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Abstrac t 

In this paper, we investigate the interaction between linguistic 
and ncn-linguisti c processe s b y considerin g th e rol e o f  func -
tiona l  reasonin g i n understandin g desig n specification s writte n 
i n natura l  language .  W e desaib e K A ,  a n experimenta l  model -
base d interpretatio n an d desig n syste m whic h understand s En -
glis h languag e description s o f  th e desig n problem s i t  solves , 
and examin e whethe r  KA' s problem-solvin g amiabilitie s hel p 
i )  ascertai n th e relevanc e o f  ambiguou s desig n ̂lecification s 
and ii )  identif y unspecifie d relation s betwee n desig n require -
ments .  Ou r  result s demonstrat e tha t  augmentin g languag e pro -
cessin g wit h th e abilit y  t o reaso n abou t  functio n alon g th e line s 
suggeste d i n K A provide s effectiv e solution s t o thes e problem s 
i n particula r  a s wel l  a s t o othe r  problem s i n natura l  languag e 
understanding . 

Introduction 

The modularit y o f  "mind "  i s a  contentiou s issu e i n Cogni -
tive  Science .  I t  ha s lon g bee n recognize d tha t  languag e im -
derstandin g require s cognitiv e abilitie s fa r  beyon d wha t  pur e 
linguisti c knowledg e permits .  I t  i s imclear ,  however ,  i n wha t 
manner ,  i f  any ,  Unguisti c an d non-linguisti c processe s interact . 
Advocate s fo r  th e modularit y o f  "mind "  hav e argue d fo r  a  ver y 
limite d for m o f  interactio n (Fodor ,  1983 ;  Jackendofif ,  1987) . 
Other s hav e contende d tha t  th e interactio n i s s o open-ende d 
as t o mak e an y boundarie s betwee n linguisti c processin g an d 
th e othe r  cognitiv e processe s insignifican t  (Marslen-Wilso n 
&1Vler89) . 

Thi s issu e als o arise s i n con:̂ )utationa l  model s tha t  integrat e 
languag e processin g wit h othe r  cognitiv e tasks .  Th e "sti-on g 
modularity "  approac h ha s bee n t o m a k e th e otiie r  cognitiv e 
task s (suc h a s pat h plannin g o r  exper t  decisio n making )  th e 
mai n tas k an d ad d a  natura l  languag e front-end  t o th e sys -
tem.  Thi s front-end  work s i n servic e o f  th e res t  o f  th e syste m 
and ha s limite d abilitie s t o ti:«nslate  th e natura l  languag e in -
put s int o anothe r  representatio n comprehensibl e t o th e res t 
of  th e syste m (e.g. ,  (Haye s &  Simon ,  1974)) .  Other s hav e 
opte d fo r  a n "open-ended "  integration ,  endowin g thei r  lan -
guag e processin g system s wit h a  variet y o f  domai n an d worl d 
knowledg e a s wel l  a s a  rang e o f  inference ,  explanation ,  an d 
reasonin g capabilitie s (e.g. ,  B O R I S (Lehnertetal. ,  1983)) . 

I n ou r  work ,  w e tak e a  thir d approach .  W e propos e a 
modula r  processin g architectur e tha t  contain s bot h separat e 
languag e understandin g an d proble m solvin g components . 
However ,  thes e model s interac t  i n a t  leas t  tw o significan t 
ways .  The y shar e c o m m o n knowledge ,  an d the y communi -
cat e di e result s o f  thei r  reasonin g t o eac h other .  TTh e languag e 
understander ,  fo r  instance ,  use s th e result s o f  proble m solvin g 

operation s suc h a s cas e retrieva l  an d model-base d adaptatio n 
t o resolv e ambiguities .  Th e proble m solve r  i n tur n use s th e 
decision s m a d e b y th e languag e understande r  t o direc t  th e 
cours e o f  it s o w n proble m deconq)ositio n an d solvin g pro -
cess .  A  majo r  diJSerenc e betwee n thi s approac h t o integratin g 
languag e wit h othe r  cognitiv e task s an d previou s approache s 
i s tha t  th e languag e understande r  doe s no t  nee d t o posses s 
eitile r  th e knowledg e o r  th e reasonin g abilitie s t o solv e prob -
lem s o r  t o explai n th e woiicing s o f  physica l  devices .  N o r  doe s 
th e proble m solve r  nee d t o k n o w h o w t o solv e linguisti c prob -
lems .  Al l  tha t  th e tw o nee d i s t o solv e thei r  o w n problem s 
partially ,  b e abl e t o communicat e thei r  decision s an d result s 
wit h eac h other ,  an d cooperat e i n a n integrate d architectur e t o 
arriv e a t  a  negotiate d solutio n t o th e overal l  problem . 

