
T HE R IGH T O F F R E E ASSOCIATION : 
Relative-Positio n Encodin g fo r  Connectionis t  Dat a Structure s 

John A. Bamden 

Computing Research Laboratory 
New Mexic o Stat e Universit y 

DATA STRUCTURING IN CONNECTIONIST SYSTEMS 

The challenge presented to connectionism by high-level cognitive processing — which includes 
reasoning ,  planning ,  an d som e aspect s o f  natura l  languag e understandin g — i s gainin g increasin g recog -

nition ,  an d attempt s t o mee t  i t  ar e becomin g mor e common .  Th e mai n technica l  difficultie s ar e liste d i n 

Bamden (1983 ,  1984 ,  1986 ,  1988a) ,  McDermot t  (1986 )  an d Norma n (1986) .  The y includ e th e well -

known variable-bindin g proble m an d th e proble m o f  accountin g fo r  complex ,  temporary ,  nove l  dat a 

structures .  A n exampl e o f  suc h a  dat a structvu- e i s a n interna l  renderin g o f  th e informatio n i n th e sen -

tenc e "Joh n believe s tha t  Pa t  get s angr y wheneve r  T o m talk s abou t  goin g t o Tibet" . 

Tli e thesi s o f  thi s pape r  i s tha t  a  promisin g wa y t o approac h th e mentione d challeng e i s t o encod e 

comple x temporar y dat a structure s b y mean s o f  tw o somewha t  atypica l  techniques ,  whic h I  cal l 

"Relative-Positio n Encoding"(RPE )  an d "Pattern-Similarit y Association "  (PSA) .  Thes e ar e answer s t o 

th e followin g question ,  whic h lie s a t  th e hear t  o f  th e technica l  difficultie s mentione d above : 

The Temporary-Associatio n Questio n 

H ow ar e piece s o f  informatio n pu t  int o temporar y associatio n wit h eac h othe r  i n a  connec -
tionis t  system ? (Fo r  instance ,  ho w ar e th e differen t  part s o f  a  comple x temporar y propositio n 

put  togetlier ? H o w ar e variable s boun d t o values? ) 

A variet y o f  coimectionis t  technique s hav e bee n propose d i n answe r  t o this .  I t  i s  har d t o categoriz e 

the m satisfactorily ,  bu t  th e followin g roug h classificatio n wil l  suffic e fo r  presen t  purposes : 

•  weight-chang e technique s 

•  binde r  technique s 

•  pattern-relationshi p technique s (includin g PSA ) 

•  positiona l  technique s (includin g RPE) . 

Thes e classe s shoul d b e though t  o f  a s possibly-overlappin g region s withi n a  comple x spac e o f  possibili -

ties ,  rathe r  tha n a s bein g rigidl y delineated . 

Weight-chang e technique s involv e temporar y weigh t  change s o n comiectio n path s betwee n node s 

or  subnetwork s representin g th e infoiTnatio n item s t o b e pu t  int o association .  A n (excessively )  simpl e 

exampl e woul d b e a  temporar y weigh t  increas e o n a  singl e connectio n betwee n tw o networ k nodes ,  o f 
whic h on e represent s th e ide a o f  bein g hungr y an d th e othe r  a  particula r  person ,  John :  th e inten t  bein g 

t o temporaril y  represen t  th e propositio n tha t  Joh n i s hungry .  Mor e comple x example s woul d involv e 

weigh t  change s o n group s o f  connection s o r  connectio n chain s joinin g larg e an d possibl y distribute d 

set s o f  nodes ,  hnportan t  recen t  example s o f  weight-chang e teclmique s ar e provide d b y system s usin g 
multiplicativ e connection s [Pollac k 1987 ]  o r  programmabl e network s [McClellan d 1986] . 

