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ABSTRACT 

AI approaches to natural language specify computational processes, yet they are based on the 

structura l  concept s o f  languag e an d gramma r  whic h posi t  necessar y condition s a t  leas t  fo r  th e 

"correct "  interpretation s o f  utterance s an d ofte n als o fo r  th e syntacti c and/o r  logica l 
representation s o f  utterances .  W e argu e tha t  an y suc h vie w wil l  fai l  t o accoun t  fo r  a  variet y o f 

importan t  feature s o f  languag e behavior ,  whic h w e describe .  System s base d o n th e language / 

grammar  mode l  ar e usuall y accompanie d b y heuristi c o r  algorithmi c search/selectio n method s o f 

computation .  W e contras t  thes e method s wit h constructiv e {leuchistic )  computatio n model s 

base d o n redundant ,  inconsisten t  set s o f  constraints ,  an d sho w tha t  thi s vie w offer s natura l 

account s o f  th e phenomen a described . 

I. INTRODUCTION 

Almost all computational work on natural languages, in and out of AI, has adopted the 

conceptio n o f  language ,  derive d fro m traditiona l  gramma r  an d structura l  linguistics ,  accordin g t o 

whic h ther e exist s a  bod y o f  knowledg e whic h define s th e primitive s o f  whic h th e languag e i s 

composed ,  th e principle s b y whic h thes e primitive s ma y b e combined ,  an d th e meaning s associate d wit h 

eac h primitiv e an d wit h eac h principl e o f  composition .  Thi s conceptua l  homogeneit y ha s bee n 

obscure d b y th e controversie s surroundin g virtuall y ever y othe r  questio n o f  N L processing ,  suc h a s th e 
debat e ove r  model s whic h postulat e syntacti c and/o r  logica l  level s o f  analysi s i n additio n t o th e 

meanin g (conceptual )  representatio n (e.g. ,  L U N A R (Wood s e t  al .  1972) ,  S H R D L U (Winogra d 1972) , 

P A R S I F AL (Marcu s 1978) )  a s oppose d t o model s whic h relat e utterance s t o meaning s i n a n integrate d 

fashio n (e.g. ,  Wilks' s (1975 )  parser ,  EL I  (Riesbec k an d Schan k 1976) .  an d th e Wor d Expe n Parse r 

(Smal l  1980)). '  whic h ha s sometime s bee n viewe d a s involvin g a  contras t  betwee n granmiar-base d 

and knowledge-base d methodologies ' 

We are thus abstracting from the controversies about exactly how this body of knowledge is 

structure d an d whethe r  i t  shoul d b e used—i n parsing ,  say—togethe r  wit h worl d knowledge .  Rather ,  w e 

ar e concerne d wit h th e fac t  tha t  almos t  al l  model s purpor t  t o simulat e th e idealize d use r  o f  a  give n 

language ,  conceive d o f  a s a n exper t  o n hi s nativ e languag e (e.g. .  CuUingfor d 1986:34) .  an d 

*The issues separating these approaches have at any rate been settled to some extent at least by the 

compromis e positio n o f  Lytine n (1986) ,  wh o propose s tha t  syntacti c an d semanti c informatio n for m 

distinc t  knowledg e base s bu t  tha t  thes e ar e combine d dynamicall y durin g parsing . 

'A related issue concerns the distinction, if any. between a declarative representation of knowledge of 

a languag e an d a  processin g model .  However ,  sinc e i n model s tha t  contai n littl e o r  nothin g beyon d a 

processor ,  th e latte r  stil l  implicitl y  represent s a  descriptio n o f  th e language ,  thi s distinctio n wil l  als o b e 

ignore d i n thi s paper .  Afte r  all .  a  contex t  fre e gramma r  coul d b e presente d b y mean s o f  a  proces s 

model  suc h a s a  pushdow n automato n o r  a n Earle y parsin g algorithm . 



consequentl y assum e tha t  ther e i s suc h a  thin g a s a  definit e knowledg e o f  wha t  a  nativ e speake r  doe s i n 

th e wa y o f  assignin g som e structura l  representations. ' 

We thus wish to contrast such models of language with models of (potential) linguistic behavior, 

whic h assum e tha t  th e meaning s (an d an y intermediat e representations )  ar e arrive d a t  b y mean s o f 

constructiv e processe s whic h tak e int o accoun t  a  variet y o f  factors ,  onl y som e o f  whic h bea r  a  clos e 

resemblanc e t o th e linguisti c knowledg e a s normall y conceived ,  wherea s other s involv e factor s suc h a s 

th e pas t  processin g tha t  ha s bee n don e b y th e system ,  interactio n wit h othe r  user s o f  th e language ,  an d 

eve n physica l  characteristic s o f  th e languag e user . 

We would discard the concepts of language and grammar, replace the customary notion of 

linguisti c competenc e wit h a  concep t  o f  potentia l  behavior ,  an d vie w productio n an d comprehensio n a s 

nonmonotoni c problem-solvin g processe s tha t  satisfic e rathe r  tha n searc h ou t  a n optima l  choic e fro m a 

pre-establishe d theoretica l  se t  o f  possibilities .  W e furthe r  sugges t  tha t  th e multi-componen t  constrain t 

satisfactio n mode l  serv e a s th e basi s o f  suc h proble m solving .  I n thi s pape r  w e outlin e th e approac h 
withou t  specifyin g a  particula r  theory ,  an d w e refe r  t o Lindsa y (1971 )  a s a n exampl e o f  thi s approac h 

i n application .  W e wil l  discus s som e o f  th e principa l  kind s o f  fact s o f  huma n linguisti c behavio r  whic h 
justif y an d perhap s eve n necessitat e thi s chang e o f  perspective .  W e wil l  sho w tha t  thi s approac h i s 

closel y relate d t o satisficin g model s o f  economi c behavio r  an d t o nonmonotoni c model s o f  reasoning . 
whil e th e conventiona l  language-base d model s ar e essentiall y  optimizin g an d monotonic . 

