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Summary 

The s h o r t - t e r m memory under c o n s i d e 

r a t i o n d i f f e r s f r o m o t h e r memory sys tems 

o f t h e same s o r t i n s o f a r a s i t has t h e 

f o l l o w i n g p r o p e r t i e s : ( a ) s t o r a g e o f c o 

des i n t h e dynamic memory and a n a l y s i s 

o f codes a r e combined i n t i m e ; ( b ) i n 

f o r m a t i o n i s s t o r e d i n b o t h s t r u c t u r e s 

(dynamic and s t a t i c ) i n a " s q u e e z e d " 

f o r m and t h e degree o f " s q u e e z i n g " d i f 

f e r s f o r dynamic and s t a t i c memor ies : 

( c ) codes may be r e s t o r e d b o t h o u t o f 

dynamic and o f s t a t i c s t o r a g e . 

The model o f memory p roposed i s i n v a 

r i a n t r e l a t i v e t o t h e o b j e c t ' s s i z e and 

t o changes o f t h e o b j e c t ' s p o s i t i o n o n 

t h e p l a n e , t o i t s n e g a t i v e image and t o 

t h e o b j e c t p l a n e t u r n i n g a b o u t . 

The b a s i c r e q u i r e m e n t s p u t t o m e m o r i 

z i n g d e v i c e s o f compute rs a r e t h o s e 

w h i c h p r o v i d e f o r a n i n c r e a s e i n t h e i r 

c a p a c i t y and t he r a p i d i t y o f t h e i r a c 

t i o n . 

The i n c r e a s e i n t h e c a p a c i t y o f t h e 

m e m o r i z i n g d e v i c e l e a d s now to a r e d u c 

t i o n i n t h e r a p i d i t y o f i t s a c t i o n a s 

t h e t i m e needed t o f i n d o b j e c t s o f i n 

f o r m a t i o n a t l a r g e i n c r e a s e s and s o does 

t h e a d d r e s s i n g p a r t o f t h e code - d e s 

c r i p t o r . Hence, r e q u i r e m e n t s p u t t o me

m o r i z i n g d e v i c e s w h i l e e l a b o r a t i n g new 

c o m p u t i n g sys tems , i . e . , g r e a t e r c a p a c i 

t y and g r e a t e r r a p i d i t y o f a c t i o n a r e 

e s s e n t i a l l y m u t u a l l y c o n t r a d i c t o r y . H u 

man memory b y f a r e x c e l s t h e b e s t a r t i 

f i c i a l s t o r i n g d e v i c e s i n s o f a r a s f l e 

x i b i l i t y , c a p a c i t y , t h e r a p i d i t y o f t h e 

s e l e c t i o n o f i n f o r m a t i o n a r e c o n c e r n e d . 

T h i s c o n t r a d i c t i o n makes i t n e c e s s a 

r y t o s y n t h e e i s e new m e m o r i z i n g d e v i c e s 

o n b i o n i c p r i n c i p l e s , i . e . o n t h e b a s i s 

o f human memory and s t u d i e s o f h i g h e r 

a n i m a l s , and t o t r a n s f e r c o r r e s p o n d i n g 

p r i n c i p l e s and r e g u l a r i t i e s t o i n f o r m a 

t i o n s t o r a g e t e c h n i q u e s . U n l i k e memory 

b l o c k s i n compute rs w h i c h p r o v i d e f o r a 

c l e a r u n d e r s t a n d i n g o f t h e mechanisms 

and p r i n c i p l e s o f i n f o r m a t i o n s t o r a g e , 

mechanisms and p r i n c i p l e s of how memory 

works w i t h man and a n i m a l s have been b u t 

v a g u e l y s t u d i e d so f a r and t h e way t h e y 

p r o c e s s i n f o r m a t i o n may be su rm ised o n 

l y t h r o u g h a s e r i e s o f i n d i r e c t i n d i c e s 

and a l m o s t e x c l u s i v e l y by way o f compa

r i s o n o f t h e t i m e - s p a c e d i s t r i b u t i o n o f 

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

and o u t p u t s o f t h e s y s t e m . 

These p r o c e s s e s d i f f e r one f r o m t h e 

o t h e r i n s o f a r a s t h e manner f o r t h e 

s t o r a g e o f i n f o r m a t i o n (neurodynamic 

p r o c e s s and s t a b l e s t r u c t u r a l c h a n g e s ) , 

t h e t i m e o f i t s s t o r a g e ( h o u r s and l i f e 
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t i m e ) and t h e t y p e o f t h e agen t d e s t r o y 

i n g t r a c e s a r e c o n c e r n e d . T h i s i n v e s t i 

g a t i o n pu rsues t h e f o l l o w i n g t a s k s , ( a ) 

