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F r a m e S e l e c t i o n i n a  C o n n e c t i o n i s t  M o d e l  O f 

H i g h - L e v e l  I n f e r e n c i n g 

Tren t  E .  Lang e 

Michae l  G .  Dye r 

Compute r  Scienc e Departmen t 

Universit y o f  California ,  Lo s Angele s 

ABSTRACT 

Frame selection is a fundamental problem in 
high-leve l  reasoning .  Connectionis t  model s hav e 
bee n unabl e t o approac h thi s proble m becaus e o f 

thei r  inabilit y t o represen t  multipl e dynami c 
variabl e binding s an d us e the m b y applyin g gen -
era l  knowledg e rules .  Thes e deficit s hav e barre d 
the m fro m performin g th e high-leve l  inferencin g 
necessar y fo r  planning ,  reasoning ,  an d natura l 
languag e understanding . 

This paper describes a localist spreading-activa-
tio n model ,  R O B I N ,  whic h solve s a  significan t 
subse t  o f  thes e problems .  R O B I N incorporate s 
th e norma l  semanti c networ k su^uctur e o f  previ -
ous localis t  networks ,  bu t  ha s additiona l  stfuctur e 
t o handl e variable s an d dynami c role-binding . 
Eac h concep t  i n th e networ k ha s a  uniquely-iden -
tifyin g activatio n value ,  calle d it s signature .  A 
dynami c bindin g i s create d whe n a  bindin g nod e 
receive s th e activatio n o f  a  concept' s signature . 
Signature s propagate s acros s path s o f  bindin g 
node s t o dynamicall y instantiat e candidat e infer -
enc e paths ,  whic h ar e selecte d b y th e evidentia l 
activatio n o n th e network' s semanti c structure . 
R O B I N i s  thu s abl e t o approac h man y o f  th e 
high-leve l  inferencin g an d fram e selectio n task s 
not  handle d b y previou s connectionis t  models . 

INTRODUCTION 

High-level cognitive tasks, such as planning, reason-
ing ,  an d natura l  languag e understanding ,  requir e th e 
abilit y  t o perfor m inferencin g t o m a k e explanation s 
of  and/o r  prediction s fro m know n state s an d actions . 
I n natura l  languag e understanding ,  fo r  example ,  a 
reade r  mus t  ofte n mak e multipl e inference s t o under -
stan d th e motive s o f  actor s an d t o connec t  action s tha t 
ar e unrelate d o n th e basi s o f  surfac e semantic s alone . 
Complicatin g th e understandin g proces s i s th e fac t 
tha t  languag e i s ofte n ambiguou s o n bot h th e lexica l 
and conceptua l  level .  Conside r  th e phrase : 

P1: "John put the pot inside the dishwasher" 

Most people will infer that John transferred a 
Cooking-Po t  insid e o f  a  dishwashe r  i n a n attemp t  t o 
get  i t  clean .  However ,  suppos e P I  i s followe d by : 

P2:  "becaus e th e polic e wer e coming.' ' 

Suddenly ,  th e interpretatio n selecte d fo r  th e wor d 
"pot "  i n P I  change s t o Marijuana ,  an d hi s Transfer -
Insid e actio n become s a  pla n fo r  hidin g th e Mari -

juan a fro m th e police . 

The inference s neede d t o understan d thes e tw o phrase s 
(Hidin g Pot )  illustrat e on e o f  th e fundamenta l  prob -
lem s i n high-leve l  inferencing ,  tha t  o f  fram e selec -
tion .  W h e n shoul d a  syste m mak e inference s fro m a 
give n fram e instantiation ? Whic h o f  it s  relate d frame s 
shoul d i t  instantiat e t o mak e thes e inferences ? With -
out  bein g abl e t o cop e wit h thes e problems ,  a  syste m 
wil l  no t  b e abl e t o handl e th e followin g crucia l  tasks : 

Word-Sense Disambiguation: Choosing the meaning 
of  a  wor d i n a  give n piec e o f  tex t  I n PI ,  th e wor d 
"pot "  refer s t o a  Cook ing-Pot ,  bu t  whe n P 2 i s 
presented ,  th e evidenc e i s  tha t  th e interpretatio n 
shoul d chang e t o Marijuana . 

Inferencing: Making inferences to understand the re-
sult s o f  action s an d th e motive s o f  actors .  Noth -
in g i n Hidin g Po t  explicitl y  state s tha t  th e po -
lic e migh t  se e th e pot ,  o r  eve n tha t  th e polic e wil l 
be i n proximit y t o i t  an d John .  No r  i s i t  explic -
itl y  state d wha t  th e polic e wil l  d o i f  the y se e h e 
possesse s Marijuana .  Al l  mus t  b e inferre d fro m 
seemingl y innocuou s phrase s P I  an d P2 . 

