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T o w a r d s C o m p l e t e l y I n t e g r a t e d P a r s i n g a n d I n f e r e n c i n g 

Christophe r  K .  Riesbec k an d Chai-le s E .  Marti n 

Yal e Universit y 

A B S T R A CT 

Our gocj is the complete integration of natural language understanding with the rest of cogni-

tion .  Tw o mechanism s tha t  w e hav e develope d an d implemente d t o achiev e thi s goa l  are :  (l )  th e 

Direc t  Memor y Acces s Parsin g ( D M A P )  algorithm ,  base d o n th e notio n o f  lexically-guide d mem-

or y searc h an d concep t  refinement ,  an d (2 )  a n inference-triggerin g proces s base d o n th e notio n o f 

concep t  refinemen t  failures .  Together ,  thes e tw o mechanism s for m a  tightly-integrate d syste m o f 

parsin g an d inferencing ,  wit h n o artificia l  boundarie s betwee n them . 

In t roduct io n 

Our goal is the complete integration of natural lan-

guage understandin g wit h th e res t  o f  th e cognitiv e 

system .  Th e benefit s o f  ful l  integratio n ar e ob -

vious :  suc h a  parse r  coul d tak e ful l  advantag e o f 

whateve r  knowledg e wa s presen t  i n memor y (or ,  a t 

least ,  coul d tak e a s muc h advantag e a s an y othe r 

memory proces s could) ,  an d othe r  memor y pro -

cesse s coul d mak e ful l  an d immediat e us e o f  lin -

guisti c input ,  withou t  waitin g fo r  a  final  interpre -

tatio n t o b e formed . 

Thi s pape r  describe s tw o mechanism s tha t  w e 

have develope d an d implemente d t o achiev e thi s 

goal .  First ,  ou r  parsin g algorith m i s a  proces s 

of  lexically-guide d memor y search .  Tha t  is ,  pat -

tern s o f  word s an d concept s guid e a  genera l  mem-

or y searc h proces s toward s relevan t  memor y struc -

tures ,  lik e lighthouse s guidin g a  shi p int o har -

bor .  W e cal l  thi s direc t  memor y acces s parsin g 

(DMAP) .  Second ,  ou r  inferenc e processe s ar e trig -

gere d b y specializatio n failur e structures ,  gener -

ate d b y th e parser ,  t o recor d problem s i n build -

in g ne w instance s o f  memor y structures .  Together , 

thes e tw o mechanism s for m a  tightly-integrate d 

syste m o f  parsin g an d inferencing ,  wit h n o arti -

ficial  boundarie s betwee n them . 

Our  memor y structure s ar e frame-lik e object s 
calle d Memor y Organizatio n Packet s (MOPs) ,  or -

ganize d int o th e standar d part-whol e {packag -

'Thi s wor k wa s funde d i n par t  b y th e Ai r  Forc e Offic e 
of  Scientifi c  Researc h unde r  contrac t  F49620-82-K-0010 . 

ing )  an d class-subclas s (abstraction )  hierarchie s 

[Schan k 1982] .  W e integrat e parsin g knowl -

edge int o memor y b y attachin g linguisti c tem -

plate s t o thes e memor y structures ,  i n a  manne r 

reminscen t  o f  th e Teachabl e Languag e Compre -

hende r  [Quillia n 1969] .  Thes e templates ,  calle d 

concep t  sequences ,  ar e pattern s o f  word s an d con -

cepts .  Attache d t o Milto n Friedman ,  fo r  exam -

ple ,  i s  th e lexica l  phras e "Milto n Friedman" .  At -

tache d t o th e genera l  concep t  o f  a  communicatio n 

even t  i s th e concep t  sequenc e "[acto r  o f  commu-

nication ]  say s [objec t  o f  communication]. "  An y 

memory structur e ca n hav e on e o r  mor e concep t 

sequences ,  plu s ever y structur e implicitl y  inher -

it s th e sequence s attache d t o abstraction s o f  tha t 

structure . 