The f o r m a l i s a t i o n o f t h e ma in p h y s i o l o 

g i c a l and p s y c h o l o g i c a l d a t a p r o c e e d i n g 

f r o m mechanisms o f f u n c t i o n i n g and p r o 

p e r t i e s o f s t r u c t u r a l e lemen ts o f t h e 

o p e r a t i v e ( s h o r t - t e r m ) human memory, ( b ) 

The c o n s t r u c t i o n ( s y n t h e s i s ) o f a m a t h e 

m a t i c a l model o f t h e s h o r t - t e r m memory 

ou t o f n e u r o n - l i k e l o g i c a l e l emen ts , a 

model w h i c h would n o t c o n t r a d i c t p s y c h o 

l o g i c a l and p h y s i o l o g i c a l d a t a , ( c ) A n 

a n a l y s i s o f t h e work o f t h e model i n s y 

stems f o r r e c o r d i n g , s t o r a g e and r e p r o 

d u c t i o n o f i n f o r m a t i o n , ( d ) A compar i son 

o f p r o p e r t i e s o f t h e model o f f e r e d w i t h 

t h e memory o f l i v i n g systems by some p a 

r a m e t e r s . 

C e r t a i n p r i n c i p l e s o f p r o c e s s i n g i n 

f o r m a t i o n i n human s h o r t - t e r m memory a r e 

used i n t h e m o d e l : t h e t r a n s f e r o f t h e 

i n f o r m a t i o n a r r i v i n g a t t h e i n p u t s u c 

c e s s i v e l y t o s p a t i a l d i s t r i b u t i o n o f 

t r a c e s , t h e c o m b i n a t i o n o f t h e p rocess 

o f a n a l y s i s and t h a t o f s t o r a g e , t h e 

s t o r a g e o f i n f o r m a t i o n i n a squeezed 

f o r m , w h i c h enab les one t o g e n e r a l i z e i t 

I n t h e model under i n v e s t i g a t i o n t h e 

t h e i n f o r m a t i o n a r r i v i n g a t t h e i n p u t o f 

s h o r t - t i m e memory (SM) i s s t o r e d s u c c e s 

s i v e l y i n two d i f f e r e n t f o r m s : f i r s t , a s 

s t r u c t u r e , t h e n a s a s t a t i c d i s t r i b u t i o n 

o f s p a t i a l p r o p e r t i e s o f t h e neu ron 

s t r u c t u r e . The s i z e o f i n f o r m a t i o n i n 

t he dynamic f o r m o f s t o r a g e i s l i m i t e d . 

The s i z e of SM as to t h e number of 

s t r u c t u r a l e lements i s a l s o l i m i t e d . 

The p e r i o d o f f i x a t i o n o f i n f o r m a t i o n 

ove r o t h e r i n f o r m a t i o n may be i n t r o d u c e d 

i n SM, t h e i n f o r m a t i o n i n t he dynamic 

f o r m o f s t o r a g e b e i n g e r a s e d . I n f o r m a 

t i o n a r r i v e s a t t h e i n p u t o f t h e SM mo

d e l f r o m o u t p u t s o f r e c e p t i v e and p r o 

c e s s i n g neurons ( w h i c h p i c k ou t s i g n s 

o f t h e o b j e c t and f o r m t h e p r i m a r y and 

secondary codes ) s u c c e s s i v e l y i n t i m e . 

S imp le a r b i t r a r y g e o m e t r i c a l f i g u r e s 

were chosen as o b j e c t s b e a r i n g i n f o r m a 

t i o n w h i c h e n t e r s SM m o d e l . Each f i g u r e 

is a c l o s e d b roken l i n e - c o n t o u r o f a 

p o l y g o n . The b roken l i n e c o n s i s t s o f 

segments w i t h t h e l e n g t h o f 1 and 

( t h e s i d e and t h e d i a g o n a l o f a s q u a r e ) . 

Con t i guous segments o f t h e broken l i n e 

f o r m a n g l e s o f 4 5 ° , 90° and 1 3 5 ° . A l l 

t h e f i g u r e s a r e s u b d i v i d e d i n t o r a n k s 

a c c o r d i n g t o t h e number o f t h e i r apexes . 

The r u l e o f p o l y g o n a n g l e e v a l u a t i o n 

may be a l s o f o r m u l a t e d as f o l l o w s : i n 

case o f c l o c k w i s e t r a j e c t o r y o f eye -

t r a c k i n g sys tem w h i l e t r a c k i n g t h e p o l y 

gon a n g l e , t h e i n t e r i o r a n g l e o f t h e p o 

l y g o n must b e e v a l u a t e d : i n case o f c o u n -

a dynamic p r o c e s s on a c e r t a i n neu ron t e r - c l o c k w i s e t r a j e c t o r y , t h e e x t e r i o r 
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a n g l e o f t h e p o l y g o n must be e v a l u a t e d . 

