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A C a s e f o r  S y m b o l i c / S u b - s y m b o l i c H y b r i d s 

Danie l  E .  R o s e 

Richar d K .  Beie w 

Cognitive Computer Science Research Group 
Computer  Scienc e an d Engineerin g Departmen t 

Universit y o f  California ,  Sa n Dieg o 

Abs t rac t 

This paper considers the question of what qualities are 

necessar y fo r  a n A I  syste m t o b e a  hybri d o f  symboU c 

and sub-symboli c approaches .  Definition s o f  symboli c 

and sub-symboli c system s ar e given .  SCALIR ,  a  hybri d 

syste m fo r  informatio n retrieval ,  i s  presented ,  an d the n 

use d t o sho w ho w bot h symboli c an d sub-symboli c pro -

cessin g ca n b e combined .  Argument s agains t  SCALIR' s 

hybri d natur e ar e presente d an d rejected . 

I N T R O D U C T I ON 

Several times in the history of artificial intelligence (AI), 

researcher s hav e divide d u p int o rival  camp s arguin g fo r 

or  agains t  certai n approache s t o variou s problems .  Th e 

procedura l  vs .  declarativ e knowledg e disput e (Winograd , 

1985 )  i s on e pas t  instanc e o f  this .  I n man y case s th e dis -

pute s ar e resolve d ove r  time .  O n e wa y thi s happen s i s 

tha t  ne w conceptua l  frameworks  arriv e whic h encompas s 

rival  approaches ,  o r  simpl y sho w tha t  on e approac h sub -

sumes th e other .  Anothe r  wa y i s  fo r  ne w technique s t o 

be develope d whic h merg e th e tw o sides . 

Today ,  th e rival  camp s ar e arguin g fo r  "symbolic "  o r 

"connectionist "  A I  systems .  A s supporter s o f  th e connec -

tionis t  approach ,  w e hop e tha t  th e long-rang e solutio n t o 

th e debat e wil l  b e th e first  on e describe d above :  symboli c 

processin g wil l  b e show n t o b e a n emergen t  propert y o f 

large-scal e sub-symboli c processing .  I n th e mea n time , 

however ,  w e ar e investigatin g th e secon d solution :  de -

velopin g a  hybri d syste m whic h take s advantag e o f  th e 

strength s o f  bot h approaches . 

S C A L I R i s a  hybrid '  syste m fo r  lega l  informationa l 

retrieva l  currentl y bein g develope d b y on e o f  th e authors . 

W h en w e first  bega n t o describ e th e syste m t o others , 

we discovere d a n interestin g phenomenon .  Rathe r  tha n 

arguin g fo r  o r  agains t  th e hybri d natur e o f  th e system , 

some member s o f  ou r  audienc e claime d tha t  th e syste m 

was no t  reall y a  hybri d a t  all .  Eve n mor e notably ,  som e 

claime d tha t  i t  wa s essentiall y  jus t  symbolic ,  whil e other s 

sai d i t  wa s jus t  connectionist . 

I n thi s pape r  w e wil l  outlin e th e syste m i n question , 

and the n presen t  an d refut e argument s challengin g it s 

dua l  symboli c an d connectionis t  nature .  I n dom g this , 

we wil l  examin e th e questio n o f  wha t  i t  mean s t o b e a 

symboli c o r  sub-symboli c syste m — an d wha t  i t  take s t o 

be a  hybrid . 

THE SUB-SYMBOLIC/SYMBOLIC DICHOTOMY 

The term "symbolic," as used in this paper, refers to the 

dominan t  approac h t o A I  researc h to r  muc h o f  th e pas t 

thirt y years .  Fro m a  cognitiv e perspective ,  th e symboli c 

approac h rest s o n Newell' s  Physica l  Symbo l  Syste m Hy -

pothesi s (whic h say s i n essenc e tha t  symbo l  manipulatio n 

i s a  necessar y conditio n fo r  intelligence )  (Newell ,  1980) , 

but  th e us e o f  symboli c A I  system s predate s thi s e.xposi -

tio n o f  it s premises . 

M a ny traditiona l  A I  tool s an d techniques ,  suc h a s ex -

per t  systems ,  frames,  an d heuristi c searc h d o som e for m 

of  symbo l  manipulation .  W e wis h t o characteriz e com -

putationa l  propertie s o f  symboli c systems ,  independen t 

of  account s (suc h a s Newell's )  o f  thei r  rol e i n cogniuon . 

