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Explode d Coiiiieciiuii!. : 

Uiicliuiikiiii; Sclieiitutic kiiu\iilcd|;e 

Slevei i  I. .  Smal l 
Dcpanmeii i  oI'Lompuie r  Scient e 

Th e Uiiivcrsii y  o f  Kouhesle r 
Rochester .  N e w Yor k 1402 7 

Rack)>rouii d 

li has been understood for some ume that the organisation 
of  knowledg e int o even t  schemat a an d visua l  schemat a ca n 
ai d signillcantl y i n th e inference-makin g process .  I f  w e 
kno w tha t  w e ar e i n a  typica l  room ,  t o us e Minsky' s 
exampl e [1974] ,  the n w e expec t  t o se c windows ,  wall s tha t 
ar e perpendicula r  t o a  ceiling ,  etc .  I f  w e kno w tha i  w e ar e 
at  a  restaurant ,  t o us e Schank' s exampl e (I975| ,  the n w e 
ca n expec t  t o b e seate d b y a  maitr e d'hotel ,  t o b e give n 
menus,  etc .  li y  classifyin g situation s accordin g l o a  smal l 
collectio n o f  schemati c situations ,  a  wid e variet y o f 
inference s becom e immmediaiel y clea r  an d simple . 
This same kind of schematic reasoning conslituies the 
hear t  o f  severa l  well-know n theorie s o f  low-leve l 
comprehension ,  especiall y b y Schan k 119721 ,  Wilk s [19?]) , 
etc .  B y classifyin g iinguisU c clause s int o a  smal l  numbe r  o f 
semanti c categories ,  suc h a s physica l  transfer s o f  locatio n 
( P T R A N S ) ,  propellin g o f  object s (PKOI'LL) .  etc. ,  a 
n u m b er  o f  inference s ar e suaighiforward .  Certai n kind s o f 
paraphras e ar e simple ;  "buying "  an d "selling "  ar e 
represente d i n almos t  th e sam e way ;  "running, "  "walking, " 
an d "biking "  hav e m u c h i n c o m m o n i n thei r  semanli c 
representations .  T h e schem a fo r  abstrac t  transfer s o f 
possessio n ( A I R A N S )  lead s u s t o expec t  exchang e o f  on e 
thin g fo r  anothe r  fro m on e perso n t o another .  I f  an y o f 
thes e ar e no t  specificall y specified ,  the y ca n b e inferre d 
easily ,  further ,  suc h a n abstrac t  transfe r  probabl y too k 
plac e becaus e on e perso n wante d t o o w n somethin g tha i 
ha d bee n owne d b y someon e else ,  th e othe r  perso n 
probabl y didn' t  wan t  i t  s o m u c h anymore ,  an d simila r 
kind s o f  simpl e inferences .  Th e M A R G I I i  syste m [Schan k 
et  al ,  1973 )  exhibite d ver y impressiv e behavio r  withou t 
usin g m u c h mor e tha n schemati c inference s base d o u th e 
semanti c representatio n schem e o f  Conceptua l 
Dependenc y ( C D ) . 
Unchunkint' Schemata 
III this short paper, we suggest a framework lor the iliidy 
II I  :i(.heinaU c aspect s o l  natura l  l.iiit.'ii.ig L u>iii|ia-ticiibi(>i i 
spe«.ifii.jll v  w c puiMu -  ili e uu i  i. l  Itliiinn i  |l')7(i ]  ii i 
I'K'lt̂ nini ;  lilt ,  dyiiaiii u i.illic i  lli.i n .l.ili > .I'liikiii K <i l 
•  ' .  . "  I l  .lu i  lIl C MM-  II I  |i,ll,,l| i  1 1 1 .  ,  . .  'iMl. '  I 
knowledg e representatio n facilitate s tha t  goal .  Th e 
approac h draw s fro m previou s wor k i n schemati c 
representatio n an d reasonin g [Miiisky ,  1974 ;  Schank , 
1975) ,  spreadin g activauo n [Quillian ,  I96«| ,  parsin g [Small , 
1980 ;  Marcus ,  1979] .  speec h recognitio n (Ixjwerre ,  1976) , 
psycholinguistic s [Dell ,  1980 ;  McClellaiu l  an d Rumelharl , 
1980] ,  an d compute r  visio n [llallard ,  1981 ;  Marr ,  197H| .  B y 
decomposin g schemati c knowledg e int o diilus e unit s an d 
by studyin g th e wa y thes e facet s o (  knowledg e ar e 
connecte d (inferentially) ,  w e expec t  t o sho w iinporian i 
result s i n severa l  areas : 
- how a language comprehension system can 

maintai n diffus e loc i  o f  contro l  (hypxaiticses ) 
simultaneously ,  bu t  stil l  coni c t o a  ilcxisioi i  whe n 
required ; 