The i n t e r v a l i s coded a s one , i f i t i n 

c l u d e s t h e a n g l e o f 135° and a s z e r o i f 

t h e v a l u e o f t h e a n g l e i s 45 ° o r 9 0 ° . 

W h i l e c o d i n g , t h e f i g u r e c o n t o u r t r a c k 

i n g i s pe r fo rmed c l o c k w i s e and may b e g i n 

a t any a r b i t r a r y p o i n t . One may assume 

t h a t i n some sense t h e codes o f t h e f i 

gu res under c o n s i d e r a t i o n c h a r a c t e r i z e 

t h e s u c c e s s i o n o f c o n c a v i t i e s and c o n 

v e x i t i e s o f t h e i r c o n t o u r s . 

One more c l a s s o f f i g u r e s i s used as 

t h e i n p u t o b j e c t s . These f i g u r e s a r e 

c o n s t r u c t e d l i k e t h i s . Some s i d e s in a 

" r i g h t " p o l y g o n a r e changed t o h a l f - c i r 

c l e s ( c i r c u m f e r e n c e s ) . These h a l f - c i r 

c l e s a r e c o n s t r u c t e d o n r e s p e c t i v e s i d e s 

o f t h e p o l y g o n , t h e l a t t e r b e i n g t h e i r 

d i a m e t e r s . The f i g u r e s o b t a i n e d c o n t a i n 

b o t h s t r a i g h t and c u r v e d s i d e s . A l l t h e 

f i g u r e s a r e s u b d i v i d e d i n t o r a n k s a c 

c o r d i n g t o t h e number o f t h e i r s i d e s . 

F i g . 1,A shows one f i g u r e s o f r a n k s V , V 1 

and t h e i r codes . The c u r v e d s i d e i s c o 

ded as one, t h e s t r a i g h t one i s coded as 

z e r o . The o n l y b i n a r y s u c c e s s i o n c o r r e s 

ponds t o eve ry f i g u r e o f t h i s c l a s s . 

The s i m p l e s t l i n e a r u n i f o r m c i r c u i t 

w i t h o u t r a m i f i c a t i o n s c o n s i s t i n g o f mo

d e l s o f neurons i s used i n t h e model u n 

d e r i n v e s t i g a t i o n a s a s t r u c t u r e t o s t o 

r e i n f o r m a t i o n i n t h e dynamic f o r m . T h i s 

s t r u c t u r e i s c a l l e d t h e ma in c h a i n (MC). 

P i g . 1 , A . D i f f e r e n t r a n k ( M = 5 , 6 , 7 , 8 ) f i 

gu res and c o r r e s p o n d i n g c o d e s . B, Rank 

M=8 f i g u r e s o f a n o t h e r c l a s s and c o r r e s 

p o n d i n g c o d e s . 

MC is composed o f s u c c e s s i v e l y c o n 

n e c t e d o n - o f f neurons w i t h one i n p u t 

( n=1 ) w i t h o u t memory ( s = 1 ) and t h r e 

s h o l d m=1 ( P i g . 2 ) . The e q u a t i o n o f t h e 

e lement m i s as f o l l o w s : 

p ( t + 1 ) = f i f leCt+l) - e ( t ) | - m ( t ) ] , 



Session No. 4 Associative and Adaptive Models 133 

a n o b j e c t , t h e n a t u r e o f t h e s i g n b e i n g 

de 

The s t o r a g e o f t h e i n p u t code i n t he 

dynamic f o r m i s compared w i t h t h e s t a t e 

o f t h e e lements composing MC a t t h e g i 

ven moment o f t ime w h i c h i s c o n d i t i o n e d 

b y t h e t y p e o f t he i n p u t code and i t s 

t r a n s f o r m a t i o n on every neu ron o f MC. 

A s e p a r a t e symbol o f t he o u t p u t code 

o f eve ry neu ron i s d e t e r m i n e d a t a c e r 

t a i n moment as modulo 2 sum of t h e i n p u t 

symbol f o r t h i s neuron a t t h e t a c t (mo

men t ) under c o n s i d e r a t i o n and t h e one 

p r o c e e d i n g t o i t . The v a l u e o f t h e o u t 

p u t symbol o f any neu ron in t h e MC d e 

pends o n t h e s t r u c t u r e o f t h e c h a i n N e 

u r o n number) and on t h e symbols o f t h e 

i n p u t sequence. 

I n s p i t e o f t h e f a c t t h a t a l l t h e n e u 

r o n s compos ing t he MC a r e i d e n t i c a l each 

o f them " p i c k s o u t " a d e f i n i t e s i g n o f 

b y t he neuron number, i . e . , 

w i t h t h e ar rangement o f t h e MC l i k e t h i s 

t h e d i v i s i o n o f t h e f u n c t i o n s o f t h e a n a 

l y s i s o f t h e o b j e c t ' s code a l o n g the 

c h a i n t a k e s p l a c e . 