'Throughou l  ihi s paper ,  w e us e 
"symbolic/sub-symboli c hybrid. " 

"hvbrid "  a s shorthan d fo r 
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We wil l  focu s o n a  narro w vie w o f  symbol s rathe r  tha n 

attemptin g t o incorporat e th e vas t  philosophica l  traditio n 

associate d wit h them . 

O ur  accoun t  begin s wit h th e following : 

Definition 1 ^4 label is a unique identifier belonging to 

a previousl y enumerated ,  fixed  set . 

With this definition in mind, we can say what it means 

t o b e a  symboli c system : 

Definition 2 Symbolic systems are those in which the 

nex t  stat e i s selectivel y determine d b y label s associate d 

wit h th e object s o f  computation . 

This definition works for all systems generally consid-

ere d symbolic ,  no t  jus t  thos e wit h explici t  logica l  rules . 

For  example ,  th e definitio n explain s w h y a  semanti c net -

wor k wit h spreadin g activatio n searc h i s  essentiall y a 

symboUc system .  First ,  link s a s wel l  a s node s i n th e net -

wor k ar e labele d (an d thu s ar e symbols) .  Second ,  "ac -

tivation "  i s typicall y a  discret e marke r  (symbol) ,  whos e 

labe l  affect s it s treatment .  T h e decisio n t o pas s o r  no t 

pas s a  marke r  depend s solel y o n th e links '  labels . 

For  ou r  othe r  leve l  o f  processing ,  w e nee d anothe r 

definition: ^ 

Definition 3 A class C is interchangeable if and only if 

al l  function s whic h operat e o n element s o f C (i.e .  whos e 

domain s ar e C "  fo r  an y intege r  n ) 

1. map only to range C. and 

2. are infinitely many-to-one. 

Note that any computation using a member x of such a 

clas s wil l  procee d identicall y regardles s o f  whic h o f  th e 

infinitel y m a n y possibilitie s whic h m a p t o x  wer e used , 

henc e th e n a m e "interchangeable. " 

Th e ter m "connectionist "  refer s t o th e clas s o f  ap -

proache s base d o n neurally-inspire d compute r  models . 

We wil l  us e th e ter m t o b e representativ e o f  a  broade r 

clas s o f  sub-symboli c model s whic h hav e th e followin g 

property : 

Definition 4 Sub-symbolic systems are those in which 

th e mechanis m fo r  mappin g f ro m input(s )  t o output(s ) 

^We us e mathematica l  notatio n her e fo r  conciseness ,  no t  mathemat -
ica l  rigor. 

1.  i s  expresse d i n term s o f  interchangeable ,  continuou s 

quantities ,  an d 

2. is modulated by continuous parameters determined 

by specifi c  characteristic s o f  th e dat a (a s oppose d t o 

genera l  propertie s o f  th e computationa l  mechanism) . 

Connectionist nets are fundamentally sub-symbolic; 

th e interchangeabl e quantitie s i s  generall y calle d "ac -

tivations "  an d th e modulatin g parameter s ar e calle d 

"weights. "  Bu t  connectionis t  net s ar e no t  th e onl y ex -

ample s o f  sub-symboli c systems .  T h e Classifie r  syste m 

(Hollan d e t  al. ,  1986 )  use s messag e "intensity "  a s it s 

quantit y an d classifie r  "strength "  a s it s modulatin g pa -

rameter ,  an d s o ha s sub-symboli c characteristics . 

A r m e d wit h thes e definitions ,  w e ca n n o w b e clea r 

abou t  wha t  w e m e a n b y "hybrid. "  A  hybri d syste m i s 

simpl y on e whic h contain s bot h symboli c an d subsym -

boli c components .  A  degenerat e cas e o f  a  hybri d syste m 

i s a  connectionis t  ne t  an d a n exper t  syste m pu t  i n th e 

same box ,  eac h doin g somethin g differen t  wit h th e s a m e 

inpu t  an d producin g it s respectiv e portio n o f  th e box' s 

outpu t  W e wil l  generall y b e intereste d i n tightly-couple d 

systems ,  i n whic h th e component s interac t  befor e th e fi-

nal  outpu t  i s produced . 

