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Abstract 
A s e l f - o r g a n i z i n g  neural  n e t w o r k  model f o r  l o c u s - a d d r e s s a b l e  

a s s o c i a t i v e  memory, and b i n a r y  p a t t e r n  r e c o g n i t i o n  is p r e s e n t e d .  
The n e t  may b e  used  f o r  e i t h e r  a u t o - a s s o c i a t i v e  o r  h e t e r o -  
a s s o c i a t i v e  t a s k s .  L o c u s - a d d r e s s a b i l i t y  is s u g g e s t e d  as a 
p o s s i b l e  mechanism f o r  r e t r i e v a l  of memories w i t h o u t  a n y  e x t e r n a l  
c u e s  i n  t h e  form of  p a r t i a l  o r  c o r r u p t e d  exemplar p a t t e r n s .  The 
a r c h i t e c t u r e ,  which employs  c o m p e t i t i v e  d y n a m i c s ,  embodies  a 
p a r a l l e l  s e a r c h  scheme which u p d a t e s  i t s e l f  a d a p t i v e l y  as  t h e  
l e a r n i n g  p r o g r e s s e s .  A t h r e s h o l d i n g  mechanism e n s u r e s  t h e  
l e a r n i n g  o f  new e x e m p l a r s .  On s a t u r a t i o n  o f  t h e  memory c a p a c i t y ,  
t h e  n e t  t h e r e a f t e r  r e s p o n d s  t o  new p a t t e r n s  by r e c a l l i n g  
e x e m p l a r s  i n  its memory t h a t  are  n e a r e s t  t o  t h e  p r e s e n t e d  i n p u t  
i n  Hamming d i s t a n c e .  The s t a b i l i t y - p l a s t i c i t y  p rob lem is overcome 
by ' f a s t  l e a r n i n g '  and i r r e v e r s i b i l i t y  o f  c o n n e c t i o n- w e i g h t  
c h a n g e s .  T h i s  a r c h i t e c t u r e  overcomes t h e  o r t h o g o n a l i t y  and l i n e a r  
independence  c o n s t r a i n t s  t h a t  l i m i t  o t h e r  m o d e l s .  

1. Introduct ion 
Models f o r  a s s o c i a t i v e  memory [l, 23 by  and l a rge ,  

p r e s u p p o s e  t h e  d i s t r i b u t e d  ( h o l o g r a p h i c )  and s u p e r p o s e d  n a t u r e  o f  
memories ,  and r e c a l l  o f  memories i n  t h e s e  models  r e l i e s  on t h e  
p r e s e n t a t i o n  o f  some u n i q u e  f r a c t i o n  o f  t h e  s t o r e d  p a t t e r n .  I t  is 
c o n c e i v a b l e  t h a t  i n  t h e  b r a i n ,  r e g e n e r a t i o n  of a c t i v i t y  p a t t e r n s  
c o r r e s p o n d i n g  t o  d i f f e r e n t  memories is p o s s i b l e  by e x c i t a t i o n  o f  
s p e c i f i c  c e l l s  o r  c e l l  g r o u p s .  The a b s e n c e  of  damage t o l e r a n c e  
h a s  g e n e r a l l y  been  h e l d  t o  b e  a major  o b j e c t i o n  t o  
l o c u s - a d d r e s s a b l e  memory. However i t  is p o s s i b l e  t o  c o n c e i v e  of  
l o c u s - a d d r e s s a b i l i t y  w h i l e  p r e s e r v i n g  damage t o l e r a n c e ,  i f  
r edundancy  of  i n f o r m a t i o n  s t o r a g e  is presumed.  

I n  t h i s  pape r ,  a n e u r a l  n e t w o r k  f o r  l o c u s - a d d r e s s a b l e  
a s s o c i a t i v e  memory, and p a t t e r n  r e c o g n i t i o n  is p r o p o s e d  w i t h  an  
a l g o r i t h m  f o r  l e a r n i n g  and s t o r i n g  b i n a r y  p a t t e r n s .  We presume 
t h e  e x i s t e n c e  of  c e l l s  whose r e s p o n s e s  a re  p a t t e r n - s p e c i f i c  and 
d e m o n s t r a t e  t h a t  a s e l f - o r g a n i z i n g  n e t w o r k  c o n t a i n i n g  s u c h  
p a t t e r n - s p e c i f i c  c e l l s  c a n  b e  c o n f i g u r e d  as  a c o n t e n t - a d d r e s a b l e  
memory o r  a s  a p a t t e r n  c l a s s i f i e r .  