The o u t p u t sequence of a MC neu ron 

i s d e t e r m i n e d a t t h e g i v e n moment by 

s t a t e s o f c e r t a i n n e u r o n s , n o t b y those 

o f a l l o f them. I t has been shown t h a t 

t h e t o t a l amount o f neurons whose s t a t e 

d e t e r m i n e s t h e o u t p u t sequence o f eve ry 

neu ron i s a lways e v e n , and t he numbers 

o f these neurons a r e s y m m e t r i c a l w i t h 

r e s p e c t t o t h e m i d d l e o f t h e c h a i n . W h a t 

ever t h e number o f neurons in t h e MC, 

t h e v a l u e o f t h e o u t p u t symbol o f t he 

n neu ron n e c e s s a r i l y depends at any 

moment o n t h e s t a t e o f t h e f i r s t neu ron 

n t a c t s back f r o m t h e moment under c o n -

s i d e r a t i o n and on t h a t o f t h e n n e u 

r o n a t t he g i v e n moment. I t has been r e 

v e a l e d t h a t t h e v a l u e o f t h e o u t p u t sym

b o l o f any neu ron o f t h e MC is connec ted 

w i t h t he number o f u n i t s i n t h e row o f 

t h e so c a l l e d r e s i d u e modulo 2 t r i a n g l e 

where t h e row number n i s e q u a l to t h a t 

o f t h e g i v e n n e u r o n ( P i g . 3 ) . 

P r o p e r t i e s of t h e MC as a who le s h a r p 

l y change when i t s l e n g t h i s changed b y 

a u n i t , e s p e c i a l l y b y t r a n s i t i o n f r o m 

one l a y e r o f t h e r e s i d u e modulo 2 t r i 

a n g l e t o a n o t h e r . 
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F i g . 3 A r e s i d u e modulo 2 t r i a n g l e . 

A l l t he i n p u t sequences f o r t h e MC 

can be s u b d i v i d e d i n t o two c a t e g o r i e s 

( a c c o r d i n g t o t r a n s f o r m a t i o n i n MC c h a 

r a c t e r ) ( F i g . 4 ) . n o n - z e r o and z e r o ones . 

A z e r o sequence i s an i n p u t s u c c e s s i o n 

w h i c h upon e n t e r i n g t h e i n p u t o f t h e MC 

a t a c e r t a i n moment o f t i m e w i l l p r o d u 

ce an o u t p u t s u c c e s s i o n i n a d e f i n i t e 

number o f t a c t s a f t e r t h i s moment c o n 

s i s t i n g o f ze roes o n l y ( 0 0 0 . . . . 0 ) . I f a 

ze ro sequence (ZS) e n t e r s t he i n p u t o f 

t he MC, t he i n f o r m a t i o n i t i s b e a r i n g 

w i l l n o t g o f u r t h e r t h a n a c e r t a i n n e u 

r o n , i n o t h e r w o r d s , t h e MC o f a d e f i n i 

t e l e n g t h appears t o b e " t u n e d " t o a 

c l a s s o f ze ro sequences, c o r r e s p o n d i n g 

t o i t s l e n g t h , t h e t u r n i n g b e i n g meant 

as t h e p r o p e r t y of t he MC to s tem codes 

o f a c e r t a i n s t r u c t u r e . T h i s s t r u c t u r e 

i s d e t e r m i n e d by t h e number o f r a n k s 

i n case o f t he dynamic s t o r a g e , i n 

f o r m a t i o n o f t h e o D j e c t s w h i c h have z e 

ro codes c o r r e s p o n d i n g t o them does n o t 

r e a c h t h e o u t p u t o f t h e MC. 

F i g . 4 ( a ) Zero ( l e f t ) and n o n - z e r o 

( r i g h t ) code t r a n s f o r m a t i o n dynamic p r o 

c e s s : M - a q u a n t i t y of code r a n k s , P -

a q u a n t i t y o f u n i t e in t h e code , N - a 

number o f c h a i n n e u r o n s , ( b ) Non

z e r o code t r a n s f o r m a t i o n dynamic p rocesB 

f o r codes o f r a n k s M = 5 , 6 , 7 . 

Zero sequences a r e a r e g u l a r sys tem -

a c o n v e r g i n g t r e e , e v e r y apex o f w h i c h 

and t h e law o f o n e - z e r o a l t e r a t i o n . T h u s , c o r r e s p o n d s to one c l a s s o f t he ZS e q u i -
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v a l e n c e . One c l a s s o f t h e e q u i v a l e n c e 

compr i ses sequences o b t a i n e d w h i l e t r a 

c i n g one and t h e same f i g u r e , s t a r t i n g 

p o i n t s o f t he t r a c i n g b e i n g d i f f e r e n t . 