OVERVIEW OF SCALIR 

SCALER (for Symbolic and Connectionist Approach to 

Lega l  Informatio n Retrieval )  i s a n A l  syste m fo r  full-tex t 

documen t  retrieval .  I t  use s technique s simila r  t o Belew' s 

A I R (Belew ,  1986 )  bu t  add s a  symboli c mechan is m use -

fu l  fo r  th e lega l  domain .  W e clai m tha t  S C A L I R i s a 

tightly-couple d hybri d system . 

T h e lega l  syste m ha s a n interestin g dua l  natur e whic h 

makes i t  especiall y amenabl e t o a  hybri d approach .  O n 

th e on e hand ,  statute s ar e set s o f  rule s t o b e applie d i n 

specifi c  cases ,  an d explici t  symboli c relationship s exis t 

i n almos t  ever y aspec t  o f  th e law .  O n th e othe r  hand ,  th e 

us e o f  preceden t  t o decid e cour t  case s m e a n s tha t  th e la w 

i s m a d e i n a  paralle l  an d distribute d w a y ;  eac h cas e i s 

decide d o n th e basi s o f  al l  relevan t  decision s i n th e past . 

Furthermore ,  statute s an d cour t  decision s ar e writte n i n 

natura l  language ,  whos e ambiguit y m a k e s i t  resistan t  t o 

symboli c approaches .  (Thes e argument s ar e develope d 

furthe r  i n anothe r  pape r  (Ros e an d Belew ,  1989)) . 

S C A L I R ' s retrieva l  mechanis m use s tw o interleave d 

networks ,  on e connectionis t  an d on e symbolic .  Node s 
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representin g terms ,  cour t  cases ,  an d statut e section s ar c 

share d betwee n th e tw o networks .  However ,  the y ar e 

connecte d wit h tw o separat e set s o f  links . 

C-link s ar e weighted ,  unlabele d connectionis t  link s 

whic h us e th e microfeature s o f  th e la w (e.g .  th e indi -

vidua l  word s whic h appea r  i n a  cour t  decision )  t o for m 

associativ e relationship s betwee n lega l  documents .  Th e 

resultin g C-networ k i s simila r  t o th e associativ e networ k 

i n AIR . 

S-link s ar e labeled ,  unweighte d symboli c link s whic h 

use explicitl y  encode d knowledg e abou t  th e la w fo r  in -

ference .  Th e S-link s for m a  kin d o f  semanti c networ k 

whic h describe s th e relationship s o f  th e differen t  type s 

of  nodes .  Fo r  example ,  th e well-know n "ke y number " 

taxonom y o f  th e la w produce d b y Wes t  Publishin g Co . 

provide s a  hierarchi c structur e fo r  SCALIR' s ter m nodes . 

User  querie s ca n involv e bot h associativ e an d sym -

boUc components .  Fo r  example ,  th e use r  coul d essen -

tiall y  as k th e syste m t o retriev e al l  case s whic h dispute d a 

certai n decision .  Activit y woul d propagat e onl y throug h 

symboli c link s whic h corresponde d t o negativ e citations , 

e.g .  t o a n overrulin g case .  Fro m ther e i t  migh t  sprea d t o 

othe r  case s generall y relate d t o th e overrulin g ones . 

Hybri d activit y propagatio n i s  implemente d b y sep -

aratin g th e activit y int o severa l  components ,  whic h 

metaphoricall y ca n b e viewe d a s differen t  colore d light . 

C-link s ar e lik e gre y filters  whic h modif y th e intensit y 

of  th e ligh t  Eac h typ e o f  S-lin k i s lik e a  differen t  col -

ore d filter,  whic h allow s onl y it s correspondin g typ e o f 

ligh t  (i.e .  activity )  t o pass .  Thi s mean s tha t  th e sym -

boli c inferenc e proces s — decidin g whethe r  o r  no t  t o 

pas s o n activit y dependin g o n th e typ e o f  S-lin k — ca n 

be don e locall y a t  eac h node .  Figur e 1  show s th e proces s 

schematically . 

Inpu t  t o S C A L I R take s th e for m o f  real-value d ac -

tivation s place d o n a  se t  o f  nodes .  Thes e activation s 

sprea d throug h bot h C-link s an d S-links ,  an d ar e com -

bine d numericall y alon g th e way .  Finally ,  node s whic h 

reac h a  hig h enoug h leve l  o f  activit y ar e considere d out -

puts .  Thu s al l  processin g debt s ar e ultimatel y cashe d i n 

connectionis t  coin . 