I n thi s paper ,  w e presen t  ou r  researc h o n th e integratio n 
of  natura l  languag e understandin g an d proble m solvin g capa -
bilitie s i n th e contex t  o f  th e desig n o f  physica l  devices .  W e 
describ e a n experimenta l  integrate d syste m calle d K A tha t  il -
lustî te s som e o f  th e benefit s o f  buildin g a n integrate d theor y 
of  multipl e cognitiv e task s focusin g o n languag e understand -
in g an d it s interactio n wit h desig n proble m solving .  W e sho w 
h o w ou r  wor k o n K A impose s constraint s o n th e targe t  rep -
resentatio n o f  natura l  languag e understandin g an d h o w th e 
integrate d approac h redefine d classica l  problem s i n languag e 
processin g suc h a s ambiguit y an d underspecificationi n term s 
of  th e overal l  goal s o f  th e K A system .  Languag e understand -
in g impose s constraints ,  i n return ,  o n th e tas k stî ctur e o f  th e 
desig n proble m solver . 

The Problem 

As argued in (Pittges et al., 1993), design and diagnosis of 
physica l  device s hav e bee n consbnie d narrowl y a s proble m 
solvin g tasks ,  ignorin g othe r  cognitiv e task s suc h a s languag e 
understanding ,  learning ,  an d visua l  simulatio n tha t  ar e par t  o f 
th e overal l  tas k o f  design .  I n ou r  work ,  w e loo k a t  th e "real " 
desig n tas k whic h involve s understandin g writte n desig n re -
qiiirements ,  acquirin g knowledg e from  book s an d manuals . 
an d understandin g feedbac k from  user s an d othe r  experts .  I n 
our  view ,  neglectin g th e rol e o f  natura l  languag e understand -
in g i n th e overal l  tas k o f  desig n produce s underconsti^ine d 
theories ,  desig n system s tha t  communicat e i n artificia l  lan -
guages ,  an d th e hand-codin g o f  desig n knowledg e availabl e 
i n book s an d manuals .  Similarly ,  treatin g th e understand -
in g o f  desig n specification s a s a  pur e languag e understandin g 
proble m i n th e absenc e o f  desig n proble m solvin g als o result s 
i n underconsttaine d theorie s wit h ill-define d outpu t  represen -
tations . 
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I n ou r  previou s wori c (Ooel ,  1991a) ,  w e viewe d devic e de -
sig n a s involvin g memory ,  comprehensio n an d learnin g pro -
cesse s i n additio n t o proble m solvin g i n th e for m o f  devic e 
modeling ,  simulation ,  an d redesign .  W e represente d a  de -
signer' s understandin g o f  th e functionin g o f  device s i n term s 
of  structure-behavior-functio n (SBF )  models .  S B F model s 
specif y th e interna l  causa l  behavior s tha t  compos e th e func -
tion s o f  th e structura l  element s o f  a  devic e int o it s functions . 
We showe d bot h h o w S B F devic e model s suppor t  memor y an d 
learnin g processe s i n additio n t o proble m solving ,  an d h o w 
thes e processe s impos e additiona l  constraint s o n th e model s 
and o n model-basei d reasoning  (E.g. .  Ooel ,  1991b) .  W e als o 
showe d h o w thes e task s impos e constraint s o n th e semantic s 
of  S B F devic e model s an d model-base d functiona l  reasoning. 

I n ou r  curren t  work ,  w e hav e develope d a n experimen -
ta l  model-base d interpretatio n an d desig n syste m calle d K A 
whic h embodie s th e expansiv e vie w o f  reasoning  abou t  phys -
ica l  device s tha t  include s th e conq)rebensio n o f  text s an d (Ua -
logue s o n th e desig n o f  physica l  device s a s wel l  a s th e design , 
diagnosis ,  an d redesig n o f  devices .  K A understand s Englis h 
languag e description s o f  th e desig n problem s i t  attempt s t o 
solve .  I n doin g so ,  i t  addresse s well-know n problem s o f 
natura l  languag e understandin g suc h a s resolving  ambiguity , 
inteipretin g indirec t  statements ,  an d inferrin g unspecifie d in -
formation .  Fo r  quit e som e time ,  th e conventiona l  wisdo m 
has bee n tha t  thes e problem s ar e bes t  addresse d b y constraint -
base d method s tha t  enq>lo y a  knowledg e o f  natura l  language' s 
distributiona l  structur e an d rule s o f  combination .  K A di -
verge s radicall y fro m thi s conventiona l  wisdom ,  offerin g a 
fipesh  approac h t o oft-studie d problems .  I n K A ,  functiona l 
and causa l  knowledg e containe d i n S B F model s a s wel l  a s 
model-base d method s fo r  cas e retrieval  an d adaptatio n (i.e. , 
not  jus t  problem-solvin g knowledg e bu t  th e ver y results  o f  th e 
performanc e o f  proble m solving )  ar e use d t o understan d nam -
ra l  language .  Th e ver y sam e knowledg e an d method s i n KA' s 
desig n proble m solvin g als o bia s linguisti c decision s fo r  am -
biguit y resolution,  provid e th e insigh t  necessar y t o interpre t 
indirec t  statements ,  an d suppl y th e informatio n absen t  i n un -
derspecifie d texts .  K A demonstrate s th e merit s o f  integratin g 
desig n proble m solvin g wit h languag e understandin g b y pro -
vidin g partia l  solution s t o som e o f  th e mos t  difficul t  problem s 
i n languag e understandin g a s wel l  a s desig n problems . 