Every edge o f t h e t r e e c o r r e s p o n d s to a 

t r a n s f o r m a t i o n in one MG neu ron of a c e r 

t a i n i n p u t sequence s i t u a t e d ( p l a c e d ) i n 

t he apex , whence t h e edge i s s u e s i n t o a 

s u c c e s s i o n o n i t s o u t p u t s i t u a t e d i n t he 

apex where t h e edge e n t e r s . P i g . 5 shows 

a n - r a n k t r e e o f t h e ZS ( n = 8 ) . Laye rs 

s i m i l a r t o t hose i n t he r e s i d u e modulo 2 

t r i a n g l e can b e d i s t i n g u i s h e d i n i t . The 

t r e e o f ze ro sequence i s d i cho tomous e x 

c e p t f o r b o r d e r s between l a y e r s . 

F i g . 5 A z e r o - c o d e t r a n s f o r m a t i o n t r e e 

and c o r r e s p o n d i n g f i g u r e t r a n s f o r m a t i o n 

t r e e . 

Sequences w i t h equa l s u b p e r i o d s a r e 
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s i t u a t e d i n a l l t h e apexes o f one l a y e r . 

I f one d i s t i n g u i s h e s t h r e e s u c c e s s i v e 

l a y e r s i n t h e Z S t r e e , t he p e r i o d o f 

ZSs s i t u a t e d i n t he upper l a y e r i s t w i 

ce as g r e a t as t h a t o f ZSs s i t u a t e d i n 

t h e m i d d l e l a y e r . 

Movement a l o n g t h e edges of t he code 

t r e e f r om a c e r t a i n apex o f t he n rank 

towards t h e apex o f t h e t r e e co r responds 

t o t h e i n d i c a t e d s i m p l e t r a n s f o r m a t i o n 

o f t h e i n p u t sequence s i t u a t e d i n t h i s 

apex d u r i n g i t s passage t h r o u g h o n - o f f 

neurons f r o m t h e f i r s t towards t he n 

one w h i c h w i l l have a sequence c o n s i s t 

i n g o f ze ros o n l y a t i t s o u t p u t . 

I f one examines t h e o u t p u t sequence 

o f any neu ron o f t h e MC t h e t r e e o f z e 

r o sequences w i l l h e l p a s c e r t a i n what 

sequence t h e g i v e n sequence w i l l t u r n 

i n t o a f t e r b e i n g t r a n s f o r m e d o n subse 

quent neurons o f t he ma in c h a i n , b u t 

t h e r e i s no d i r e c t and s i m p l e answer as 

t o t r a n s f o r m a t i o n o f what i n p u t sequen

c e r e s u l t s i n i t . I n case i n p u t codes 

w i t h t h e p e r i o d n o t e q u a l t o a power o f 

two ( n o n - z e r o codes ) pass t h r o u g h t h e 

MG no neu ron w i l l y i e l d a sequence c o n 

s i s t i n g o f ze ros o n l y . 

I n case i n p u t n o n - z e r o codes pass 

t h r o u g h t he ma in c h a i n , a g roup o f s u c 

c e s s i v e l y connec ted neurons may be 

p i c k e d ou t o f t h e c h a i n o f n e u r o n s . A 

p e r i o d i c p r o c e s s o f code t r a n s f o r m a t i o n 
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w i t h a p e r i o d o f 0 neurons deve lops w i 

t h i n t h e g roup ( F i g . 4 ) . Number 0 as a 

c h a r a c t e r i s t i c o f t n e t r a n s f o r m a t i o n o f 

t h e i n p u t codes e s s e n t i a l l y depends o n 

t h e p e r i o d o f t h e code , n o t o n t h e t y p e 

o f i t , Examples o f how v a r i o u s t y p e s o f 

t he i n p u t sequences a r e t r a n s f o r m e d a r e 

g i v e n i n f i g u r e 4 , b . 

T r a n s f o r m a t i o n o f n o n - z e r o codes i s 

a l s o a r e g u l a r sys tem w h i c h may be p r e 

sented as a g r a p h h a v i n g b o t h c y c l e s and 

a n a c y c l i c a l p a r t ( P i g . 4 , b ) . 

The knowledge o f laws o f g r a p h f o r m a 

t i o n enab les one t o c a l c u l a t e t h e m i n i 

mum l e n g t h of t h e MC on w h i c h t h e f u l l 

a n a l y s i s o f t h e i n p u t code s i g n s t a k e s 

p l a c e (code pa rame te rs g i v e n ) and t o d e 

t e r m i n e t he numbers o f t h e neurons on 

w h i c h t h e i n p u t code appea r , w h i c h 

i s o f i m p o r t a n c e f o r t h e d e t e c t i o n and 

e l i m i n a t i o n o f d i s t u r b a n c e s i n t h e shape 

o f c a s u a l code d i s t o r t i o n s i n t h e ma in 

c h a i n . The ma in c h a i n may be compared 

w i t h a s e t o f f i l t e r s i n w h i c h t h e v a r i e 

t y o f p r o p e r t i e s o f eve r y f i l t e r i s c o n 

n e c t e d w i t h t h e number o f t h e c o r r e s 

pond ing neu ron i n t h e c h a i n . 

