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The Integrate d implementatio n Qi . 
Imaaina l  ̂ a ^  Propositiona l 

C&i ^  Slcuctute s I Q ih & Bcat n 

John Barnden 
Computet  Scienc e Departmen t 

Indian a University ,  Bioomington ,  Indian a 

1.  intcMugtio n 

I sketch a speculative model (to be 
presente d i n greate r  detai l  i n (11 )  o f  th e 
hurua n brain' s implementatio n o f  th e tem -
porar y dat a structure s appearin g i n cogni -
tion .  I  assum e th e followin g workin g 
hypothesis : 
The Representation Hypothesis. Much 

of  huma n cognitio n i s t o b e explaine d 
as th e manipulatio n o f  dat a struc -
tures ,  i n a s litera l  a  sens e a s th e 
sens e i n whic h computer s manipulat e 
dat a structures . 

The model is not committed to any particu-
la r  dat a structur e 'language '  i n th e 
brain ,  bu t  i t  lead s t o interestin g sugges -
tion s concernin g suc h languages .  Th e 
model  unifie s 'prepositiona l  representa -
tion' ,  'imagery '  [2 ]  an d perception . 
A background assumption I make is 
tha t  th e temporar y dat a structure s i n th e 
brai n ar e physicall y implemente d a s 
short-live d pattern s o f  'neura l  enhance -
ment' .  Thes e pattern s ca n caus e particu -
la r  event s (e.g .  change s i n th e patterns ) 
t o occu r  i n th e brain .  Th e vagu e ter m 
'neura l  enhancement '  i s  intende d t o encom -
pas s possibilitie s suc h a s highe r  tha n 
norma l  puls e activit y (c f  Heb b (3] )  an d 
disturbe d dendritic-potentia l  micro -
structur e (c f  Pribra m [4] )  .  T o avoi d mak -
in g unnecessar y hardwar e commitments ,  how -
ever ,  I  cas t  th e mode l  a t  a  highe r  leve l 
of  descriptio n whic h i s intende d stil l  t o 
allo w relativel y eas y mapping s dow n t o th e 
hardwar e level . 

I t  wil l  becom e clea r  tha t  th e mode l 
postulate s sharin g o f  th e mechanism s use d 
i n perceptio n an d thos e use d i n th e imple -
mentatio n o f  temporar y dat a structures . 
For  th e purpose s o f  thi s paper ,  le t  u s 
simplif y matter s b y takin g monocula r 
visio n t o b e th e onl y sense .  ( A fulle r 
accoun t  wil l  b e give n i n [1 ]  . )  Th e follow -
in g hypothesi s i s a  proposa l  abou t  visua l 
mechanism ,  bearin g famil y resemblance s t o 
proposal s suc h a s Marr' s prima l  sketche s 
[111 .  Agai n fo r  simplicity ,  w e assum e th e 
retin a ca n b e considere d t o b e a  2 D rec -
tangula r  arra y o f  (possibl y overlapping ) 
receptiv e field s (finit e i n number) . 
Ihs Vi5;i?n Hyppths?!?. 
a) The brain contains a number of 

permanen t  abstrac t  entitie s calle d 
'perceptua l  patter n matrices '  (PPlls )  . 
Each PPM i s a  2-dimensiona l  rectangu -
la r  arra y isomorphi c t o th e retina l 
arra y o f  receptiv e fields .  Ther e i s 

a se t  o f  'enhancemen t  types' ,  an d a t 
any moment  eac h elemen t  o f  eac h PPM 
has a  'degre e o f  enhancement '  fo r 
each type .  Th e 'state '  o f  a  PPM i s 
th e curren t  patter n o f  degree s o f 
enhancemen t  ove r  th e PPM.  Retina l 
stimulatio n i s converte d b y low-leve l 
preprocessin g int o a  stat e o f  som e 
PPM.  Th e enhancemen t  degree s a t  a n 
elemen t  i n th e PPM fo r  som e enhance -
ment  type s encod e th e presenc e o f 
feature s i n th e element' s correspond -
in g receptiv e field .  Example s o f 
suc h feature s ar e lin e segments , 
edges ,  corners ,  textures ,  colours , 
etc . 

b) The possession of more than one 
PPM allow s th e brai n t o maintai n ver y 
shor t  ter m iconi c memor y (c f  [12] )  o f 
retina l  input ,  an d t o integrat e suc -
cesiv e views . 

