stat e (Goe l  e t  al .  1997) .  Eac h enterpris e specificatio n 
contain s a  make s stat e (e.g. ,  M 1 fo r  Enterpris e 1) ,  a  give n stat e 
(e.g. ,  G l  fo r  Enterpris e I) ,  an d possibly ,  constraint s restrict -
in g th e (behavioral )  path s betwee n th e give n an d make s state s 
(e.g. ,  C I  fo r  Enterpris e 2) .  Th e desig n synthesi s tas k i s re -
sponsibl e fo r  incrementall y evolvin g a  pat h betwee n th e given 
an d make s state ,  relyin g o n analogy .  I n th e C B R framework , 
th e adaptatio n ste p i s responsibl e fo r  suc h behavior . 

I f  th e Enterpris e Processin g i s unabl e t o retriev e arti -
fact s tha t  satisf y mos t  o f  th e desig n spe c constraints ,  i t  at -
tempt s Enterpris e Decomposit io n o f  th e initia l  enterpris e 
int o subgoal s t o facilitat e th e furthe r  synthesi s o f  th e desire d 
artifact .  Th e algorith m fo r  functionall y decomposin g a n enter -
pris e goa l  int o subgoals ,  give n th e desig n specificatio n o f  th e 
artifac t  is :  (1 )  find  a  desig n alternativ e tha t  satisfie s th e mai n 

constraints'" ,  (2 )  identif y whic h component s o f  thi s desig n 
alternativ e ar e responsibl e fo r  satisfyin g th e secondar y con -
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'"Th e mai n constraint s ar e mos t  difficul t  t o satisf y (i.e. ,  a  ver y 
limite d numbe r  o f  retrieve d artifac t  case s ma y satisf y them) . 

Figur e 2 :  Enterpris e Synerg y 

straints .  (3 )  generat e subproblem s fo r  designin g components , 
t o satisf y (better )  th e secondar y constraints . 

But  Evaluatio n i s essentia l  t o validat e th e desig n solution s 
propose d b y th e Enterpris e Processing .  Her e ar e th e steps : 
(1 )  perfor m simulatio n o f  th e artifac t  an d critiqu e it ,  i f  A L E C 
has enoug h domai n knowledge ,  (2 )  otherwise ,  implemen t  th e 
artifact ,  perfor m experiment s an d interpre t  th e results ,  i f  thi s 
i s possible ,  (3 )  otherwise ,  sen d messag e t o relevan t  expert s t o 
remotel y perfor m th e evaluation . 

Ste p (3 )  o f  th e Enterpris e Processin g retrieva l  an d Eval -
uatio n &  Repai r  algorithm s m a y resul t  i n th e deliberativ e 
generatio n o f  broa d knowledg e goal s t o provid e missin g ex -
pertise .  T h e detail s ar e beyon d th e scop e o f  thi s paper . 

Example: the Multiple Telegraph Idea 

Afte r  readin g a  newspape r  articl e suggestin g tha t  fam e an d 
fortun e awaite d th e invento r  o f  a  multipl e telegraph .  Bel l  re -
alize d tha t  h e coul d desig n a  multipl e telegrap h base d o n hi s 
knowledg e o f  Helmholtz' s Apparatu s an d acoustics .  More -
over ,  th e goa l  t o inven t  th e multipl e telegrap h becam e Bell' s 
enterpris e goa l  fo r  th e nex t  severa l  years .  W e presen t  a  possi -
bl e analysi s o f  Bell' s  reasoning ,  i n term s o f  ou r  computationa l 
model  ( A L E C )  presente d i n Figur e 1 . 

Readin g th e newspape r  articl e abou t  th e multipl e telegrap h 
i s equivalen t  i n ou r  syste m t o receivin g a  messag e (i n th e 
Ma i l box ) ,  containin g a  desig n goa l  (i.e. ,  Multipl e Telegraph) , 
characterize d b y a  sketch y DESIG N SPECIFICATIO N an d a  post -
conditio n describin g tha t  th e invento r  wil l  become/arnoM ^  & 
wealthy .  Thi s even t  i s analyze d b y Enterpris e Assessment , 
whic h identifie s tha t  famou s &  wealth y  i s a  postconditio n as -
sociate d wit h som e o f  Bell' s  themati c goal s  (i.e .  designin g 
th e multipl e telegrap h migh t  provid e a  nove l  alternativ e pla n 
t o satisf y themati c goals )  an d i s als o a  preconditio n t o othe r 
themati c goal s (e.g. ,  ge t  married) .  Consequently ,  th e MuUi -
pl e Telegrap h i s interesting ,  an d i f  A L E C coul d relat e i t  t o it s 
o wn expertise ,  th e Multipl e Telegrap h woul d becom e a  goo d 
candidat e fo r  a n enterpris e goal .  Base d o n th e specificafio n o f 
th e Multipl e Telegrap h (i.e. ,  multiple x telegraphi c message s 
ove r  a  singl e wir e an d demultiple x the m a t  destination) ,  En -
terpris e Processin g searche s th e m e m o r y o f  Cases ,  Arti -
facts ,  M o d e l s an d retrieve s Helmholtz' s Apparatus ,  whic h 
was abl e t o demultiple x a  collectio n o f  harmoni c tones .  Af -
te r  a  quic k case-base d adaptation ,  involvin g usin g severa l 
generator s instea d o f  onl y one ,  Enterpris e Processin g ha s 
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a theoretica l  desig n solution .  Evaluatio n theoreticall y simu -
late s tha t  indee d th e ne w adapte d desig n satisfie s th e CURRENT 
Spec,  an d i t  report s th e resul t  t o Enterpris e Assessment , 
whic h promote s th e Multipl e Telegrap h a s a n enterpris e goal , 
by associatin g wit h i t  a n initia l  (theoretical )  solution .  Th e 
new enterpris e goa l  i s pu t  i n th e Agend a an d wil l  b e furthe r 
selecte d fo r  processing . 