II. TEUCHISTIC MODELS OF LINGUISTIC BEHAVIOR 

Teuchistic Computation 

Typically, AI problem solving methods involve a search through a problem space or game tree. 
Althoug h ther e ma y b e a n exac t  algorith m involve d i n simpl e cases ,  usuall y th e proces s i s heuristic * 

Our  vie w i s tha t  N L us e involve s processe s whic h ar e neithe r  algorithmi c no r  heuristi c but .  t o coi n a 
new term ,  teuchistic .  Teuchisti c processe s construc t  a  solutio n rathe r  tha n searc h fo r  on e throug h a  se t 

of  pre-establishe d possibilities .  Trivially ,  man y numeri c compulation s ar e o f  thi s sort .  Fo r  example . 
squarin g a  numbe r  (o r  evaluatin g an y othe r  close d algebrai c form )  i s a  proces s o f  constructin g th e 

answer  rathe r  tha n searchin g throug h th e se t  o f  possibilitie s (th e rea l  numbers ,  i n thi s case). * 

Less trivially, at times it is not possible to define a solution space extensionally as when the space 
i s infinite ,  bu t  on e ca n d o s o intensionall y (fo r  example ,  th e rea l  numbers) .  Furthermore ,  eve n whe n 
suc h a  definitio n i s possible ,  i t  ma y no t  b e enlightenin g i f  th e computatio n itsel f  i s  no t  cas t  a s a  searc h 
withi n tha t  solutio n space .  Conside r  th e cas e o f  design ,  sa y o f  house s o r  electroni c circuits .  Her e 

computatio n i s bes t  viewe d no t  a s searc h bu t  a s construction ,  fo r  an y definitio n o f  th e se t  o f  possibl e 
house s o r  circuit s wil l  no t  ai d th e desig n proces s a s i t  i s  usuall y carrie d ou t  b y huma n designers .  Rathe r 
th e proces s i s on e o f  constructin g a  solutio n usin g availabl e tool s an d meetin g a  se t  o f  heterogeneou s 

constraints .  Indee d i f  th e constraint s ar e no t  themselve s necessar y conditions ,  bu t  merel y desig n 
desiderat a ("suggestions") ,  an d i f  furthe r  th e constraint s ma y b e vagu e an d inconsisten t  (a s desig n 

'We will also ignore such important and controversial questions as the following: Should a 

computationa l  mode l  simulat e ho w huma n being s represen t  linguisti c knowledge ? Wha t  leve l  o f 

understandin g shoul d b e aime d at ? Shoul d pragmatic s (knowledg e o f  th e world )  b e use d t o guid e N L 
understanding ? Wil l  model s designe d fo r  smal l  domain s o f  discours e scal e u p t o whol e languages ? 

'Some work in computational linguistics, in fact, views himian linguistic processing as involving a 

highl y inexac t  heuristic ,  whic h ca n handl e onl y a  restricte d subse t  o f  th e languag e allowe d b y th e 
theoretica l  mode l  o f  linguisti c representatio n (e.g. .  Peters ,  t o appears) . 

'However, some numeric computations involve search, usually systematic; for example computing a 

squar e roo t  b y Newton' s metho d o r  an y othe r  algorith m tha t  work s b y successiv e approximatio n ma y 

be see n a s a s searc h process . 
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principle s generall y  are) ,  th e concep t  o f  a  solutio n spac e i s no t  eve n coherent .  I n suc h situations ,  a s w e 

wil l  argu e i s th e cas e fo r  natura l  languag e use ,  computation s mus t  b e teuchistic ;  further ,  an y attemp t 

t o circumscrib e th e se t  o f  permissibl e "solutions "  wil l  b e futil e an d a  diversio n fro m th e rea l  task . 

As we will argue later, the conventional approaches to NLs appear to be optimizing in that they 

searc h fo r  th e "correc t  solution "  t o question s o f  syntacti c o r  semanti c representatio n o f  a  particula r 

utteranc e an d monotoni c i n tha t  th e syste m o f  rule s definin g a  conec t  solutio n i s self-consisten t  an d 

allow s th e representation s t o b e deduce d followin g th e rule s o f  classica l  logic .  I t  shoul d b e emphasize d 

tha t  thi s i s triviall y  tru e eve n fo r  thos e model s whic h hav e n o syntacti c o r  logica l  representation s bu t 

whic h construc t  a  meanin g representatio n directl y fro m th e utteranc e an d th e knowledg e o f  th e world . 

The teuchisti c approach ,  o n th e othe r  hand ,  share s importan t  feature s o f  satisficin g an d nonmonotoni c 

model s whic h hav e bee n develope d withi n A I  i n domain s othe r  tha n N L . 

From our point of view, the crucial distinction is between models that assume that there is a thing 

calle d languag e (specificall y a  particula r  languag e a t  a  particula r  time .  e.g. .  lat e 20t h centur y America n 

English )  whic h ca n b e usefull y modele d computationally ,  usefull y i n th e sens e tha t  suc h a  mode l  woul d 

behav e sufficientl y lik e a  huma n nativ e speake r  o f  thi s languag e t o b e abl e t o replac e huma n being s a t 

some significan t  task s bu t  als o i n th e sens e o f  castin g ne w ligh t  o n th e working s o f  huma n intelligence . 