Concep t  Refinement :  Inferrin g a  specifi c  fram e fro m 
a mor e genera l  one .  I n PI ,  th e fac t  tha t  th e po t 
was insid e o f  a  dishwashe r  tol d u s muc h mor e tha n 
th e simpl e knowledg e tha t  i t  wa s insid e o f  a  con -
tainer .  I n Hidin g Pot ,  however ,  th e salien t 
poin t  i s  tha t  i t  i s  insid e o f  a n opaqu e object , 
whic h allow s u s t o infe r  tha t  th e polic e wil l  no t 
be abl e t o se e it . 

Plan/Goa l  Analysi s an d Schem a Instantiation :  Rec -
ognizin g th e pla n a n acto r  i s  usin g t o fulfil l  hi s 
goals .  I n PI ,  i t  appear s tha t  Joh n pu t  th e po t  int o 
th e dishwashe r  a s par t  o f  th e $ D i s h w a s h e r -
Cleanin g scrip t  t o satisf y hi s goa l  o f  gettin g i t 
clean .  I n Hidin g Pot ,  however ,  i t  appear s tha t 

i t  i s  par t  o f  hi s pla n t o satisf y hi s sub-goa l  o f  hid -
in g i t  fro m th e police ,  whic h i s par t  o f  hi s overal l 
goal  t o avoi d arrest . 
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Fram e selectio n i s complicate d b y th e effec t  o f  addi -
tiona l  context ,  whic h ofte n cause s reinlcrpretatio n t o 
competin g frames .  Th e contextua l  evidenc e i n Hid -
in g Po t  ca n conflic t  eve n more ,  an d th e explanatio n 
chang e again ,  if ,  fo r  example ,  th e nex t  phras e is : 

P3:  "The y wer e comin g ove r  fo r  dinner. " 

As a result of P3, the word "pot" might be reinter-
prete d bac k t o Cooking-Pot .  Thes e example s clearl y 
poin t  ou t  tw o sub-problem s o f  fram e selection,/ram ^ 
commitmen t  an d reinterpretation .  W h e n shoul d a  sys -
te m commi t  t o on e interpretatio n ove r  another ? A n d 
i f  i t  doe s commi t  t o on e interpretation ,  ho w doe s ne w 
contex t  caus e tha t  interpretatio n t o change ? 

PREVIOUS APPROACHES 

Symbolic rule-based systems, such as BORIS [Dyer, 
1983]  an d MOPTRANS [Lytinen ,  1984] ,  hav e ha d 
some succes s a t  performin g th e inferencin g an d fram e 
selectio n necessar y fo r  high-leve l  cognitiv e tasks . 
Thei r  processin g mechanisms ,  however ,  ar e ofte n ex -
traordinaril y  complex ,  bein g governe d b y larg e collec -
tion s o f  brittl e an d sometime s ad-ho c rule s tha t  usu -
all y chang e wit h eac h typ e o f  knowledg e structur e 
modelled .  Ambiguou s input ,  suc h a s tha t  o f  Hidin g 
Pot ,  ha s prove n especiall y difficul t  fo r  rule-base d ap -
proaches ,  ofte n requirin g complicate d an d expensiv e 
backtrackin g rule s whe n reinterpretatio n i s required . 

Distributed Spreading-Actlvation Networks 

Distributed connectionist models, such as those of 
[McClellan d &  Kawamoto ,  1986 ]  an d [Touretzk y & 
Hinton ,  1988] ,  hav e latel y bee n receivin g muc h inter -
est ,  mainl y becaus e o f  th e learnin g algorithm s avail -
abl e fo r  thei r  massivel y paralle l  network s o f  simpl e 
processin g elements .  Despit e thi s attention ,  n o dis -
tribute d networ k mode l  ha s ye t  exhibite d th e abilit y 
t o handl e inferencin g havin g complexit y eve n nea r 
tha t  o f  Hidin g Pot .  Th e primar y reaso n fo r  thi s 
curren t  lac k o f  succes s i s thei r  inabilit y t o represen t 
dynami c role-binding s an d t o propagat e thes e bindin g 
constraint s durin g inferencing .  Distribute d networks , 
furthermore ,  ar e sequentia l  a t  th e knowledg e leve l  an d 
lac k th e representatio n o f  structur e neede d t o handl e 
comple x conceptua l  relationship s [Feldman ,  1989] . 

LocalJst Spreading-Actlvation Networks 

Localist spreading-activation models, such as those of 
[Cotu-el l  &  Small ,  1983] ,  [Wa l u &  Pollack ,  1985] , 
and [Shastri ,  1988] ,  als o us e massivel y paralle l  net -
work s o f  simpl e processin g units .  Localis t  network s 
represen t  knowledg e b y simpl e node s an d thei r  inter -
connections ,  wit h eac h nod e standin g fo r  a  distinc t 
concept .  Activatio n o n a  conceptua l  nod e represent s 

th e amoun t  o f  evidenc e availabl e fo r  tha t  concep t  i n 
th e curren t  context . 