2. Design Pr inc ip le s  
For  t h e  p u r p o s e  of  d e f i n i n g  a n e t  f o r  l o c u s - a d d r e s s a b l e  

memory, t h e  problem of  memory is h e r e  p h r a s e d  as t h e  p rob lem o f  
' m e m o r i s i n g '  a n e u r o n ' s  r e c e p t i v e  f i e l d  ( i . e . ,  n e u r o n s  f rom which 
i t  r e c e i v e s  i n p u t s )  and projec t ion  f i e l d  ( n e u r o n s  t o  which  i t  
s e n d s  i t s  o u t p u t )  a t  any  g i v e n  t ime. D u r i n g  t h e  e x p o s u r e  t o  a 
g i v e n  p a t t e r n  a neuron  f i x e s  o r  ' m e m o r i s e s '  i ts r e c e p t i v e  and 
p r o j e c t i o n  f i e l d s ,  and r e t a i n s  t h i s  'memory' f o r  a n  e x t e n d e d  
p e r i o d  o f  time. T h e r e a f t e r ,  t h e  n e u r o n  becomes i n s e n s i t i v e  t o  t h e  

$ C e n t e r  f o r  t h e o r e t i c a l  S t u d i e s ,  tDept  o f  E lec t r i ca l  E n g i n e e r i n g  
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f i r i n g  o f  n e u r o n s  o u t s i d e  i t s  r e c e p t i v e  f i e l d  , a n d  a l s o  i n c a p a b l o  
o f  c a u s i n g  t h e  f i r i n g  o f  n e u r o n s  o u t s i d e  i t s  p r o j e c t i o n  f i e l d .  
S u c h  a n e u r o n  b e c o m e s  a p a t t e r n - s p e c i f  i c  l o c u s  w h i c h  on  
e x c i t a t i o n  b y  e v e n  n o n - s p e c i f i c  e x c i t a t o r y  s t i m u l i ,  w i l l  
r e g e n e r a t e  t h e  p a t t e r n  o f  a c t i v i t y  c o r r e s p o n d i n g  t o  i t s  memory i n  
i t s  p r o j e c t i o n  f i e l d .  T h i s  m e m o r i s i n g  o f  f i e l d s  i s  a c h i e v e d  h e r e  
b y  u s i n g  s p e c i f i c  f o r m u l a t i o n s  o f  s y n a p t i c  s t r e n g t h  a l t e r a t i o n  
r u l e s .  T h o u g h  t h e s e  d o  n o t  p r e t e n d  t o  b e  b i o l o g i c a l l y  r e a l i s t i c ,  
t h e  s y n a p t i c  c h a n g e s  d e p e n d  o n l y  on  l o c a l  v a r i a b l e s  a n d  a r e  
a c t i v i t y  r e l a t e d .  

3. Architecture  of t h e  ne t  
T h e  n e t  c o m p r i s e s  o f  f o u r  l a y e r s :  i )  a n  i n p u t  l a y e r  o f  N 

u n i t s ,  i i )  a t h r e s h o l d i n g  l a y e r  o f  M u n i t s ,  i i i )  a c o m p e t i t i v e  
l aye r  ( M  u n i t s )  a n d  i v )  a n  o u t p u t  l a y e r  ( N  u n i t s ) .  T h e  b e h a v i o u r  
o f  t h e  n e u r o n s  i n  t h e  f o u r  l a y e r s  is c o n t r o l l e d  b y  t h r e e  
‘ n u c l e i ’ ,  I ,  G ,  a n d  S w h i c h  r e c e i v e  t h e i r  i n p u t  f r o m  o n e  o r  m o r e  
l a y e r s  a n d  f e e d  t h e i r  o u t p u t  b a c k  t o  o n e  o f  t h e  l a y e r s .  

Connections from input layer 
( i n  autoassociative mode 1 

Output layer I 
Competitive layer with 
lateral inhi bition 

\ / Threshol ding layer 

}Input layer 

F i g .  1 .  N e t  Archi tecture  for 4- b i t  input  patterns  & a memory 
capac i ty  of t w o  patterns .  ‘ * *  denotes e x c i t a t o r y  connect ions  
and *+’ i n h i b i t o r y  connect ions .  