Our model, if it is to be functional at all, almost necessarily has to be redundant and 

multipartite .  Thi s vie w assume s th e existenc e o f  severa l  differen t  source s o f  constraints ,  eac h o f  whic h 

ca n b e viewe d a s a  generativ e component .  I t  i s  no t  necessar y tha t  thes e source s b e non-overlapping . 
consistent ,  no r  eve n clearl y categorized .  I t  i s  onl y necessar y tha t  the y b e redundan t  i n th e sens e tha t 

structural-interpretiv e informatio n availabl e fro m on e se t  o f  source s ma y b e use d t o infe r  reliabl y 

(thoug h no t  necessaril y  wit h certainty )  structural-interpretiv e informatio n o f  othe r  types .  Fo r 

purpose s o f  illustration ,  w e ma y assum e source s o f  syntactic ,  lexical ,  phonetic ,  semantic ,  an d 

pragmati c constraint s (bu t  thi s i s a n oversimplification) ;  i n additio n ther e ma y b e source s o f  logica l 

and empirica l  constraint s o f  variou s kinds . 

It is the availability, of these multiple sources of redundant constraints that drives, for example, 

th e comprehensio n process .  Comprehensio n i s modelle d a s a  constrain t  drive n satis f  icin g process : 

informatio n i s selectivel y attende d t o an d use d t o constrai n th e generatio n o f  a n interpretatio n o r 
utterance .  I f  al l  structura l  informatio n i s consistent ,  th e interpretatio n i s rapi d an d unproblematic .  I f 

some structura l  informatio n i s no t  consisten t  wit h th e interpretatio n unde r  construction ,  a  strateg y o f 

backtrackin g i s undertake n t o revis e a  previou s decision .  I f  backtrackin g fail s (outrigh t  inconsistenc y 

i s encountered) ,  som e constrain t  mus t  b e relaxed ,  agai n accordin g t o a  specifi c  strategy . 

A specific earlier proposal along these lines involved learning mechanisms based on a multiple 

component s mode l  whic h ha s bee n describe d an d programme d b y Lindsa y (1971) ,  Th e learnin g 

mechanis m i s calle d th e jigsa w heuristic, *  afte r  th e jigsa w puzzle .  A  jigsa w puzzl e provide s tw o 
source s o f  constraint s fo r  it s  solution :  informatio n fro m th e contour s (syntax? )  tha t  determine s wha t 

piece s ma y b e adjacent ,  an d informatio n fro m th e desig n (semantics? )  abou t  th e colo r  an d for m o f  th e 

scen e depicted .  Thes e source s ar e redundan t  i n th e sens e tha t  th e puzzl e coul d b e don e i f  al l  th e piece s 

wer e congruen t  square s o r  i f  al l  th e piece s wer e upsid e down .  N o w suppos e som e o f  thi s informatio n 

wer e incomplet e -  tab s wer e deformed ,  o r  coffe e spille d o n th e design .  Solvin g th e puzzl e woul d the n 
lea d t o clea r  hypothese s abou t  th e natur e o f  th e missin g information .  I n th e N L situation ,  missin g 

knowledg e o f  wor d meanin g o r  pan-of-speec h coul d b e induce d b y a  learne r  i f  sufficien t  informatio n 
remaine d t o permi t  th e constructio n o f  a  satisfactor y interpretation . 

Modeling Potential Behavior 

In place of language, viewed as an object about which a definite body of information is available, 

we choos e t o focu s o n huma n linguisti c behavior .  Th e distinctio n is .  a s noted ,  no t  reducibl e t o tha t 

•Though we now see a crucial difference between our approach and the usual heuristic models. 
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betwee n declarativ e gramma r  formalism s an d processin g formalisms ;  no r  i s i t  th e sam e a s th e 

competence/performanc e distinctio n a s formulate d b y Chomsk y an d others .  Perhap s a n analog y wil l 

make thi s clear .  H u m a n athleti c abilit y  i s  limite d b y th e law s o f  physics ;  i t  i s  furthe r  limite d b y th e 

specifi c  configuration s o f  bon e an d muscl e an d b y physiologica l  constraints ;  i t  i s  stil l  furthe r  limite d a t 

any particula r  lim e an d plac e b y th e exigencie s o f  th e context ,  th e conditionin g o f  th e athlete ,  th e 

weather ,  equipment ,  an d s o forth .  T o sa y tha t  huma n athleti c competenc e i s limite d onl y b y th e law s 

of  physics ,  an d tha t  al l  othe r  limitation s (suc h a s inabilit y  t o jum p ove r  th e m o o n )  ar e "performance " 

limitations ,  i s no t  a  theor y tha t  i n an y wa y tell s u s abou t  huma n beings . 

On the other hand, a theory of athletic ability that specified general limitations due to human 

anatom y an d physiolog y woul d b e highl y informative ,  eve n thoug h i t  di d no t  enabl e th e predictio n o f  a 

specifi c  athlete' s performanc e o n a  give n day .  Bu t  suc h a  theor y mus t  tel l  u s abou t  th e rang e o f 

potentia l  behavior ,  specifically ,  i t  mus t  delimi t  wha t  coid d actuall y b e don e unde r  th e prope r  conditions . 