Unlike distributed networks, localist networks are 
paralle l  a t  th e knowledg e leve l  an d ca n represen t  struc -
tura l  relationship s betwee n concepts .  Becaus e o f  this , 
multipl e inferenc e path s ar e pursue d simultaneously ; 
a necessit y t o accoun t  fo r  th e understandin g spee d ex -
hibite d b y people .  Disambiguatio n i s achieve d auto -
maticall y a s relate d concept s unde r  consideratio n pro -
vid e evidenc e fo r  an d feedbac k t o on e another . 

The main problem with previous localist models is 
tha t  th e evidentia l  activatio n o n thei r  conceptua l 
node s give s n o clu e a s t o wher e tha t  evidenc e cam e 
from .  Becaus e o f  this ,  previou s localis t  model s hav e 
had n o mor e succes s tha n distribute d model s a t  han -
dlin g dynami c non-loca l  binding s — an d thu s remai n 
unsuite d t o task s requirin g high-leve l  inferencing . 

Marker Passing Networks 

Marker-passing models, such as those of [Granger et 
at. ,  1986 ]  an d [Hendler ,  1988] ,  operat e b y spreadin g 
symboli c marker s acros s semanti c networks .  Role -
binding s ar e triviall y  represente d usin g th e symboli c 
pointer s store d i n thei r  markers ,  whos e propagatio n i s 
use d t o generat e plausibl e inferenc e paths .  Unfortu -
nately ,  th e logi c an d lisp-base d symboli c mechanism s 
of  existin g marker-passin g system s ar e fa r  mor e com -
ple x tha n th e simpl e processin g unit s o f  spreading-ac -
tivatio n networks .  Mor e importantly ,  marker-passin g 
system s lac k th e natura l  constrain t  satisfactio n abili -
tie s tha t  allo w localis t  network s t o implicitl y  weig h 
contextua l  evidenc e i n choosin g a  mos t  highly-acti -
vate d interpretation .  The y mus t  therefor e us e a  sym -
boli c mechanis m separat e fro m th e marker-passin g 
proces s t o appl y a  theore m prove r  and/o r  a  heuristi c 
pat h evaluato r  fo r  pat h selection . 

ROBIN 

ROBIN (ROle Binding and Inferencing Network), is a 
localis t  spreading-activatio n mode l  tha t  ha s al l  o f  th e 
advantage s o f  previou s localis t  approache s but ,  i n ad -
dition ,  handle s th e problem s o f  dynami c role-binding , 
inferencing ,  an d fram e selection .  Th e localis t  net -
work s i n whic h R O B I N encode s it s semanti c network s 
consis t  entirel y o f  connectionis t  unit s [Feldma n & 
Ballard ,  1982 ]  tha t  perfor m simpl e computation s o n 
thei r  inputs :  summation ,  summatio n wit h threshold -
in g an d decay ,  o r  maximization .  Connection s betwee n 
unit s ar e weighted ,  an d eithe r  excitator y o r  inhibitory . 

ROBIN uses structured connections of nodes to encode 
frame s [Minsky ,  1975] .  Eac h fram e ha s on e o r  mor e 
roles ,  wit h eac h rol e havin g expectation s an d logica l 
constraint s o n it s fillers .  Ever y fram e ca n b e relate d 
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t o on e o r  mor e othe r  frames ,  wit h pathway s betwee n 

correspondin g role s fo r  inferencing .  Activatio n 
spread s fro m fram e t o relate d fram e whe n th e con -
straint s o n thei r  rol e filler s ar e met ,  thu s automati -
call y instantiatin g othe r  frame s an d performin g th e 
processe s o f  inferencin g an d fram e selection . 

As in previous localist models, ROBIN's networks 
hav e a  nod e fo r  ever y k n o w n conceptua l  fram e i n th e 
network .  Relation s betwee n concept s ar e represente d 
by weighte d connection s betwee n nodes .  Activatio n 
on a  conceptua l  nod e i s evidentia l  correspondin g t o 
th e amoun t  o f  evidenc e availabl e fo r  th e concep t  an d 
th e likelihoo d tha t  i t  i s  selecte d i n th e curren t  context . 

Simply representing the amount of evidence available 
fo r  a  concept ,  however ,  i s  no t  sufficien t  fo r  comple x 
inferencin g tasks .  Role-bindin g require s tha t  s o m e 
means exis t  fo r  identifyin g a  concep t  tha t  i s  bein g 
dynamicall y boun d t o a  rol e i n distan t  area s o f  th e 
network .  A  networ k m a y hav e neve r  hear d abou t 
J o h n havin g th e goa l  o f  Avoid-Detect io n o f  hi s 
Mar i juana ,  bu t  i t  mus t  b e abl e t o quickl y infe r  jus t 
suc h a  possibilit y t o understan d Hidin g Pot . 

Dynamic Role-Bindings With Signature 
Act iva t io n 

To handle the problem of dynamic role-binding, every 
conceptua l  nod e i n th e networ k ha s associate d wit h i t 
a nod e outpuuin g a  constant ,  uniquely-identifyin g ac -
tivation ,  calle d it s signatur e [Lang e &  Dyer ,  1989] . 
A dynami c bindin g i s create d whe n a  role' s bindin g 
node ha s a n activatio n matchin g th e activatio n o f  th e 
boun d concept' s signature . 

