
Generalizatio n a n d Catastrophi c Forgettin g i n Radia l  Basi s Funct io n N e t w o r k s 

Nei l  Middleto n 
Deparliiien i  o f  Compute r  Scienc e 

Brune i  University ,  Uxbridg e 
West  London ,  UB S 3PH ,  UK . 

Neil.Middleton@brunel.ac.u k 

Connectionis t  model s 

Connectionis t  network s hav e bee n widel y use d t o mode l 
human categorization .  T o b e psychologicall y plausibl e 
such network s mus t  a t  leas t  b e abl e t o generalize ,  an d no t 
be pron e t o catastrophi c forgetting . 

Multi Layer Perceptrons 

The mult i  laye r  perceptro n ( M L P )  form s distribute d hidde n 
laye r  representations ,  an d store s trainin g pattern s i n 
superpositiona l  form .  Potentially ,  al l  th e networ k resource s 
(weight s an d processin g units )  ar e use d t o represen t  eac h 
learne d pattern .  Thi s ca n resul t  i n catastrophi c interferenc e 
i n whic h learnin g a  singl e ne w patter n cause s th e networ k 
t o unlear n (o r  forget )  al l  previousl y learne d patterns . 

M L Ps lear n classificatio n task s b y fittin g th e categor y 
boundaries ,  an d s o ar e abl e t o generaliz e t o trea t  unsee n 
pattern s i n a  reasonabl e way . 

Radial Basis Function Networks 

Radia l  basi s functio n (RBF )  network s wer e originall y 
presente d a s localis t  network s wit h on e hidde n uni t  t o stor e 
eac h trainin g example .  Suc h network s mak e goo d model s 
of  exempla r  theorie s o f  categorizatio n (Kruschke ,  1992) , 
and th e orthogonalit y o f  hidde n laye r  representation s 
prevent s catastrophi c forgetting .  However ,  localis t 
network s ofte n d o no t  generaliz e well . 

How existing models work 

Feed forwar d connectionis t  network s lear n nonlinearl y 
separabl e task s b y recodin g inpu t  vector s a s linearl y 
separabl e vector s i n hidde n laye r  activatio n space . 
Orthogona l  vector s ar e linearl y separable ,  s o a  suitabl e 
recodin g i s t o us e on e hidde n uni t  t o stor e eac h trainin g 
pattern ,  a s i n th e origina l  R B F network .  Linearl y separabl e 
pattern s ar e typicall y no t  orthogonal ,  s o extende d an d 
distribute d hidde n laye r  representation s ca n als o b e use d t o 
lear n th e task ,  a s i n M L P s . 

Generalization without forgetting 

Frenc h (1994 )  argue d tha t  t o preven t  catastrophi c 
interferenc e i n M L P s whil e retainin g th e abilit y t o 
generalize ,  hidde n laye r  activatio n vector s mus t  b e a s 
orthogona l  an d a s distribute d a s possible .  Frenc h present s 
an algorith m designe d t o achiev e thi s trad e of f  b y 

decreasin g th e extendednes s o f  hidde n laye r 
representation s i n M L P s . 

An alternativ e approac h i s t o star t  wit h a  localis t  R B F 
networ k an d allo w th e networ k t o for m mor e extende d an d 
distribute d representation s whil e retainin g a s m u c h 
orthogonalit y a s possible .  Thi s ca n b e achieve d b y makin g 
th e receptiv e fields  o f  R B F hidde n unit s larger .  Th e 
networ k remain s localis t  i n th e sens e tha t  th e hidde n unit s 
stor e a n (interpretable )  pattern ,  ye t  i s  distribute d sinc e eac h 
uni t  play s a  par t  i n representin g mor e tha n on e pattern . 

Th e networ k ca n als o b e force d t o creat e les s localis t 
representation s i f  i t  i s  give n fewe r  hidde n unit s tha n ther e 
ar e trainin g patterns . 

Experiment s hav e bee n performe d wit h R B F network s 
fo r  learnin g simpl e patter n classificatio n tasks .  Thes e 
experiment s sho w h o w R B F network s ar e abl e t o 
generaliz e an d a t  th e sam e tim e for m relativel y orthogona l 
hidde n laye r  representations . 

Conclusion 

I t  ha s bee n argue d tha t  th e propertie s o f  R B F network s fo r 
cognitiv e modellin g hav e stil l  t o b e full y investigated . 

As furthe r  work ,  th e individua l  propertie s o f  M L P s an d 
R BF network s coul d b e utilize d i n a  singl e model .  I n 
performin g classificatio n task s R B F network s fit  th e 
trainin g example s an d M L P s fit  categor y boundaries .  Thi s 
suggest s tha t  a  hybri d R B F an d M L P networ k coul d b e 
use d t o mode l  bot h boundar y referenc e poin t  effect s an d 
exempla r  theorie s o f  huma n categorization . 
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