Thus i t  woul d nee d t o mak e referenc e t o suc h factor s a s muscl e strength ,  bloo d supply ,  an d s o forth , 

and ho w thes e contro l  processes . 

The theory we seek is a theory of potential behavior in this sense.- That is, we are not 

intereste d i n wha t  a  specifi c  speake r  ma y o r  ma y no t  hav e done ,  no r  i n attemptin g t o predic t  wha t  h e 
wil l  o r  wil l  no t  d o i n th e future .  Rather ,  w e ar e intereste d i n predictin g wha t  h e migh t  d o unde r  th e 

prope r  conditions .  I t  seem s t o u s tha t  ther e ar e a  larg e numbe r  o f  claim s alon g thes e line s tha t  ar e 
essentiall y  implici t  i n previou s scholarship ,  althoug h the y hav e rarel y bee n formulate d i n thi s way . 
Ther e i s i n existenc e a  philosophica l  literatur e (e.g .  Itkone n 1978) ,  whic h point s ou t  tha t  linguisti c 

theorie s ar e no t  theorie s o f  th e sam e orde r  a s thos e foun d i n othe r  science s precisel y becaus e the y lac k 
th e abilit y  t o mak e thes e kind s o f  if-the n claims .  I t  seem s t o u s tha t  th e misunderstanding s abou t 

competenc e an d performanc e li e a t  th e roo t  o f  th e problem .  On e canno t  mak e verifiabl e if-the n claim s 
abou t  competence ,  whic h i s b y definitio n inaccessible ,  an d n o seriou s claim s coul d b e attempte d fo r 
actua l  performance .  I t  i s  onl y b y focusin g o n potential ,  idealize d performanc e (behavior )  tha t  w e ar e 

abl e t o mak e thes e kind s o f  claims . 

m. LIMITATIONS OF LANGUAGE-BASED MODELS 

What is a Language-Based Model? 

Despite the diversity of fields interested in language and the diversity of approaches to its study, 
ther e i s a  remarkabl e unanimit y abou t  th e existenc e an d th e boundarie s o f  thi s phenomenon .  Th e 
reaso n fo r  thi s lie s i n th e genera l  acceptanc e o f  certai n notion s sometime s take n t o b e pretheoretica l 
constants ,  bu t  whic h ar e i n fac t  largel y th e produc t  o f  centurie s o f  scholarl y an d othe r  activit y o n 

languag e i n th e Wester n culture .  Typica l  o f  thi s genera l  consensu s ar e th e following :  ther e ar e man y 
languages ,  eac h o f  whic h i s a  separat e entity ;  language s consis t  o f  sound s whic h mak e u p word s whic h 
make u p sentences ;  hence ,  fo r  eac h language ,  i t  i s possibl e t o se t  u p a n analysi s tha t  tell s  u s jus t  wha t  i t 
consist s of ;  suc h a n analysi s wil l  tak e th e for m o f  severa l  chapter s o f  a  gramma r  plu s a  lexicon ;  thi s 

analysi s represent s a  kin d o f  knowledge ,  knowledg e o f  one' s language ,  tha t  i s  distinc t  fro m othe r 
knowledge ,  suc h a s knowledg e abou t  th e physica l  world. ' 

The heart of the paradigm is this assumption that language can be studied as an entity in its 
own right .  I t  i s  generall y presuppose d tha t  i t  i s  possibl e t o dra w a  boundar y betwee n knowledg e o f 

languag e an d othe r  knowledge .  A I  wor k whic h use s worl d knowledg e nevertheles s assume s tha t  ther e i s 
a bod y o f  knowledg e about ,  say .  m o d e m America n Englis h whic h i s self-contained .  Thus ,  mos t  A I 
model s hav e bee n base d o n som e conceptio n o f  grammar ,  eithe r  explicitl y  b y us e o f  gramma r  rule s plu s 

^We believe that a case can be made that such an approach was envisaged by the students of language 
known a s neogrammarian s a t  th e tur n o f  th e centur y (e.g. ,  Pau l  1880) . 

•Even if we assume, as many AI researchers do, that knowledge of the real world guides—or assists 

in—th e processin g o f  natura l  language . 
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parse r  o r  implicitl y  b y virtu e o f  thei r  relianc e o n representation s o f  linguisti c knowledge ,  whethe r  i n 

declarativ e o r  i n proces s terms ,  whic h expres s th e sam e informatio n a s a  grammar . 

The concept of grammar naturally suggests a model of language understanding that employs a 

grammar  t o assig n structura l  description s t o sentences ,  an d the n compute s meaning s fro m thes e 

structura l  descriptions .  Researc h i n AI ,  especiall y i n th e earl y day s o f  N L understanding ,  ha s 

commonl y bee n base d o n suc h a  model .  A  majo r  ste p i n suc h a  researc h progra m i s o f  cours e t o writ e 

a gramma r  t o characteriz e th e se t  o f  permissibl e sentences ,  an d thi s tas k i s formidable .  However ,  i t  i s 

not  th e wors t  o f  th e problem .  A s soo n a s a  gramma r  o f  an y siz e i s use d i n a n analysi s system ,  i t  i s 

discovere d tha t  th e "parser "  produce s a  surprisin g numbe r  o f  structura l  description s fo r  eve n ver y 

shor t  an d seemingl y simpl e sentences .  Initially ,  thi s proble m wa s though t  t o b e a  mino r  inconvenienc e 

tha t  cause d ver y lon g computationa l  times ,  bu t  whic h coul d b e gotte n aroun d i n othe r  ways .  I n fac t 

th e proble m i s deeper ,  sinc e ver y larg e number s o f  structura l  description s ar e th e rule ,  no t  th e 

exception .  S o wit h th e absolut e in-or-ou t  criterio n o f  a  grammar ,  on e i s caugh t  o n th e horn s o f  a 

dilemma :  eithe r  th e generativ e capacit y i s severel y limited ,  o r  ever y sentenc e become' s multipl y 

ambiguou s t o a n extreme ,  an d n o explanatio n i s offere d fo r  th e fac t  tha t  human s fai l  t o eve n notic e 

most  o f  th e .possibl e readings ,  thoug h the y ca n d o s o wit h effort ,  o r  a t  leas t  understan d explanation s o f 
them. ' 