T h e  i n p u t  u n i t s  a r e  d e n o t e d  b y  a ,  /3, y , . . . ;  u n i t s  i n  t h e  
t h r e s h o l d i n g  l a y e r  i ‘  , j ’  , k‘ , . . . ;  u n i t s  i n  t h e  c o m p e t i t i v e  l a y e r  
i ,  j, k ,  . . . a n d  u n i t s  i n  t h e  o u t p u t  l a y e r  A ,  B ,  C e t c .  T h e  
i n i t i a l  t h r e s h o l d s  o f  a l l  u n i t s  a r e  a s s i g n e d  a v a l u e ,  0 .  T h e  
we igh t s  o f  a11 s y n a p t i c  c o n n e c t i o n s  b e t w e e n  t h e  c o m p e t i t i v e  and  
t h e  o u t p u t  l a y e r  a r e  i n i t i a l l y  a s s i g n e d  a v a l u e ,  0. T h e  w e i g h t s  
bc twcen  t h e  i n p u t  layer and t h e  t h r e s h o l d i l - i g  l a y e r ,  a r e  p i c k e d  
r a n d o m l y  s o  t h a t  0 < w j ,  to: < 1 ( s e e  f i g u r e .  1 ) .  T h e r e  a r e  f o r w a r d  

c o n n e c t i o n s  o f  c o n s t a n t  v a l u e  +1 f r o m  t h e  c e l l s  i n  t h e  
t h r e s h o l d i n g  l a y e r  t o  t h e  c o r r e s p o n d i n g  c e l l s  i n  t h e  c o m p e t i t i v e  
l a y e r .  
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I f  < = [ C, , f p  , C y  , . . ] ,  a b i n a r y  v e c t o r  of N b i t s  is 

p r e s e n t e d  t o  t h e  i n p u t  layer a t  a n y  g i v e n  t ime, t h e n  t h e  n e u r o n s  
a, 0 ,  y , . . .  i n  t h i s  l a y e r  assume t h e s e  v a l u e s  as  t h e i r  o u t p u t s  
so t h a t  Y, = 

The t h r e s h o l d  of  a u n i t  j '  i n  t h e  t h r e s h o l d i n g  l a y e r  is 
d e n o t e d  as T are g i v e n  by 

N M 

C, . 
The n e t  i n p u t  @ j ,  and t h e  o u t p u t  V j' j '  

k* j 
V j '  - - #j' if @j, > T j ,  

= o  o t h e r w i s e  ( 2 )  
is a f i x e d  q u a n t i t y  f o r  a l l  u n i t s  j '  and R = j ' + G  ' where cj = w 

is a c o n s t a n t  of  t h e  o r d e r  of  N .  j t k  W 

The one t o  one  c o n n e c t i o n s  f rom t h e  u n i t s  j ' ,  i n  t h e  
t h r e s h o l d i n g  layer  t o  t h e  u n i t s  j i n  t h e  c o m p e t i t i v e  l a y e r  have  
f i x e d  v a l u e  o f  + l .  The t h r e s h o l d s  f o r  a l l  t h e  c e l l s  j ,  i n  t h e  
c o m p e t i t i v e  l a y e r  a re  z e r o  and j o b e y s  t h e  e q u a t i o n  : 

M 
= 9 ( l  - r )  V , )  V j '  + vj - x (  II v k ) - 6 V s  

k = l  ' j (3) 

k*j 
v j  = 'j i f  #j > 0 

= o  o t h e r w i s e  ( 4 )  
where Q(x)  = 1 if x > 0, and 8 ( x )  = 0 i f  x S O .  The s t r e n g t h  of 
t h e  l a t e r a l  i n h i b i t i o n  between t h e  u n i t s  i n  t h e  c o m p e t i t i v e  
l a y e r ,  d e n o t e d  by x ,  h a s  a v a l u e  l e s s  t h a n  l / ( M - l )  (see  a p p e n d i x  
A ) .  The c o n s t a n t  8 c o r r e s p o n d s  t o  t h e  s t r e n g t h  o f  t h e  c o n n e c t i o n  

and is assumed t o  b e  greater  t h a n  N .  
I n  t h e  a u t o - a s s o c i a t i v e  mode, t h e  i n p u t  l ayer  n e u r o n s  a, P,  

y , . . .  a r e  presumed t o  s e n d  one  t o  one  c o n n e c t i o n s  of v a l u e  +1, 
t o  c o r r e s p o n d i n g  n e u r o n s  A ,  B ,  C , .  i n  t h e  o u t p u t  l a y e r .  The n e t  
i n p u t ,  and t h e  o u t p u t  o f  u n i t  A are d e f i n e d  b y ;  

j tS W 

M 
= W A t j  vj + voc 

j=1 
( 5 )  