QohiT ) 

F ^ — N 

<^ookmg-Pqf p 

CActor> - -(Transfer-Inside ) 

Figur e 1 .  Severa l  concept s an d thei r  uniquely -

identifyin g signatur e node s ar e shown ,  alon g 

wit h th e Acto r  rol e o f  th e Transfer-Insid e 

frame .  T h e dotte d arro w fro m th e bindin g nod e 

(blac k circle )  t o th e signatur e nod e o f  J o h n 

represent s th e virtua l  bindin g indicate d b y th e 

share d signatur e activation ,  an d doe s no t  exis t 

as a n actua l  connection . 

In Figure 1, the virtual binding of the Actor role node 
of  actio n Transfer-Insid e t o J o h n i s represente d b y 
th e fac t  tha t  it s  bindin g node ,  th e soli d blac k circle , 

has th e sam e activatio n (3.1 )  a s John' s signatur e 

node .  Th e complet e Transfer-Insid e fram e i s repre -
sente d b y th e grou p o f  node s tha t  includ e th e concep -
tua l  nod e Transfer-Inside ,  a  conceptua l  nod e fo r  eac h 
of  it s  role s (onl y th e Acto r  rol e shown) ,  an d th e bind -
in g node s fo r  eac h o f  it s  roles . 

Propagation of Signatures For Inferencing 

The most important feature of signature activation is 
tha t  i t  i s  sprea d acros s path s o f  bindin g node s t o gen -
erat e candidat e inferences .  Figure s 2 a thr u 2 c illus -
trat e h o w th e network' s structur e automaticall y ac -
complishe s this . 

Evidential activation is spread through the paths be-
twee n conceptua l  node s o n th e botto m plan e (i.e . 
Transfer-Insid e an d it s Objec t  role) ,  whil e signatur e 
activatio n fo r  dynami c role-binding s i s sprea d acros s 
th e paralle l  path s o f  correspondin g bindin g node s o n 
th e to p plane .  Node s an d connection s fo r  th e Actor , 
Planner ,  an d Locatio n role s ar e no t  shown .  Initiall y 
ther e i s n o activatio n o n an y o f  th e conceptua l  o r 
bindin g node s i n th e network . 

When input for PI is presented, the lexical concept 
node s fo r  eac h o f  th e word s i n th e phras e ar e clampe d 
t o a  hig h leve l  o f  evidentia l  activation ,  directl y pro -
vidin g activatio n fo r  concept s J o h n ,  Transfer -
Inside ,  Cool<ing-Pot ,  l\/1arijuana ,  an d Dishwasher . 

To represent the role-bindings given by phrase PI, 
th e bindin g node s o f  eac h o f  Transfer-1nside' s role s 
ar e clampe d t o th e signature s o f  th e concept s boun d t o 

t h e m ^  Fo r  example ,  th e bindin g node s o f  Transfer -
Inside' s Objec t  ar e clampe d t o th e activation s (6. 8 
and 9.2 )  o f  th e signature s fo r  object s f^arijuan a an d 
Cook ing-Pot ,  representin g th e candidat e binding s 

fro m th e wor d "pot "  (Figur e 2a) 2 

The activation of the network's conceptual nodes is 
equa l  t o th e weighte d su m o f  thei r  input s plu s thei r 
previou s activatio n time s a  deca y rate ,  simila r  t o th e 
activatio n functio n o f  previou s localis t  networks . 
Th e activatio n o f  th e bindin g nodes ,  however ,  i s  equa l 

^  Robi n doe s no t  currentl y addres s th e proble m o f 
decidin g upo n th e origina l  syntacti c bindings ,  i.e .  tha t 
"pot "  i s  boun d t o th e Objec t  rol e o f  th e phrase . 
Rather ,  RoBlN' s network s ar e give n thes e initia l 
binding s an d us e the m fo r  high-leve l  inferencing . 

•^An alternative input, such as "John put the cake 
insid e th e oven" ,  woul d b e don e simpl y b y clampin g 
th e signature s o f  it s  binding s instead .  A  completel y 
differen t  se t  o f  inference s woul d the n ensue .  Thi s i s 
unlik e previou s localis t  models ,  wher e al l  instantia -
tion s mus t  b e hard-wire d int o th e network . 
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/ ^ e W • 

< ; ^  >/^f^-Act^> ^  ̂ tj/if-/ ^  . 

^%lirifavii ^ 
Ŝv,- : 

< ^ ? / 

<^:: > ]  / ĉ :̂> " 

Figur e 2a .  Initia l  activatio n fo r  PI . 

•'--- -  ..,....-...,.-.-.„.....,. .  \. .  r̂..,.i ' 

Figure 2b. After activation has reached Inside-Of. 