As i n AIR ,  learnin g occur s a s a  resul t  o f  negativ e 

and positiv e reinforcemen t  fro m th e user .  Sinc e ther e 

i s n o exac t  righ t  answe r  i n informatio n retrieval ,  th e 

user' s browsin g behavio r  become s th e feedbac k signal . 

I n othe r  words ,  whe n a  use r  indicate s tha t  th e searc h i s 

t o b e prune d i n a  certai n directio n (" I  don' t  wan t  an y 

mor e document s lik e this" )  o r  expande d (" I  wan t  t o se e 

mor e abou t  thi s topic") ,  thi s result s i n negativ e o r  posi -

tiv e feedbac k t o th e system . 

I t  i s a  relativel y simpl e matte r  t o us e th e feedbac k t o 

trai n th e weight s o n th e C-links .  S-links ,  o n th e othe r 

hand ,  d o no t  hav e weights ,  sinc e the y represen t  explici t 

knowledge .  Hybri d learnin g suffer s fro m th e traditiona l 

credit-assignmen t  problem .  W h e n th e syste m perform s 

wel l  (o r  poorly) ,  h o w d o w e kno w whethe r  th e C-link s o r 

th e S-link s ar e primaril y responsible ? SCALIR' s solu -

tio n i s t o als o lear n th e appropriat e contribution s o f  eac h 

component . 

BUT IS IT CONNECTIONIST? 

In this section we shall examine various versions of an 

argumen t  tha t  S C A L I R i s essentiall y a  symboli c system . 

We wil l  begi n wit h genera l  objection s an d mov e gradu -

all y t o mor e specifi c  ones : 

"Your system is simulated on a Von Neumann 

architectur e usin g a  progra m writte n i n sym -

bols .  Therefor e i t  i s  symbolic. " 

There is always an implementation level below the level 

of  interest .  O n e coul d equall y wel l  sa y tha t  a  theorem -

prove r  wa s sub-symboli c becaus e iidejjende d completel y 

on continuousl y varyin g electri c fields  i n th e circuit s o f 

th e computer .  Bu t  th e mos t  accurat e descriptio n o f  ih e 

behavio r  o f  a  iheorem-prove r  i s a t  th e leve l  o f  symbols . 

Similarly ,  SCALIR' s C-networ k i s  bes t  understoo d a s 

sub-symbolic . 

"Even so, any processing done with symbolic 

node s i s symboli c processing. " 

If this were true, than essentially all connectionist sys-

tem s woul d b e symbolic .  Input s an d output s mus t  rep -

resen t  somethin g i n th e wori d i n orde r  t o b e useful ,  thu s 

the y ar e necessaril y  symbols .  Th e designe r  o f  an y con -

nectionis t  ne t  mus t  explicitl y  cod e th e meanin g o f  inpu t 

and outpu t  nodes .  Havin g som e node s bein g symboli c 

doe s no t  mak e th e syste m symbolic . 

"Yes, but the nodes in other connectionist sys-

tem s for m distribute d representations ,  whil e 

SCALIR' s ar e localisL " 
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Whil e distribute d representation s hav e man y virtue s i n 

connectionis t  system s (se e (Hinto n e t  al. ,  1986) ,  fo r  ex -

ample) ,  thi s issu e i s a  re d herrin g wit h respec t  t o th e 

symbolic/sub-symboli c question .  I n fact ,  loca l  i s a  sub -

jectiv e concept .  Fo r  example ,  a n ASCI I  cod e i s a  repre -

sentatio n o f  a  characte r  distribute d ove r  seve n bits .  Ye t 

some o f  th e bit s ar e localis t  representations  o f  feature s 

of  th e characte r  (suc h a s cas e an d printability) . 

"Okay, but at least most connectionist systems 

hav e hidde n nodes .  SCALER' S node s ar e al l 

visible. " 

This claim presupposes a certain network architecture 

whic h S C A L I R doe s no t  have .  I n network s wit h hidde n 

units ,  suc h a s layere d feedforwar d net s o r  Boltzman n 

machines ,  thes e unit s ar e no t  accessibl e fro m th e envi -

ronmen t  i n an y way .  I n thi s sense ,  i t  i s  tru e t o sa y tha t 

SCAL I R ha s n o hidde n units .  However ,  i n thes e sys -

tems ,  hidde n unit s ar e usuall y define d a s thos e whic h ar e 

neithe r  input s no r  outputs .  Inpu t  unit s an d outpu t  unit s 

ar e al l  manipulate d an d examine d ever y tim e th e networ k 

i s used .  I n SCAL IR ,  onl y a  fractio n o f  th e networ k i s ac -

tivate d b y a  quer y a s input ,  an d onl y a  fractio n become s 

activ e a s output .  Bu t  fo r  th e purpose s o f  tha t  query ,  al l 

th e remainin g node s i n th e networ k ca n serv e a s hidde n 

unit s whic h d o sub-symboli c processing . 