The simple r  form s o f  binde r  techniqu e involv e a  temporar y activatio n chang e o n a  "binder "  nod e 

dedicate d t o th e particula r  combinatio n o f  node s o r  subnetwork s representin g th e informatio n item s t o 
be pu t  int o association .  Mor e comple x form s o f  binde r  techniqu e allo w th e binde r  t o b e a  subnetwor k 

rathe r  tha n a  singl e node ,  and/o r  allo w differen t  activatio n stale s o f  th e binde r  t o indicat e differen t  bind -

ings .  Smolensk y (1987 )  ha s provide d a  genera l  framewor k encompassin g binders .  Binder s appea r  i n th e 

system s o f  Cottrel l  (1985) ,  Derthic k (1987) ,  Touretzk y &  Hinto n (1985) ,  an d others . 

The binde r  i s usuall y cormecte d i n a  straightforwar d wa y t o th e nodes/subnetwork s i t  ca n bind ,  an d 

i n tha t  cas e a n unusua l  activatio n leve l  o n tli e binde r  ca n b e construe d a s a  temporar y markin g o f  a  con -

nectio n chai n joinin g thos e node s (cf .  Feldman' s (1982 )  dynami c connections) .  Th e binde r  techniqu e i s 
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thereb y closel y relate d t o weight-chang e techniques . 

I n patteni-relationshi p techniques ,  th e temporar y associatio n consist s o f  th e exploitatio n o f  som e 

give n relatio n o n activatio n patterns .  A n exampl e i s provide d b y th e "reduce d descriptions "  techniqu e 

IHinto n 1987 ,  Touretzk y &  Gev a 1987J .  However ,  wha t  i s mor e relevan t  t o th e presen t  pape r  i s a  spe -

cia l  typ e o f  pattern-relationshi p technique ,  calle d "Pattern-Similarit y Associatio n (PSA) "  tecliniques .  A 

(over)simpl e exampl e o f  th e ide a i s a s follows .  Imagin e tw o subnetwork s h  an d j ,  eac h divide d int o tw o 

part s calle d th e Informatio n Par t  an d th e Associato r  Part .  Th e temporar y propositio n tha t  Joh n i s 

hungr y coul d b e encode d b y lettin g th e Informatio n Part s o f  j  an d h  contai n activit y pattern s represent -

in g Joh n an d th e ide a o f  bein g hungry ,  respectively ,  an d lettin g th e Associato r  Part s o f  h  an d j  contai n 

th e sam e activit y patter n X .  Th e subnetwork s h  an d j  ar e deeme d t o b e temporaril y  associate d b y virtu e 

of  thi s equalit y o f  thei r  "associator "  pattern s (X) .  I n mor e sophisticate d version s o f  th e ide a th e 

require d similarit y o f  pattern s nee d no t  b e equality ,  and ,  i n principl e a t  least ,  ther e nee d b e n o separat e 

Associato r  subnetwork s — associato r  pattern s coul d b e mixe d i n wit h informatio n patterns . 

Ther e i s a  sens e i n whic h P S A technique s ar e reall y binde r  technique s o f  a n advance d sort .  I n th e 

simpl e exampl e above ,  i f  severa l  Associato r  Part s contai n th e sam e activit y patter n X ,  the n th e unio n Of 

llies e subnetwork s ca n b e construe d a s a  binde r  containin g a  specifi c  activatio n patter n indicatin g th e 

bindin g togethe r  o f  th e subnetworks .  Th e binder s thu s defined ,  bein g union s o f  Associato r  Parts ,  ar e 

liighl y distributed ,  overlappin g subnetworks .  The y ar e s o differen t  fro m th e binder s usuall y entertaine d 

i n connectionis t  model s tha t  i t  i s  wort h isolatin g P S A technique s a s a  specia l  class . 