On the other hand, more recent AI work has chosen to analyze just fragments of a language and 

has focuse d o n th e us e o f  worl d knowledg e t o guid e th e proces s o f  arrivin g a t  a n interpretatio n o f  a 

sentence .  Thi s approac h necessaril y  fail s  i n fac e o f  th e sam e facts ,  thoug h fo r  th e opposit e reason .  I n 
thes e approaches ,  ther e mus t  b e a n arbitrar y dividin g lin e draw n betwee n thos e interpretation s whic h 

ar e "normal "  enoug h t o b e allowe d b y th e worl d knowledg e an d thos e whic h wil l  neve r  b e allowed . 

Yet .  th e observe d fac t  i s  tha t  peopl e d o arriv e a t  reading s whic h n o A I  progra m woul d allow .  I n fact . 

th e reaso n tha t  A I  researcher s hav e bee n s o consciou s o f  th e nee d t o us e worl d knowledg e i n thi s wa y i s 

precisel y because ,  qu a huma n user s o f  English ,  w e ar e abl e t o arriv e a t  al l  sort s o f  unlikel y readings . 

whic h w e the n nee d t o rul e out. " 

In sum. the uses to which humans put language are strongly dominated by many considerations. 
onl y som e o f  whic h coul d b e expresse d a s conventiona l  linguisti c knowledg e (whethe r  i n term s o f  a 

grammar  o r  o f  a  heuristi c understandin g program) .  O n th e on e hand ,  a  languag e i s mor e tha n a  se t  o f 

pairing s o f  utterance s an d "conceptua l  representations." "  O n th e othe r  hand ,  th e linguisti c behavio r 

of  huma n being s i s no t  restricte d t o som e lin y se t  o f  "normal "  sentence s wit h "normal " 
interpretations .  Wha t  interpretation s wil l  accru e t o an y utteranc e (and .  likewise ,  ho w a  give n meanin g 

wil l  com e t o b e expressed )  depend s no t  onl y o n th e suppose d knowledg e o f  th e languag e bu t  o n th e 

previou s linguisti c experience s o f  th e languag e use r  (huma n o r  simulated) ,  o n externa l  circumstances . 
and ver y likel y o n physica l  an d othe r  relativel y low-leve l  characteristic s o f  th e user. " 

'While we are well aware of the proposals that human beings employ processing mechanisms which 

ca n handl e onl y a  smal l  par t  o f  wha t  th e gramma r  generates ,  ver y littl e ha s actuall y bee n don e t o sho w 

tha t  suc h a  mode l  ca n accoun t  fo r  th e facts .  Indeed ,  a s w e poin t  ou t  i n th e nex t  footnote ,  ther e i s a 

stron g reaso n fo r  doublin g tha t  thi s coul d b e th e case . 

"This argument applies with equal force to grammar-plus-processor models which claim that people 

ca n proces s onl y a  subse t  o f  th e languag e generate d b y th e granunar .  sinc e th e dividin g lin e betwee n 

what  i s processabl e ('acceptable '  i n th e standar d terminology )  an d wha t  i s no t  i s equall y arbitrar y an d 

empiricall y unmotivated . 

"A fortiori, we rejea any view of a language as a set of uninterpreted sentences. 

''In this context, the most obvious phenomena are the properties of language which are due to the 

neurophysiolog y o f  articulation ,  th e physic s o f  air-born e sounds ,  an d th e like ,  a s note d b y Pau l 

(1880) .  I n th e are a o f  syntacti c processing ,  th e mos t  strikin g exampl e o f  a  hypothesi s alon g thes e line s 

woul d b e Yngve' s (1960 )  proposa l  tha t  huma n being s us e pushdow n stack s o f  extremel y limite d depth . 
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Argument s fo r  th e Teuchisti c Approac h 

We now lum lo some general patterns of linguistic processing by human beings which seem to support 

a teuchisti c model . 

• People produce and parse rapidly a vanishingly small proportion of the theoretically possibly 

utterance s o f  a  give n language ,  an d moreover ,  inten d an d understan d onl y a  vanishingl y smal l 

proportio n o f  th e theoreticall y possibl e interpretation s o f  thos e utterances . 

•  Yet .  give n sufficien t  lim e an d effort ,  peopl e see m t o b e abl e t o increas e thes e proportion s 

significantly ,  whic h i s precisel y wh y w e ar e aware  o f  th e theoretica l  possibilitie s i n th e firs t  plac e 

(i n a  rea l  sense ,  the y ar e no t  merel y theoretical). " 
•  I t  i s  obviou s tha t  an y writte n o r  spoke n sequenc e ca n b e use d a s a  prope r  nam e o f  a  person , 

place ,  piec e o f  music ,  art ,  o r  writing ,  musica l  group .  poHtica l  pany ,  etc .  Suc h string s ca n 

moreover  hav e th e for m o f  sentence s o r  part s o f  sentence s whic h ar e otherwis e "impossible" . 