Reformulating Linguistic Problems 

Because research in natural language understanding has so 
decidedl y separate d th e problem s o f  linguisti c analysi s an d 
sentenc e imderstandin g from  th e othe r  problem s tha t  mus t 
be resolved  i n th e meaningfu l  interpretatio n o f  texts ,  th e re-
source s tha t  hav e bee n applie d i n mos t  tex t  understandin g 
system s hav e bee n severel y limited .  Rea l  worl d task s suc h a s 
designin g from  writte n requirement s specification s provid e a 
contex t  whic h refocuses  man y o f  th e linguisti c problem s tha t 
hav e bee n centra l  t o th e field,  allowin g u s t o conside r  nove l 
solution s t o time-wor n ye t  unresolve d problems . 

I n takin g thi s approac h t o ou r  work ,  w e hav e foun d tha t 
linguisti c problem s an d th e problem s o f  larg e text s tha t  ar e 
inheren t  t o writte n desig n requirements  actuall y becom e prob -
lem s whic h requir e reasoning  abou t  th e desig n o f  th e devic e 
i n question .  Requirement s specification s ar e notoriousl y con -
fusin g an d inconqjlete ,  providin g poo r  articulation s o f  th e 

desig n requirements .  S o far ,  th e K A projec t  ha s encountere d 
severa l  problem s whic h w e illustrat e wit h th e us e o f  sampl e 
Tex t  1 ^  show n i n Figur e I .  It s correspondin g S B F descriptio n 
appear s i n Figur e 2 . 

Text 1: The system shall consist of two computer ele-
ment s interface d t o eac h othe r  ove r  a n xxx x link .  C o m -
pute r  A  shal l  sen d a  K  byt e reques t  packe t  t o Compute r 
B ever y M seconds .  I n response  t o th e reques t  packe t 
Compute r  B  shal l  sen d a n L  byt e response  packe t  bac k 
t o Con^ute r  A .  Packe t  encodin g i s N  bi t  A S C n . 

Figure 1: San^le Design Specification 

Input :  Substance :  Request-Messag e 
Size :  K  Byt e 

Output :  Substance :  Response-Messag e 
Size :  L  Byt e 

Structure :  Component :  Compute r  A 
Component :  Compute r  B 
Component :  Lin k 

Baud-Rate :  Z 

Figure 2: Functional Specification for Text 1 

Ambigu i t y 

Typically ,  th e natura l  languag e surfec e for m o f  writte n func -
tiona l  specification s indirectl y refers  t o a  desig n requirement . 
The writer s o f  suc h requirement s specification s ca n usuall y 
poin t  ou t  specifi c  statement s abou t  th e iiq>ut s an d th e ou^ut s 
of  th e component s tha t  indicat e th e genera l  function s o f  th e 
device ,  bu t  i n n o wa y ar e thes e requirement s indicate d i n th e 
natura l  languag e surfac e form .  Th e syste m mus t  b e abl e t o 
use th e indirec t  statement s give n t o infe r  th e desig n require -
ment s because ,  failin g t o d o so ,  i t  woul d b e unabl e t o pursu e 
a desig n solution . 

For  example ,  t o successfull y understan d Tex t  1  a s a  desig n 
problem ,  on e mus t  b e abl e determin e th e functio n o f  th e devic e 
bein g described ,  it s  iiq>uts ,  an d it s ouq)uts .  However ,  non e 
of  thes e characteristic s ar e explicid y describe d i n th e tex t 
The tex t  describe s th e devic e (referre d t o a s "th e system" ) 
i n term s o f  it s  component s (e.g. ,  "  compute r  A" ,  "conq)ute r 
B " ) ,  thei r  connectivit y an d type s o f  informatio n the y transmi t 
(e.g. ,  "reques t  packet") .  Nothin g i s state d abou t  th e functio n 
of  "di e system" .  It s input s an d output s ar e no t  eve n refened 
to .  T o understan d th e Englis h descriptio n i n Tex t  1 ,  K A mus t 
be abl e t o generat e fimctiona l  requirement s from  alternat e in -
formatio n sources ,  usin g th e informatio n provide d i n th e tex t 
(e.g. ,  K  byt e reques t  packet ,  L  byt e response  packet )  a s con -
straint s o n generation .  Befor e K A ca n us e thi s informatio n 
t o constrai n generation ,  however ,  i t  mus t  determin e it s rele-
vanc e t o th e functio n o f  th e device .  I n th e text ,  i t  i s  unclea r 
whethe r  a  "reques t  packet "  an d a  "respons e packet "  ar e related 
t o th e functio n o f  th e devic e o r  t o it s interna l  workings .  A n 
understandin g o f  "requests "  an d "responses "  reveals,  how -
ever ,  tha t  thes e informatio n packet s ar e th e input s an d output s 

'  Som e desig n detail s hav e bee n maske d t o protec t  ou r  sponsor' s 
proprietar y information . 
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Syntacti c 
Knowledg e 