Limite d form s o f  positiona l  techniqu e cro p u p i n man y connectionis t  systems ,  especiall y thos e 

concerne d wit h visua l  perception .  Th e ide a i s bes t  approache d b y mean s o f  a  simpl e prototypica l  exam -

ple .  Conside r  a  word-perceptio n syste m tha t  ha s a  separat e register-lik e subnetwor k fo r  eac h lette r  posi -

tio n i n words .  A  particula r  patter n o f  activatio n distribute d ove r  th e it h subnetwor k woul d represen t  th e 

presenc e o f  a  particula r  lette r  a t  positio n i .  Implicitly ,  therefore ,  th e pattern s o f  activatio n i n th e subnet -

work s encod e temporar y association s — relativ e position s — o f  letter s i n a  word .  Thus ,  th e teclmiqu e 

i s terme d "positional "  becaus e temporar y associatio n i s achieve d merel y b y placin g suitabl e activatio n 

patterns ,  encodin g th e informatio n item s t o b e associated ,  i n suitabl e "positions "  i n th e tota l  netM'ork . 

Tlier e i s n o weigh t  change ,  activatio n o f  binders ,  o r  us e o f  specia l  associato r  patterns .  (Th e nam e o f  th e 

positiona l  techniqu e doe s no t  deriv e fro m th e fac t  tha t  wha t  i s Qnco^e d i n man y application s i s positio n 

i n word s o r  som e othe r  typ e o f  space. ) 

The (quasi-)cormectionis t  sentence-parsin g syste m o f  Chamia k &  Santo s (1987 )  use s a  mor e 

interestin g an d advance d positiona l  techniqu e tha t  i s highl y german e t o thi s paper .  Th e mode l  i s cen -

tere d o n a  tw o dimensiona l  arra y o f  registers ,  whic h coul d i n principl e b e implemente d a s connectionis t 

subnetworks .  B y puttin g th e register s int o suitabl e state s representin g syntactica l  categories ,  th e arra y 

can hol d pars e trees .  Th e tre e structur e i s encode d t o a  significan t  exten t  b y th e relativ e positionin g o f 

state s i n registers .  W e therefor e cal l  th e techniqu e a  for m o f  "Relative-Positio n Encodin g (RPE)" . 

The workin g hypothesi s that ,  t o addres s tJi e abovementione d "challenge "  adequately ,  wha t  i s 

neede d i s a n advance d for m o f  R P E ,  ha s underlai n m y o w n developmen t  o f  connectionis t  model s 

[Banide n 1985 ,  1986 ,  1987 ,  1988a,bJ ,  whic h ha s proceede d independentl y fro m th e wor k o f  Chamia k 

and Santos .  Th e nex t  sectio n wil l  sketc h m y presen t  model ,  calle d "Conposit" ,  whic h relie s o n a n 

R PE techniqu e broadl y simila r  t o tha t  o f  Chamia k &  Santos ,  bu t  mor e genera l  an d thorough-goin g 

tha n theirs .  Conposi t  make s crucia l  use ,  too ,  o f  a  P S A technique . 

SKETCH OF CONPOSIT 

This section is of necessity highly simplified, and concentrates on Conposit's representational tools 

rathe r  tha n it s processin g methods .  Representatio n an d processin g detail s ca n b e foun d i n Bamde n 

(1986 )  supplemente d b y Bamde n (1987 ,  1988a,b) . 
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Conposi t  i s  currentl y onl y "quasi-conncctionisl" .  i n th e sens e o f  bein g a  computationa l  architec -

tur e whos e component s ca n b e straightforwardl y implemente d i n connectionis t  term s [se e Barnde n 198 6 

fo r  som e suggestions] .  A  detaile d coimcctionis l  implementatio n wil l  b e simulate d i n futur e research . 

Tli e two-stag e strateg y adopte d — mappin g informatio n processin g t o a n intermediate-leve l  model ,  an d 

late r  mappin g tJii s  t o tli c  detaile d coimeclionis t  leve l  — i s don e i n a  spiri t  analogou s t o goo d desig n 

practic e i n compute r  science .  Th e intermediat e leve l  ha s al l  alon g bee n constraine d b y th e nee d fo r  late r 

connectionis t  implementation . 