The dictionar y i n D M A P,  whic h w e cal l  th e con -
cept  lexicon ,  i s  simpl y a  se t  o f  pointer s fro m word s 

and concept s t o th e concep t  sequence s the y ap -

pear  in .  Fo r  example ,  "Milton "  ha s a  pointe r  t o 

th e sequenc e "Milto n Friedman "  whic h i s attache d 

t o th e perso n concep t  MILTON-FRIEDMAN,  an d 

th e concep t  H U M AN ha s a  pointe r  t o th e sequenc e 

"[acto r  o f  communication ]  say s [objec t  o f  commu-

nication]. "  Obviously ,  "Milton "  migh t  poin t  t o ev -

er y perso n th e syste m know s name d Milton ,  an d 

H U M AN migh t  poin t  t o ever y actio n describe d 

wit h a  sequenc e involvin g a  human .  Ou r  curren t 

concep t  lexico n onl y ha s a  pointe r  fro m a  wor d 

or  concep t  t o a  concep t  sequenc e i f  th e wor d o r 

concep t  appear s a t  th e beginnin g o f  th e sequence . 

Even so ,  th e D M A P mode l  depend s o n th e us e o f 
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paralle l  activatio n a n d intersectio n t o resolv e th e 

basi c combinatoria l  explosion ,  a s i s p r e s u m e d i n a 

n u m b e r  o f  othe r  recen t  m o d e l s [Smal l  e t  al .  1982 ] 

(Hah n an d Reime r  1983 ]  [Grange r  e t  al .  1984 ] 

(Walt z an d Pollac k 1984][Charnia k unpb] . 

W h en D M A P read s a  sentence ,  suc h a s "Mil -

to n Friedma n say s tha t  hig h interes t  rate s ar e th e 

consequenc e o f  th e monetar y explosion, "  th e con -

cep t  lexico n lead s i t  t o concep t  sequence s attache d 

t o memor y structures ,  suc h a s "economis t  claim s 

economi c causa l  connection, "  (ECON:MTRANS-

E V E NT ^  i n Figur e 1) ,  an d "ris e i n mone y sup -

pl y cause s ris e i n interes t  rates "  (MS:IR:CAUSAL) . 

Fillin g ou t  thes e sequence s activate s th e dissociate d 

memory structures . 

Becaus e th e parsin g process ,  a s describe d i n 

th e nex t  section ,  pushe s activatio n dow n t o th e 

most  specifi c  memor y structure s available ,  exactl y 

whic h memor y structure s th e parse r  settle s o n de -

pend s o n whic h one s ar e alread y i n memory .  I f  thi s 

clai m o f  Friedman' s ha s bee n see n before ,  the n see -

in g i t  again ,  a s originall y stated ,  o r  paraphrased , 

wil l  guid e th e parse r  t o th e previousl y buil t  mem-

or y structur e M F : M T R A N S - E V E N T. 

I f  M F : M T R A N S - E V E NT i s no t  alread y i n mem-

ory ,  the n th e parse r  i s stop s a t  a  mor e genera l 

level ,  suc h a s E C O N : M T R A N S - E V E N T.  Whe n th e 

parse r  canno t  finding  a  mor e specifi c  structure ,  ei -

the r  becaus e ther e ar e none ,  o r  becaus e th e one s 

tha t  exis t  d o no t  matc h th e input ,  i t  activate s a 

specializatio n failur e structure .  On e suc h struc -

tur e i s "acto r  exception" ,  whic h mean s tha t  th e 

inpu t  even t  partiall y  matche s som e existin g mem-

or y structure ,  bu t  th e actor s ar e different .  Fo r 

example ,  i f  th e syste m ha s alread y see n th e Mil -

Figur e 1 :  A  portio n o f  th e D M A P memory . 

to n Friedma n sentence ,  an d no w read s "Joh n Do e 

blame s th e larg e increas e i n mone y suppl y fo r  th e 

ris e i n interes t  rates, "  i t  wil l  find  th e Milto n Fried -

m an structure ,  bu t  b e unabl e t o specializ e t o i t 

becaus e o f  th e mismatc h i n actors . 