The f i g u r e s of t h e same r a n k may be 

compared a c c o r d i n g t o t h e number 

of connec ted s u c c e s s i v e l y MC neurons in 

w h i c h t h e n o n - p e r i o d i c p r o c e s s o f code 

t r a n s f o r m a t i o n d e v e l o p s . Le t u s c a l l 

r i s t i c ( o f t h e f i g u r e ) - SC. 

Codes w i t h t h e i n n e r s u b p e r i o d s c o r 

respond t o f i g u r e s w i t h p e r i o d i c p r o p e r 

t i e s . The t r a n s f o r m a t i o n o f such codes 

i n t h e s u b m i t t e d model o f S M i s c h a r a 

c t e r i z e d by a s m a l l e r SC v a l u e . Bes ides 

t h i s , t h e s h o r t e r t h e code s u b p e r i o d 

( w i t h t h e r a n k unchanged ) , t h e s m a l l e r 

t he SC v a l u e . Thus , r e c o r d i n g and a n a 

l y s i n g o f a code w i t h i n n e r s u b p e r i o d s 

i n t h e dynamic and s t a t i c memory r e q u i 

r e l e s s t i m e and l e s s s t r u c t u r a l e l e 

ments (neu rons of t h e MC and those of 

t he s t a t i c memory) t h a n t h e i d e n t i c a l 

p rocesses f o r t h e f i g u r e s w i t h n o n - p e 

r i o d i c p r o p e r t i e s . 

The p e r c u l i a r i t y o f p e r i o d i c f i g u r e 

code t r a n s f o r m a t i o n i n t h e g i v e n model 

of SM may be compared w i t h t h e p e r c u l i a -

r i t y o f p e r c e p t r o n , s t o r a g e and r e c o g n i 

t i o n o f t h e s o c a l l e d " g o o d " f i g u r e s 

( P i g . 1 ) . These a r e known t o i n c l u d e sym

m e t r i c a l , a n d , p a r t i c u l a r l y , t he f i g u r e s 

w i t h p e r i o d i c p r o p e r t i e s b e l o n g i n g t o 

" g o o d " ones . 

F i g u r e s i n f i g . 1 , B a r e d i v i d e d i n t o 

" g o o d " ( a - d ) and " n o t g o o d " ( e - 1 ) i n a c 

cordance w i t h p resence o r absence o f p e 

r i o d i c p r o p e r t i e s . I t t a k e s o n l y one MC 

neu ron and one c o r r e s p o n d i n g g roup o f 

t he s t a t i c memory neu rons f o r f i g u r e a 

code a n a l y s e s , two MC neurons f o r f i g u r e 

t h i s number code t h e s t r u c t u r a l c h a r a c t e - b code a n a l y s e s , t h r e e and f o u r MC n e u -



Session No. 4 Associative and Adaptive Models 137 

r o n e f o r p o l y g o n c and code a n a l y s e s bu t 

s e v e n - e i g h t MC neurone f o r p o l y g o n s e - 1 

must b e p u r i f i e d b e f o r e i n t r o d u c i n g t h e 

new code . That i s why the r e s u l t s o f t he 

code a n a l y s e s . a n a l y s e s necessary t o t h e o rgan ism i n 

Thus t h e b e t t e r t h e f i g u r e t h e l o w e r t h e f u t u r e , shou ld b e t r a n s f e r r e d f r o m 

i t s S C v a l u e , w h i c h r e s u l t s i n d e t e r m i - dynamic s t o r i n g i n t o a s t a t i c one 

n i n g t h e n u m e r i c a l e v a l u a t i o n o f good f i 

gu re p r o p e r t i e s . 