The version s o f  Conposi t  simulate d t o dat e ar e centere d o n a  32x3 2 arra y o f  registers ,  calle d th e 

"configuratio n matri x  ( C M ) " .  (Th e small ,  2 D natur e o f  th e C M i s motivate d b y th e fac t  tha t  Conposi t 

i s  intende d t o b e a  rough ,  preliminar y mode l  o f  high-leve l  processin g i n brai n cortex ,  an d th e C M i s 

take n t o b e implemente d a s a  smal l  regio n o f  th e cortica l  shee t  Individua l  register s ar e take n t o b e 

implemente d a s cortica l  columns. )  Th e purpos e o f  th e C M i s t o hol d temporar y dat a structure s bein g 

manipulate d i n reasonin g an d othe r  high-leve l  cognitiv e tasks .  Conposi t  a s currentl y simulate d ha s n o 

long-ter m memor y fo r  dat a structures ,  bu t  se e Banide n (1986 )  fo r  a n L T M proposal . 

The conten t  o f  th e C M a t  an y moment  i s give n b y a  functio n o  fro m th e C M register s t o a  stat e 

set  B .  Eac h member  o f  B  i s a n ordere d pai r  (s ,  h) ,  wher e ̂  i s  a  "symbol "  an d h  i s a  vecto r  o f  O N / O F F 

value s fo r  a  fixed  se t  o f  "highlightin g flags".  Bot h s  an d h  fo r  a  give n registe r  i n th e C M ar e assume d 

t o b e implemente d a s activatio n pattern s ove r  par t  o f  th e smal l  neural/coimectionis t  subnetwor k formin g 

th e implementatio n o f  th e register .  An y symbo l  ca n b e place d i n an y register .  A  symbo l  ma y hav e a 

specifi c  representationa l  function ,  suc h a s denotin g a  particula r  perso n o r  a  particula r  typ e o f  relation -

shi p amon g people .  Th e significanc e o f  highlightin g wil l  becom e apparent . 

Tli e association s betwee n th e part s o f  a  temporar y dat a structur e ar e encode d b y (a )  adjacenc y 

relationship s amon g value s i n C M registers ,  ofte n supplemente d b y (b )  sharin g o f  symbol s b y severa l 

registers .  Th e R P E an d P S A aspect s o f  Conposi t  resid e i n (a )  an d (b )  respectively .  Th e encodin g i s 

exemplifie d b y th e Figur e below ,  whic h show s a  possibl e stat e o f  a  regio n withi n th e C M . 
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TIli s  regio n contain s a  representatio n o f  th e propositio n tha t  Bil l  believe s tha t  Joh n love s Mary .  Eac h 

squar e show s a  register .  Tli e word s an d capita l  lette r  X  indiact e specifi c  symbol s s .  Absenc e o f  symbo l 

wor d indicate s a n occurrenc e o f  a  specia l  "null "  symbol .  Th e spade ,  heart ,  "r '  an d 'g '  symbol s indi -

cat e ONnes s o f  fou r  specifi c  highlightin g flags,  calle d black ,  white ,  re d an d gree n respectively .  Th e 
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symbol  L O V E permanentl y denote s th e clas s o f  al l  possibl e situation s i n whic h on e perso n love s 
another .  An y registe r  containin g thi s symbo l  als o temporaril y  denote s tha t  class .  An y white -
highlighte d registe r  adjacen t  t o a  LOVE-containing ,  black-highlighte d registe r  i s deeme d t o denote , 
temporarily ,  a  member  o f  th e clas s — tha t  is ,  a  lovin g situation .  Suc h a  registe r  appear s nea r  th e mid -
dl e o f  th e Figure .  An y red-highlighte d registe r  adjacen t  t o a  registe r  denotin g a  lovin g situatio n i s 
deemed t o denot e th e agen t  o f  th e loving ;  similarl y fo r  gree n highlightin g an d th e objec t  o f  th e loving . 
Tlius ,  th e uppe r  "subconfiguralion "  o f  registe r  state s show n i n th e Figur e encode s th e propositio n tha t 
Jol m love s Mary . 