SBF Ontolog y 

Case/Mode l 
Memory 

Conceptua l 
Knowledij i 

indice s fo r 
cases * 
' ^ ^ ^ P r o c e s s Memory 

Proces s 
tenatlv e 
jnterpretatlons/̂ ajlg n 

case s & 
rtKxlel s 

nguag e 
Proces s 

cues 

model 

new cas e 
ArrxxJe l 

feedbac k /pfnhlp m ompre -
hensio n 

V^oces s 

Solvin g 
Lexico n 

desig n 
proble m 
specificatio n 

Desig n 
Prob le m 
Solutio n 

Figur e 3 :  K A S y s t e m Architectur e 

of  th e device .  I f  K A i s t o m a k e us e o f  suc h indirec t  state -
ment s abou t  functiona l  requirements,  i t  m u s t  us e it s specifi c 
knowledg e abou t  c o m p u t i n g network s t o infe r  tha t  a  reques t 
messag e passe d from  o n e c o m p u t e r  t o anothe r  i s th e inpu t  t o 
th e system ,  an d th e m e s s a g e sen t  i n respons e i s th e ouq>u L 

Underspecification 

Th e natura l  languag e surfac e f o r m doe s no t  indicat e th e rela-
tionship s be twee n desig n requirements .  I t  identifie s detaile d 
devic e requirements  withou t  articulatin g h o w thes e require -
ment s relate  t o o n e another .  Fo r  examp le ,  althoug h b a u d rate , 
siz e o f  a n informatio n packet ,  a n d finequency  o f  transmissio n 
hav e a  well-define d relationship  t o o n e anothe r  i n a  compu te r 
network ,  requirement s specification s fo r  compu t in g device s 
suc h a s th e o n e i n Tex t  1  rarely ,  i f  ever ,  men t io n thi s relation-
ship .  A  superficia l  analysi s o f  th e natura l  languag e surfac e 
for m wou l d produc e thre e separat e requirement s (on e fo r  th e 
bau d rate ,  on e fo r  informatio n packe t  size ,  an d on e fo r  th e 
fiequency  o f  transmission) ,  entailin g a n extremel y inefGcien t 
proble m decomposit ion .  I f  th e syste m i s t o pursu e design s 
efficiently ,  i t  m u s t  c o m b i n e thes e disparat e requirement s int o 
a coheren t  specificatio n o f  th e design .  Fo r  examp le ,  i n Tex t 
1,  usin g th e frequenc y o f  transmissio n i n combinat io n wit h 
th e siz e o f  th e informatio n packets ,  K A c a n infe r  th e appro -
priat e bau d rat e fo r  th e 'xxxx '  lin k b e t w e e n th e system' s t w o 
computers . 

I n orde r  t o m a p requiremen t  specification s t o usefu l  func -
tiona l  descriptions ,  K A m u s t  effectivel y resolve  ambiguity , 
fill  i n missin g details ,  identif y th e relevance  o f  indirec t  state -
ments ,  an d c o m b i n e related  information .  T o d o s o efficiently , 
K A use s m e m o r y ,  comprehens ion ,  an d p rob le m solvin g pro -
cesse s i n additio n t o pur e languag e processes .  I n thi s w a y , 
thes e "background "  processe s i n K A provid e a  robus t  con -
tex t  i n w h i c h effectiv e c o m m u n i c a t i o n i n natura l  languag e 
become s feasible . 

The KA architecture 

K A accept s a  requirements  specificatio n writte n i n Englis h 
and produce s a  desig n expresse d a s a  structure-behavior -

functio n (SBF )  mode l  whic h meet s th e desig n requirements. 
Th e functiona l  architectur e fo r  K A i s illustrate d i n Figur e 3 . 
I t  consist s o f  severa l  knowledg e source s containin g syntactic , 
conceptual ,  an d episodi c knowledg e an d employ s memory , 
con^rebension ,  proble m solving ,  an d learnin g processe s i n 
additio n t o a  languag e process .  Eac h o f  KA' s component s 
use s a  differen t  knowledg e source s t o brin g a  uniqu e capabil -
it y  t o th e system . 

Th e languag e proces s use s syntacti c an d conceptua l  knowl -
edg e (i.e. ,  a  knowledg e o f  concept s an d th e relations  be -
twee n them )  t o generat e cue s fo r  th e m e m o r y processe s a s 
wel l  a s tentativ e interpretation s fo r  th e comprehensio n pro -
cesses .  I f  th e K A syste m i s t o effectivel y communicat e i n 
natura l  language ,  i t  mus t  b e abl e t o resolve  th e differen t  type s 
of  ambiguitie s (e.g. ,  lexica l  an d structura l  ambiguities )  tha t 
aris e i n writte n texts .  Th e languag e proces s i n K A use s 
an early-commitmen t  processin g strateg y wit h robus t  error -
recover y t o resolve  wor d sens e ambiguitie s (Eiselt ,  1989) . 
Thi s mechanis m ha s prove d itsel f  t o b e quit e effective .  It s 
early-commitmen t  strateg y provide s th e syste m wit h th e abil -
it y o f  purauin g a  tentativ e interpretatio n o f  th e discourse .  Thi s 
allow s th e syste m t o discove r  th e entailment s o f  thi s lin e o f 
interpretation ,  bringin g othe r  processe s on-lin e eari y i n th e 
cours e o f  languag e understanding .  I n situation s wher e th e 
earl y decisio n i s incorrect ,  th e error-recover y mechanism s 
m ay us e feedbac k from  th e comprehensio n proces s (o r  prob -
le m solving )  t o reactivate  a  previousl y retained  alternativ e 
interpretation . 