^ ^ ^ J 7 . • 

Yy^-^jy&r-y^jyy^ ^  < ^ | S ^ ^ i ^ > / ' 

y^^ £ 

^  A/.£/7/Mi/7 J ^ 

/^^77/ _ 

c:^-^/ ' 

< r ^ w 

gŷ .iyi:̂ -  ̂^2^<^Ji/£/e ^ 

Figur e 2c .  Activatio n afte r  quiescenc e ha s bee n reache d i n processin g fo r  Hidin g Pot . 

Figur e 2 .  Simplifie d R O B I N networ k segmen t  a t  thre e differen t  cycle s durin g processin g o f  Hidin g Pot . 
Eac h figure  show s th e paralle l  path s ove r  whic h evidentia l  activatio n (botto m plane )  an d signatur e activatio n 
(to p plane )  ar e sprea d fo r  inferencing .  Signatur e node s (oudine d rectangles )  an d bindin g node s (soli d blac k 
circles )  ar e i n th e to p planes .  Thicknes s o f  conceptua l  nod e boundarie s (ovals )  represent s thei r  level s o f  evi -
dentia l  activation .  (Nod e name s d o no t  affec t  th e sprea d o f  activatio n i n an y way .  The y ar e simpl y use d t o 
initiall y  se t  u p th e network' s structur e an d t o ai d i n analysis. ) 

t o th e m a x i m u m o f  thei r  uni t  weighte d inputs ,  allow -
in g signature s t o b e propagate d withou t  alteration . 

As activation starts to spread after the initial clamped 
activatio n value s i n Figur e 2a ,  Inside-O f  receive s ev -
identia l  activatio n fro m Transfer-Inside ,  represent -
in g th e stron g evidenc e tha t  somethin g i s n o w insid e 
of  somethin g else .  Concurrently ,  th e signatur e acti -
vation s o n th e bindin g node s o f  Transfer-lnside' s 
Objec t  propagat e t o th e correspondin g bindin g node s 
of  Inside-Of' s Objec t  (Figur e 2b) ,  sinc e eac h o f  th e 
bindin g node s calculate s it s activatio n a s th e maxi -
m um o f  it s inputs .  T h e networ k ha s thu s m a d e th e 
crucia l  inferenc e o f  exactl y whic h thin g i s  insid e o f 

th e other .  Similarly ,  a s tim e goe s on ,  Inside-Of -
D ishwasheran d Inside-Of-Opaqu e receiv e eviden -
tia l  activation ,  wit h inferencin g continuin g b y th e 
propagatio n o f  signatur e activatio n t o thei r  corre -
spondin g bindin g node s (Figur e 2c) . 

Not e tha t  th e actua l  activatio n value s o f  signature s d o 
not  affec t  th e network' s processing .  T h e signature s 
of  Marijuan a an d Cooking-Po t  wer e arbitraril y  cho -
se n t o b e 6. 8 an d 9. 2 w h e n th e networ k wa s created , 
but  coul d jus t  a s easil y hav e bee n an y othe r  values . 
I t  i s  onl y necessar y tha t  eac h signatur e b e differen t 
fro m al l  other s — an d s o uniquel y identif y th e con -
cep t  boun d t o a  role . 
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Frame 
Inside-Of-Stov e 
Inside-Of-Dishwashe r 
Inside-Of-Opaqu e 

Bindin g Constraint s 
( a Cooking-Po t  i s insid e o f  a  Stove ) 
( a Utensi l  i s insid e o f  a  Disliwasher ) 
( a Phys-Ob j  i s insid e o f  a n Opaque-Object ) 

Used I n 
$Stove-Cookin g 
$Dishwasher-Cleanin g 

Avoid-Detectio n 

Figur e 3 .  Thre e o f  ih e competin g refinement s o f  slat e Inside-Of . 

FRAME SELECTIO N 

Several paths of candidate inference chains are instan-
tiated  b y th e paralle l  propagatio n o f  signatur e an d evi -
dentia l  activation .  Th e pat h chose n a s th e network' s 
interpretatio n a t  an y give n time  i s  simpl y th e on e 

wit h th e greates t  evidentia l  activation . 

Consider how this process handles the problem of 
fram e selection .  Ever y fram e i n ROBlN' s semanti c 
knowledg e bas e i s related ,  throug h it s roles ,  t o on e o r 
mor e othe r  frames .  S o m e o f  thos e relate d frame s 
compete ,  whil e other s d o not .  Th e stal e Inside-Of , 
fo r  example ,  ha s multipl e concep t  refinements ,  thre e 
of  whic h ar e describe d i n Figur e 3 .  N o mor e tha n on e 
of  thos e refinement s ca n b e selecte d a s th e activ e re -
finemen t  o f  a  give n instantiatio n o f  Inside-Of . 