-- how to obtain schematic reasoning (and 

expectations )  fro m distribute d unit s no t  a  prior i 
committe d t o representin g uniqu e siali c  siiuaUons ; 

-- how to merge schematic inference mechanisms 
fro m th e top-dow n (e.g. ,  scripts )  an d fro m th e 
boitom-u p (e.g. ,  cas e frames) ;  an d 

" how to relate experimeniai psychological data (e.g.. 
reactio n tune s o n normal s an d aphasics )  t o 
compute r  models . 

The modelling etTort employs an architecture significantly 
dilTeren t  fro m th e typica l  compute r  an d close r  l o tha t  o f 
th e h u m a n brain .  W e us e a  particula r  spreadin g activatio n 
or  acliv e semanli c networ k scheme ,  calle d conneciiom înt , 
whic h consist s o f  a  massiv e numbe r  o f  appropriatel y 
connecte d computin g unit s tha t  communicat e throug h 
weighte d level s o f  excitatio n an d inhibitio n [leldma n an d 
Ballard ,  1982] ,  Whil e suc h a n architectur e doe s no t  solv e 
any problem s pe r  se ,  w e believ e tha i  a  numbe r  o f 
question s becom e easie r  t o se i  fort h an d mor e 
straightforwar d t o solve .  Thi s pape r  intend s onl y t o sugges t 
th e direction s o f  ou r  curren l  researc h i n addressin g severa l 
languag e comprehensio n issue s fro m th e ne w perspective . 
Some Main Issues 

In particular, we show how a number of classical problems 
i n th e theor y o f  schemat a migh t  b e approache d i n a  ne w 
way.  Thre e principa l  issue s ar e discussed :  (1 ) 
Comprehensio n take s plac e o n a  numbe r  o f  interactin g 
level s o f  processing ;  (2 )  multipl e hypothese s ar e 
simultaneousl y maintdine d a l  a  numbe r  o f  ditfiis e 
processin g loci ;  an d (3 )  contex t  atVect s proLcvsin g i n bot h 
top-dow n an d hoiloi n u p iliicLiioii h i  ipriiiiieiita l 
psychologist s iu c hcgiiuiiii x  l o iiiiiIiinI.iiii !  iiic i  issue r 
throug h rcaciioi i  iiim :  .i.ii. i  M i  i  lili.,ii. l  ..n. i  i-i f  i .  Iliai i 
[1980 ]  hav e identifie d tw o processin g levels ;  Del l  [I98(i | 
present s dat a suggestin g interaction s withi n th e phonemi c 
level ;  Swinne y [1979 ]  show s way s u i  whic h contex t  Joe \ 
not  affec t  processing ;  Seidenber g e t  a l  [1980 ]  illustrat e a n 
entir e tim e cours e fo r  processin g a t  th e lexica l  level ;  an d 
Samuel  e t  a i  [1982 ]  presen t  dau i  suggestin g th e 
mechanism s o f  lette r  processin g an d th e wor d superiorit y 
effect . 
Multiple Levels of Comprehension 
While it is sometimes the case that a language 
understande r  need s t o kno w th e primitiv e schemati c 
action s tha t  compos e a  mor e comple x acUon ,  ofte n h e doe s 
not .  T h e relevan t  informatio n carrie d b y paruciila r  word s 
an d expression s i s precisel y tha t  informatio n tha t  aid s th e 
heare r  t o understan d th e intende d meanin g o f  th e speaker . 
Thi s alway s lake s plac e i n som e contex t  an d canno t  b e 
separate d fro m it .  I n a  dialogue ,  a  heare r  mus t  iiiierpre t 
th e word s an d expression s i n ligh t  o f  th e coiiiiiiiiiiicaiiv e 
goal s o f  th e speaker ;  i n a  story ,  a  leade r  iriiis t  serv e t o 
connec t  ne w fragment s o f  tex t  wii h th e existin g 
interpretatio n o f  stor y structure .  Iiiriher ,  genera l 
knowledg e abou t  th e worl d mus t  b e applie d wher e neede d 
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10 th e comprehensio n proces s (eve n a l  ih e leve l  o f 
individua l  word s an d phrases) ,  an d ih e stoi ^  o r  goa l 
siruciure s consuucie d mus i  b e coiisiraine d b y u . 