Nucleous  I ' g a t e s '  i n p u t  t o  t h e  C o m p e t i t i v e  layer  by  
p r e- s y n a p t i c  i n h i b i t i o n .  T h i s  u n i t  r e c e i v e s  i n p u t  c o n n e c t i o n s  

o b e y s  t h e  e q u a t i o n ;  
from t h e  u n i t s  j i n  t h e  c o m p e t i t i v e  l aye r .  A l l  wI = +l.  I t  

+j 

M 
VI = #, i f  #, > 0 

= o  o t h e r w i s e  ( 6 )  

The s y n a p t i c  l i n k  f rom t h e  u n i t  I t o  t h e  u n i t  G is an 
i n h i b i t o r y  one  w i t h  s t r e n g t h ,  r )  : r )  > N .  rr is a c o n s t a n t  w e i g h t  

w i t h  a v a l u e  j u s t  g rea ter  t h a n  1. The c o n s t a n t  w e i g h t s  wGtA "G +G 
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h a v e  a v a l u e  o f  c, 0 < E < <  1. The b e h a v i o u r  o f  G ( g a i n  
c o n t r o l l i n g  c e l l )  is g o v e r n e d  b y ;  

N 

A =  1 
= E x  vA + VG - n V 1 - b V s  (7) @G 

VG = @G i f  @G > 0 

= 0 o t h e r w i s e  ( 8 )  
I n  t h e  a b s e n c e  o f  a n y  a c t i v i t y  i n  t h e  c o m p e t i t i v e  l a y e r  on 
p r e s e n t a t i o n  o f  a n  i n p u t ,  ( as  m i g h t  happen  when s a t u r a t i o n  o f  
memory o c c u r s  a n d  n o  r e s p o n s e  is evoked  i n  t h e  t h r e s h o l d i n g  l a y e r  
by  a n  i n p u t )  t h e r e  is n o  i n h i b i t i o n  o f  G d u e  t o  I .  S i n c e  n > 1, 
t h e  o u t p u t  o f  G p r o g r e s s i v e l y  rises t h e r e b y  l o w e r i n g  t h e  
e f f e c t i v e  t h r e s h o l d  o f  c e l l s  i n  t h e  t h r e s h o l d i n g  l a y e r .  Thus  G 
ac t s  as  a n  a u t o m a t i c  g a i n  c o n t r o l  u n i t .  T h i s  e n s u r e s  t h a t  i n p u t  
p a t t e r n s  a l w a y s  c a u s e  r e c a l l  o f  e x e m p l a r s  n e a r e s t  t o  them i n  
Hamming d i s t a n c e .  

N u c l e o u s  S r e n d e r s  a l l  n e u r o n s  w h i c h  h a v e  p o s i t i v e  f e e d b a c k  
i n a c t i v e ,  when t h e  i n p u t  p a t t e r n  is removed .  T h i s  u n i t  r e c e i v e s  
i n p u t s  f r o m  a l l  c e l l s  i n  t h e  o u t p u t  l a y e r  wh ich  are  c o u p l e d  t o  S 
v i a  e x c i t a t o r y  s y n a p s e s ,  wSeA and  a l s o  i n h i b i t o r y  c o n n e c t i o n s ,  
W scot t o  S f r o m  n o d e s  i n  t h e  i n p u t  l a y e r .  (The  w e i g h t s  o f  t h e  
i n h i b i t o r y  s y n a p s e s  a re  p resumed  t o  b e  g rea te r  t h a n  t h e  w e i g h t s  
of t h e  e x c i t a t o r y  s y n a p s e s ,  i . e .  wSeA < lws tcwI  f o r  a l l  A ' s  and  
a ' s ) .  T h e s e  are c o n s t a n t s .  