The languag e proces s consist s o f  tw o components ,  a  parse r 
whic h produce s syntacti c structure s an d a  semanti c networi c 
tha t  produce s conceptua l  interpretations .  Consisten t  wit h th e 
early-commitmen t  processin g strategy ,  th e semanti c networ k 
resolves  word-sens e ambiguitie s b y considerin g processin g 
choice s i n parallel ,  selectin g th e alternativ e tha t  i s consisten t 
wit h th e curren t  context ,  an d deactivatin g bu t  retaining  th e 
imchose n alternative s fo r  a s lon g a s spac e an d tim e resources 
permi t  I f  som e late r  contex t  prove s th e initia l  decisio n t o b e 
incorrect ,  retained  alternative s ar e reactivated  withou t  reac-
cessin g th e lexico n o r  reprocessing  th e tex t 
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Th e m e m o r y proces s retrieves  pas t  desig n case s an d case -
specifi c  S B F devic e model s from  th e episodi c memory ,  an d 
store s newly-acquire d case s an d model s i n memory .  I n orde r 
t o ensur e effectiv e retrieval,  th e case s ar e indexe d b y th e de -
vic e structur e an d functio n o f  th e store d desig n an d th e S B F 
model s ar e indexe d b y th e cases .  Bot h th e case s an d th e mod -
el s ar e represented  i n a  c o m m o n ontolog y tha t  arise s from a 
qualitativ e physics . 

Th e comprehensio n proces s provide s feedbac k t o th e lan -
guag e proces s base d o n th e case s an d model s retrieved from 
memory,  an d form s a  mode l  o f  ne w device s base d o n th e in -
put  fix)m  th e languag e proces s b y adaptin g th e retrieved  case s 
an d model s usin g generi c modificatio n plans .  Th e compre -
hensio n pit)ces s select s thes e modificatio n plan s b y usin g th e 
difference s betwee n th e function s o f  th e ne w devic e an d th e 
function s o f  th e retrieved  desig n a s a n index . 

Th e proble m solvin g proces s adapt s retrieved  desig n case s 
t o solv e n e w desig n problems .  Repai r  plan s ar e use d t o per -
for m th e adaptation s t o th e ol d design' s structure .  Th e n e w 
desig n i s verifie d b y a  qualitativ e simulatio n o f  it s  S B F mode l 
an d produce d a s a  solutio n t o th e desig n problem .  Finally ,  th e 
solutio n i s sen t  t o th e learnin g proces s fo r  late r  reuse. 

Th e learnin g proces s learn s indice s t o ne w desig n case s 
an d devic e models .  A n inde x specifie s multipl e dimension s 
of  generalization s tha t  pertai n t o a  design' s variou s functions . 
Th e learnin g proces s generate s thes e generalization s b y a  pro -
ces s describe d i n (Bhatt a &  Goel ,  1992) , 

KA at Work 
I n th e curren t  investigation ,  w e examine d whethe r  KA' s S B F 
model s an d abilit y  t o reason  abou t  functio n coul d hel p infe r 
th e relevance  o f  indirec t  statement s a s wel l  a s identif y rela-
tionship s betwee n desig n detail s  underspecifie d i n th e natura l 
languag e sur&c e form .  Ou r  approac h t o thes e problem s relied 
extensivel y o n KA' s m e m o r y o f  desig n cases ,  case-specifi c 
S BF models ,  an d model-base d adaptation .  Ou r  results  indi -
cat e that : 

•  Usin g case-specifi c  S B F model s a s th e startin g poin t  fo r 
th e interpretatio n o f  a  requirement s specificatio n enable s 
th e languag e proces s t o identif y th e relevance  o f  statement s 
that ,  o n th e surface ,  appea r  t o b e irrelevan t  t o th e desig n 
requirements . 

•  Model-base d adaptatio n prevent s missin g th e bi g pictur e b y 
fashionin g a  functiona l  specificatio n from a  disparat e se t  o f 
requirement s tha t  d o no t  direcd y mak e statement s abou t  th e 
functio n o f  th e devic e t o b e designed . 

•  Usin g KA' s S B F model s an d diagnosi s capabilit y  ensure s 
tha t  critica l  relationships  betwee n desig n detail s tha t  ar e 
lef t  unarticulate d i n th e writte n requirement s ar e identifie d 
and tha t  thes e relations  impac t  th e structura l  specificatio n 
extracte d from  th e tex t 

The Process 

I n thi s investigation ,  w e focuse d o n extractin g th e critica l  fea -
ture s from  ill-specifie d text s suc h a s Tex t  1 .  Briefly ,  K A pro -
cesse s Tex t  1  i n th e followin g manner .  First ,  usin g it s m e m o r y 
of  pas t  desig n case s an d case-specifi c  S B F models ,  K A em -
ploy s a  complet e S B F mode l  a s a  baselin e from  whic h th e 
relevance  o f  indirec t  statement s abou t  th e functio n o f  th e de -
vic e ca n b e inferred .  Th e m e m o r y proces s extract s a  relevant 

model  from  it s case/mode l  memor y an d send s i t  t o th e com -
prehensio n process .  Thi s mode l  i s fe d bac k t o th e languag e 
process .  Usin g thi s mode l  a s baseline ,  th e languag e proces s 
en^loy s it s inferenc e generatio n capabilit y  (i.e. ,  marke r  pass -
ing )  t o identif y th e relations  betwee n th e feedbac k an d th e 
concep u specifie d b y th e text .  Onc e th e languag e proces s 
has finished  it s inferenc e generation ,  i t  produce s a  tentativ e 
functiona l  specificatio n o f  th e desig n whic h i s sen t  t o th e 
comprehensio n process . 