The p rocess o f t h e passage o f t h e v i 

s u a l o b j e c t ' s code t h r o u g h t h e MC is com

pa red w i t h t h e s t o r a g e o f i n f o r m a t i o n i n 

t h e dynamic f o r m . L e t us assume t h a t b e 

f o r e t h e f o l l o w i n g sequence a r r i v e s t h e 

ma in c h a i n w i l l c o m p l e t e l y p u r i f y . The 

s t a t e of t h e MC can be c h a r a c t e r i s e d by 

a c e r t a i n r e c t a n g u l a r t a b l e , each l i n e 

o f w h i c h co r responds t o t h e code a t t h e 

o u t p u t of a MC neu ron at v a r i o u s moments 

w h i l e a co lumn c o r r e s p o n d s t o s t a t e s o f 

t he o u t p u t of MC neurons at one and t h e 

same moment. I f s t a t e s o f o u t p u t s o f t he 

i n i t i a l k -neu rons a t t k moment a r e known, 

t he i n p u t code can b e r e s t o r e d , i . e . , i f 

e lements of t h e k co lumn 

t h e l e n g t h o f t h e MC) a r e known, t h e z e 

r o l i n e ( i n p u t sequence) can b e d e t e r m i 

n e d . A l g o r i t h m o f t h e code r e s t o r a t i o n 

ou t o f t h e dynamic s t o r a g e can b e r e a l i 

zed by a ne twork c o n s i s t i n g o f t h e n o v e l 

ty ( H ) and t h e summar iz ing ( Z ) n e u r o n s . 

E q u a t i o n s o f t hese t ypes o f neurons a r e 

shown in f i g . 6 . The e lements of MC do 

n o t possess memory, and t h e i r p o s s e s s i n g 

i t i s n o t e x p e d i e n t , s i n c e t h e c h a i n 



138 Session No. 4 Associative and Adaptive Models 

The model o f s t r u c t u r e o f s t a t i c s t o 

r i n g i s a n e t w o r k , c o n s i s t i n g o f g roups 

o f n e u r o n - l i k e e l e m e n t s , e q u a l b o t h i n 

c o m p o s i t i o n and i n s t r u c t u r e . The number 

o f such g roups c o r r e s p o n d s to t h e number 

o f o n - o f f neurons i n t he c h a i n . Each 

g roup has e lemen ts t o d i s t i n g u i s h c e r 

t a i n k i n d s o f s i t u a t i o n s i n t h e i n p u t 

code of t h e c o r r e s p o n d i n g neu ron of MC 

( i n d i c a t o r s ) , and e lement a c c u m u l a t i n g 

i n f o r m a t i o n o f t h e number o f r e p e t i t i o n s 

o f t hese s i t u a t i o n s ( c o u n t e r s ) f i g . 2 , o . 

Thus each g roup a n a l y s e s t h e i n p u t code 

of one n e u r o n of MC and s t o r e s a c e r t a i n 

k i n d o f i n f o r m a t i o n o f t h i s code , and 

may be compared w i t h s t a t i c memory of 

each e lement o f t h e s t r u c t u r e o f dynamic 

memory. 

By code s i t u a t i o n we meen a p a i r of 

b i n a r y symbols c o r r e s p o n d i n g t o t h e v a 

l u e s o f t h e n e i g h b o u r i n g p o s i t i o n s o f 

t he c o d e , For a n a l y s i s and s t o r i n g i n 

s t a t i c memory t h r e e t y p e s o f code s i t u a 

t i o n s a t t he i n p u t o f each o n - o f f neu ron 

of MC a r e chosen : 1) 00 is t h e absence 

o f s i g n a l d i f f e r e n c e i n t h e absence o f 

t hese i n t h e n e i g h b o u r i n g measures o f t i 

m e ( s i t u a t i o n ) - 2 ) 0 1 o r 1 0 i s s i g 

n a l d i f f e r e n c e ( s w i t c h o n - s w i t c h o f f 

t y p e - s i t u a t i o n ) : 3 ) absence o f s i g 

n a l d i f f e r e n c e i n t h e i r p resence d u r i n g 

t h e n e i g h b o u r i n g measures o f t i m e ( s i t u a 

t i o n 

The code a r r i v i n g a t t h e i n p u t o f any 

neu ron o f M C a r r i v e s s i m u l t a n e o u s l y a t 

t h e i n p u t s o f t h e t h r e e e lemen ts o f s t a 

t i c memory, one o f them r e s p o n d i n g t o 

s i t u a t i o n t h e o t h e r d o i n g so t o , 

t h e t h i r d t o ( F i g . 2 , b ) . The model o f 

neu ron i d e n t i t y i n t i m e r e a c t i n g 

o n l y t o t h e absence o f s i g n a l s a t i t s 

i n p u t a t two s u c c e s s i v e i n s t a n t s i s used 

a s t h e f i r s t e l e m e n t . The o n - o f f neu ron 

w i t h o u t memory s i m i l a r t o a n e lement o f 

MC i s t a k e n as t h e second e lement w h i l e 

t h e model o f n e u r o n i d e n t i t y i n t i m e T t t 

r e s p o n d i n g o n l y t o t h e c o n t i n u o u s s i g 

n a l a t i t s i n p u t d u r i n g two s u c c e s s i v e 

measures o f t i m e i s t a k e n a s t h e t h i r d 

one . The o u t p u t o f each o f t h e t h r e e 

d e s c r i b e d e l e m e n t s , a n a l y s i n g t he code 

s i t u a t i o n a t t h e i n p u t o f some o n - o f f 

neu ron o f MC, i s bound t o t h e i n p u t o f 

t h e c o r r e s p o n d i n g e l e m e n t - c o u n t e r 

a c c u m u l a t i n g and s t o r i n g i n f o r m a t i o n o f 

t h e number o f s i t u a t i o n s o f t h e g i v e n 

t y p e i n t h e i n p u t code o f t h i s n e u r o n . 