Thus .  D o yo u kno w wh y yo u don' t  no t  sa y n o sentence s lik e this ? woul d b e rulw l  ou t  a s 
ungrammatica l  b y som e N L system s an d force d t o mea n somethin g lik e D o yo u kno w wh y yo u 

don' t  sa y an y sentence s lik e thi s on e b y others ,  ye t  i t  can ,  an d fo r  som e peopl e i s likel y to .  mea n 
somethin g lik e D o yo u kno w [McCawley' s (1973 )  article ]  " W h y yo u don' t  no t  sa y n o sentence s 

lik e thi s one"? .  Thus .  Chamia k (1983 :  118 )  i s wron g i n assumin g tha t  Th e boy s i s dyin g mus t  b e 
eithe r  lef t  uninterprete d o r  els e (a s i n hi s system .  P A R A G R A M)  interprete d a s Th e boy s ar e 

dying .  I f  Th e boy s wer e th e nam e o f  a n avantgard e musica l  group ,  an d perhap s i t  is ,  the n thi s 

sentenc e woul d b e interpreiabl e withou t  an y suc h coercion .  I t  follow s tha t  i n a  sens e th e tas k o f 
generatin g al l  an d onl y grammatica l  sentence s i s trivial :  generat e everything .  Wha t  wil l  b e 
nontrivia l  wil l  b e th e tas k o f  constructin g appropriat e interpretation s fo r  cenai n sentences , 
namely ,  thos e whic h ca n mos t  naturall y b e interprete d b y takin g certai n part s o f  the m a s 

(unusual )  prope r  names. " 
•  A  relate d difficulty ,  notice d fo r  exampl e b y Robinso n (1984 )  i n wor k o n D I A G R A M an d b y 
many others ,  i s  tha t  c o m m o n noun s (an d othe r  categorie s o f  words )  ca n be—an d are—create d 
ofte n enoug h t o mak e relianc e o n an y fixe d dictionar y a n impossibilit y  fo r  a  N L progra m o f  an y 

scope . 
•  A  simila r  bu t  eve n deepe r  proble m arise s becaus e i t  i s  possibl e t o introduc e arbitrar y code s int o 
a linguisti c context .  W e migh t  say ,  fo r  example ,  tha t  fro m no w o n The y ar e flyin g plane s i s t o 
be take n t o mea n tha t  th e phon e i s bein g tapped .  Th e correc t  analysi s o f  th e cod e the n depend s 
on th e interpretatio n o f  it s  definitio n a t  a  poin t  tha t  i s  arbitraril y  fa r  remove d fro m it s use ;  thi s 
woul d requir e th e gramma r  t o b e arbitraril y  larg e t o manag e thi s feat .  Alternatively ,  a  gramma r 
coul d triviall y  assig n al l  possibl e interpretation s t o al l  possibl e stringy .  However ,  i n th e real -
worl d code s ar e bot h finit e an d use d unde r  restricte d circumstances ,  s o th e proble m appear s t o 
be amenabl e t o a  teuchisti c approach . 

A more recent claim is that in favor of people using queues rather than pushdown stacks in linguistic 
processin g (Manaster-Ramer ,  1986) . 

"An extreme example involves expert informants, such as highly trained linguists, changing their 
mind s ove r  period s o f  year s abou t  th e grammatica l  statu s o r  th e interpretation s o f  eve n shor t  exampl e 

sentence s (e.g. ,  Chomsk y (1982 )  o n parasiti c  gaps ,  Langendoe n (1977 ;  persona l  communication )  o n 
subject-ver b agreemen t  i n respectivel y constructions) .  I n suc h cases ,  N L user s appea r  t o operat e i n 

time s ofte n measure d i n year s an d no t  i n milliseconds . 

"Amsler (1987) has observed that a very large portion of naturally occurring text, such as news 

servic e reports ,  contain s word s no t  i n dictionaries .  Mos t  o f  thes e ar e prope r  name s tha t  ma y b e 
expresse d i n a  wid e variet y o f  manners ,  s o man y tha t  Amsle r  sugges t  th e nee d fo r  prope r  nam e 
formatio n rule s rathe r  tha n lexicon s t o recor d them ;  ou r  vie w i s tha t  suc h method s wil l  themselve s b e 

insufficien t  still .  Th e sam e difficult y wit h prope r  name s wa s encountere d i n a  parse r  fo r  Chines e 
characte r  tex t  develope d b y AMR' s student s a s a  clas s project . 
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•  I n rea l  life ,  ther e ar e mor e competen t  reader s tha n competen t  writers ,  mor e peopl e adep t  a t 

comprehensio n tha n articulat e speakers .  Language-base d model s i n principl e fai l  t o allo w fo r 

th e possibilit y  o f  suc h asymmetries—o r  els e woul d conside r  i t  entirel y outsid e thei r  bounds . 

Model s o f  behavio r  ar e calle d for . 

