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U s i n g p s e u d o - r e c u r r e n t  c o n n e c t i o n i s t  n e t w o r k s 

t o s o l v e t h e p r o b l e m o f  s e q u e n t i a l  l e a r n i n g 

Robert IM. French (rfrench@ulg.ac.be) 

Psycholog y Department ,  B3 2 
Universit y o f  Liege ,  Liege ,  Belgiu m 

Introductio n 
One o f  th e mos t  importan t  problem s facin g connectionis t 
model s o f  memor y — i n fact ,  facin g an y mode l  o f 
memory — i s ho w t o mak e the m simultaneousl y sensitiv e 
to ,  bu t  no t  disrupte d by ,  ne w inpu t  Thi s proble m i s ofte n 
referre d t o a s th e 'Sensitivity-stability "  dilemma .  I t  i s 
particularl y relevan t  fo r  connectionis t  networks ,  especiall y 
sinc e the y ca n b e afflicte d b y a  particularl y sever e 
mamfestatio n o f  th e sensitivity-stabilit y  proble m know n a s 
catastrophi c interference .  Catastrophi c interferenc e i s th e 
tendenc y o f  neura l  network s t o abruptl y an d completel y 
forge t  previousl y learne d informatio n i n th e presenc e o f 
new input .  Th e '))seudo-recurrent "  architectur e propose d 
i n thi s pape r  relie s o n physicall y separatin g previousl y 
learne d representation s fro m thos e currentl y bein g learne d 
(analogou s t o th e hippocampal/neocortica l  separatio n i n 
humans.  Se e McClelland ,  McNaughton ,  O'Reilly ,  1995) . 
Pseudopattern s (Robins ,  1995) ,  i.e. ,  approximation s o f  th e 
previousl y learne d data ,  ar e extracte d fro m th e 
"neocortical "  par t  o f  th e networ k an d ar e adde d t o th e se t 
of  ne w pattern s t o b e learne d i n th e "hippocampal "  part . 

The "pseudo-recurrent" architecture 
Thi s architectur e consist s o f  a  feedforwar d 
backpropagatio n networ k tha t  i s divide d int o tw o part s 
Cearly-processing "  an d final-storage') ,  eac h 
interactivel y trainin g th e othe r  W h e n a  ne w patter n fro m 
th e environmen t  i s presente d t o th e early-processin g 
system ,  thi s wil l  caus e a  numbe r  o f  'pseudopatterns "  t o b e 
generate d b y th e final-storag e system .  Thes e 
pseudopattern s fro m final-storage  reflec t  th e network' s 
prio r  learnin g The y ar e learne d alon g wit h th e ne w 
pattern .  I n short ,  pseudopattern s stan d i n fo r  th e pattern s 
originall y learne d b y th e network .  I n thi s way ,  th e crucia l 
interleavin g o f  ne w informatio n wit h (a n approximatio n 
oO ol d informatio n i s achieved .  Onc e th e early -
processin g syste m ha s learne d th e ne w patter n alon g wit h 
th e se t  o f  pseudopatterns ,  thi s informatio n i s transferre d t o 
final-storage  eithe r  b y copyin g th e early-storag e weight s 
t o final-storage  (assumin g identica l  networ k topologies )  o r 
by mean s o f  pseudopattern s generate d thi s tim e b y th e 
early-processin g are a an d learne d b y final  storage . 

Experiments 
I n test s o f  th e network ,  usin g bot h Ebbinghaus-lik e 
saving s measure s an d test s o f  exac t  recognitio n o f 

previousl y learne d information ,  thi s typ e o f  networ k wa s 
shown t o effectivel y overcom e th e proble m o f  catastrophi c 
interference ,  thu s allowin g effectiv e sequentia l  learnin g 
wit h gradua l  (no t  catastrophic )  forgetting . 

I n on e experiment ,  2 0 pattern s wer e presente d 
sequentiall y  t o th e network .  A  ne w patter n wa s presente d 
onl y afte r  th e previou s on e ha d bee n learne d t o criterio n 
Afte r  th e 20t h ite m ha d bee n learned ,  al l  2 0 wer e tested . 
I n th e pseudo-recurren t  networ k th e final  8  remaine d a t  o r 
belo w criterion ,  9  mor e withi n 0,0 5 o f  criterio n Fo r 
standar d backpropagation ,  however ,  non e o f  th e 
previousl y learne d item s ar e withi n 0. 1 o f  criterio n 
Clearly ,  forgetUn g occur s mor e graduall y i n th e pseudo -
recurren t  networ k tha n i n standar d B P (se e figur e below) . 
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In addition, the mechanism of pseudopattem transfer 
automaticall y produce s spars e interna l  representation s i n 
final  storage ,  th e m o r e pseudopatterns ,  th e sparse r  th e 
representations .  C o m p a c t  representation s ar e m o r e 
efficien t  t o proces s a n d les s likel y t o caus e catastrophi c 
interference ,  bu t  ar e m o r e susceptibl e t o d a m a g e .  T h i s 
coul d provid e a n underlyin g reaso n fo r  selectiv e categor y 
m e m o r y '  losse s i n elderl y amnes iac s (French ,  1996) . 
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