"But these so-called hidden units are still sym-
bols .  The y represen t  features ,  rathe r  tha n mi -

crofeatures. " 

Again, feature-hood is a subjective concept; one net's 

featur e i s  another' s microfeature .  Fo r  example ,  a  ne t 

traine d t o recognize  handwritin g migh t  lear n microfea -

ture s correspondin g t o variou s arc s a t  variou s orienta -

tions ,  wit h letter s a s feature s t o b e detected .  A t  th e sam e 

time ,  a  word-recognitio n ne t  coul d us e thos e letter s a s 

microfeatures .  I n SCALIR ,  term s ar e viewe d a s micro -

feature s o f  th e law . 

"As long as the nodes have meaningful labels, 

the y ar e stil l  symbols! " 

The question is not whether there are labels. The ques-

tio n i s th e label s ar e use d i n processing .  SCALIR' s con -

nectionis t  componen t  ignore s th e label s entirely . 

I t  i s a  truis m i n connectionis m tha t  "th e knowledg e i s 

i n th e weights. "  Thi s bein g th e case ,  i t  i s  th e existenc e 

of  thes e weights ,  communicatin g onl y interchangeabl e 

continuou s activation ,  whic h shoul d b e ou r  litmu s tes t 

fo r  sub-symboli c processing .  Th e fac t  tha t  th e node s ar e 

labele d i s irrelevant .  A s Fodo r  an d Pylyshy n explain : 

Strictly speaking, the labels play no role at 

al l  i n determinin g th e operatio n o f  th e Con -

nectionis t  machine ;  i n particular ,  th e operatio n 

of  th e machin e i s  unaffecte d b y th e syntacti c 

and semanti c relations  tha t  hol d amon g th e ex -

pression s tha t  ar e use d a s labels .  T o pu t  thi s 

anothe r  way ,  th e nod e label s i n a  Connectionis t 

machin e ar e no t  par t  o f  th e causa l  structur e o f 

th e machine .  (Fodo r  an d Pylyshyn ,  1988 ) 

BUT IS IT SYMBOLIC? 

As in the previous section, we will now consider more 

argument s whic h disput e th e hybri d natur e o f  SCALIR . 

Thi s time ,  however ,  th e claim s ar e tha t  S C A L I R doesn' t 

reall y d o an y symboli c processing .  Thes e argument s res t 

on som e th e previousl y note d observatio n tha t  "al l  pro -

cessin g debt s i n S C A L I R ar e ultimatel y cashe d i n con -

nectionis t  coin. " 

We begi n wit h wha t  i s essentiall y  th e complemen t  o f 

one o f  th e argument s fro m th e previou s section : 

"Connectionism pervades even the allegedly 

symboli c part s o f  SCAL IR .  Therefor e S C A L I R 

does n o symboli c processing. " 

To begin with, we will concede that connectionist "bag-

gage "  play s mor e o f  a  rol e i n SCALIR' s symboli c com -

ponen t  tha n th e reverse .  Thi s i s simpl y becaus e activa -

tio n i s th e lingu a franc a chose n fo r  communicatio n be -

twee n th e tw o component s o f  th e system .  Nevertheless , 
th e presenc e o f  on e thin g (trace s o f  connectionism )  doe s 

not  prov e th e absenc e o f  anothe r  (symboli c processing) . 

"But whatever the reason, it is real-valued ac-

tivations ,  no t  symbols ,  whic h flow  thoug h S -

links .  Wha t  i s symboli c abou t  them? " 

It is true that real-valued activations are passed along by 

S-links .  I n fact ,  t o preven t  activit y from  spreadin g t o th e 

whol e network ,  S-link s caus e a  sligh t  attenuatio n o f  th e 

activity ,  an d ca n thu s b e considere d t o hav e a  "weight " 

jus t  lik e connectionis t  links .  Despit e this ,  tw o qualitie s 

make S-link s symbolic . 
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First ,  knowledg e i s no t  i n th e weights .  No t  onl y ar e 

th e weight s unlearned ,  the y ar e unrelate d t o th e data . 