Second ,  K A perform s model-base d adaptatio n o n th e S B F 
model ,  generatin g a  ne w case-specifi c  S B F mode l  tha t  i s  con -
sisten t  wit h th e informatio n provide d i n th e tentativ e fimc -
tional  specification .  Th e conq}rehensio n proces s identifie s 
distinction s betwee n tiie  tentativ e functiona l  specificatio n an d 
th e S B F model .  Then ,  i t  use s thes e distinction s t o modif y th e 
S BF model .  Ehirin g adaptation ,  th e con^rehensio n proces s 
modifie s onl y thos e aspect s o f  th e store d mode l  tha t  con -
flict  wit h th e tentativ e specification .  Thi s leave s a  significan t 
number  o f  desig n detail s unaffected .  I n effect ,  desig n detail s 
ar e transferre d from  th e store d S B F mode l  t o tb t  ne w devic e 
model . 

Third ,  durin g adaptation ,  K A identifie s thos e distinction s 
tha t  requir e change s t o th e ne w device' s structur e an d adapt s 
th e tentativ e desig n specificatio n accordingly .  Th e resulting 
ne w cas e i s store d i n KA' s memor y o f  case-specifi c  model s 
fo r  late r  reuse.  Below ,  w e discus s o f  thes e step s i n detail . 

Inferrin g th e Relevanc e o f  Indirec t  Statement s Th e m e m-
or y proces s begin s b y sendin g a  relevant  S B F mode l  t o th e 
comprehensio n proces s whic h feed s i t  bac k t o th e semanti c 
network .  Th e semanti c netwoi k activate s th e model' s corre -
spondin g concept s an d conceptua l  relations.  Fo r  exanq)le ,  i n 
th e subsectio n o f  di e semanti c networ k displaye d i n Figur e 4 , 
th e concept s Old-Device ,  Y  Byte ,  Respons e message ,  an d 
Respons e an d th e primitiv e conceptua l  relations  tha t  relate 
thes e concept s (e.g. ,  parameter ,  instance ,  part )  ar e activate d 
by feedbac k from  th e Comprehensio n process . 

Th e inpu t  i s the n parse d an d th e conten t  word s o f  eac h 
sentenc e ar e passe d t o th e semanti c networi c whic h initiate s 
marke r  passin g a t  eac h word' s correspondin g concept .  Us -
mg di e feedbac k a s a  teidge,  di e semanti c netwoi k identifie s 
conceptua l  relations  betwee n th e concept s activate d b y tiie 
tex t  an d construct s a  ne w se t  o f  inferences .  Th e ne w infer -
ence s relate  concept s specifie d i n th e tex t  t o th e functiona l 
specificatio n o f  th e ne w device .  Fmally ,  a  tentativ e functiona l 
specificatio n o f  th e ne w devic e i s produce d from tiiese  ne w 
inference s an d sen t  t o th e comprehensio n process . 

To se e h o w th e feedbac k act s a s a  bridg e betwee n th e con -
cept s activate d b y th e text ,  conside r  th e subsectio n o f  th e 
semanti c networ k displaye d i n Figiu e 4 .  I n thi s semanti c net -
woric ,  th e concep t  L  Byt e i s activate d b y th e appearanc e o f  th e 
word s " L byte "  i n di e iî u t  text .  Respons e i s activate d b y di e 
appearanc e o f  "response" ,  an d New-Devic e i s activate d b y th e 
appearanc e o f  "system" .  Usin g onl y thes e activ e concepts ,  th e 
semanti c networ k woul d b e unabl e t o identif y critica l  concep -
tua l  relations  suc h a s tha t  betwee n L  byt e an d th e Outpu t  o f 
th e N e w Devic e becaus e di e activ e concept s L  byt e an d N e w 
Devic e ar e onl y distand y related  t o eac h odier .  Basin g it s de -
cisio n o n th e lengt h o f  th e pat h betwee n th e tw o concepts ,  th e 
semanti c networ k woul d dee m i t  unlikel y dia t  di e tex t  intend s 
t o relate  thes e concept s widiou t  furthe r  evidence . 
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F igur e 4 :  Identifyin g th e R e l e v a n c e o f  respons e a n d L  B y t e 

However ,  w h e n th e semanti c networ k begin s wit h 
feedback-activate d concept s suc h a s Respons e message ,  con -
ceptua l  relations  suc h a s tha t  betwee n L  byt e an d New-Devic e 
as wel l  a s tha t  betwee n Respons e an d New-Devic e ca n b e 
identified .  Th e concept s activate d b y th e tex t  ar e mor e closely -
related  t o th e concept s activate d b y feedbac k tha n the y ar e t o 
eac h other ,  s o th e semanti c networ k ca n identif y conceptua l 
relations  betwee n th e text-activate d concept s an d feedback -
activate d concept s (a s indicate d b y th e activ e path s i n Figur e 
4) .  Thi s produce s inference s tha t  serv e t o relate  th e text -
activate d concepts ,  inference s tha t  identif y th e relevance  o f 
concept s suc h a s Respons e an d L  byt e t o th e functio n o f  th e 
New-Device . 