Specializatio n failur e structures ,  lik e othe r  mem-

or y structures ,  ar e organize d b y part-whol e an d 

class-subclas s relationships .  Th e response s at -

tache d t o thes e failur e structure s ar e reconcilia -

tio n processe s tha t  propos e resolution s t o th e fadl -

ure .  Resolution s ar e propose d b y activatin g po -

tentia l  explanatio n pattern s (XPs )  [Schan k 1986]. ^ 

A routin e domain-specifi c  X P fo r  explainin g wh y 

tw o economist s sa y th e sam e thin g i s "the y be -

lon g t o th e sam e economi c camp. "  Th e X P ma y o r 

may no t  b e applicable ,  dependin g o n wha t  th e sys -

te m alread y knows ,  i.e. ,  wha t  othe r  memor y struc -

ture s i t  ha s tha t  packag e an d abstrac t  Thuro w an d 

Friedman . 

I n th e res t  o f  thi s paper ,  w e first  discus s th e 

detail s o f  direc t  memor y acces s parsing .  W e wil l 

the n describ e tw o classe s o f  specializatio n failur e 

structures ,  an d ho w they'r e axitivate d durin g th e 

parsin g process . 

Di rec t  M e m o r y A c c e s s 

P a r s i n g 

This section describes the current implementation 

of  th e D M A P interpreter .  T h e interprete r  use s 

a marker-passin g architectur e t o identif y relevan t 

m e m o r y structure s f ro m th e inpu t  tex t  a n d th e ex -

pectation s i n m e m o r y .  T w o kind s o f  marker s ar e 

use d i n th e system :  activatio n markers ,  whic h cap -

' M T R A N S i s ou r  primitiv e marke r  fo r  communicatio n 
event s [Schan k 1975] . 

-Specializatio n failur e structure s ar e simila r  i n spiri t  t o 
th e Exceptio n M O Ps propose d i n [Riesbec k 1981] . 
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tur e informatio n abou t  th e inpu t  tex t  an d th e cur -

ren t  selectio n o f  relevan t  memor y structures ,  an d 

predictio n markers ,  whic h indicat e whic h memor y 

structure s ma y b e expecte d t o becom e relevant. ^ 

The structure of memory 

Figure 1 is a simplified portion of the DMAP inter-

preter' s memor y t o represen t  th e communicativ e 

act  o f  th e followin g text . 

Milton Friedman: Interest rates will rise 

as a n inevitabl e consequenc e o f  th e mone -

tar y explosio n we'v e experience d ove r  th e 

past  year. * 

The central structure to this portion of memory is 

th e M O P M F : M T R A N S - E V E N T,  whic h package s 

MILTON-FRIEDMAN an d MS:IR:CAUSA L vi a th e 

acto r  an d mobjec t  roles .  Th e concep t  sequenc e 

{acto r  say s tha t  mobject }  i s  associate d wit h th e 

more genera l  M T R A N S - E V E NT M O P.  Thi s con -

cept  sequenc e i s th e linguisti c templat e use d t o rec -

ogniz e th e memor y structur e M T R A N S - E V E N T.  I t 

i s  a  patter n o f  word s (e.g. ,  "says" )  an d concept s 

i n th e for m o f  packagin g relationship s fro m whic h 

concept s ar e reference d (e.g. ,  acto r  reference s 

H U M AN fro m MTRANS-EVENT7~but  MILTON -

FRIEDMAN fro m MF:MTRANS-EVENT) . ^ 

Concept activation 

Memory structures are activated by placing acti-

vatio n marker s o n them .  Activatio n marker s ar e 

create d i n tw o situations . 

• System input: when an input word is read by 

th e interpreter ,  a n activatio n marke r  i s  cre -

ate d an d place d o n th e associate d lexica l  ite m 

i n memory . 

• Concept sequence recognition: when every el-

ement  o f  a  concep t  sequenc e ha s bee n acti -

vated ,  a n Jictivatio n marke r  i s create d an d 

place d o n th e associate d memor y structure . 

•Th e marker s o f  th e syste m ar e structure d object s whic h 
woul d b e unacceptabl e i n curren t  connectionis t  theorie s 
(Feldma n an d Ballar d 198 ^  [Walt z an d Pollac k 198-̂ . 