Il seems unusual to consider certain ucuoiis in leniis of 
thei r  decomposiuon s (i n th e sens e o t  C D )  int o slructurc s 
o f  primitiv e units .  Ther e ar e ver y fe w coiuexi s i n whic h 
th e sentenc e "Rici c kisse d Joanie "  woul d b e bes t 
understoo d b y focusin g o n th e (nonetheles s valid )  lat i  tha i 
"Rici t  m o v e d hi s hea d t o i n fron t  o f  ih e hea d o f  Joani c s o 
tha t  the y wer e bot h facin g eac h other ,  an d the n puckere d 
hi s lip s an d touche d the m t o Joanie. "  Thi s lon g descripuo n 
must  b e represente d a s th e algorithmi c (functional ) 
concep t  underlyin g kissing .  Thi s descriptio n woul d b e 
require d l o understan d th e sentenc e "Joani e caugh t  Kick' s 
cold "  occurrin g next .  I t  woul d certainl y no t  hel p i n 
undersundin g th e sentenc e "Joani e bough t  hersel f  a  ne w 
blouse. "  Th e understandin g o f  thi s secon d conceivabl e 
utteranc e require s a n entirel y differen t  se t  o f  relauonship s 
concernin g kissing . 
Multiple Stmultaneowi Loci of Control 

Thus, we need at least two diflereni kinds of associations 
o f  kissin g t o understan d sentence s i n whic h i t  i s  a  centra l 
action .  W h e n hearin g suc h a  sentence ,  bot h o f  thes e kind s 
o f  association s ar e acuvated ,  an d eithe r  on e lu u b e relevan t 
t o undcrsiaiiilin g wha t  come s nex t  l-iiithcriiuiie ,  th e 
luiMrK I  |iu\i<i(i' ,  I d (h e kis.Mtl K .ictloi i  ti.iili l  lin c l o mak e 
liiii '  " I  l u .illii i  <• !  iliC' C av>o i  uilii>ii \  ilii '  |iiiiiiiiiicii l  iili c 

ili > .1 1 .l i  !  Kiii.lllil ;  I  111 .  i-iiUii .  L  "I'l .  ̂  dlil h I 
car e abou t  th e flu "  woul d faciliui e undersundin g th e nex t 
sentenc e i n a  wa y mor e heavil y weighe d towar d th e 
algorithmi c associatio n o f  kissin g tha n th e emotiona l  one . 
Likewise ,  th e precedin g senieiict :  "Kic k fel t  strongl y 
atTected "  shoul d facilitat e th e othe r  associations .  A n activ e 
processin g networ k work s throug h simultanou s activit y i n 
m a ny processin g locations ,  permituii g a  cognitiv e mode l  t o 
avoi d irrevocabl e all-or-nou e decision s i n favo r  o f  a  mur e 
continuou s approach .  Thi s lead s t o plausibl e explanation s 
o f  subsequen t  contex t  elTects ,  indiidin g puns . 

Context Effects on Comprehension 
In building a computer model of language comprehension, 

we mus t  conside r  thes e phenomena .  Ih e contex t  precedin g 
an utteranc e mus t  serv e t o favo r  certai n inierpretation s 
ove r  others .  A s i n th e exampl e presente d here ,  th e 
competin g interpretation s nee d no t  b e incompauble :  th e 
contex t  mus t  simpl y facilitat e th e comprehensio n o t 
subsequen t  utterance s b y focusin g o n on e leve l  o f 
imerpreutio n ove r  others .  I t  shoul d tak e longe r  fo r  a 
heare r  t o understan d ho w Kic k coul d ge t  th e (l u fro m 
Joani e i f  conditione d t o focu s o n thei r  emotiona l 
involvement ,  tha n t o understan d th e sam e utteranc e afte r 
contextua l  condidonin g t o focu s o n th e mechanic s o f 
kissing .  Th e result s o f  Seidenber g e t  a l  [1980 )  sugges t  tha t 
analogou s contextua l  elTect s hol d wit h respec t  l o lexica l 
access . 