Generatin g a  N e w Functiona l  Specificatfo n Give n a  tenta -
tiv e an d underspecifie d functiona l  specificatio n produce d b y 
th e languag e process ,  th e comprehensio n proces s compare s 
th e S B F mode l  an d thi s underspecifie d functiona l  specifica -
tio n t o determin e th e distinction s betwee n th e tw o devic e 
descriptions .  I t  note s distinction s tha t  ar e extremel y signifi -
cant  suc h a s th e distinctio n betwee n th e siz e o f  th e response 
packag e ( L byte s vevsus J bytes )  an d thos e tha t  ar e les s signif -
ican t  suc h a s th e differenc e i n th e name s o f  th e component s 
04 versu s C ) . 

Once al l  o f  thes e distinction s hav e bee n collected ,  th e com -
prehensio n proces s begin s adaptin g th e store d S B F model .  I t 
modifie s th e componen t  name s suc h tha t  the y ar e consisten t 
wit h th e ne w functiona l  specification ,  change s th e size s o f  th e 
response  packag e an d request  package ,  etc .  I n doin g so ,  i t 
transfer s a  larg e amoun t  o f  th e store d S B F mode l  t o th e ne w 
S BF model .  Fo r  exan^)le ,  i t  transfer s th e type s o f  th e com -
ponent s i n th e ol d devic e t o component s o f  th e ne w device . 
The result  i s  tha t  al l  o f  th e desig n detail s ar e filled  in ,  an d a 
significan t  numbe r  o f  assumption s ar e made .  Th e conqire -
hensio n proces s assumes ,  fo r  example ,  tha t  th e ne w devic e 
has th e sam e behaviora l  description s a s th e store d devic e an d 
th e sam e structura l  description . 

Identifyin g Relationship s betwee n Desig n Detail s Durin g 
th e adaptatio n o f  th e store d S B F model ,  th e assumptio n tha t 
th e structura l  specification s o f  th e n e w an d store d design s ar e 
equivalen t  i s examined .  Th e comprehensio n proces s consid -
er s eac h o f  th e difference s i t  ha s identifie d betwee n th e n e w 
specificatio n an d th e store d specification ,  lookin g fo r  thos e 
difference s tha t  m a y requir e modification s t o th e devic e struc -
ture .  Difference s tha t  ar e particularl y relevant  ar e difference s 
i n devic e input s an d ouQjuts .  Fo r  example ,  i n thi s example , 
th e distinctio n betwee n th e siz e o f  th e n e w design' s ou^u t 
and th e store d design' s ouQ)u t  (i.e. ,  L  byte s versus /  bytes )  im -
pose s ne w constraint s o n th e structur e o f  th e n e w design .  Th e 
comprehensio n proces s collect s thes e differenc e an d order s 
the m witi i  respect  t o thei r  priority . 

Examinin g the m i n orde r  o f  thei r  priority ,  th e comprehen -
sio n proces s retrieves  generi c modificatio n plan s tha t  rectif y 
th e difference s betwee n th e n e w desig n specificatio n an d th e 
store d desig n specificatio n b y adaptin g th e store d S B F model . 
Generi c modificatio n plan s ar e indexe d i n m e m o r y b y th e 
typ e o f  difference s the y reduc e an d ar e mad e availabl e b y th e 
m e m o ry process .  I n achievin g thei r  ends ,  generi c modifica -
tio n plan s manipulate ,  delete ,  an d augmen t  devic e structure . 

Afte r  th e comprehensio n proces s ha s received  th e generi c 
modificatio n plan s fro m th e m e m o r y process ,  i t  begin s t o 
diagnos e th e ne w model' s failure ,  i n thi s particula r  example , 
it s failur e t o produc e th e desire d ou^ut .  Whil e investigatin g 
th e cause s o f  th e ne w design' s failure ,  th e comprehensio n 
proces s identifie s th e relationship  betwee n th e frequenc y o f 
transmissio n (i.e. ,  ever y M seconds) ,  th e siz e o f  th e response 
packe t  (i.e. ,  L  bytes )  an d th e bau d rat e o f  th e lin k con^onent . 
Usin g th e qualitativ e relations  specifie d i n th e store d S B F 
model ,  i t  note s tha t  bau d rat e o f  th e lin k componen t  limit s th e 
amount  o f  informatio n tha t  ca n b e transferre d a t  a  particula r 
fiequency.  I t  conclude s th e bau d rat e o f  th e cunen t  lin k 
componen t  i s t o lo w an d tha t  increasin g th e bau d rat e o f  thi s 
conq>onen t  woul d provid e fo r  th e siz e o f  th e response  packe t 
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i n th e ne w desig n an d th e desire d frequency  o f  transmission . 
Give n th e diagnosi s an d th e generi c modificatio n plans ,  th e 

comprehensio n proces s "repairs "  th e structura l  specificatio n 
of  ttu e ne w design ,  replacing  th e lin k componen t  i n th e store d 
S BF mode l  wit h a  lin k componen t  tha t  ha s a  highe r  bau d rate . 