*  Th e Ne w Yor k Times ,  Augus t  4 ,  1983 . 
«The E V E N T an d E C O N:  E V E N T MOPs ar e show n 

twic e i n th e diagra m t o mak e th e packagin g relationship s 
clear .  Ther e i s onl y on e structur e fo r  eac h i n memory . 

Activatio n marker s ar e passe d u p th e class -

subclas s abstractio n hierarch y fro m thei r  associ -

ate d structures .  Thi s i s a  recursiv e process ;  al l 

structure s whic h receiv e a n activatio n marke r  con -

tinu e t o pas s i t  o n t o thei r  ow n abstractions .  W h e n 

a memor y structur e receive s a n activatio n marker , 

tha t  memor y structur e i s sai d t o hav e bee n acti -

vated ]  th e activatio n marke r  contain s a  pointe r  t o 

th e originall y activate d memor y structure . 

For  example ,  a n activatio n marke r  associate d 

wit h th e memor y structur e M O N E Y - S U P P L Y - UP 

wil l  b e passe d t o E C O N - E V E N T,  whic h i n tur n 

passe s th e marke r  t o EVENT.  Al l  o f  thes e struc -

ture s ar e activated ,  whil e th e activatio n marke r 

keep s a  pointe r  t o MONEY-SUPPLY-UP. 

Concept prediction 

The concept lexicon indexes concept sequences 

unde r  th e memor y structure s reference d b y th e 

first  element s o f  th e sequences .  Fo r  example , 

th e MILTON-FRIEDMA N structure' s concep t  se -

quenc e {Milto n Friedman }  i s indexe d unde r  th e 

lexica l  ite m "Milton" ,  an d th e M T R A N S - E V E NT 

MOP's concep t  sequenc e {zicto r  say s tha t  mobject } 

i s indexe d unde r  th e structur e H U M A N,  sinc e HU -

M AN i s reference d b y th e acto r  rol e o f  M T R A N S-

EVENT.  Thes e indicie s ar e no t  show n o n th e dia -

gram. 

Predictio n marker s represen t  concep t  sequence s 

whic h ar e i n th e proces s o f  bein g recognized . 

Whenever  a  memor y structur e i s activated ,  pre -

dictio n marker s ar e create d fo r  al l  th e con -

cept  sequence s indexe d b y tha t  memor y structur e 

throug h th e concep t  lexicon .  A  predictio n marke r 

i s a  structure d objec t  whic h record s it s associate d 

concep t  sequence ;  th e curren t  elemen t  o f  th e con -

cept  sequenc e (eithe r  a  packagin g rol e o r  a  lex -

ica l  item) ;  th e referenc e structur e whic h wil l  b e 

activate d i f  th e concep t  sequenc e i s recognized — 

initiall y  thi s i s th e structur e associate d wit h th e 

concep t  sequence ;  an d th e targe t  o f  th e predictio n 

(eithe r  a  memor y structur e o r  a  lexica l  item) . 
A predictio n marke r  i s alway s locate d a t  th e tar -

get  memor y structure ,  whic h i s derive d fro m th e 

referenc e structur e an d th e curren t  element .  A  pre -

dictio n marke r  i s passe d throug h memor y when -

ever  it s referenc e structur e o r  curren t  elemen t  i s 

changed ;  thi s take s plac e throug h tw o concurren t 

processes . 
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INTEREST-RATES-UP activate d 
referenc e 3  CAUSAL 
curren t  <  cons e 
targe t  «  EVENT 

M A R T IN 
(eonBa|a a a  conaequenc a o f  inU). ) 

CAUSAL 

EV 

ECO 

ECON:CAUSA, 

OlnEVENT Ecoirf i 
MSHRjCAUSAL [ 

EVENT 

:EVENT 

MONEY-SUPPLY-UP INTEREST-RATES-U P 
(monetar y explosion )  (Interea t  rate s rise ) 

CONCEPT REFINEMENT: 
referenc e >  MS:IR:CAUSA L 
curran t  a  CAnUL 
targe t  •  INTEREST-RATES-U P 

{C2lUia|a g a  consequenc e o f  anil ) 
CAUSAL 

EVENT EVENT 

EC0i4:CAUSA . 