So far ,  then ,  temporar y associatio n i s a  matte r  o f  exploitin g th e permanent ,  2 D strucbir e o f  th e 
C M,  b y havin g symbo l  occurrence s an d highlightin g i n suitabl e relativ e positions .  I n fact ,  th e encodin g 
relie s onl y o n th e undirecte d adjacenc y relationship s i n th e CM.  Way s o f  usin g th e C M tha t  mak e 
broade r  appea l  t o th e permanen t  structur e i n th e C M — notabl y b y usin g th e C M a s a  ma p o f  som e 
regio n o f  spac e i n certai n simpl e type s o f  spatia l  reasonin g — ar e discusse d elsewher e [Barade n 1986 , 
1987] . 

The symbo l  X  i n th e Figur e i s on e o f  a  specia l  clas s o f  "unassigned "  symbols ,  tha t  d o no t  per -
manent y denot e anythin g an d ar e aki n t o variable s i n a  logic .  However ,  b y virtu e o f  it s positio n i n th e 
head registe r  (i.e .  th e white-highlighte d one )  i n th e John-loves-Mar y subconfiguratio n i n th e Figure ,  X  i s 
deemed t o temporaril y  denot e th e lovin g situatio n denote d b y tha t  register .  Bu t  X  als o appear s i n 
anothe r  registe r  i n th e Figure ,  an d make s tha t  registe r  als o denot e th e lovin g situation .  Thus ,  symbol -
sharin g i s bein g use d t o temporaril y  associat e register s i n th e sens e o f  makin g the m temporaril y  denot e 
th e sam e thing .  Thi s i s a n instanc e o f  Conposit' s  us e o f  PS A (Pattern-Similarit y  Association) .  Becaus e 
th e lowe r  X-containin g registe r  i n th e Figur e denote s th e situatio n o f  Joh n lovin g Mary ,  th e lowe r 
subconfiguratio n i n th e Figur e encode s th e to p leve l  o f  th e propositio n tha t  Bil l  believe s tha t  Joh n love s 
Mary .  (PS A ca n als o b e use d t o spli t  u p proposition s lik e John-loves-Mar y int o severa l  pieces. ) 

Tli e processin g o f  th e short-ter m dat a structure s i n th e C M i s performe d b y interna l  an d externa l 
"circuitry "  — syste m component s tha t  wil l  b e mappe d straightforwardl y int o a  connectionis t  imple -
mentation .  Th e interna l  circuitr y mediate s mainl y neighbor-neighbo r  interactio n amon g register s i n th e 
C M,  wherea s th e externa l  circuitr y embodie s hardwire d condition-actio n processin g rules .  Rule s ca n 
detec t  particula r  configuration s o f  symbol s an d highlightin g state s i n th e C M,  b y mean s o f  highl y paral -
le l  detectio n circuitr y tha t  involve s furthe r  two-dimensiona l  registe r  array s calle d locatio n matrice s (se e 
below) .  Th e respons e o f  a  rul e i s t o sen d a  comple x sequenc e o f  " C M signals "  t o th e CM.  Th e gen -
eratio n o f  th e sequenc e ca n involv e conditional s (testin g th e C M state) ,  loops ,  an d a  simpl e for m o f 
non-recursiv e routin e calling .  A  C M signa l  affect s th e C M i n a  highl y SIMD-like ,  register-local ,  paral -
le l  fashion :  th e signa l  i s  distribute d identicall y t o eac h C M register ,  whereupo n differen t  register s 
chang e stat e differently ,  accordin g t o thei r  ow n curren t  state s an d thos e o f  thei r  immediat e neighbors . 

A C M signa l  ca n hav e on e o f  a  numbe r  o f  effects ,  suc h as :  changin g th e state s o f  som e highlight -
in g flags  i n eac h registe r  tha t  i s  highlighte d i n som e specifie d wa y an d tha t  ha s a t  leas t  on e neighbo r 
highlighte d i n som e othe r  specifie d way .  I t  i s als o possibl e fo r  a  signa l  onl y t o hav e a n effec t  o n a  ran -
doml y chose n registe r  satisfyin g th e highUghtin g conditions ,  rathe r  tha n o n eac h suc h register .  Bamde n 
[1986 ]  detail s ho w th e signal s ca n b e use d t o proces s dat a structures ,  and ,  i n particular ,  t o fm d fre e 
spac e for ,  an d the n create ,  ne w dat a su-ucture s i n CMs .  Specifi c  informatio n processin g task s ar e 
reporte d o n i n th e nex t  section . 