The mechanism described previously is sufficient for 
most  example s o f  on e o r  tw o phrases .  Becaus e o f  po -

tentia l  crosstal k fro m logicall y unrelate d inferences ^ 
however ,  ih e network' s structur e i s  actuall y mor e 
complicated .  Becaus e o f  this ,  fram e selectio n i s a 
fou r  par t  problem ,  controlle d entirel y b y ROBIN' S 
structur e o f  simpl e spreading-activatio n nodes : 

1) Choosing candidate frames: When the role bind-
ing s o f  a  fram e matc h th e logica l  bindin g con -
straint s o n th e role s o f  a  relate d frame ,  the n tha t 

relate d fram e become s a  candidat e fram e fo r  instan -
tiation.  Relate d frame s whos e bindin g constraint s 
ar e violate d ar e rejected . 

2) Propagating bindings to candidate frames: Candi-
dat e frame s receiv e signatur e activatio n 
(representin g role-bindings )  fro m thei r  instantiat -
in g frame .  N e w candidat e inference s ca n the n 
propagat e fro m eac h o f  th e candidat e frame s t o ex -
plor e thei r  respectiv e inferenc e paths . 

3) Propagating evidential activation to candidate 
frames :  Candidat e frame s receiv e weighte d eviden -
tial  activatio n fro m thei r  instantiatin g frame . 
Candidate s whos e bindin g constraint s ar e onl y par -
tiall y  matche d receiv e proportionatel y les s eviden -
tia l  activatio n tha n i f  thei r  constraint s wer e 
matche d perfectly . 

^ A proble m no t  handle d wel l  b y previou s localis t  o r 
marker-passin g models . 

4)  Selectio n betwee n candidat e instantiatio n frames : 
At  an y give n time,  th e candidat e fram e wit h th e 
most  evidentia l  activatio n represent s th e preferre d 
interpretation .  Commitment s m a y chang e i f  ne w 
contex t  give s mor e evidenc e t o a  competin g frame . 

Kefmmoii-O f 

*tai e Iniide-Of-StcTv e 
Plannar : 

I  UeatUn : 

tXMi t  Iiuid e ( 
rUnnar : 
Ok]*ct : 

yf 
J*h n 
MrMtuna .  • 

> I  V ^ 

lUi e Iniid e O f  Diihwashe r •ta r  luid e Of-Opaqu e ] 
PlanrM n 
L*catl* n 

Figur e 4 .  Overvie w o f  binding s instantiate d 

wit h signatur e activatio n i n Figur e 2b . 

As an example of how the frame selection process 
proceed s i n R O B I N ,  conside r  Figur e 4 ,  whic h show s 
Inside-O f  an d thre e o f  it s refinements .  Evidentia l  ac -
tivatio n an d signatur e role-binding s hav e reache d In -
side-O f  (a s i n Figur e 2b) ,  s o th e candidate s fo r  it s 
concep t  refinemen t  nee d t o b e chosen .  Inside-Of -
S t o v e i s  rejecte d sinc e a  D i s h w a s h e r  doe s no t 
matc h th e S t o v e constrain t  o n it s  Locatio n slot . 
Inside-Of-Dishwasher ,  however ,  i s chose n a s a  can -

didat e refinemen t  frame ,  sinc e it s  constraint s ar e 
matched .  Ins ide-Of -Opaqu e i s als o chose n a s a 
candidate ,  sinc e a  Disfiwashe r  is- a Opaque-Object . 

•slal e lull *  Of 
rUnr<«r :  J*hJ t 
Ob]a?t :  C«*kln4-P < 

RernonaiiO f ReTmmcn-ar 
^ 

•  Uf c Infid e O f  Slav e lui e InsidB-O f  Dishwashe r 
Vlannar :  J*h n 
OI>]act :  C*«kin9-»a c 
Lmcm\i»n :  DlatMasM r 

ai e Imide-Of-Opaqit t  ] 
Objact: Caak.f*,-Pat II 

MarlJuarM .  a r  H 
VUnctn^-Pa t  I t 

Latitlan .  Btahwaaha r  ̂ \ Figur e 5 .  Overvie w afte r  Inside-Of-Dish -

washe r  an d Inside-Of-Opaqu e becom e can -

didat e refinement s o f  Inside-O f  (Figur e 2c) . 

To implement this, the links allowing propagation of 
signatur e an d evidentia l  activatio n fro m on e fram e t o 
anothe r  ar e gate d b y node s tha t  implemen t  th e fram e 
selectio n process .  Activatio n i s onl y allowe d t o pas s 
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Actor :  Joh n 
Object :  Cooking-Po t 
Location :  Dishwashe r 
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Planner :  Joh n 
Object :  Cooking-pot , 
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J 