•  Equall y strikin g difference s separat e differen t  speakers ,  wh o despit e differen t  linguisti c 

abilities ,  styles ,  dialects ,  an d eve n (especially )  knowledg e o f  th e topi c ar e abl e t o communicat e 

t o a  degree ,  ofte n a  substantia l  degree .  Again ,  language-base d model s offe r  n o insigh t  int o thi s 

phenomenon ,  sinc e the y woul d hav e t o simpl y recogniz e a s man y differen t  language s a s ther e ar e 

speakers .  On e argumen t  agains t  thi s i s th e fac t  tha t  peopl e recogniz e tha t  certai n individual s ar e 

bette r  speaker s o f  th e sam e languag e tha n other s (includin g themselves ,  oftentimes) .  Al l  thi s 

suggest s tha t  w e canno t  seriousl y vie w th e idealize d (an d idolized )  nativ e speake r  a s a n exper t 

whose knowledg e i s t o b e embodie d i n th e N L programs . 

•  Communicatio n ca n persis t  i n th e fac e o f  disruption s tha t  caus e deviation s fro m an y full y 

prescribe d rule s o f  well-formedness :  typographica l  enors ,  acousti c distonions ,  neologisms , 

jargon ,  metaphor ,  haltin g an d restarting ,  fractiona l  sentences ,  an d s o forth .  O n th e othe r  hand , 

certai n othe r  type s o f  interference ,  suc h a s delayin g th e feedbac k o f  a  speaker' s ow n voic e t o hi s 

ears ,  i s  devastating .  Th e latte r  fac t  i s  panicularl y revealin g sinc e i t  argue s fo r  a  mode l  tha t  pay s 

attentio n t o th e physica l  an d othe r  low-leve l  propertie s o f  speakers . 

•  Ther e ar e man y case s wher e th e languag e appear s t o chang e wit h use ,  i.e. ,  th e questio n o f 

whethe r  som e utteranc e o r  utterance-interpretatio n pairin g i s license d b y a  panicula r  languag e 

canno t  b e answere d i n th e abstract .  Furthermore ,  th e linguisti c abilitie s eve n o f  a  singl e speake r 

chang e constantly ,  eve n afte r  puberty .  Language-base d theorie s coul d onl y dea l  wit h suc h fact s 

by postulatin g eve r  newe r  grammars ,  whic h amount s t o treatin g a n evolvin g individua l  a s a 

sequenc e o f  differen t  individuals .  Again ,  t o th e exten t  tha t  suc h chang e i s influence d b y factor s 

suc h a s interactio n wit h othe r  speaker s o r  one' s physiologica l  development ,  i t  fall s  outsid e th e 
scop e o f  language-base d theories .  Th e sam e i s true ,  fo r  simila r  reasons ,  o f  creativ e use s o f 

language ,  suc h a s metaphor ,  humor ,  introductio n o f  word s an d terminology ,  an d others . 

•  Perhap s th e mos t  strikin g phenomeno n whic h argue s fo r  a  teuchisti c mode l  i s tha t  o f  languag e 

chang e ove r  generations .  Th e existin g model s o f  languag e inevitabl y trea t  an y languag e change . 

eve n a  smal l  one .  a s producin g (o r  strictl y speakin g a s bein g produce d by )  th e ris e o f  a  ne w 
grammar ,  discontinuou s fro m th e ol d one .  O n ou r  vie w (se e als o Pau l  1880) .  languag e chang e i s 

due t o th e fac t  tha t  norma l  languag e processin g involve s feedback ,  s o tha t  th e fac t  tha t 

particula r  form s wer e processe d influence s th e underlyin g system .  Sinc e th e processin g i s 

teuchisti c an d use s variou s subsystems ,  i t  follow s tha t  form s tha t  ar e "incorrect "  i n term s o f  th e 
overal l  syste m wil l  actuall y occu r  an d the n i n tur n caus e th e syste m t o b e altered. "  Moreover . 

sinc e th e overal l  syste m nee d no t  eve n b e consistent ,  fo r  man y form s i t  ma y no t  eve n b e possibl e 

t o determin e whethe r  the y ar e "conect "  o r  not .  ye t  the y wil l  occur ,  tendin g t o restructur e th e 
syste m i n th e directio n o f  makin g the m "conect". " 

All the phenomena discussed above seem to bear directly on the use of language in real-world 

settings ,  an d inaeasingl y problem s du e t o the m ar e becomin g recognize d i n computationa l  work . 

especiall y withi n th e A I  tradition .  Th e proble m o f  potentiall y  unbounde d ambiguit y an d difficultie s 

due t o th e open-ende d natur e o f  name s an d eve n c o m m o n word s ar e example s whic h severa l 

researcher s hav e ha d t o dea l  with .  A s mor e an d mor e ambitiou s syste m ar e attempted ,  mor e o f  thes e 

problem s wil l  b e notice d t o hav e debilitatin g practica l  effects .  W e believ e tha t  man y o f  thes e 

difficultie s ca n b e solve d b y concene d an d multi-pronge d effort s o f  a  teuchisti c nature . 

"The conventional view — even when supplemented with a feedback mechanism — leads to no such 

insights ,  sinc e th e i t  guarantee s tha t  ever y for m produce d wil l  alway s b e "correct "  i n th e origina l 

grammar . 