Ihe computer model should make accessible all levels of 
interpretatio n o f  utterances ,  bu t  shoul d no t  mak e 
everythin g a s easil y accessibl e a s everythin g else .  W h e n 
knowledg e o f  th e mechanic s o f  kissin g ar e require d t o 
understan d a  fragmen t  o f  text ,  i t  mus t  b e available .  I f  th e 
tex t  i s  abou t  som e romanti c relationship ,  thi s knowledg e 
woul d usuall y b e a n obstacle ,  rathe r  tha n a  help ,  t o 
understanding ,  l u suc h u  case ,  i t  shoul d b e availabl e i f 
neede d (thoug h perhap s slowly) ,  bu t  mosU y i t  shoul d no t 
be involved . 

Ihe Kxploded Connection Scheme 
We propos e a  unifor m representatio n schem e fo r  bot h 
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high -  an d low-leve l  languag e processin g tha t  share s som e 
o f  th e flavo r  o f  th e schemati c approaches ,  bu t  whic h 
incorporate s flexibihl y throug h thre e methods : 

(1) The use of incredibly large numbers (and wide 
variety )  o f  schemati c situation s {units) ; 

(2) A focus on the relationships among- these situations 
rathe r  tha n (Ji i  ih e siliialion s themselve s {cunn n turns) ,  an d 

(.1) The list of iiumciii.il piUcniial:. in vvci(ih 
(comparatively )  th e iclcvaiii. e .> i  .ii u (.iiiuiil. u Mliiniuii i 
situatio n t o th e dat a {activatio n levels) . 

We call the approach an Exploded ( onncction Si heme 
( E C S ) ,  an d ar e usin g i t  t o buil d a  iinilie d theor y o f  low -
an d high-leve l  languag e comprehensio n Ih e demenia l 
unit s o f  E C S encompas s th e gamu t  o f  traditiona l  element s 
o f  comprehensio n models ,  fro m phoneme s an d 
m o r p h e m e s t o case s an d semaiiu c primitive s t o concept s 
an d even t  sequences .  W e believ e tha t  ihcr e ar c larg e 
number s o f  eac h kin d o f  unit ,  an d tha t  reasonin g lake s 
plac e throug h th e richnes s o f  th e uni t  vocabului ^  an d th e 
connection s a m o n g th e individual s S u m c o f  ou r  curren t 
idea s o n th e organizatio n o f  thes e ex(jludci l  unit s ca n b e 
foun d i n [Coiirell ,  1982] . 
What we are arguing for is a highly difliibe active 
representatio n o f  knowledg e an d it s processing .  Iradiiionu l 
model s [Schan k e t  al ,  1973 ;  Small ,  198(J |  represe m th e 
meanin g o f  utterance s i n single ,  large ,  comple x siriiciuie s 
o f  s o m e smal l  numbe r  o f  primitiv e elemenis .  Larg e 
processe s the n manipulat e thi s knowledge ,  encodin g an d 
decodin g th e larg e symbo l  structures .  Alternatively ,  w e ar e 
suggestin g representin g meanin g i n a  ver y larg e numbe r  o f 
(exploded )  activ e processin g units ,  whic h comput e 
activatio n a s a  functio n o f  incomin g weighte d excitatio n 
an d inhibition .  T h e schem e focusses  o n th e comple x 
interaction s a m o n g diffus e knowledg e unit s an d reduce s 
th e complexit y o f  individua l  processes .  Suc h processin g 
unit s tha t  d o no t  manipulat e comple x symbo l  structure s 
ca n interac t  frequently  an d tightly . 
The Pair Principle 