Althoug h tlier e i s n o spac e her e fo r  a  detaile d account ,  tlier e i s a  sens e i n whic h th e binde r  tech -
niqu e fo r  temporar y associatio n i s use d behin d tli e scenes .  Th e binder s ar e th e element s o f  som e o f  th e 
"locatio n matrices"(LMs )  allude d t o earlier .  A n L M i s a  32x3 2 matri x o f  registers ,  eac h containin g a n 
ON o r  OF F value .  Suppos e fo r  instanc e tha t  th e syste m contain s a  hardwire d rul e triggere d b y th e pres -
ence i n th e C M o f  a  lovin g situation .  Tlie n th e syste m mus t  contai n a  certai n L M wit h th e followin g 
property :  a n O N valu e a t  an y positio n (x.y )  i n th e L M indicate s tha t  registe r  (.x,y )  o f  th e C M currentl y 
denote s a  lovin g situation .  Mor e precisely ,  suc h a  C M registe r  i s whit e highUghtc d an d ha s a  black -
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highlighte d neighbo r  containin g (h e L O V E symbo l  (recal l  th e Figure) .  T o cu t  a  lon g stor y short ,  th e 

(x,y )  registe r  i n th e L M receive s a  connectio n pat h fro m th e CM' s (x,y )  registe r  an d eac h neighborin g 

C M register .  A s a  result ,  ONnes s a t  (x,y )  i n th e L M ca n b e viewe d a s indicatin g th e temporar y associa -

tio n o f  th e C M (x,y )  registe r  an d it s black-highlighte d neighbor .  Therefore ,  th e L M (x,y )  register , 

whic h i s implemente d a s a  connectionis t  subnetwork ,  i s  actin g a s a  binder . 

But  i t  i s  essentia l  t o realiz e tha t  Conposit' s  R P E i s independen t  o f  suc h binders ,  i n th e sens e tha t 

the y serv e onl y th e subconfiguration-̂ erecr/o/ i  need s o f  hardwire d rules :  the y ar e no t  brough t  i n b y th e 

shee r  requiremen t  o f  representation .  Thi s i s underscore d b y tw o observations .  (1 )  Rule s ca n analyz e 

dat a structure s b y traversin g them ,  throug h th e us e o f  highlightin g movement s i n th e C M ,  withou t  hav -

in g first  detecte d the m b y mean s o f  th e binder s i n L M s .  (2 )  Late r  version s o f  Conposi t  wil l  contai n 

secondar y C M s use d fo r  short-ter m storag e purpose s only ,  an d havin g n o attache d LMs . 

On th e othe r  hand ,  Conposit' s  P S A ca n b e construe d a s bein g base d o n binder s — o f  a  highl y 

atypica l  natur e — i n th e wa y describe d i n th e firs t  section . 

S I M U L A T I O NS O F C O N P O S IT 

The simulations (performed on NASA's Massively Parallel Processor) incorporate timing delays 

base d o n crud e bu t  reasonabl e neura l  implementatio n assumption s [Bamde n 1986] .  E.g. :  2  millisecond s 

i s allowe d fo r  eac h logica l  gatin g operatio n i n th e neura l  "loca l  circuits "  hypothesize d t o exis t  i n C M 

register s [Barnde n 1986] ;  speed s o f  1  an d 1 0 meters/secon d ar e assume d fo r  shor t  an d lon g neura l  signa l 

trave l  respectively ;  an d hardwire d rul e circuitr y i s generousl y assimie d t o b e 5c m awa y fro m th e C M . 

Tlierefore ,  ther e i s a  significan t  transmissio n dela y ( 5 milliseconds )  ove r  lon g distances . 