NOW it has been suggested that (conscious 
or  unconscious )  visua l  imager y i s base d o n 
state s o f  retina-lik e dat a structure s 
(e.g .  Kossly n [61) .  I t  ha s als o bee n 
moote d tha t  th e mechanism s use d i n visua l 
imager y ar e share d wit h visual-perceptio n 
mechanisms .  Suppos e w e adop t  thes e 
suggestions ,  i n th e sens e o f  allowin g th e 
interna l  generatio n an d manipulatio n o f 
state s o f  PPMs.  I f  w e closel y followe d 
th e example s use d b y Kossly n an d others , 
th e PPM state s s o manipulate d woul d b e 
spatial-analogu e images ,  i.e .  woul d pic -
tur e physica l  objects ,  crud e maps ,  etc .  I 
now clai m that ,  assumin g th e brai n ca n 
internall y generat e suc h images ,  ther e i s 
a prior i  n o reaso n t o thin k tha t  th e PPM 
state s i t  ca n generat e ar e restricte d t o 
be suc h images .  Fo r  instance ,  ther e i s n o 
reaso n t o thin k tha t  th e brai n canno t  gen -
erat e ('pictures '  of )  writte n words , 
abstrac t  diagram s (perhap s depictin g 
abstrac t  networ k structures) ,  o r  othe r 
symboli c shape s o f  non-pictorial ,  non -
lexica l  form .  (Onc e generated ,  th e pres -
ence o f  suc h PPM pattern s i s n o mor e 
bizarr e tha n i f  th e pattern s ha d resulte d 
fro m seein g words ,  diagrams ,  etc. )  Thes e 
observation s suggeste d t o me th e centra l 
postulat e o f  th e model: -
Iil£ Mill Hypothesis. 
a) Any temporary aata structure con-

sidere d t o resid e a t  som e moment  i n 
th e brai n i s impiementg' a A S (pac t  iif ) 
1 stat e Q i  J  Singl e £££ l  ̂  & & ̂  :issz . 
tsj i  (2 £ (partial )  StatS S Q l  SevSta l 
PPM?-

b) There exist processes which exam-
in e PPM state s an d can ,  i f  the y 
detec t  suitabl e subpatterns ,  caus e 
PPM stat e changes .  Thes e processe s 
togethe r  wit h th e PPIl s ar e regarde d 
as a  productio n syste m [51 ,  wit h pos -
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sibl e concurren t  firin g o f  produc -
tions ,  zhi ^  productio n syste m con -
gtttUte S lil £ entir e machiner y Lh & 
kU l Q M £ Ifi X .Ul £ interna l  manipula -
Sj^ n 2 1 tgmpgtsc y gat ? jtructutea . 
c) One enhancement type is called 
'attention' .  Element s wit h highe r 
degree s o f  enhancemen t  o f  attentio n 
receiv e preferentia l  treatmen t  b y PPM 
manipulatio n processes .  A  locu s o f 
hig h attentio n value s i n a  PPM ca n b e 
sli d aroun d i n a  PPM t o effec t  scan -
ning . 
d) The response by pattern-detection 
processe s t o PPK pattern s i s spa -
tiall y  continuou s i n th e sens e tha t 
th e effec t  o f  'spatial '  deformation s 
of  pattern s ca n b e made arbitraril y 
smal l  b y makin g th e deformation s suf -
ficientl y small . 
e) To a first approximation, the 
effec t  o f  th e presenc e o f  a  patter n 
i n a  PPl i  i s  independen t  o f  th e iden -
tit y o f  th e PPM. 
I) If approximately the same 
subpatter n i s simultaneousl y presen t 
withi n tw o differen t  PPHs ,  an d th e 
attentio n enhancemen t  o f  th e element s 
used b y th e subpatter n i n a t  leas t 
one o f  th e PPMs i s sufficientl y 
high ,  the n th e attentio n enhancemen t 
of  bot h patter n instance s ca n becom e 
boosted .  Thu s ther e may b e implici t 
association s amon g PPM states .  (N o 
direc t  'pointers '  betwee n PPMs ar e 
proposed. ) 
g) There may exist considerably more 
PPMs tha n ar e require d b y th e Visio n 
Hypothesi s (fo r  th e purpos e o f 
receivin g preprocesse d retina l  stimu -
lation ,  maintainin g iconi c memor y an d 
integratin g views) . 
h) The issue of consciousness is not 
addresse d b y th e model .  Ther e i s n o 
assumptio n tha t  th e brai n i s  cons -
ciou s o f  an y o f  th e PPM state s 
existin g a t  a  give n time .  Ther e i s n o 
assumptio n tha t  whe n th e brai n i s 
consciou s o f  a  visua l  imag e i t  i s 
consciou s o f  a  singl e PPM state . 