E q u a t i o n s o f neu rons o f t h e t y p e s 

a r e g i v e n i n t h e f i g . 6 . Thus t h e 

s t a t i c memory o f e v e r y neu ron o f MC i n 

c l u d e s t h r e e a n a l y s i n g e lemen ts w i t h o u t 

memory and t h r e e a c c u m u l a t i n g e lemen ts 

w i t h i t . 

I f we t a k e t h e s t a t i c memory o f one 

n e u r o n o f MC as an e lement o f t h e s t r u c 

t u r e o f s t a t i c s t o r i n g , t h i s s t r u c t u r e 
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w i l l b e u n i f o r m i n i t s o r i g i n a l s t a t e . 

W h i l e t h e code o f an o b j e c t passes 

t h r o u g h MC and undergoes dynamic changes , 

t h e s t r u c t u r e o f s t a t i c s t o r i n g becomes 

n o n - u n i f o r m , w h i l e i n f o r m a t i o n o f code 

s i t u a t i o n s i s b e i n g a c c u m u l a t e d . A r r i v a l 

o f t h e code o f t h e f o l l o w i n g o b j e c t w i l l 

f i n d MC in t h e same s t a t e , as t h e p r e 

v i o u s one. But t h e s t a t i c memory w i l l b e 

i n a rew s t a t e by t h i s moment. 

A c c u m u l a t i n g e lements b e i n g n o t u n i 

f o r m l y d i s t r i b u t e d i n space c o r r e s p o n d s 

t o t h e i r b e i n g n o t u n i f o r m i n t i m e . T h i s 

absence o f u n i f o r m i t y may be observed a t 

t h e i n p u t o f each e lement o f t h e dynamic 

s t r u c t u r e . Presence and measure o f t h i s 

co r respondence d e t e r m i n e s b o t h t h e v e r y 

p o s s i b i l i t y and exac tness o f r e s t o r i n g 

o f t h e code o f a n o b j e c t b y i t s t r a c e s 

i n s t a t i c memory. 

Wh i l e t h e code passes t h r o u g h MC, t r a 

ces o f t he i n p u t code o f these e lements 

a r e i m p r i n t e d i n t h e s t a t i c memory o f 

eve ry n e u r o n : e l e m e n t s - c o u n t e r s accumu

l a t e and s t o r e i n f o r m a t i o n o f t h e number 

o f p a i r - z e r o e s , p a i r - u n i t s and t r a n s i 

t i o n s f r o m ze ro t o u n i t and f r om u n i t t o 

z e r o . A f t e r t h e code o f a n o b j e c t has 

c o m p l e t e l y passed t h r o u g h a l l t h e n e u 

r o n s o f MC, t h e p r o p e r t i e s o f s t a t i c me

mory c o u n t e r s r e f l e c t t h e g e n e r a l number 

o f s i t u a t i o n s i n t h e f o r m e r 

codes; b e s i d e s t h i s some i n f o r m a t i o n o f 

t he o r d e r o f a l t e r a t i o n s o f t h e t h r e e 

t ypes o f code s i t u a t i o n s i s l o s t i n t r a n 

s f e r r i n g t h e codes f r o m dynamic i n t o s t a 

t i c s t o r i n g . 

T h i s means t h a t i d e n t i c a l t r a c e s a r e 

l e f t b y t h e codes o b t a i n e d i n t r a c k i n g 

t h e c o n t o u r o f one and t h e same o b j e c t 

s t a r t i n g f r o m d i f f e r e n t p o i n t s o f i t , 

B e s i d e s , s i m i l a r t r a c e s i n s t a t i c memo

r y a r e l e f t b y d i f f e r e n t o b j e c t s , t h e 

codes of w h i c h have t he same number of 

s i t u a t i o n s • The codes of such 

o b j e c t s w i l l b e c a l l e d e q u i v a l e n t . 

Thus, t h e a l g o r i t h m o f r e s t o r a t i o n i s 

e s s e n t i a l l y r e c u r r e n t , t h e maximum num

ber o f s tages be i ng equa l t o t h e number 

o f e lemen ts i n t h e ma in c h a i n . The a l g o 

r i t h m o f r e s t o r a t i o n enab les one t o com

pa re t he t e s t code w i t h i n f o r m a t i o n i n 

memory w i t h any degree o f a c c u r a c y w h i c h 

i s d e t e r m i n e d b y t h e chosen number o f 

s t ages o f t h e a l g o r i t h m o f r e s t o r a t i o n 

t h a t a r e u s e d . 


