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A number or s p e c i f i c model e x a m p l -
es show t h a t t h e i n t r o d u c t i o n o f n o n u n i -
f o r m i t y o f any k i n d i n t o a c o l l e c t i v e o f 
a u t o m a t a i m p l e m e n t i n g a common t a s k may 
r e s u l t i n i m p r o v i n g t h e b e h a v i o u r o f t h e 
e n t i r e c o l l e c t i v e - Ways o f i n t r o d u c i n g 
s u c h p u r p o s e f u l n o n u n i f o r m i t y a r e d i s c u s ­
s e d . 

I n t r o d u c t i o n 

I n m i d - f i f t i e s I . M . G e l ' f a n d a n d M.L, 
T s e t l i n have f o r m u l a t e d a h y p o t h e s i s 
t h a t complex f o rms o f b e h a v i o u r obse rved 
may be e x p l a i n e d by t h e i n t e g r a t e d a c ­
t i v i t y o f a s e t o f s y b s y s t e m s , each b e -
i n s l o c a l b y i t s n a t u r e and h a v i n g l i m i -
t e d i n f o r m a t i o n o n t h e t a s k o f t h e w h o l e 
s y s t e m . T h i s h y p o t h e s i s has s e r v e d as a 
c o r e f o r a number o f c o l l e c t i v e b e h a v i ­
o u r models i n w h i c h the r o l e o f l o c a l 
subsys tems was p l a y e d by d e t e r m i n i s t i c 
o r n o n p r o b a b i l i s t i c f i n i t e a u t o m a t a . The 
c h o i c e o f s u c h subsys tems was d i c t a t e d 
b y t h e r e s u l t s o b t a i n e d b y M.L. T s e t l i n 
and h i s s c h o o l . They have shown t h a t i n 
a s t a t i o n a r y random a r r a y s u c h au tomata 
p r o v i d e p u r p o s e f u l b e h a v i o u r and t h a t 
unde r u n r e s t r i c t e d i n c r e a s e o f t h e i r me­
mory d e p t h t h e b e h a v i o u r o f each s u b s y s ­
tem becomes a s y m p t o t i c a l l y o p t i m a l [ 1 ] . 
In many cases o f n o n s t a t i o n a r y random ar­
r a y t h e p r o b a b i l i s t i c au tomata w i t h r e ­
o r g a n i s i n g s t r u c t u r e a l s o p r o v i d e good 
b e h a v i o u r w i t h a p r i o r i i g n o r a n c e o f t h e 
a r r a y p r o p e r t i e s [ 2 ] . I n [ 1 ] and [ 2 ] 
d e s i g n s o f numerous au tomata p r o v i d i n g 
p u r p o s e f u l b e h a v i o u r and models o f c o l ­

l e c t i v e b e h a v i o u r o f a u n i f o r m c o l l e c t ­
i v e o f s u c h au tomata a r e d e s c r i b e d . 

The u n i f o r m i t y o f au toma ta c o l l e c t i v e 
was u s e f u l f o r two r e a s o n s . F i r s t l y , 
t h e s e models have i n d i c a t e d a r a t h e r n a ­
t u r a l app roach t o t h e i r i m p l e m e n t a t i o n 
w i t h t h e h e l p o f u n i f o r m a r r a y s . S e c o n d ­
l y , t h e u n i f o r m i t y e n s u r e d a n a l y t i c a l 
d e s c r i p t i o n o f t h e who le s e t o f a u t o m a t a 
r a t h e r t h a n 01 a s i n g l e one and t h a t e s ­
s e n t i a l l y f a c i l i t a t e d t h e i r a n a l y t i c a l 
s t u d y . B e s i d e s , most p r a c t i c a l models 
used b y t h e e x p e r t s i n c o l l e c t i v e a u t o ­
mata b e h a v i o u r were t e c h n i c a l and b i o l o ­
g i c a l models f o r w h i c h t h e a s s u m p t i o n o f 
c o l l e c t i v e u n i f o r m i t y l o o k e d v e r y n a t u ­
r a l . 