ECOBIeVENT I  ECOlhEVENT 

MS:IR:CAUSAL 

MONEY-SUPPLY-UP INTEREST-RATES-U P 
{monetar y exploalon )  (Interea t  rate s riae ) 

SEQUENCE ADVANCEMENT: 
referenc e =  MS:IR:CAUSA L 
curren t  =  "as " 
(targe t  s  (aa) ,  no t  shown ) 

(CAnuas a consequenc e of|aQi£] ) 
CAUSAL 

EVENT 

ECON:CAUSAt 

:EVENT 
MS:I R 

anl 

ECOV:EVENT ECOlH I ECO 
»^AUSAL 

:EVENT 

MONEY-SUPPLY-UP INTEREST-RATES-U P 
(monetar y exploalon )  (Interes t  rate s rise ) 

... after parsing "as a consequence of", 
referenc e s  MS:IR:CAUSA L 
curren t  s  anl A 
targe t  s  MONEY-SUPPLY-UP 

Figur e 2 :  H o w predictio n marker s ar e passed . 

Concep t  refinement :  Thi s occur s w h e n th e 

targe t  o f  a  predictio n marke r  whos e curren t 

elemen t  i s a  packagin g rol e i s activated .  Sinc e 

th e referenc e structur e wil l  generall y pack -

age a n abstractio n o f  th e originall y activate d 

structure ,  th e referenc e structur e ca n b e re -

place d b y a  specializatio n whic h explicitl y 

pzickage s th e origina l  activation . 

Prediction satisfaction: when the target of a 

predictio n marke r  i s activated ,  th e curren t  el -

ement  o f  th e concep t  sequenc e i s satisfie d b y 

tha t  activation .  Th e curren t  elemen t  i s re -

place d b y th e nex t  elemen t  i n th e concep t  se -

quence .  (I f  ther e ar e n o furthe r  elements ,  the n 

th e concep t  sequenc e ha s bee n recognized ,  an d 

th e referenc e structur e i s activated. ) 

For  example ,  th e concep t  sequenc e {cons e a s a 

consequenc e o f  ante }  i s associate d wit h th e struc -

tur e CAUSAL;  I f ^ T E R E S T - R A T E S - U P i s acti -

vated ,  th e subsequen t  activatio n o f  E V E N T wil l 

inde x thi s concep t  sequenc e throug h th e concep t 

lexicon ,  an d a  ne w predictio n marke r  wil l  b e pro -

duced .  Concep t  refinemen t  wil l  chang e th e refer -

ence structur e fro m C A U S AL t o MS:IR:CAUSA L 

(th e mos t  specifi c  memor y structur e whic h pack -

ages th e activate d memor y structures) ,  an d pre -

dictio n satisfactio n wil l  chang e th e curren t  ele -

ment  t o th e "as "  lexica l  item .  Th e ne w targe t 

i s thi s lexica l  item ,  an d th e predictio n marke r  i s 

passe d t o thi s memor y structure .  Afte r  readin g 

th e phras e 'a s a  consequenc e o f ,  th e curren t  el -

ement  wil l  becom e th e mobjec t  role ,  whic h ref -
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erence s MONEY-SUPPLY-UP fro m th e referenc e 
structur e MS:IR:CAUSAL .  MONEY-SUPPLY-UP 
becomes th e ne w tcirget .  Thi s "trace "  o f  th e pars e 

i s depicte d i n Figur e 2 . 

Specialization Failure 

Structures 

We've now seen how the parsing process works 
when th e ne t  resul t  i s  simpl e recognition .  A 

key even t  tha t  th e D M A P interprete r  watche s fo r 

i s whe n a n 2M;tivatio n marke r  meet s a  predictio n 

marker .  Thi s cause s a  specializatio n proces s t o oc -

cur ,  whic h spread s th e predictio n marker s dow n 

th e abstractio n hierarchy .  I f  th e predictio n mark -

er s ca n b e pushe d al l  th e wa y dow n t o th e leve l 

of  th e inpu t  activatio n markers ,  the n th e parsin g 

proces s ha s reconcile d th e inpu t  completel y wit h 

some existin g memor y structure .  Thus ,  give n th e 

memory i n Figur e 1 ,  "Milto n Friedma n say s tha t 

hig h interes t  rate s ar e a  consequenc e o f  th e mon -

etar y explosion "  activate s M F : M T R A N S - E V E NT 

and tha t  nod e package s node s wit h inpu t  activa -
tio n markers . 