Weight s i n conneciionis t  net s ar e eithe r  learne d (e.g .  vi a 

back-propagation )  o r  ar e se t  t o pre-compute d value s de -

signe d t o produc e a  certai n behavio r  wit h respec t  t o th e 

data .  Th e "weights "  o n SCALIR ' s S-link s ar e se t  a t  a 

fixed  valu e designe d onl y t o preven t  infinit e sprea d o f 

activity .  Thi s i s  simila r  t o th e constraint s o n th e dis -

tanc e marker s ca n b e passe d i n som e semanti c networ k 

implementations . 

Not e tha t  system s whic h us e pre-compute d weight s 

m ay stil l  b e sub-symbolic .  T w o example s ar e Hopfiel d 

net s (i n whic h weight s ar e determine d algorithmically ) 

(Tan k an d Hopfield ,  1987 )  an d th e interactiv e activatio n 

model  o f  McClellan d an d Rumelhar t  (McClellan d an d 

Rumelhart ,  1981 ;  Rumelhar t  an d McClelland ,  1982 )  (i n 

whic h th e weight s wer e se t  "b y hand "  i n orde r  t o mode l 

certai n empirica l  phenomena) . 

Second ,  S-link s respon d selectivel y t o symbols .  Specif -

ically ,  th e presenc e o r  absenc e o f  variou s type s o f  acti -

vatio n determine s whethe r  thos e component s ar e passe d 

alon g thos e S-links .  Th e filtering  don e b y th e S-link s i s 

a symboli c process ,  fo r  i t  i s  exactl y b y virtu e o f  havin g 

a specifi c  labe l  tha t  a n S-lin k allow s o r  doe s no t  allo w 

certai n activit y t o pass .  Returnin g t o th e comment s o f 

Fodo r  an d Pylyshyn : 

... rnhe state transitions of Classical 

[symbolic ]  machine s ar e causall y determine d 

by th e structure.. .  o f  th e symbo l  array s tha t  th e 

machine s transform :  chang e th e symbol s an d 

th e syste m behave s quit e differently .  (Fodo r 

an d Pylyshyn ,  1988 ) 

In SCALIR, the symbols being transformed are the sym-

boli c component s o f  activatio n a t  eac h node ,  an d i t  i s  th e 

S-links ,  b y thei r  filtering  ability ,  tha t  d o th e transforma -

tion . 

THE LIMITS OF THE DICHOTOMY 

While we have constructed our definitions of symbolic 

and sub-symboli c processin g a s robustl y a s possible ,  w e 

d o no t  believ e th e tw o approache s ar e mutuall y exclu -

sive .  I n fact ,  ther e i s a  continuu m fro m sub-symboli c 

t o symbolic .  I n thi s sectio n w e wil l  examin e som e o f 

th e harde r  case s whic h fal l  close r  t o th e cente r  o f  th e 

continuum . 

As explaine d i n Sectio n 2 ,  semanti c network s fal l 

squarel y int o th e real m o f  symboli c systems .  Wha t  hap -

pen s whe n w e begi n t o ad d mor e "connectionist "  at -

tribute s t o a  semanti c network ? (System s wit h thes e 

attribute s actuall y exis t  (Hendler ,  1987). ) 

As a  first  step ,  suppos e tha t  th e designe r  o f  a  seman -

ti c networ k wishe s t o preven t  to o m u c h o f  th e networ k 

fro m bein g marke d eac h time .  W e ca n imagin e passin g 

a numbe r  alon g wit h th e marker .  Thi s numbe r  coul d b e 

a counte r  fo r  measurin g pat h length .  I t  coul d b e incre -

mente d eac h tim e a  lin k wa s traversed ,  an d the n use d t o 

terminat e th e searc h whe n i t  reaches  a  certai n threshold . 

N o w,  fo r  computationa l  simplicity ,  imagin e tha t  eac h 

nod e decrement s thi s counter ,  rathe r  tha n incrementin g 

it ,  an d stop s i f  th e valu e reache s zero .  Thi s wa y th e 

paramete r  become s easil y tunable ;  th e programme r  ca n 

chang e th e desire d pat h lengt h o f  searche s b y startin g 

th e initiall y  marke d node s wit h variou s quantitie s i n th e 

counters . 