N N 
& Vs = @s i f  #s > 0 = wsccx v, + 

CX=1 
@S = "StA 'A 

A =  1 = 0 o t h e r w i s e  ( 8 )  

3.1 .  Learning Rules 
A b i n a r y  p a t t e r n  t o  b e  s t o r e d  is c lamped  on t o  t h e  i n p u t  

layer t i l l  l e a r n i n g  is c o m p l e t e d .  L a t e r a l  i n h i b i t o r y  i n t e r a c t i o n s  
r e s u l t  i n  t h e  s u r v i v a l  o f  t h e  u n i t  w i t h  maximum i n i t i a l  o u t p u t  i n  
t h e  c o m p e t i t i v e  l a y e r .  The  w e i g h t s  are  a d a p t e d  a c c o r d i n g  t o  t h e  
f o l l o w i n g  r u l e s .  
For Receptive field : 

A w j 8  ecx = ( - w j 8 a  e ( w j O ,  ) i f  e(Vj8) = 1 a n d  V, = 1 
0 = -( 1 + W j I e C x  ) e( l  - W j 8 -  ) i f  e(Vj,) 1 and  V, = 

= o  i f  e(VjO) = 0 (10) 
(Recall  t h a t  e ( x )  = 1 i f  x > 0 ,  a n d  8 ( x )  0 i f  x 5 0 ) .  
For Projection f i e l d  t 

= o  i f  e(Vj) = 0 
Here , c1 is a small p o s i t i v e  q u a n t i t y  : P < <  1. 
Learning of thresholds : 
We d e f i n e ,  2 = ( v  #j, - T . O )  where  y is a p o s i t i v e  c o n s t a n t ,  < 1. 
Then a T  = 2 '(2). 

S i n c e  t h e  v a l u e  o f  @ j ,  a t  t h e  f i r s t  p r e s e n t a t i o n  o f  an i n p u t  

3 

j 0  
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p a t t e r n  is bound t o  b e  l e s s  t h a n  wha t  i t  would be on a l a t e r  
p r e s e n t a t i o n  ( d u e  t o  a d a p t i v e  w e i g h t  c h a n g e s ) ,  o n e  would expect 
t h e  t h r e s h o l d  v a l u e  t o  s t a b i l i z e  o n l y  on a s e c o n d  p r e s e n t a t i o n  o f  
t h e  p a t t e r n .  T h i s  can b e  a v o i d e d  i f  u p d a t i n g  t h r e s h o l d s  is d o n e  
a n  i t e r a t i o n  a f t e r  u p d a t i n g  t h e  r e c e p t i v e  f i e l d  w e i g h t s .  

4. Se l f  -organization and Pattern Learning 
The l e a r n i n g  r u l e s  p r e s e n t e d  a b o v e  e n s u r e  ' f a s t  l e a r n i n g '  

( l e a r n  w i t h  a s i n g l e  p r e s e n t a t i o n )  and  t h e  i r r e v e r s i b i l i t y  o f  
w e i g h t  c h a n g e s  e n s u r e s  s t a b i l i t y  of l e a r n t  p a t t e r n s .  The  
t h r e s h o l d i n g  mechanism o f  t h e  p a t t e r n - s p e c i f i c  c e l l s  f o r c e s  t h e  
l e a r n i n g  o f  new p a t t e r n s  b y  u n c o m m i t t e d  n o d e s  owing  t o  t h e  f a c t  
t h a t  t h e  a c t i v a t i o n  o f  a n y  of  t h e  p r e v i o u s l y  commited  n o d e s  is 
p r e v e n t e d  u n l e s s  t h e  p r e s e n t e d  p a t t e r n  is c l o s e  enough  t o  t h e  
c o r r e s p o n d i n g  e x e m p l a r .  The  r e f i n e m e n t  i n  t h e  d i s c r i m i n a t i o n  o f  
t h e  l e a r n i n g  o f  p a t t e r n s  is d e t e r m i n e d  b y  t h e  v a l u e  of t h e  
c o n s t a n t  y . 

