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E x t r e m e Attraction : 

O n th e Discret e Representatio n Preferenc e o f  Attracto r  N e t w o r k s 

Davi d C .  Noell e (dnoelle@cs.ucsd.edu ) 
Garriso n W.  Cottrel l  (GARY@cs.ucsd.edu ) 
Departmen t  o f  Compute r  Scienc e &  Engineerin g 

Universit y  o f  California ,  Sa n Dieg o 
La Jolla ,  C A 92093-011 4 US A 

Fre d R .  Wilm s (fredlock@cs.ucsb.edu ) 
Departmen t  o f  Compute r  Scienc e 

Universit y  o f  California ,  Sant a Barbar a 
Sant a Barbara ,  C A 93106-511 0 US A 

Overvie w 

Attracto r  network s pla y a n importan t  rol e i n man y connec -
tionis t  cognitiv e models .  Th e dynami c behavio r  o f  thes e 
recurren t  networks ,  whic h typicall y involve s th e convergenc e 
of  activatio n level s t o stabl e fixed-points  ove r  time ,  provide s 
a mean s fo r  modelin g th e tim e cours e o f  cognitiv e processes . 
Network s o f  thi s kin d ar e ofte n use d a s associativ e memorie s 
and a s resolver s o f  sof t  constrain t  satisfactio n problems . 

Earl y attracto r  network s use d ste p activatio n functions ,  al -
lowin g onl y tw o activatio n value s fo r  eac h processin g ele -
ment .  Contemporar y networks ,  however ,  ofte n us e sigmoida l 
activatio n functions .  Continuou s output s allo w fo r  continuou s 
targe t  patterns ,  an d thes e hav e a t  leas t  tw o apparen t  advan -
tages :  (1 )  the y allo w fo r  riche r  representationa l  schemes ,  suc h 
as mappin g activation s t o probabilities ,  an d (2 )  the y allo w 
fo r  a  large r  numbe r  o f  attractors .  Attracto r  networ k models , 
lik e thos e fo r  lexica l  semantic s (Clous e an d Cottrell ,  1995 ) 
and consciousnes s (Mathi s an d Mozer ,  1995) ,  woul d see m t o 
benefi t  fro m continuou s patterns ,  an d othe r  model s usin g con -
tinuou s vectors ,  lik e th e C H A R M m e m o r y mode l  (Metcalf e 
Eich ,  1982) ,  woul d benefi t  fro m attracto r  dynamics . 

I n thi s wor k w e argu e tha t  thes e apparen t  advantage s o f 
continuou s target s ar e illusory ,  a t  leas t  whe n attractor s ar e 
bein g learne d usin g standar d methods .  Ou r  simulatio n result s 
indicat e tha t  attracto r  networks ,  eve n thos e wit h continuou s 
activatio n functions ,  ar e bes t  suite d fo r  us e wit h targe t  vector s 
consistin g o f  polarize d discret e elements . 

Simulation Results 

For  thi s investigatio n w e use d singl e laye r  networks ,  wit h 
complet e interconnection s betwee n processin g element s (in -
cludin g self-connections) ,  asymmetri c weights ,  an d sigmoida l 
activatio n functions .  Uni t  activit y spanne d betwee n - 1 an d 
-l- L Th e network s wer e traine d t o for m fixed-point  attrac -
tor s fo r  a  collectio n o f  targe t  vector s usin g backpropagation -
through-time ,  backpropagatin g th e erro r  signa l  fo r  1 0 tim e 
steps .  A  lo w learnin g rat e o f  0.00 1 wa s used ,  wit h n o m o -
mentum.  Network s wer e presente d wit h eac h targe t  patter n 
10,00 0 times .  W e examine d targe t  pattern s sample d randoml y 
fro m th e extrem e comer s o f  activatio n spac e (polarize d vec -
tors) ,  pattern s sample d uniforml y ove r  th e whol e activatio n 
space ,  an d pattern s sample d fro m th e surfac e o f  th e hyper -
spher e inscribe d b y th e whol e activatio n space .  A t  regula r 
interval s durin g training ,  th e dynamic s o f  th e network s wer e 
checke d i n region s nea r  targe t  patterns .  Th e numbe r  o f  stabl e 
fixed-point  attractor s i n thes e region s wer e recorded . 

Rigorou s experiment s o n smal l  networks ,  rangin g i n siz e 
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Figure 1: Fraction of the training set of target attractors actu-
all y learne d a s a  functio n o f  th e trainin g se t  size . 

fro m 2  unit s t o 1 6 units ,  reveale d tha t  th e mos t  attractor s wer e 
learne d whe n target s wer e place d i n th e extrem e corner s o f 
activatio n space .  A n exampl e o f  thi s result ,  fo r  siz e 1 6 net -
works ,  i s  show n i n Figur e 1 .  Furthermore ,  attractor s wer e 
learne d faste r  (i.e. ,  afte r  fewe r  presentations )  wit h corne r  tar -
gets .  Lastly ,  come r  targe t  pattern s resulte d i n attractor s whic h 
wer e closer ,  i n Euclidea n distance ,  t o thei r  correspondin g 
target s a s compare d t o th e othe r  targe t  distributions . 

Thes e result s wer e als o foun d fo r  large r  networks ,  wit h 10 0 
processin g elements ,  traine d fo r  shorte r  durations ,  an d als o 
fo r  spars e targe t  patterns . 

I n short ,  attracto r  network s wit h sigmoida l  unit s sho w 
highe r  capacity ,  faste r  learning ,  an d greate r  accurac y whe n 
target s ar e place d i n th e extrem e corner s o f  activatio n space . 
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