Discussio n 

ALEC, our model for invention, addresses some of the con-
tro l  problem s associate d wit h th e inventio n processes .  I n ou r 
opinion ,  a  realisti c  computationa l  mode l  fo r  inventio n shoul d 
emphasiz e bot h th e deliberativ e an d opportunisti c component s 
of  th e contro l  i n invention .  We inten d fo r  enterpris e goal s t o 
provid e appropriat e mediatio n betwee n th e deliberativ e an d 
opportunisti c component s o f  th e reasonin g proces s i n inven -
tion .  Namely ,  generatin g a n enterpris e goa l  i s a  deliberativ e 
process ,  intende d t o furthe r  guid e th e opportunisti c evolutio n 
of  th e invention . 

ALEC integrate s an d extend s som e o f  th e previou s model s 
of  inventio n an d scientifi c  discovery ,  suc h a s Bradsha w an d 
Liener t  (1991) ,  Kulkarn i  an d Simo n (1988) ,  an d Bhatt a an d 
Goel  (1993) .  I n particular ,  ALEC' s enterpris e goa l  assessmen t 
attempt s afunctiona l  decompositio n o f  a n enterpris e goa l  i n 
subgoal s (suggeste d als o b y Bradsha w &  Lienert ,  1991 )  t o 
asses s i f  a t  leas t  som e o f  thes e functiona l  subgoal s ca n b e im -
plemente d easily ,  providin g a  basi s fo r  opportunisti c desig n 
synthesis .  Afte r  a  desig n solutio n i s opportunisticall y syn -
thesized ,  i t  i s  theoreticall y evaluate d (Bhatt a &  Goel ,  1993) , 
and furthe r  evaluatio n b y experimentatio n ma y identif y gap s 
i n th e theoretica l  mode l  o f  th e propose d device .  Th e Repai r 
algorith m i s a n opportunisti c versio n o f  K E K A DA (Kulka -
rni  &  Simo n 1988) .  IDEA L (Bhatt a &  Goel ,  1993) ,  anothe r 
model  o f  invention ,  ignore s th e opportunisti c aspec t  o f  con -
trol ,  an d consequentl y  ha s t o rel y o n a n oracl e t o provid e "th e 
righ t  informatio n a t  th e righ t  time" .  Ou r  mode l  recognize s 
th e limite d computationa l  powe r  availabl e t o a n inventor ,  bu t 
provide s somethin g mor e realisti c  tha n a n oracle ,  namel y th e 
abilit y  t o suspen d an d com e bac k t o goal s base d o n experi -
mentatio n an d socia l  interaction .  Bell' s  cas e stud y show s tha t 
an invento r  tha t  act s i n societ y mus t  necessaril y  b e oppor -
tunisti c withi n th e framewor k supplie d b y he r  o r  hi s themati c 
goal s an d resultin g networ k o f  enterprises .  Therefore ,  t o us e 
Shrage r  an d Langley' s (1990 )  term ,  ou r  computationa l  mode l 
take s a  larg e ste p toward s dealin g wit h th e proble m o f  embed -
dedness . 

ALEC' s architectur e gre w u p fro m th e difficultie s encoun -
tere d wit h IMPROVISER' s opportunisti c contro l  (Will s  & 
Kolodner ,  1994) .  Simin a an d Kolodne r  (1995 )  postulate d th e 
existenc e o f  "activ e goals" ,  a s a  mechanis m t o explai n prim -
in g effects ,  bu t  i t  di d no t  characteriz e whic h goal s ar e mor e 
likel y t o b e active .  A L E C goe s further ,  identifyin g enterpris e 
goal s a s th e mos t  likel y activ e goal s i n a  cognitiv e mode l  fo r 
invention . 

We can' t  sa y ye t  tha t  A L E C provide s a  complet e o r  correc t 
model  o f  goa l  generatio n an d processin g i n invention .  We 
must  stil l  tes t  i t  o n a  wid e variet y o f  example s (th e inventio n 
of  th e telephon e offer s plenty ,  besid e thos e mentione d briefl y 
here) ,  an d w e mus t  investigat e mor e deeply :  (1 )  th e synerg y 
among activ e goals ,  (2 )  th e rol e o f  contex t  i n goa l  generatio n 
and processing ,  (3 )  th e relatio n betwee n enterpris e goal s an d 
traditiona l  goals ,  an d (4 )  ALEC' s abilit y  t o simulat e inventor s 
wit h differen t  backgrounds . 
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