Each unit of a particular type uiggers activauon in other 
simila r  unit s tha t  ar e likel y t o c o m e nex t  i n meaningfu l 
speech .  Thi s happen s a t  ever y leve l  o f  processing ,  withi n 
th e leve l  itsel f  an d i s  calle d th e pai r  principle .  Th e 
principl e stale s tha t  ever y elemen t  o f  knowledg e U'igger s 
othe r  element s (o f  th e sam e kind )  tha t  ar e likel y t o succee d 
th e give n on e (temporall y o r  inferenually )  i n meaningfu l 
speech .  Del l  (1980 )  show s a  mode l  fo r  speec h productio n 
i n whic h connection s accordin g t o thi s pai r  principl e lea d 
t o plausibl e explanation s o f  experimenta l  result s i n 
productio n o f  speec h errors ,  li y  addin g connection s 
betwee n levels ,  activit y spread s throug h th e networ k i n a 
way tha t  lead s t o prediction s a t  ever y leve l  o f  processin g 
abou t  wha t  i s comin g next .  Th e spreadin g activauo n mode l 
o f  McClellan d an d Kumelhar t  [1980 ]  show s suc h 
prediction s throug h grapheme/lexem e interactions .  Th e 
result s o f  Samue l  [1980 ]  o n wor d superiorit y als o suppor t 
thi s view . 
I xamples ot the pair principle can be sciii at every 
conceivabl e leve l  o f  Liu^ua^ e proccsMiii; .  A  plioiiciii e iini i 
.tcllvatc s tllo- A utiic r  liliiilKUi e iilill: .  lli.i t  .  ,i i  lolii.i- .  llii ' 
give n on e unde r  th e rule s o f  th e phonologica l  syste m o t  a 
particula r  languag e (o r  th e phonologi c rule s know n l o ili c 
hearer) .  A  high-leve l  activit y uni t  jciivaic b th e unii: ,  to r 
othe r  high-leve l  activiue s tha i  ca n reasonabl y com e iicx l 
unde r  th e rule s o f  cultura l  bchavio i  o t  a  societ y (o r 
analogously ,  thos e rule s know n t o th e umlcistandcr )  A n 
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uclio n uiii i  iiiLrea;>e ^  Ih e poieiuui U o f  lyp c iiiiil s  ihu i 
represen t  (h e kind s o f  (tiing s iha i  umk l  li e iti c  Lab c tiller! > 
ot '  tha i  puriicula r  aLiioii .  Th e pui r  iiiMuipI c iiiiilcihe b th e 
way w e g o abou t  connectin g uniL s logctlic i  withi n 
particula r  Icvel; ^  o f  th e coiiiprchenMo n nuiJc l 

Sclieinata 

At the level of high level aciiviiies the paiiwibc 
connecuon s o f  unit s migh t  see m lê i  ohvimi N iha n a l  ih c 
leve l  o f  phonemes .  TTi e ioiin d paiitri i  o l  langiiaKe s ar c 
well-known ,  bu t  no t  s o th e cultura l  regulaiitic s luiiher , 
th e difference s amon g individual s ma y sccii i  gicate r  whe n 
i t  come s t o thei r  expectation s abou t  cvcni i  i n ih e worl d u b 
oppose d t o thei r  us e o f  sounds .  W e cuiiicn d tha i  ihi s i m no t 
so.  Th e restauran t  scrip t  o f  Schan k 11975 |  coiistiiuie s a 
goo d exampl e o f  th e expectation s » {  peopl e fro m oa r 
cultur e abou t  th e high-leve l  activiue s involve d i n eatin g a t 
a restaurant .  T w o ftindamental  problem s .û e know n t o 
exis t  wit h scripts :  (1 )  ho w d o yo u kno w whe n on e i s 
relevant ;  an d (2 )  ho w d o yo u us e informatio n fro m on e 
scrip t  i n understandin g activitie s i n another ? 
Schank [1979| has begun to address these qiiesiions in his 
recen t  wor k o n M O F s ,  o r  memor y organisatio n packet s I n 
our  wa y o f  viewin g languag e comprehension ,  th e Yal e 
grou p ha s shifte d slightl y m emphasis ,  the y ar e increasin g 
th e numbe r  an d natur e o f  th e schemati c situation s the y 
recogni/ e an d the y ar e focusin g a  hi t  mor e o n th e 
coiinecuon s amon g situations .  I'hei r  restauran t  scrip t  i s 
no w connecte d t o othe r  schemat a representin g th e genera l 
notion s o f  visitin g a  busines s establishment ,  preparin g an d 
eatin g a  meal ,  out-of-hous e socia l  activities ,  etc .  W e agre e 
wit h thi s shift ,  an d pus h i t  t o i b logica l  conclusion ,  a s 
enumerate d abov e i n ou r  thre e representalio n methods . 
A conceivable pair matrix for several example high-level 
activiue s o f  restaurant-goin g i s show n i n ligur e 1 .  W e ca n 
envisio n additiona l  pai r  mauice s fo r  eac h activit y foun d o n 
th e right-han d sid e o f  th e on e showii-th e entir e se t  o f 
connection s bein g quit e large .  Durin g th e comprehensio n 
process ,  th e activatio n o f  on e activit y uni t  cause s 
concomiun t  mode l  activit y i n thos e tha t  follo w it .  further , 
thi s pairwis e triggerin g doe s no t  sto p a t  th e unit s tha t  ar e 
onl y on e connectio n away ,  bu t  continue s (a t  a  smaller -
value d potential )  fo r  a  goo d distance ,  activatin g a  larg e 
iiumhe r  o f  iiniU i  unti l  th e eve r  decreasin g valu e i s n o 
Iniigc i  signiticaiil . 