I t  i s  sometime s suggeste d tha t  a 
neura l  enhancemen t  patter n migh t  b e som e 
for m o f  node/lin k structur e representin g 
propositiona l  information .  Liftin g thi s 
ide a t o th e abstrac t  leve l  o f  PPMs,  i t  i s 
quit e conceivabl e tha t  abstract ,  preposi -
tiona l  informatio n i s represente d i n th e 
for m o f  diagramme d nets .  Tha t  is ,  node s 
ar e localize d group s o f  contiguou s 
enhance d PPM elements ,  an d link s ar e 
chain s o r  ribbon s o f  suc h elements .  (I t 
i s  not ,  however ,  suggeste d tha t  ne t  pat -
tern s ar e particularl y clos e t o th e pre -
cis e ne t  diagram s t o b e foun d i n th e 
literature ,  e.g .  [7]. )  Node s an d link s i n 
a net-lik e PPM stat e ca n b e considere d t o 
be associate d t o long-ter m knowledg e b y 
virtu e o f  label s the y ar e adjacen t  to ,  i n 
tha t  th e label s ar e subpattern s whic h ca n 

be detecte d b y som e production s (se e Mai n 
Hypothesis ,  par t  (b)) .  Fo r  example ,  a 
node labe l  migh t  b e a  specia l  patter n 
whic h ha s (fo r  u s a s theorists )  th e mean -
in g 'dog' :  b y virtu e o f  suitabl e produc -
tion s detectin g th e subpattern ,  th e brai n 
woul d tak e action s consisten t  wit h th e 
node' s representin g a  dog .  I t  i s  wort h 
notin g tha t  th e 'dog '  labe l  coul a b e 
eithe r  a  stylize d pictur e o f  a  do g o r  th e 
wor d 'dog '  itself !  I t  could ,  however ,  b e 
a subpatter n o f  non-lexica l  non-pictoria l 
form . 
The basic actions in the productions 
of  Mai n Hypothesi s par t  (b )  include :  move -
ment  o f  subpattern s withi n an d betwee n 
PPMs,  deletio n an d creatio n o f  subpat -
terns ,  change s o f  enhancemen t  degree s 
(especiall y o f  attention) ,  etc .  Th e 
actio n par t  o f  a  productio n i s tentativel y 
propose d t o hav e a  simpl e sequentia l  form . 
The production s ar e though t  o f  a s consti -
tutin g LTM.  Th e mode l  allows ,  a s a  detai l 
of  thi s LTM,  th e existenc e o f  a  long-ter m 
stor e o f  encode d PPM states :  thes e ca n b e 
decode d an d rea d int o PPMs,  an d ca n b e 
encode d fro m th e content s o f  PPMs. 
Some detection of subpatterns must be 
primitiv e i n tha t  i t  i s  achieve d withou t 
th e nee d t o examin e othe r  dat a structures . 
I  propos e that ,  a t  least ,  som e simpl e 
geometrica l  shapes ,  som e stylize d pic -
tures ,  som e words ,  an d som e specialize d 
non-pictoria l  non-lexica l  graphi c item s 
(includin g node s an d links )  ca n b e primi -
tivel y detected .  (Muc h o f  thi s abilit y 
woul d aris e for n maturatio n an d experi -
ence. )  Bu t  non-primitiv e form s o f  detec -
tio n ca n b e proposed .  Fo r  example ,  b y 
slidin g a  locu s o f  hig h attentio n enhance -
ment  aroun d i n a  PPM,  a  detectio n proces s 
(perhap s itsel f  made u p o f  productio n fir -
ings )  coul d chec k fo r  th e presenc e o f  a 
piec e o f  networ k b y tracin g i t  out .  Also , 
th e associativ e mechanis m o f  Mai n 
Hypothesi s par t  (f )  allow s th e matchin g o f 
two (no t  necessaril y  primitivel y detect -
able )  subpattern s i n distinc t  PPMs,  wher e 
one o f  th e subpattern s migh t  b e take n t o 
be a  templat e (o f  pictorial ,  network , 
orthographi c o r  an y othe r  form) .  Not e 
tha t  th e PPM productio n syste m ca n con -
struc t  transforme d version s o f  pattern s t o 
facilitat e furthe r  processing .  Fo r 
instance ,  i n th e cours e o f  visua l  percep -
tio n a n abstrac t  ne t  representatio n o f  a 
scen e coul d b e constructe d fro m a  pictur e 
of  i t  i n a  PPM. 