(actio n Police-See-Illega l  | 
Actor :  Polic e I 
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'goa l  Prepare d 
Planner : 
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Figur e 6 .  Overvie w o f  a  smal l  portio n o f  a  R O B I N semanti c networ k showin g inference s dynamicall y m a d e 

afte r  (syntacticall y pre-processed )  inpu t  fo r  phrase s P I  an d P 2 o f  Hidin g Po t  hav e bee n presented .  Thick -
nes s o f  fram e boundarie s show s th e amoun t  o f  evidentia l  activatio n fo r  th e frames .  Rol e filler s hav e bee n 
dynamicall y instantiate d wit h signatur e activation .  Darkl y shade d are a indicate s th e mos t  highly-activate d 
pat h o f  node s representin g th e mos t  probabl e plan/goa l  analysi s o f  th e input .  Dashe d are a show s th e dis -
carde d dishwasher-cleanin g interpretation .  Node s outsid e o f  bot h area s sho w a  ver y smal l  portio n o f  th e res t 
of  th e network .  Thes e node s receive d n o evidentia l  o r  signatur e activatio n fro m eithe r  phrase . 

fro m a  fram e t o on e o f  it s relate d frame s w h e n it s 
role-binding s matc h th e candidat e frame' s bindin g 
constraints .  Thes e logica l  bindin g constraint s ar e cal -
culate d b y group s o f  node s tha t  compar e th e frame' s 
signatur e binding s t o th e candidate' s bindin g con -
straints ,  an d ar e describe d i n [Lange ,  1989] . 

As soon as Inside-Of-Dishwasher and Inside-Of-
O p a q u e ar e chose n a s candidat e refinemen t  frames , 
inhibitor y gate s (tha t  disable d the m fro m receivin g 
signatur e o r  evidentia l  activatio n fro m Inside-Of )  ar e 
opened ,  performin g step s 2  an d 3  o f  th e fram e selec -
tio n process .  T h e resul t  ca n b e see n i n Figur e 5 , 

wher e bot h hav e bee n instantiated .  Afte r  activatio n 
has settle d fo r  Hidin g Pot ,  I ns ide -Of -Opaqu e ha s 
th e greate r  evidentia l  activatio n (indicate d b y it s 
thicke r  oval) ,  an d s o i s selecte d a s th e refinement-o f 
Inside-Of ,  servin g a s th e pla n fo r  hidin g hi s Mari -
juan a fro m th e Police . 

Selection of Ambiguous Role-Bindings 

Note that all ambiguous meanings of a word are 
boun d t o a  rol e wit h signatur e activatio n (Figure s 2 
thr u 5) .  T h e network' s interpretatio n o f  whic h bindin g 
i s selecte d a t  an y give n tim e i s th e on e whos e concep t 
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Figur e 7 .  Evidentia l  activation s o f  th e meaning s o f  th e wor d "pot "  a s activatio n spread s i n Hidin g Pot . 

has greate r  evidentia l  activation .  Becaus e al l  candidat e 
binding s ar e propagated ,  wit h non e bein g discarde d 
unti l  processin g i s completed ,  R O B I N i s abl e t o han -
dl e meanin g reinterpretation s withou t  backtracking . 

A DETAILED EXAMPLE 

Figure 6 shows a segment of the semantic network 
embedded i n R O B I N afte r  inpu t  fo r  bot h P I  an d P 2 
hav e bee n presente d an d th e networ k ha s reache d sta -
bility ,  makin g th e inference s neede d t o understan d 
Hidin g Pot .  Fo r  example ,  th e inferenc e tha t  th e 
Marijuan a i s insid e o f  a n opaqu e objec t  i s  represente d 
by th e instantiatio n o f  Ins ide-Of-Opaque .  Th e 
role-binding s o f  th e frame s show n wer e instantiate d 
dynamicall y wit h signatur e activation ,  wit h th e fina l 

interpretatio n selecte d bein g th e mos t  highly-activate d 
evidentia l  pat h o f  frame s insid e th e darkl y shade d area . 

During the interpretation of Hiding Pot, Cooking-

Pot  initiall y  receive s mor e evidentia l  activatio n 
(Figur e 7 ,  cycle s 40-70 )  tha n Marijuan a b y connec -
tion s fro m th e highl y stereotypica l  usag e o f  th e Dish -
washe r  fo r  th e Clea n goal .  Th e network' s decisio n 
betwee n th e tw o candidat e binding s a t  tha t  poin t 
woul d b e tha t  i t  wa s a  C o o k i n g - P o t  tha t  wa s 
Inside-O f  th e Dishwasher .  However ,  reinforcemen t 
and feedbac k fro m th e inferenc e path s generate d b y th e 
Police' s Transfer-Sel f  eventuall y cause s Marijuan a 
t o wi n out .  Th e fina l  selectio n o f  th e Mari juan a 
binding s ove r  Cooking-Po t  i s represente d simpl y b y 
th e fac t  tha t  Marijuan a ha s greate r  evidentia l  activa -
tion .  Th e resultin g mos t  highly-activate d evidentia l 
pat h o f  fram e node s an d propagate d virtua l  binding s 
represent s th e interpretatio n o f  Joh n hidin g hi s Mari -
juan a fro m th e polic e (Figur e 6) . 

Note that evidential activation remains on Cooking-
Pot  an d Planting-Pot ,  availabl e fo r  possibl e reinter -
pretatio n give n ne w input ,  suc h a s phras e P3 . 