A d i f f e r e n t s i t u a t i o n a r o s e when i n 
p r a c t i c a l a p p l i c a t i o n s models o f a n i n ­
d i v i d u a l ' s b e h a v i o u r were used i n w h i c h 
h e f a c e d b o t h h i s l o c a l t a s k s and t h o s e 
o f t h e w h o l e o f h i s c o l l e c t i v e . I g n o r i n g 
t h e i n d i v i d u a l d i f f e r e n c e s i n such c o l ­
l e c t i v e s l e d t o n o i m p o r t a n t c o n c l u s i o n s 
f r o m s i m u l a t i o n r e s u l t s . 

I n t h i s pape r two k i n d s o f c o l l e c t i v e 
n o n u n i f o r m i t y w i l l b e d e s c r i b e d . The n o n -
u n i f o r m i t y o f a f i r s t k i n d r e s u l t s f r o m 
t h e p e r s o n a l e x p e r i e n c e o f each member o f 
t h e c o l l e c t i v e . I t i s t h e n a t u r e o f t h i s 
e x p e r i e n c e t h a t i n f l u e n c e s h i s d e c i s i o n ­
m a k i n g . The n o n u n i f o r m i t y of a second 
k i n d i s caused b y t h e f a c t t h a t c e r t a i n 
members o f t he c o l l e c t i v e possess more 
i n f o r m a t i o n t h a n t h e o t h e r s . The ma in 
c o n c l u s i o n i s t h a t t h e i n t r o d u c t i o n o f 
s u c h n o n u n i f o r m i t i e s improves t h e b e h a v i ­
our o f t h e c o l l e c t i v e i n te rms o f i t s 
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o v e r a l l t a s k . 

" F i s h i n g " model 

N devoted f i s h i n g fans l i v e in a 
town. Each Sunday they t ake t h e i r f i s h ­
i n g - t a c k l e and go out f i s h i n g . The nea­
r e s t env i rons o f t he town have M f i s h ­
i n g p laces but t o a l l f i she rmen ' s r e g ­
r e t M is much l e s s t h a n N. There fo re 
they can never count on l o n e l i n e s s . Th is 
makes them h o l d on to a c e r t a i n "code of 
honour" : have n peop le gathered at one 
p l a c e , a l l o f t h e i r ca tch i s dev ided 
equa l l y among them. The l o c a l t ask of 
each f i she rman i s e v i d e n t , to maximise 
t h e amount o f h i s ca tch i n a c e r t a i n t i ­
me i n t e r v a l T ( h i s summer v a c a t i o n sea ­
son , f o r example). The town has i t s own 
task which i s t o maximise t h e t o t a l 
amount o f a l l f i she rmen ' s ca tch in a 
season. In t h i s case the town p o p u l a t i o n s 
needs f o r f r e s h f i s h are met e s p e c i a l l y 
w e l l . 

F i s h i n g p laces are not a l l o f t h e 
same va lue and c h a r a c t e r i s e d by some ob­
j e c t i v e and t ime i n v a r i a n t parameter P i . 
Th is parameter can be t r e a t e d as the p r o ­
b a b i l i t y o f f i s h b e i n g found i n t h e 
i - t h f i s h i n g p l a c e . But the va lues o f P i 