I f  M F : M T R A N S - E V E NT di d no t  alread y ex -

is t  i n memory ,  the n th e parse r  woul d acti -

vat e th e specializatio n failur e structur e MISSING -

SPECIALIZATION ,  whic h represent s th e situatio n 

wher e th e parse r  can' t  specializ e a  memor y struc -

tur e becaus e n o specializatio n o f  tha t  structur e 

exists .  I n thi s case ,  th e parse r  can' t  special -

iz e ECON:MTRANS-EVENT,  eve n thoug h Milto n 

Friedma n an d hi s argumen t  ar e mor e specialize d 

tha n ECONOMIST an d ECON:CAUSAL. 

The MISSING-SPECIALIZATIO N structur e pack -

ages th e genera l  structur e an d th e special -

ize d fillers,  e.g. ,  E C O N : M T R A N S - E V E NT an d 
th e specialize d fillers  MILTON-FRIEDMA N an d 

MS:IR:CAUSAL .  Th e reconciliatio n strateg y at -

tache d t o MISSING-SPECIALIZATIO N i s simple : 

instantiat e a  ne w specializatio n o f  th e existin g 

memory structur e t o packag e th e specifi c  items . 

We cal l  thi s reconciliatio n R O T E - M E M O RY be -
caus e i t  simpl y add s th e item s see n t o memory .  I f 

M F : M T R A N S - E V E NT wa s no t  alread y i n memory , 

the n R O T E - M E M O RY woul d creat e it . 

R O T E - M E M O RY i s invoke d onl y i n th e sim -

pl e situatio n wher e yo u kno w thing s o f  a  certai n 

typ e ca n occur ,  an d on e o f  the m does .  Th e inpu t 

matche s completel y a  genera l  patter n an d ther e i s 

no mor e specifi c  versio n o f  th e patter n t o compar e 

th e inpu t  with . 

Of  mor e interes t  i s th e cas e wher e th e inpu t  par -

tiall y  matche s som e existin g structure .  Fo r  ex -

ample ,  suppos e tha t  M F : M T R A N S - E V E NT i s i n 

memory an d th e parse r  read s "Joh n Do e blame s 

th e larg e increas e i n th e mone y suppl y fo r  th e ris e 

i n interes t  rates. "  Whe n thi s i s parsed ,  th e parse r 

i s unabl e t o specializ e fro m E C O N r M T R A N S-

E V E NT t o M F : M T R A N S - E V E NT becaus e o f  th e 

mismatc h betwee n th e acto r  o f  th e input ,  i.e. ,  Joh n 

Doe,  an d th e acto r  o f  M F : M T R A N S - E V E N T, 

i.e. ,  Milto n Friedman . 

Thi s specializatio n failur e i s calle d E C O N O M I C-

MTRANS:ACTOR-EXCEPTION.  I t  package s to -

gether :  a  referenc e structur e tha t  couldn' t  b e spe -

cialized ,  a  potentia l  referenc e structur e ( a special -

izatio n o f  th e referenc e structure )  tha t  th e parse r 

coul d no t  reac h becaus e th e activate d structur e 

whic h satisfie d th e acto r  rol e o f  th e predictio n 

marke r  i s no t  a n abstractio n o f  th e anomalou s 

featur e structur e package d b y th e acto r  rol e o f 

th e potentia l  referenc e structure .  I n th e Joh n 

Doe exampl e thes e woul d b e E C O N : M T R A N S-

EVENT,  M F r M T R A N S - E V E N T,  JOHN-DOE,  an d 

MILTON-FRIEDMAN,  respectively . 