Suppos e tha t  to o man y node s ar e stil l  bein g marked . 

The programme r  migh t  wan t  t o introduc e a  penalt y fo r 

fan-ou t  a s wel l  a s pat h length .  Eac h tim e marker s leav e a 

node ,  thei r  counter s ca n b e se t  t o th e incomin g marker' s 

counte r  divide d b y th e out-degre e o f  th e node . 

O ne las t  modification :  subtractio n i s to o crud e a  con -

tro l  fo r  pat h length ;  it s  effec t  i s  no t  proportiona l  t o th e 

curren t  magnitud e o f  th e counter .  Instea d o f  subtraction , 

we wil l  multipl y eac h counte r  b y a  valu e slightl y les s 

tha n on e a s i t  traverse s a  link .  A s a n implementatio n de -

tai l  t o preven t  roundof f  errors ,  w e wil l  replac e th e intege r 

counte r  wit h a  real-value d one ,  an d us e rea l  arithmeti c 

fo r  al l  ou r  multiplication s an d divisions . 

I f  w e cal l  th e counter s "activation "  an d th e produc t 

of  th e divisor s an d th e multiplier s "weights" ,  d o w e no w 

hav e a  connectionis t  system ? Ou r  clai m i s tha t  w e d o not . 

As wit h SCALIR' s S-links ,  th e "weights "  bea r  n o rela -

tionshi p t o th e data ;  ther e i s n o knowledg e i n them .  Th e 

currenc y o f  th e system ,  markers ,  ar e no t  interchangeable , 

becaus e th e syste m respond s selectivel y t o the m depend -

in g o n th e lin k labels .  Symboli c inferenc e remains  th e 

fundamenta l  processin g operation . 

N o w considerin g th e othe r  extreme ,  imagin e a  connec -

tionis t  networ k i n whic h eac h nod e i n th e inpu t  get s dif -

feren t  kind s o f  activatio n — colore d blu e o r  yellow ,  per -

haps .  Al l  computatio n i s don e i n som e standar d connec -

tionis t  fashion ,  excep t  tha t  activ e node s becom e tagge d 
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wit h th e colo r  o f  thei r  activation :  blue ,  yellow ,  o r  gree n 

(wher e th e color s hav e mixed) .  Node s whic h becom e 

sufficientl y activ e afte r  a  certai n tim e (say ,  whe n th e net -

wor k reache s equilibrium )  ar e considere d outputs ,  wit h 

th e followin g proviso :  onl y green-tagge d node s ar e can -

didate s fo r  outpu t  D o w e n o w hav e a  symboli c system ? 

I n thi s case ,  w e believ e w e hav e a  tightly-couple d 

hybri d system .  I t  stil l  meet s th e condition s fo r  sub -

symboli c systems ;  it s weight s ar e eithe r  learne d o r  con -

sttucte d t o produc e a  certai n mappin g o n th e data ,  usin g 

interchangeabl e activation .  Bu t  i t  als o meet s th e condi -

tion s fo r  symboli c processing ;  th e mappin g fro m inpu t 

t o outpu t  depend s o n a  differentia l  respons e t o labels . 

Ther e ar e man y variation s o f  thi s exercise ,  i n whic h 

variou s attribute s ar e adde d o r  remove d t o traditiona l 

symboli c o r  sub-symboli c systems .  W e wil l  conside r 

onl y on e mor e case :  a  syste m whic h w e clai m lie s a t  th e 

boundar y o f  th e tw o approaches . 

The syste m ca n b e characterize d i n tw o ways .  I t  i s 

a semanti c networ k i n whic h ther e i s onl y on e kin d o f 

lin k (IS-A) ,  an d onl y on e kin d o f  marker .  Alternatively , 

i t  i s a  connectionis t  networ k i n whic h al l  node s ar e lo -

calis t  an d labeled ,  an d al l  weight s hav e th e valu e one . 

Sinc e ther e i s onl y on e typ e o f  lin k an d marker ,  ther e ca n 

be n o selectiv e respons e o n th e basi s o f  label s an d th e 

syste m i s therefor e no t  symbolic .  Sinc e al l  weight s ar e 

equa l  an d independen t  o f  th e data ,  th e networ k canno t 

do meaningfu l  sub-symboli c processing .  Thi s illustrate s 

tha t  hybri d system s resul t  fro m combinin g symboli c an d 

sub-symboli c features ,  no t  b y averagin g them . 