Discussion and Conclusions 

I n thi s work ,  w e believ e tha t  w e hav e foun d partia l  answer s 
t o som e o f  th e issue s tha t  aris e i n integratin g desig n proble m 
solvin g an d natura l  languag e understanding : 

•  T h e meanin g o f  understandin g language :  Apieceoftex t 
describin g a  desig n specificatio n i s understoo d i f  i t  ca n b e 
represented  i n th e targe t  (SBF )  languag e an d i f  i t  results  i n 
a successfu l  desig n o f  th e specifie d device .  I n general ,  th e 
succes s o f  languag e imderstandin g i s determine d i n term s 
of  th e succes s o f  th e overal l  cognitiv e task . 

•  Feedbac k t o N L P :  W e hav e identifie d thre e way s i n whic h 
th e proble m solvin g tas k ca n provid e feedbac k t o th e 
languag e process .  Fust ,  previou s experience s an d othe r 
knowledg e structure s retrieved  from  th e proble m solver' s 
memory provid e appropriat e context s fo r  languag e under -
standing .  Second ,  th e cos t  o f  proble m solvin g fo r  alter -
nativ e interpretation s o f  text s give s a  goo d decisio n metri c 
fo r  resolving  th e ambiguitie s betwee n interpretations .  R -
naUy,  th e ontolog y o f  th e tas k determine s correcmes s o f  a n 
interpretatio n thereb y providin g feedbac k t o th e languag e 
process . 

•  Constraint s impose d o n N L P :  Th e overal l  cognitiv e tas k 
affect s th e N L P tas k b y redefinin g classica l  problem s i n 
N L P suc h a s ambiguit y resolution.  I t  als o suggest s ne w 
ways o f  solvin g thos e problems .  I n addition ,  th e tas k de -
mands tha t  th e representations  an d th e outpu t  o f  languag e 
understandin g b e expressiv e enoug h t o captur e th e distinc -
tion s tha t  ar e significan t  i n th e ontolog y o f  th e task . 

•  Constraint s impose d b y N L P :  Th e integratio n o f  N L P 
wit h othe r  task s require s th e tas k t o b e abl e t o proces s 
incomplet e an d incrementa l  inpu t  an d provid e immediat e 
feedbac k t o th e languag e process .  I t  demand s a n itera -
tive/cooperativ e solutio n t o th e overal l  task .  I t  als o require s 
tha t  th e overal l  syste m mus t  hav e proble m solvin g abilit y 
require d t o solv e th e linguisti c problems :  fo r  instance ,  i t 
must  hav e a  cas e availabl e i n memor y fo r  resolving  a  par -
ticula r  ambiguit y eve n i f  tha t  cas e i s neve r  use d i n desig n 
proble m solving . 

What  lesson s regarding  th e modularit y o f  'mind' ,  eve n tenta -
tiv e ones ,  ca n b e draw n from  ou r  wor k o n K A ? K A certainl y i s 
modular ,  bu t  th e natur e o f  th e modularit y depend s o n th e leve l 
at  whic h i t  i s  analyzed .  Modularit y i n K A ca n b e viewe d a t 
th e level s o f  task ,  proces s an d knowledge ,  an d representation. 
At  th e tas k level ,  'languag e processing '  an d 'proble m solving ' 
ar e distinc t  modules ,  characterize d b y th e type s o f  informa -
tio n the y tak e a s inpu t  an d giv e a s ou^u t  A t  th e nex t  level , 
some o f  th e processe s ar e task-specifi c  bu t  other s ar e shared . 
Languag e processin g an d problem-solving ,  fo r  exanqile ,  ar e 
bot h informe d b y th e sam e memor y processe s whic h retrieve 
episodi c an d conceptua l  information .  Similarly ,  som e o f  th e 
knowledg e i s task-specifi c  an d som e o f  i t  i s  shared .  Onl y 
th e languag e processe s us e lexica l  an d syntacti c knowledge , 
and onl y th e problem-solvin g processe s us e knowledg e o f  th e 

primitiv e structura l  element s ou t  o f  whic h device s ar e com -
pose d (e.g. ,  type s o f  structura l  conq)onents ,  substances ,  and 
relations  amon g them) .  O n th e othe r  hand ,  bot h th e languag e 
and proble m solvin g processe s bot h emplo y functiona l  an d 
causa l  knowledg e o f  devices .  Finally ,  a t  th e leve l  o f  repre-
sentation ,  th e languag e and  problem-solvin g processe s shar e 
th e sam e vocabular y fo r  representing  concepma l  knowledge . 
Thus ,  from  th e viewpoin t  o f  K A ,  th e issu e o f  modularit y i s 
much mor e comple x tha n eithe r  th e orthodo x 'modularists' , 
suc h a s Fodo r  and  Jackendoff ,  o r  th e 'nonmodularists' ,  suc h 
as Marlen-Wilso n an d Î ler ,  suggest . 
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