The genera l  situatio n o f  tw o peopl e say -

in g th e sam e thin g ca n b e explaine d i n man y 

ways ,  bu t  w e ar e intereste d her e i n explana -

tion s specifi c  t o economist s an d thei r  publi c 

pronouncement s abou t  th e economy .  Tha t  i s 

why w e focu s o n E C O N O M I C - M T R A N S : A C T O R-

EXCEPTION,  rathe r  tha n th e mor e genera l 

MTRANS:ACTOR-EXCEPTION.̂  On e reconcilia -

tio n strateg y fo r  E C O N O M I C - M T R A N S : A C T O R-

EXCEPTION i s C R E A T E - E C O N O M I S T - C A M P. 

Thi s strateg y take s th e followin g actions . 

• Create a new economist camp memory struc-

tur e whic h i s a  specializatio n o f  th e leas t 

abstrac t  generalizatio n o f  th e activate d an d 

anomalous  featur e structures ,  an d mak e thes e 
feature s specialization s o f  it . 

• Create a new camp mtrans event MOP which 

i s a  specializatio n o f  th e referenc e structure ; 

th e ne w m o p package s th e economis t  c a m p 

^Sinc e thes e failur e structure s ar e organize d i n th e reg -
ula r  hierarchica l  memoi- y format ,  strategie s a t  th e leve l  o f 
M T R A N S:  A C T O R - E X C E P T I ON ar e accessibl e i f  mor e 
specifi c  strategie s ar e ineffectiv e i n resolvin g th e anomaly . 
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ECON:MTRANS-EVENT 
{tconomltl }  Afilfi l 

ECONOMIST 

CAMP-1;  MTRANS-EVENT 

LESTER-THUROW 
(Leste r  Thurow ) ECON:CAMP 

omUflf i 
JOHN-DOE MILTON-FRIEOMAN 
(Joh n Doe )  (Milto n Friedinan ) 

Figur e 3 :  Buildin g ne w structures . 

S:IR:CAUSA L 

Structur e an d th e othe r  activation s o f  th e in -

put . 

• Add the potential reference structure and the 

structur e create d b y th e R O T E - M E M O RY 

strateg y a s specialization s o f  th e ne w c a m p 

mtran s even t  M O P. 

In this example, the strategy creates as a special-

izatio n o f  E C O N O M I ST a n economis t  c a m p M O P 

(cal l  i t  E C 0 N : C A M P - 1 )  an d make s J O H N - D OE 

and M I L T O N - F R I E D M A N specialization s o f  it .  I t 

package s thi s ne w M O P b y a  ne w cam p mtran s 

M O P,  C A M P-  1  :MTRANS-EVENT,  whic h i s a  spe -

cializatio n o f  E C O N : M T R A N S - E V E N T,  an d pack -

ages M F : M T R A N S - E V E NT an d th e ne w Joh n Do e 

mtran s even t  create d b y R O T E > M E M O RY a s spe -

cialization s o f  it .  C A M P-  1  :MTRANS-EVENT ha s 

th e interpretatio n tha t  th e ne w economi c cam p 

claim s tha t  tha t  increase d mone y suppl y i s causin g 

hig h interes t  rates .  Figur e 3  show s th e ne t  result . 

A topi c fo r  futur e researc h i s ho w th e syste m 

migh t  lear n a  nam e fo r  E C O N : C A M P - 1 ,  suc h a s 

"monetarist, "  whil e readin g text . 

C R E A T E - E C O N O M I S T - C A MP woul d appl y i f 

we kne w nothin g els e abou t  Friedma n an d Do e 

excep t  thes e tw o statements .  Suppos e how -

ever  tha t  th e concep t  o f  "monetarist "  i s  al -

read y i n memory ,  FViedma n an d Do e ar e in -

stance s o f  it ,  Leste r  Thuro w i s  know n t o b e 

i n anothe r  camp ,  an d th e parse r  read s "Leste r 

Thuro w blame s th e ris e i n interes t  rate s o n 

th e increase d mone y supply. "  Th e appropri -

at e failur e structur e i n thi s cas e i s  E C O N O M I C-

M T R A N S : C A M P - E X C E P T I O N,  whic h i s a  special -

izatio n o f  E C O N O M I C - M T R A N S:  ACTOR-EXCEPT ION 

tha t  represent s a  failur e t o specializ e becaus e o f  a 

camp mismatch ,  rathe r  tha n a n acto r  mismatch . 