Barnde n (1988a )  report s experiment s wit h tw o version s o f  Conposit .  Th e firs t  incorporate s pro -

ductio n rule s fo r  commonsens e reasoning ,  on e o f  whic h ca n b e paraphrase d as :  i f  a  perso n X  love s a 

perso n Y  wh o love s a  perso n Z  (differen t  from  X) ,  the n X  i s jealou s o f  Z .  Suc h rule s exercis e 
Conposit' s  handlin g o f  variabl e bindings .  Th e rul e execute s i n 51 5 millisecond s o f  simulatio n time . 

The rul e deal s wit h an y situatio n satisfyin g th e rul e conditio n (an d se t  u p a s th e initia l  stat e o f  th e C M ) , 

withou t  massiv e duplicatio n o f  circuitr y fo r  differen t  binding s o f  th e variables . 

The secon d Conposi t  versio n i n Bamde n (1988a )  convert s a  simplifie d for m o f  pars e tre e fo r  a n 

activ e sentenc e int o th e pars e tre e fo r  th e correspondin g passiv e sentence ,  i n 106 3 millisecond s o f  simu -

latio n time .  Th e conversio n parallel s a  tas k performe d b y th e connectionis t  productio n syste m o f 

Touretzk y (1986) .  Th e initia l  tre e i s give n a s th e initia l  stat e o f  th e C M ,  an d Conposi t  replace s i t  b y th e 

new tree .  Th e rul e ha s n o massiv e duplicatio n o f  circuitr y fo r  differen t  choice s o f  wor d i n th e sentence . 

The Conposi t  versio n describe d i n Bamde n (1988b )  engage s i n syllogisti c reasoning ,  b y embody -

in g som e cor e aspect s o f  tli e Johnson-Laird' s "menta l  model "  theor y [se e e.g .  Johnson-Lair d &  Bar a 
1984] .  (Conposi t  coul d als o accommodat e mor e conventiona l  logica l  processin g o f  syllogisms. )  A n 

exampl e syllogis m is :  "Som e athlete s ar e beekeepers ;  al l  beekeeper s ar e chemists :  therefore ,  som e ath -

lete s ar e chemists" .  Thi s i s represente d i n th e C M b y propositiona l  subconfiguralion s analogou s t o 
(hos e i n th e Figur e above .  Conposit' s  syllogism-processin g rule s (whic h involv e n o massiv e duplicatio n 

of  circuitr y fo r  differen t  choice s o f  objec t  categorie s i n syllogisms )  us e th e syllogis m premise s t o con -

struc t  a  rando m Jolmson-Lair d menta l  mode l  — a  sor t  o f  exampl e situatio n involvin g severa l  athclete , 

beekeepe r  an d chemis t  "tokens" .  A  ml e the n check s whethe r  th e syllogis m conlcusio n i s consisten t 

wit h th e menta l  model .  Conposi t  ca n ru n throug h a  syllogis m (whic h involve s 6  rul e firings,  an d th e 

creatio n o f  1 5 token s o n average )  ii i  abou t  2. 5 second s o f  simulatio n time .  Thi s appear s t o b e fas t 

enoug h fo r  psychologica l  plausibility ,  judgin g b y th e time s allowe d t o huma n subject s i n Jolmson -
Laird' s experiments . 
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B A R N D EN 

C O N C L U S I ON 

In response to Uie "challenge" mentioned in tlie first section, McDermott (1986) has advocated 

system s tha t  contai n symbol s — reproducibl e pattern s o f  network-nod e activit y tha t  ca n hav e distinc t 

simultaneou s occurrences .  Conposi t  i s  base d o n jus t  suc h symbols .  Thei r  us e i n a  Relative-Positio n 

Encodin g technique ,  combine d wit h Pattern-Similarit y Association ,  lead s t o a  (quasi-)connectionis t  sys -

te m capabl e o f  comple x high-leve l  symboli c informatio n processing . 

Tli e temporary-associatio n method s use d b y Conposi t  ar e particula r  point s i n a  ric h spac e o f  tech -

nique s fo r  th e analysi s o f  whic h a  genera l  unifyin g framewor k woul d b e beneficial .  Th e followin g 

comment s explai n th e intuitiv e basi s o f  a  genera l  framewor k tha t  I  a m ciurentl y devising ,  t o accommo -

dat e th e classe s o f  techniqu e discusse d i n th e first  section ,  an d thereb y t o illuminat e thei r  relationships . 