The Classifie r  syste m provide s anothe r  exampl e o f 

a tightly-couple d symbolic/sub-symboli c hybrid .  Whil e 

thi s syste m share s man y o f  th e continuous ,  sub-symboli c 

qualitie s o f  connectionis t  nets ,  th e fac t  tha t  i t  als o broad -

cast s message s globall y (i.e. ,  withou t  th e attenuatio n as -

sociate d wit h pat h traversal )  an d typicall y perform s a  dis -

continuou s matc h o f  message s wit h classifie r  condition s 

make th e syste m hav e significan t  symboli c characteris -

tic s a s well . 

DISCUSSION 

Along with its corresponding approaches to AI, the 

Symbolic/Sub-symboIi c dichotom y i s ofte n describe d i n 

term s o f  tw o view s o f  cognition ;  Tabl e 1  show s a n infor -

mal  characterizatio n o f  th e tw o views .  Recently ,  man y 

hav e suggeste d tha t  bot h view s ar e helpfu l  i n understand -

in g cognition .  A s N o r m a n explains : 

People interpret the world rapidly, effort-

lessly .  Bu t  th e developmen t  o f  n e w ideas ,  o r 

evaluatio n o f  curren t  thought s proceed s slowly , 

serially ,  deliberately .  Peopl e d o see m t o hav e 

at  leas t  tw o mode s o f  operation ,  on e rapid ,  effi -

cient ,  subconscious ,  th e othe r  slow ,  serial ,  an d 

conscious .  (Norman ,  1986 ,  p .  542 ) 

Since these two levels both have important roles to play, 

we believ e i t  i s  usefu l  (a t  leas t  fo r  th e present )  t o de -

sig n hybri d system s whic h tak e advantag e o f  technique s 

designe d fo r  bot h levels .  (Simila r  argument s hav e bee n 

made b y othe r  proponent s o f  hybri d systems ,  suc h a s 

Hendle r  (Hendler ,  1989 )  an d Dye r  (Dyer ,  1988). ) 

We hav e oudine d som e criteri a fo r  wha t  i t  mean s t o b e 

a symboli c o r  sub-symboli c system ,  an d wha t  a  hybri d 

of  th e tw o approache s migh t  loo k like .  Ou r  wor k o n 

S C A L ER ha s give n u s a n informa l  existenc e proo f  tha t 

suc h hybrid s ar e feasible . 

O ne practica l  benefi t  o f  a  hybri d syste m i s  obvious : 

th e technique s develope d fo r  th e tw o paradigm s hav e 

differen t  strength s an d weaknesses .  I n particular ,  con -

nectionis t  system s ar e muc h bette r  a t  learning ,  whil e i t 

i s  muc h easie r  t o stor e explici t  knowledg e i n symboli c 

systems .  I n addition ,  w e believ e tha t  hybri d system s wil l 

exhibi t  emergen t  propertie s no t  foun d i n eithe r  o f  theu -

single-paradig m components . 
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AI  Approac h 

Inferenc e 

Processin g 

Speed i n brai n 

Robustnes s 

Precisio n 

Representatio n 

SYMBOLIC 

Traditiona l 

Rule-base d 

Sequentia l 

Slo w ( > 100ms ) 

Brittl e 

Hig h 

Feature s 

SUB-SYMBOLIC 

Connecuonist/PD P 

Statistica l 

Paralle l 

Fast  «  100ms ) 

Gracefu l  degradatio n 

Low 

Microfeature s 

Tabl e I :  Compariso n o f  tw o paradigms . 

Hyb r i d activit y p r o p a g a t i o n 

• 

C-lin k > 

•  *  *  •  1 

•  •  • 

P 
^  .  S-link(1 ) 

\  C-lin k 

r'S-lin k (2 )  > 

O O 

• 

1 1 

Figur e 1 :  Th e ro w o f  filled  dot s represent s differen t  component s o f  activation ;  th e first  i s  unspecifie d (i.e .  strictl y 

connecUonist )  whil e th e other s correspon d t o certai n symboli c relationships .  Large r  dot s indicat e mor e activity . 

C-link s allo w al l  component s t o pass ,  attenuate d b y weight .  S-link s pas s onl y th e componen t  o f  activit y whic h 

correspond s t o th e lin k type . 
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