Ente r  Restauran t *  Ge t  aske d ho w man y 
^  Ge l  seale d 

Si t  dow n 
* G o t o loung e 
'Pu t  nam e o n lis t 

Giv e mone y t o maitr e d ' 

Si t  D o w n a t  Restauran t  ̂ G e t  wate r  glasse s tille d 
,;vOrde r  drink s 
*;  H e give n menu s 
VOrder  foo d 
"Reques t  win e lis t 

Figure 1. Aciiviiy Pair Relitiions 

parlies ? Likewise ,  i n hi i  late r  cxploraiioi i  o l  ih c worl d o t 
paintin g [1977] ,  ho w doe s a  bchcm a drive n moile i 
understan d a n even t  i n a  stor y tha t  ha s nothin g t o d o wid i 
painiiiig ? A n attempte d solutio n wiihii i  th e singl e proces s 
approac h ha s bee n t o us e som e sor t  o l  slac k mechaiii.si n 
fo r  th e schematii ,  suc h tha i  on e contex t  get s pushe d (t o us e 
th e compute r  metaphor )  an d anothe r  take s over .  Again , 
th e proble m arises ;  whic h .schem a t o activat e whe n ih c 
previou s on e i s  pushed ? An d whe n i s  i t  popped' ! 

T"he soluuon to this classic problem within the l-xploded 
Connectio n Schem e involve s connection s amon g 
hierarchica l  level s o f  activ e knowledg e units '  i n th e model . 
Researc h i n semanti c network s ha s le d t o interesun g 
epistemologie s an d compute r  representations .  Ih e wor k o f 
Fahlma n [1979 ]  i n particula r  show s ho w th e differen t 
level s o f  descnpiio n migh t  b e relate d t o eac h odie r  i n ou r 
o wn scheme .  Th e mai n differenc e betwee n hi s  Nl'l'l . 
approac h an d E C S center s o n ih e elimmauo n o f  a  centra l 
controlle r  i n favo r  o f  multipl e competin g processin g loci , 
eac h wit h a  dynami c activatio n (confidence )  level . 
The pair matrix that shows some of the activities involved 
i n goin g t o a  restauran t  an d th e activitie s likel y t o follo w 
the m i n everyda y circumstance s i n ou r  cultur e (l-ig .  1 ) 
seems specifi c t o tha t  overal l  activity ,  i.e. .  resuiuran i  going . 
I'h e event s liste d ar e exploded ,  i n ih e sens e tha t  ihe y 
describ e "enterin g a  resuuraiii "  an d "bein g seate d a l  a 
restaurant, "  rathe r  tha n "walking "  an d "siiiii m down. " 
Thi s explosio n lllcall̂ .  ilia l  ih i  i k ar c . i  l.wii c  iiiinibc r  n l 
differen l  unii s .il l  i < pi .  >  i.iiii g il n ..un e knn l  ̂ l  a t  iivii y  i n 
differen t  contexts .  I f  w e leav e thing s a s such ,  ther e ar e 
many problem s o f  schema-base d model s tha t  wil l  caus e 
troubl e i n ou r  scheme .  H o w ca n w e reaso n tha t  "sittin g 
down i n a  restaurant "  coul d lea d nex t  t o a  "kne e spasm, " 
fo r  example ? Whethe r  w e represen t  th e knowledg e a s "th e 
sittin g down "  actio n o f  th e "restauran t  schema "  o r  a s th e 
"sittin g dow n i n a  restaurant "  uni t  i n a  connecte d network , 
th e inferenc e i s no t  possibl e (unles s "kne e spasms "  ar e 
explicitl y  linke d t o th e "sittin g dow n i n a  restaurant "  unit , 
an unacceptabl e soluuon) . 
Our  solutio n t o thi s proble m i s t o connec t  ever y uni t  i n ih e 
explode d networ k wit h a  numbe r  o f  unit s tha t  represen t 
th e sam e even t  les s specifically .  Th e meihoi l  w e use ,  calle d 
th e hierarch y principle ^  involve s represeiiUii g event s i n a n 
eve r  mor e specifi c  hierarchy ,  fro m coinplciel y context-fre e 
actions ,  suc h a s ingesting ,  t o ver y particula r  ones ,  suc h a s 
"eatin g squi d a t  a  Spanis h restauran t  m Georgetown. "  A 
smal l  se t  containin g a  fe w intermediat e kind s o f  eatin g i s 
illustrate d i n Figur e 2 .  Whil e i t  migh t  see m lik e ther e ar e 
fa r  to o man y unit s i n thi s hierarch y t o b e plausibl e a s a 
representatio n o f  knowledg e fo r  comprehension ,  i i  i s 
importan t  t o realiz e that ;  (1 )  mos t  o t  ih e possibl e unit s d o 
not  exis t  i n eac h individual ;  (2 )  th e hierarch y i s a  tangle d 
one ;  an d (3 )  onl y th e unit s a t  th e highes t  level s ar e fairl y 
fixe d i n th e natur e o f  wha t  the y represem . 
INGES'f 