I n  t h e  ' f a s t  l e a r n i n g '  mode d i s c u s s e d  a b o v e ,  i t  is presumed  
t h a t  t h e  f i r s t  p a t t e r n  l e a r n t  by  e a c h  n o d e  is t a k e n  t o  be i ts  
e x e m p l a r .  An a l t e r n a t e  l e a r n i n g  s t r a t e g y  would b e  t o  u s e  t h e  same 
l e a r n i n g  r u l e s  w i t h  a m u l t i p l i c a t i v e  f a c t o r  l / n  ( w h e r e  n is some 
l a r g e  number)  i n t r o d u c e d  i n t o  t h e  l e a r n i n g  r u l e s .  The  u s e  o f  
t h e s e  f r a c t i o n a l  w e i g h t  c h a n g e s  would  p r e v e n t  t h e  w e i g h t s  f r o m  
r e a c h i n g  i r r e v e r s i b l e  v a l u e s  on a s i n g l e  e x p o s u r e  t o  a p a t t e r n .  
Thus  t h e  n e t  when p r e s e n t e d  w i t h  a s e r i e s  o f  n o i s y  o r  c o r r u p t e d  
v e r s i o n s  o f  t h e  same p a t t e r n ,  may b e  e x p e c t e d  t o  f o r m  a 
p e r m a n e n t ,  s t a b l e  memory o f  t h e  f e a t u r e s  t h e y  s h a r e .  

5. Simulation r e s u l t s  
I n  s i m u l a t i o n s  o f  t h i s  n e t  u s i n g  2 0 - b i t  i n p u t  p a t t e r n s  a l o n g  

w i t h  a n  e q u a l  number o f  p a t t e r n - s p e c i f i c  c e l l s ,  t h e  n e t  was ab le  
t o  l e a r n  a l l  t w e n t y  p r e s e n t e d  p a t t e r n s  i n  a s i n g l e  t r a i n i n g  
c y c l e .  The  v a l u e  o f  y was assumed  t o  b e  0 . 8 .  The  a v e r a g e  number 
o f  i t e r a t i o n s  r e q u i r e d  f o r  c o n v e r g e n c e  d u r i n g  l e a r n i n g  was 19.  I n  
r e c a l l  o f  s t o r e d  memories  t h e  n e t  was f o u n d  t o  t o l e r a t e  u p t o  40% 
random n o i s e  and  t h e  c o n v e r g e n c e  was much f a s t e r .  The  a b i l i t y  of 
t h e  n e t  t o  l e a r n  and  s t o r e  c l o s e l y  c o r r e l a t e d  p a t t e r n s  as  
d i f f e r n t  e n t i t i e s  was v e r i f i e d  i n  a s i m u l a t i o n  i n  w h i c h  e a c h  of 
15 p a t t e r n - s p e c i f i c  c e l l s  l e a r n t  its exemplar when t h e  n e t  was 
p r e s e n t e d  w i t h  1 0 - b i t  i n p u t  p a t t e r n s .  I n  t h i s  case v was t a k e n  t o  
b e  0 . 9 .  Random n o i s e  o f  u p t o  20% was t o l e r a t e d .  I n  a l l  
s i m u l a t i o n s ,  d u r i n g  r e c a l l ,  t h e  g a i n  c o n t r o l  mechanism was 
o b s e r v e d  t o  e f f e c t i v e l y  i n c r e a s e  t h e  n o i s e  t o l e r a n c e  of t h e  n e t  
o n c e  s a t u r a t i o n  o f  memory c a p a c i t y  o c c u r r e d .  

6. Discussion and Conclusion 
U n l i k e  p e r c e p t r o n s ,  a n d  m o d e l s  b a s e d  on B a c k p r o p a g a t i o n  C31 

e x e m p l a r s  are l e a r n t  b y  t h i s  n e t  i n  a s i n g l e  t r a i n i n g  cyc le .  The  
n e t  is capable of continuous learning t i l l  s a t u r a t i o n  o f  its 
memory c a p a c i t y  o c c u r s .  I n  i ts  a b i l i t y  t o  s e l f - o r g a n i z e ,  a n d  i n  
t h e  c o m p e t i t i v e  n a t u r e  o f  l e a r n i n g  it is c o m p a r a b l e  t o  t h e  
a d a p t i v e - r e s o n a n c e  mode l s  o f  C a r p e n t e r  a n d  G r o s s b e r g  [4]. Damage 
t o l e r a n c e  o f  memor ie s  c a n  b e  i n c o r p o r a t e d  i f  we p r e s u m e  t h e  
l a t e r a l  i n h i b i t o r y  i n t e r a c t i o n s  t o  b e  s h o r t - r a n g e d .  T h i s  would 
c a u s e  more t h a n  a s i n g l e  n e u r o n  p r e s e n t  o u t s i d e  m u t u a l  i n h i b i t o r y  