C U R R E NT STATU S A N D FUTURE W O RK 

ROBIN has been fully implemented in the 

DESCARTES connectionis t  simulator ^  [Lang e e t  ai , 
1989] .  ROBIN' S inferencing ,  plan/goa l  analysis , 
schema instantiation ,  disambiguation ,  an d reinterpre -
tatio n abilitie s hav e bee n successfull y teste d o n Hid -
in g Po t  an d a  numbe r  o f  othe r  episode s i n tw o do -
mains ,  usin g syntacticall y preprocesse d input s o f  on e 
or  tw o sentence s i n length . 

There are several directions for future work, including: 

Signature dynamics: CurrenUy, the identifying signa-
ture s ar e singl e arbitrar y activations ;  instead ,  sig -
nature s shoul d b e distribute d pattern s o f  activatio n 
tha t  ar c learne d adaptivel y ove r  time . 

Embedded role-binding: Using signatures of pre-ex-
istin g concepts ,  R O B I N ca n creat e an d infe r  nove l 
networ k instances .  However ,  R O B I N currentl y 

canno t  dynamicall y generat e an d propagat e ne w 
signature s fo r  on e thes e instances .  Thi s abilit y i s 
crucia l  fo r  recursiv e structures ,  suc h a s in :  "Joh n 
tol d Bil l  tha t  Fre d tol d Mar y that... "  Her e eac h 
Objec t  o f  th e tellin g i s  itsel f  a  nove l  fram e in -
stanc e no t  havin g a  pre-existin g signature . 

Network structure acquisition: Signatures allow 
R O B IN t o creat e nove l  networ k instance s ove r  it s 
pre-existin g structure .  Th e activatio n o f  thes e in -
stance s i s yansient .  Ove r  time ,  rejjeate d instantia -
tion s shoul d caus e modificatio n o f  weight s an d re -
cruitmen t  o f  underutilize d unit s t o alte r  networ k 
structur e an d creat e long-ter m memories . 

'Descarte s i s a  developmen t  environmen t  tha t  al -
low s th e flexibl e simulatio n o f  large-scal e heteroge -
neou s connectionis t  networks . 
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CONCLUSIONS 

Infcrcncing and frame selection arc fundamental prob-
lem s i n high-leve l  reasoning .  Unfortunately ,  previ -
ous conneclionis t  model s hav e bee n unabl e t o ap -
proac h thes e problem s becaus e o f  thei r  inabilit y t o 
handl e dynami c variabl e binding s an d us e ihe m b y 
applyin g genera l  knowledg e rules . 

Although not completely solving the problems of 
role-bindin g an d infcrcncing ,  w e hav e presente d a  lo -
calis t  spreading-activatio n mode l  tha t  solve s a  signifi -
can t  subse t  of  them .  Usin g structur e tha t  hold s 
signatur e activation ,  R O B I N i s abl e t o dynamicall y 
creat e nove l  fram e instance s b y bindin g a  rol e wit h 
any previousl y know n concep t  i n th e network . 

Since each signature is simply an activation value 
tha t  uniquel y identifie s th e concep t  boun d t o a  role ,  i t 
can b e propagate d acros s path s o f  bindin g node s tha t 
preserv e it s activation ,  thu s performin g inferencing . 
Thi s allow s th e encodin g an d "firing "  o f  an y genera l 
knowledg e rul e tha t  state s tha t  th e fille r  of  on e 
frame' s role s ca n b e inferre d directl y fro m th e filler s 
of  another .  ROBIN' s extr a structur e t o handl e dynam -
i c variable-bindin g an d rule-firin g actuall y allow s it s 
network s t o b e smalle r  tha n othe r  purel y connection -
is t  (non-marke r  passing )  models ,  wher e al l  possibl e 
instantiation s mus t  b e hard-wire d int o th e network . 

On the other hand, ROBIN's networks are not yet able 
t o dynamicall y creat e ne w signatures ,  an d thu s canno t 
bin d newl y create d recursiv e structures .  Thi s some -
what  limit s th e model' s inferencin g capabilitie s i n 
compariso n t o symboli c rule-base d systems . 

For the large portion of the inferencing process that it 
i s  abl e t o handle ,  however ,  ROBI N ha s significan t  ad -
vantage s ove r  symboli c rule-base d an d marker-passin g 
systems .  Th e inheren t  constraint-satisfactio n of 
robin' s norma l  evidentia l  semanti c networ k structur e 
allow s i t  t o selec t  th e mos t  plausibl e o f  th e candidat e 
frame s an d inferenc e path s generate d b y th e propaga -
tio n o f  signatur e an d evidentia l  activation . 

robin is thus able to handle many of the high-level 
inferencin g an d fram e selectio n task s no t  approache d 
by previou s connectionis i  models ,  whil e a t  th e sam e 
tim e perfor m disambiguatio n an d semanti c reinterpre -
tatio n ofte n difficul t  fo r  symboli c systems . 
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