ECONOMIC-MTRANS:CAMP-EXCEPT ION,  i s 

an anomal y requirin g mor e creativit y i n explana -

tio n tha n ou r  simpl e routin e X P strategie s ar e in -

tende d t o accoun t  for .  Possibl e explanation s ar e 

tha t  Thuro w i s changin g camps ,  o r  he' s lying ,  o r 

th e monetaris t  positio n i s becomin g mor e accept -

abl e t o non-monetarists .  Comin g u p wit h explana -

tion s a t  thi s leve l  o f  complexit y  i s unde r  investiga -

tio n [Schan k 1986] ,  bu t  no t  i n th e D M A P frame -

work . 

C a u s a l  C h a i n s 

Although we focussed above on specialization fail-

ur e structure s an d relate d strategie s fo r  addin g 

economi c communicatio n event s t o memory ,  th e 

same approac h i s  bein g use d t o direc t  inferencin g 

t o buil d causa l  chain s a s well . 

Buildin g causa l  chain s i s a  ke y par t  o f  economi c 

reasoning .  Fo r  example ,  on e tex t  tha t  D M A P 

parse s an d reason s abou t  i s 

With high growth choked off by high in-

teres t  rates ,  th e defici t  wil l  b e bigger ,  no t 

smaller .  ̂  

To understand this text, a causal chain has to 

be foun d connectin g interes t  rate s t o growth ,  an d 

growt h t o th e deficit . 

W h en th e parse r  read s "hig h growt h choke d of f 

by hig h interes t  rates, "  i t  trie s t o specializ e th e 

economi c causa l  "hig h interes t  rate s caus e reduce d 

growth. "  I f  ther e i s  alread y i s  suc h a  causa l  i n 

memory,  ther e i s n o problem ,  bu t  i f  ther e isn't , 

the n th e specializatio n failure s fo r  economi c causa l 

structure s ar e activated . 

L̂este r  Thurow ,  Newsweek ,  Septembe r  21 ,  1983 . 
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If  ther e i s n o causa l  argumen t  i n memor y men -
tionin g interes t  rate s o r  growt h a t  all ,  th e strateg y 

R O T E - M E M O RY wil l  jus t  ad d th e inpu t  causa l 

t o memory .  I f  ther e i s instea d a  causa l  argu -

ment  tha t  say s interes t  rate s caus e inflation ,  the n 

th e strateg y attache d t o th e specializatio n failur e 

structur e ECONOMIC-CAUSAL:CONSEQUENT-

EXCEPTION wil l  tr y t o reconcil e th e inpu t  wit h 

memory b y finding  a  secon d causa l  connectin g in -

crease d inflatio n t o reduce d growth ,  henc e buildin g 

a causa l  chain . 

Conclusions 

We've discussed two techniques for integrating 

parsin g an d inferencin g wit h a  hierarchica l  mem-

ory .  First ,  th e direc t  memor y acces s parsin g algo -

rith m attache s concep t  sequence s t o structure s i n 

memory an d use s thes e sequence s t o guid e memor y 

searc h t o th e mos t  specialize d applicabl e packagin g 

structure s available .  Second ,  specializatio n failure s 

durin g parsin g activat e specializatio n failur e struc -

tures ,  t o whic h ar e attache d reconciliatio n strate -

gie s tha t  creat e ne w memor y structure s tha t  wil l 

allo w th e inpu t  t o b e instantiate d an d installe d int o 

memory.  Th e example s o f  reconciliatio n strategie s 

give n dea l  wit h on e economis t  agreein g wit h an -

other ,  an d wit h causa l  chains .  Ou r  belie f  i s  tha t 

th e reconciliatio n strategie s ar e a  significan t  par t 

of  th e tota l  inferenc e processin g tha t  goe s o n dur -

in g tex t  understandin g an d evaluation . 
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