r a n g e  t o  s u r v i v e  l a t e r a l  i n h i b i t i o n  t h e r e b y  m e m o r i s i n g  t h e  same 
p a t t e r n .  Though w a s t e f u l  o f  n e u r a l  h a r d w a r e ,  t h i s  k i n d  o f  
r e d u n d a n c y  is b i o l o g i c a l l y  c o n c e i v a b l e .  A n o t h e r  f e a t u r e  o f  t h e  
n e t  is t h a t  i t  may b e  u s e d  f o r  h e t e r o - a s s o c i a t i v e  t a s k s  by  
c l a m p i n g  d e s i r e d  o u t p u t s  a t  t h e  o u t p u t  l a y e r  w h i l e  t h e  c o n n e c t i o n  
w e i g h t s  a re  b e i n g  a d a p t e d .  I n  t h i s  mode i t  would b e  p o s s i b l e  f o r  
t h e  n e t  t o  b e  ' t a u g h t '  c a t e g o r i e s ,  i . e . ,  s e t s  of d i s s i m i l a r  
p a t t e r n s  w h i c h  are  t o  b e  c o n s i d e r e d  e l e m e n t s  o f  some l a rger  
c a t e g o r y .  The  g a i n  c o n t r o l  mechanism w h i c h  becomes  e f f e c t i v e  o n c e  
s a t u r a t i o n  o f  t h e  memory c a p a c i t y  o c c u r s ,  e n s u r e s  t h a t  t h e  n e t  
a l w a y s  r e s p o n d s  t o  a g i v e n  i n p u t  i r r e s p e c t i v e  of w h e t h e r  i t  meets 
t h e  t h r e s h o l d  c r i t e r i a  o r  n o t ,  b y  r e c a l l i n g  t h e  exemplar n e a r e s t  
t o  t h e  i n i t i a l i z a t i o n  [ c . f .  51.  T h i s  n e t  h a s  a c a p a c i t y  wh ich  
s c a l e s  u p  s a t i s f a c t o r i l y  w i t h  i n c r e a s e  i n  t h e  number o f  c e l l s  i n  
t h e  c o m p e t i t i v e  l aye r .  The n e t w o r k  p r e s e n t s  a p o s s i b l e  way o f  
s i m u l t a n e o u s l y  i n c o r p o r a t i n g  b o t h  self-organization and stability 
of m e m o r i e s .  

The l o c u s - a d d r e s s a b i l i t y  o f  memor ie s  s u g g e s t s  i n t e r e s t i n g  
p o t e n t i a l  a p p l i c a t i o n s  o f  t h e  n e t  i n  c o g n i t i v e  m o d e l l i n g .  One o f  
t h e s e ,  of c u r r e n t  i n t e r e s t  t o  u s  is t h e  r e c o g n i t i o n  o f  t e m p o r a l  
s e q u e n c e s  of i n p u t s  a n d  i n c o r p o r a t i o n  o f  c o n t e x t - d e p e n d e n c y  i n  
t h e  r e c a l l  o f  m e m o r i e s ,  b y  u s i n g  a s e c o n d a r y  ' a s s o c i a t i o n '  n e t .  

Appendix A 
The r e q u i r e m e n t  f o r  x t o  be 

f r o m  t h e  f o l l o w i n g ;  F o r  a u n i t  j 
t h e  v a l u e  o f  4 is o b t a i n e d  f r o m  

j 
M 

9j = v j  - Y X V k  , when 
k= 1 
k# j 

I f  4 .  is t o  r e m a i n  p o s i t i v e  t h e n  
J 

l e s s  t h a n  l / (M-1)  c a n  b e  s e e n  
w i t h  t h e  maximum i n i t i a l  o u t p u t ,  
( 3 ) .  S i n c e  Vs= 0 ,  ( 3 )  r e d u c e s  t o  

I becomes  a c t i v e  

M 
v .  > Y E  

k = l  
k# j 

'k J 

R e p l a c i n g  R .H .S  b y  Y (M-1) vkwhere  vk is mean r e s p o n s e  o f  u n i t  k 
w e  see  t h a t  x < ( v j  / vk ) * (1 / (~-1)). S i n c e  v > Tk , < 
1 / ( M - 1 )  s a t i s f i e s  t h e  e q u a t i o n  ( 1 2 ) .  

j 
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