I n particular ,  th e relationshi p o f  binde r  technique s an d P S A technique s need s furtJie r  claiification . 

The variou s technique s discusse d embod y way s o f  T E M P O R A R I LY exploitin g P E R M A N E NT 

structur e t o achiev e T E M P O R A RY association .  I n th e weight-chang e cas e th e permanen t  stnictur e i s 

some se t  o f  connectio n chain s i n th e tota l  network ,  an d th e associatio n i s achieve d b y temporaril y 

exploitin g connectio n chain s i n th e sens e o f  puttin g the m int o particula r  temporar y states .  Th e binde r 

cas e i s similar ,  bu t  th e exploitatio n consist s o f  changin g th e activatio n o f  intermediat e node s i n connec -

tio n chains .  I n th e pattern-relationshi p case ,  a t  leas t  i n th e specia l  cas e o f  PSA ,  th e permanen t  structur e 

exploite d i s th e appropriat e type(s )  o f  similarit y amon g activatio n patterns ,  an d th e exploitatio n i s th e 

placin g o f  simila r  pattern s i n suitabl e networ k regions .  I n th e positiona l  case ,  tli e permanen t  structur e 

exploite d i s th e wa y som e register-lik e subnetwork s ar e arrange d i n th e tota l  syste m architecture ,  an d th e 

exploitatio n consist s o f  th e placin g o f  suitabl e activatio n pattern s i n th e registers . 

I t  i s  illuminatin g t o appl y thi s unifyin g vie w o f  temporar y associatio n (a s temporar y exploitatio n 

of  permanen t  structure )  t o th e wa y i t  i s  achieve d i n primar y storag e i n ordinar y computers .  Th e associa -

tion s ar e achieve d i n temporar y state s o f  th e stor e tha t  exploi t  variou s type s o f  permanen t  structiû e . 

The sequentia l  allocatio n techniqu e fo r  dat a structuring ,  wher e fo r  instanc e tfi e item s i n a n arra y ar e 

place d i n sequenc e i n som e se t  o f  consecutiv e locations ,  exploit s th e tota l  orde r  o n th e se t  o f  storag e 

locations .  Th e pointe r  o r  linkin g techniqu e fo r  achievin g dat a structurin g exploit s th e (partial )  functio n 

fro m bit-strings ,  construe d a s addresses ,  t o locations .  A  simpl e fon n o f  conten t  addressing ,  i n whic h 

tw o location s containin g th e sam e (sub)strin g o f  bit s ma y b e considere d t o b e currentl y associated , 

exploit s similarit y relationship s amon g bit-strings .  I n sum ,  sequentia l  allocation ,  conten t  addressin g 

and Unkin g temporaril y  exploi t  permanen t  strucmr e define d ove r  th e se t  o f  locations ,  lli e se t  o f  possibl e 

bit-stiings ,  an d th e mappin g fro m bit-string s t o locations ,  respectively . 

I t  shoul d b e obviou s ho w thi s vie w o f  computer s ca n b e modifie d t o cove r  R P E an d P S A i n Con -

posit ,  takin g th e C M t o pla y th e rol e o f  th e stor e an d ignorin g th e linkin g technique .  I  a m hopin g t o 

exten d th e vie w t o cove r  positiona l  an d pattem-relaticmshi p technique s mor e generally ,  an d t o encom -

pas s als o th e binde r  an d weight-chang e classe s o f  technique .  Particula r  task s t o b e face d i n constructin g 

suc h a  genera l  framewor k wil l  b e t o relat e i t  t o certai n othe r  genera l  frameworks ,  suc h a s Smolensky' s 

(1987 )  accoun t  o f  roles ,  fillers,  an d variables ,  an d Wallers '  (1987 )  accoun t  o f  coimeclionis t  infonnatio u 

encoding . 
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