1.  Selecte d implication s 

The model unifies unconscious spa-
tia l  imager y an d prepositiona l  representa -
tio n a t  th e sam e tim e a s providin a a n 
(intermediat e level )  implementatio n o f 
prepositiona l  representation .  A  particu -
la r  consequenc e o f  th e Mai n Hypothesi s i s 
tha t  abstrac t  symboli c representations , 
spatial-analogu e image s constructe o i n 
visua l  imagery ,  an d image s resultin g 
directl y fro m retina l  stimulatio n ar e jus t 
specia l  case s o f  PPM states .  ( A mor e 
popula r  rout e t o unificatio n -  annotatin g 
prepositiona l  structure s wit h spatia l 
informatio n [8 ]  -  doe s no t  addres s th e 
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issu e o f  implementin g propositiona l  struc -
tures. )  Th e mode l  ca n incorporate ,  i n a 
natura l  way ,  hybri d form s o f  symbolis m 
suc h a s ar e foun d in ,  fo r  instance ,  maps , 
cartoon s (especiall y thos e v/hic h includ e 
words) ,  roa d signs ,  an d many form s o f 
semi-abstrac t  sketc h an d diagram .  More -
over ,  th e interna l  presenc e o f  suc h hybri d 
synbolis m itia y b e closel y relate d t o th e 
fac t  tha t  w e dea l  wit h i t  externall y wit h 
suc h naturalness ,  eas e an d frequency . 
The model may help to explain how the 
human capacit y fo r  abstrac t  cognitio n 
evolved .  Tha t  is ,  assumin g tha t  a t  som e 
stag e o f  primat e evolutio n th e Visio n 
Hypothesi s hel d an d spatial-analogu e PPM 
state s coul d b e internall y generate d an d 
manipulated ,  i t  i s  plausibl e tha t  th e 
necessar y patter n detectio n an d manipula -
tio n operation s coul d hav e evolve d int o a 
for m whic h coul d dea l  wit h mor e abstrac t 
PPM states .  (Se e Hinsk y [9] ,  Sectio n 
6.5.4 ,  fo r  anothe r  proposa l  i n whic h 
abstrac t  symboli c manipulatio n evolve s 
fro m perceptua l  operations. ) 
I am just embarking on a computer 
simulatio n o f  a  simplified ,  precis e ver -
sio n o f  th e model .  Thi s pape r  ha s onl y 
sketche d a  'mode l  schema '  i n whic h man y 
parameter s (e.g .  numbe r  an d siz e o f  PPt'iS ) 
remai n unspecified .  Th e firs t  stag e i n 
th e projec t  i s  th e exercis e o f  developin g 
a diagrammati c versio n o f  a  simpl e produc -
tio n syste m derive d fro m PSG [10] . 
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