"For example, if a form occurs a sufficient number of times for whatever reason, it will tend to be 

reinforced .  Fo r  example ,  peopl e wil l  ofte n assimilat e form s inconsisten t  wit h thei r  origina l  usag e i f 

thes e form s ar e frequentl y use d b y other s i n thei r  presenc e (compar e th e us e o f  infantil e o r  pseudo -

foreig n form s b y adults) . 
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IV .  PARALLEL S T O O T H ER W O RK 

There exist research paradigms in and out of AI that focus on analogous properties of 
nonlinguisti c huma n behavior .  Tw o example s ar e A I  model s o f  (nonmonotonic )  reasonin g an d 
economi c model s o f  (saiisficing )  behavior .  Bot h o f  thes e propertie s featur e prominentl y i n ou r  idea s 
about  natura l  language .  Th e distinctio n betwee n optimizin g an d satisficin g processes ,  introduce d b y 
Simon (1947 ,  1955) ,  illuminate s th e differenc e betwee n th e search-base d model s o f  N L understandin g 
and teuchisli c  ones .  Presumabl y mos t  huma n proble m solvin g involve s satisficing—findin g a n 
adequat e job ,  home ,  spouse—rathe r  tha n optimizing—considerin g an d comparin g al l  jobs ,  houses . 
people—simpl y becaus e informatio n an d computationa l  resource s ar e limited .  O n th e vie w o f  languag e 
her e proposed ,  th e proces s o f  understandin g a n utteranc e neve r  reache s completio n i n th e sens e o f 
achievin g th e conec t  reading ,  no r  doe s i t  eve r  conside r  al l  possibl e readings ,  no r  i s i t  necessar y tha t 
such a  se t  o f  possibl e reading s exists .  Rather ,  a  sentenc e i s interprete d i n th e contex t  o f  a  panicula r 
situatio n an d purpose ,  s o tha t  change s i n thes e factor s coul d chang e th e readin g tha t  i s constructed . 
The teuchisti c proces s continue s unti l  som e adequat e solutio n i s achieved ,  o r  unti l  on e give s u p th e 
attemp t  fo r  lac k o f  time ,  knowledge ,  memory ,  o r  computationa l  capacity .  Th e en d t o b e achieve d ma y 
be t o understan d wel l  enoug h t o paraphrase ,  t o answe r  a  specifi c  question ,  t o giv e th e appearanc e o f 
comprehension ,  t o determin e th e intelligenc e o r  politica l  stanc e o f  th e speaker ,  t o memoriz e verbatim . 
and s o on ;  i t  i s  no t  t o fin d th e meanin g representation .  A n utteranc e i s no t  a  messag e t o b e decoded ,  i t 
i s  a  se t  o f  clue s t o a  resolutio n o f  a  problem . 

The satisficing view that we have outlined leads to a potential connection between our proposals 
and th e recen t  wor k i n A I  tha t  ha s focuse d o n th e nonmonotoni c characte r  o f  huma n reasonin g (se e 
Turne r  198 4 fo r  a  survey) .  I t  woul d see m tha t  mos t  kind s o f  linguisti c model s len d themselve s t o a 
nonmonotoni c manipulation .  A s fa r  a s th e oldes t  atteste d mor e o r  les s explici t  gramma r  tha t  ha s 
survive d int o ou r  time s (Panini ,  n o date ,  bu t  definitel y B .  C ) ,  w e fin d tha t  grammar s contai n 
mutuall y conflictin g stipulation s suc h tha t  deduction s base d o n tw o differen t  rule s (or ,  mor e generally , 
subgrammars )  woul d ofte n yiel d contradictor y consequences .  Normally ,  o f  course ,  deduction s fro m a 
singl e rul e o f  a  gramma r  o r  a  prope r  subse t  o f  th e rule s ar e no t  allowed .  T o se e wha t  a  gramma r 
generates ,  w e hav e t o conside r  th e entir e grammar ,  a s befit s a n optimizin g model .  Hence ,  thi s 
nonmonotoni c characte r  o f  grammar s ha s no t  ha d muc h significance .  However ,  wha t  w e ar e proposin g 
i s tha t  th e norma l  situatio n i n huma n linguisti c behavio r  i s satisficing .  an d thi s woul d naturall y mea n 
that ,  i f  ther e i s suc h a  thin g a s a  grammar ,  onl y pan s o f  i t  wUl  b e accesse d a t  an y give n lim e i n real -
tim e processing .  A s a  result ,  w e woul d b e abl e t o explai n ho w a  speake r  ca n conside r  a  sentenc e 
ungrammatica l  fo r  a  tim e an d the n decide ,  upo n furthe r  reflectio n (i.e. ,  whe n mor e o f  th e gramma r  i s 
considered )  tha t  i t  i s  grammatical ,  o r  vic e versa . 

V. CONCLUSIONS 

To our mind, any model of natural language which is to be useful must concern itself with the 
kind s o f  issue s an d phenomen a w e hav e discussed :  th e fluidity ,  imprecision ,  situatio n sensitivity ,  an d 
inconstanc y o f  language ,  an d th e robustnes s o f  huma n understanding .  Th e traditio n ha s tacitl y  opte d 
fo r  monotoni c an d optimizin g models ,  no t  s o muc h becaus e o f  an y definit e argument s i n favo r  o f  suc h 
model s a s becaus e o f  a  widesprea d failur e t o concer n onesel f  wit h thes e kind s o f  issue s i n th e firs t 
place .  Th e notio n tha t  natura l  language s exis t  a s idea l  entitie s i n thei r  ow n righ t  naturall y lead s t o 
model s tha t  i n effec t  ar e monotoni c an d optimizing ,  i n th e sam e wa y tha t  considerin g classi c logi c 
instea d o f  actua l  huma n reasonin g o r  idea l  economi c system s instea d o f  rea l  one s wil l  lea d t o analogou s 
results .  I f  w e conside r  huma n linguisti c behavio r  a s ou r  domai n o f  study ,  the n th e satisificin g an d 
nonmonotoni c model s ar e almos t  inevitable .  Teuchisti c processe s ar e appropriat e t o characteriz e thes e 
models . 
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