I 
HUMAN-EAT 

EAT-A-SNACK 
I 

E A f - A - P R E T Z E L 

H U M A N - D I NE 

HUMAN-DINI'.-OUI 

Hierarch y 

One kind of inference has always been a (iroblLin lor 
schema-base d model s o f  comprehensio n h.iie d o n siali c 
chunk s o f  knowledg e an d a  singl e processin g focu.s .  I n th e 
birthda y part y scenari o o f  Charnia k 119721 ,  ̂̂ 'î n doe s th e 
model  d o i f  somethin g happen s no t  diuvil y relate d t o 

EAT-OUT-FAST-FOOD EAl-OU'l-IANC Y 

EAl-OUT-MACDONALDS 

EAT-OUT-UURGER-KING 

Figure 2. Hierarchical Aciivtin':! 
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Connection s an d Spreadint ;  Activatio n 

Let us refer lo the pairwise connections that are based on 
th e tempora l  orde r  o f  processin g (e.g. ,  phonemes ,  evenis ) 
as tempora l  connections ,  thos e base d o n mundan e 
inferenc e a s (mundane )  inferenc e connections ,  an d thos e i n 
th e hierarch y a s hienirchtcu l  connections .  Sometime s i t  i s 
convenien t  l o cul l  tuiincction s o f  th e firsl  tw o liiiid s /(i//o> v 
connections .  Ih c i.(>iiil'iii.aiu n d I  spreadin g aclivuiiui i  .ilon g 
thes e dil'tcici H pail.w.iv s piovulc s a n answc i  t o lli c 
proble m wit h schema-base d comprehensio n mentione d 
previously .  Th e tempora l  an d inferenua l  orde r  o f  event s 
n o w trigger s activatio n i n even t  iinii s  i n tw o dimensions , 
leadin g i n th e horuonia l  directio n l o expectatio n o f 
specifi c  schemati c events ,  an d i n th e veruca l  directio n t o 
non-schemati c event s o f  a  lessspecifi c  nature .  Not e tha t 
th e vertica l  activatio n cause s activatio n horî ontiill y  amon g 
thes e mor e genera l  activit y uniis . 
The restaurant-going example can be used lo illustrate the 
natur e o f  thi s activation .  W h e n th e "bein g seate d a t  a 
restaurant "  uni t  become s active ,  a  numbe r  o f  even t  unit s 
alon g th e follo w connectio n pathway s ar e als o activated . 
Thes e includ e suc h thing s a s 'bein g give n a  inciin, " 
"askin g fo r  a  win e list, "  etc. ,  a s show n i n th e pai r  matri x o f 
I'igur e 1 .  Tha t  activatio n i n tur n cause s additiona l 
activatio n a t  a  lowe r  leve l  alon g th e nex t  se t  o f  follo w 
connections ,  an d s o on ,  unti l  th e eve r  decreasin g aclivauo n 
has becom e essenuall y zero . 
Simultaneously, however, activation procecils along the 
hierarchica l  connecuon s a s well ,  likewis e decreasin g fo r 
eac h ne w radiu s o f  connection .  O f  course ,  eac h even t  uni t 
i n th e hierarch y ha s bot h hierarchica l  an d tempora l 
connections ,  an d activatio n fro m hierarchica l  path s 
proceed s ou t  alon g al l  connections ,  regarille.s s o f  type ,  thu s 
creatin g a  ne w se t  o f  even t  pa u cxpcciauons .  Th e wa y tha t 
"bein g seate d i n a  restaurant "  <,a n naturall y lea d t o th e 
comprehensio n o f  a  "kne e spasm "  throug h a  combinatio n 
o f  hierarchica l  an d tempora l  pathway s i s show n i n (igui e 
3.  B y th e decreasin g activatio n idea ,  th e p<iteniia l 
(activatio n level )  o f  "kne e spasm "  shoul d b e significantl y 
les s tha n tha t  fo r  thing s lik e "look:n g a t  th e menu, "  bu t 
tha t  i s  perfectl y consisten t  wit h ou r  though b o n ho w 
contex t  strongl y affect s percepuo n o f  ne w inputs . 
follow connections (one-way) 
MOVING-KNEES >~ > KNEE-SPRAIN 

~'~~—*  KNEE-SPASM 

CHANGING-LEG-POSITIONS 

hierarchical connecuons 
(two-way ) 

SnTING-DOWN 

lU-ING-Sl-AflD 
t 

BEING-SKATED-AT-A-
RESTAUllANT 

Figure 3. Schema Interaction 

rurlticniuire. ni cases when siiiiiiili > niilil he inui|iit d .1 in 
•iiui c tha n (jii c  way .  ilii s  scliciii c  kjU s Hi  Iiv| m id .  , . 
(experimentall y tesuble )  abou t  th e preferre d 
interpretation .  Th e rol e o f  perceptio n i s als o importan i  i n 
th e scheme ,  sinc e th e activatio n leve l  o t  unit s depend s o n 
input s alon g al l  dimension s o f  connectivit y i n ih e network . 
T h e potentia l  o f  a  uni t  ca n b e change d b y direc t 
perceptua l  sumulauon ,  stimulatio n t'ro m abov e o r  belo w i n 
th e is a hierarchy ,  from  previou s event s alon g th e lollo w 
pathways ,  o r  fro m othe r  source s ye t  t o b e ideniitieil .  Ih e 
17 2 

potentia l  represent s i n a  unifor m wa y th e stiniulaiioi i 
provide d b y a  combinatio n o f  al l  incomin g connecuons . 
T h e constructio n o f  ou r  mode l  involve s idciiiifyin g ih e 
natur e o f  connection s an d unit s (whic h w e ar e no w doing ) 
an d th e natur e o f  th e combinauo n rule s to r  eac h kin d o f 
uni L 

Summary and Conclusions 

The research program we are coiiimeiicing the 
constructio n o f  a  compute r  mode l  o f  hmiiai i  languag e 
comprehensio n -  represent s a n interdisciplinar y etibr t  i n 
cognitiv e science .  Th e pla n involve s cDiinedin K u p a  larg e 
n u m b er  o f  iieiuon-leve l  coinpiiiin g unii s l o pioccs s 
cohesiv e text .  I'mpirica l  constraint s o n ih e oigani/atio n o t 
th e activ e networ k consis t  o f  processin g Lvulcnc e fro m 
psychology ,  physiologica l  evidenc e abuu i  th e brain ,  an d 
computationa l  plausibility .  I'hu s far ,  w e hav e mad e som e 
preliminar y studie s i n parsin g an d .schcmai u reasoning , 
an d hav e a  workin g networ k sniuilaKj r  tha i  ha s bee n 
applie d successfull y t o som e simpl e problem s i n hig h leve l 
constrain t  relaxation . 
In  this paper, several issues regarding the organi/aiujii <il 
schemati c knowledg e fo r  languag e comprehensio n hav e 
bee n describe d withi n th e connectionis i  Iraiiiework .  W e 
hav e suggeste d mechanism s fo r  (1 )  obtainin g schemati c 
reasonin g fro m diffus e computin g units ;  (2 )  mergin g to p 
d o wn an d bottom-u p contro l  i n schemati c re;isoiiing ;  (3 ) 
maintainin g diffus e loc i  o f  contro l  ye t  coordinatin g globa l 
behaviors ;  an d (4 )  directl y relatin g psychologica l  evidenc e 
t o computationa l  model s i n cognitiv e science .  Ih e result s 
presente d ar e certainl y i n a  preliminar y state ,  bu t  ar e 
leadin g t o interestin g simulation s an d valuabl e 
collaborativ e work . 
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