are unknown a p r i o r i to f i s h e r m e n . Dur ­
ing t he season a l l f i she rmen accumulate 
i n f o r m a t i o n on the f i s h i n g p l a c e s . This 
pe rsona l i n d i v i d u a l exper ience o f each 
of them leads to two i n d i v i d u a l e s t i m a t ­
es where i is t h e number of 
a f i s h i n g p lace and j t h e o r d i n a l num­
ber of a f i she rman . The es t imate or 
serves f o r approx imat ion of the unknown 
parameter P i and represen ts t he mean 
f requency o f f i s h t o be found i n t h e 
i - t h f i s h i n g p l a c e . approximates t h e 
mathemat ical e x p e c t a t i o n of the nunjrber 
o f f i shermen a t the i - t h p l a c e . i s 
p r a c t i c a l l y c a l c u l a t e d as t he mean numb­
e r o f f i shermen d u r i n g j - t h f i s h e r m a n ' s 
v i s i t s t o the i - t h p l a c e . 
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To make h i s d e c i s i o n a f i sherman 
shou ld choose among t h e f i s h i n g p laces 
w i t h a g i v e n se t o f es t imates f o r . a l l . 
f i s h i n g p laces i n t h e fo rm o r 
I t i s n a t u r a l t o suppose t h a t a l l e n t i r e 
f i s h i n g p laces are es t ima ted b y t h e f i s h ­
ermen on a t h r e e - s t a g e sca le as w e l l : a 
good p l a c e , a poor p l a c e and an u n c e r t a i n 
p l a c e . P r e s e n t i n g these est imates i n t h e 
fo rm of a se t elements the f i s h e r m a n 
can es t ima te t h e i - t h f i s h i n g p l a c e f rom 
t h e mapping . On o b t a i n i n g 
t h e est imates f o r a l l t he f i s h i n g p l aces 
t h e cho ice o f t he next p l a c e t o go f i s h ­
i n g can t a k e i n t o account a l l t h e p l a c e s 
having the h ighes t es t imate w i t h equal 
p r o b a b i l i t i e s . The f u n c t i o n wh ich i m p l e ­
ments t h e mapping o f o n t o L 3 i s a 
usua l t e r n a r y l o g i c a l f u n c t i o n . 

I t i s d i f f i c u l t t o imacine t h a t w i t h 
a l a r g e r g r a d u a t i o n o f es t imates f o r 
and o r f o r t h e f i s h i n g p laces n o t h i n g 



p r i n c i p a l l y changes but the mapping 01 
onto Lk which is implemented by a K-

-nary l o g i c a l f u n c t i o n . With the increase 
of the number of parameters fa r f i s h i n g 
p lace estimate ( l o r instance the d i s t ­
ance to a f i s h i n g p lace from the town) 
the l o g i c a l f unc t i on w i l l only have a 
d i f f e r e n t number of arguments because 
w i t h est imat ing parameters i t w i l l 
be necessary to organise the mapping of 

To descr ibe the i nd i v i dua l d i f f e r e n ­
ces of the f ishermen one can use the 
threshold values 

and the form of the f u n c t i o n implement* 
ing the mapping of L3

2 onto L3 • It can 
be shown that; vary ing these thresholds 
is in a ce r ta in sence equivalent to va ry ­
ing the form of the mapping f u n c t i o n . 
Therefore we s h a l l f u r t h e r assume tha t 
the thresholds do not depend on a f i s h e r -
Dan but r e f l e c t t h e i r consensus on 
"what 's good and what 's bad" . Thei r i n ­
d i v i d u a l d i f fe rences w i l l therefore be 
determined only by the form of the mapp­
ing f u n c t i o n . 

For a "FISHING" model it is na tu ra l 
to consider the mapping f unc t i on to be 
of conjunct ive nature s ince the f i s h i n g 
place estimate depends simultaneously 
on the estimate of and that of 

• The f o l l ow ing tab le shows several 
func t ions which can be used as the e s t i ­
mating ones. 

The f u n c t i o n corresponds to t h e 
usua l t e r n a r y c o n j u n c t i o n . Such f u n c t i ­
on is c h a r a c t e r i s t i c o f an o b j e c t i v e 
f i she rman who est imates f i s h i n g p laces 
w i t h no emotions or assumpt ions. The 
f u n c t i o n s b e c a l l e d o p t i ­
m i s t i c . The f i she rmen us ing them are apt 
t o cons ider t h a t " t h e w o r l d i s good" . 
Wi th l a c k of i n f o r m a t i o n on something 
and thus no chance to es t ima te i t t h e 
o p t i m i s t s cons ider such es t imate to be 
a f a v o u r a b l e one. The f u n c t i o n is cha ­
r a c t e r i s t i c o f a c a r e f u l o p t i m i s t i n c l i n ­
ed to change j u s t one va lue of 1/2 f o r 
1 . Under complete u n c e r t a i n t y cons iders 
t h a t "every t h i n g w i l l b e a l r i g h t " . O n 
the c o n t r a r y , the f u n c t i o n s a n d 

are c h a r a c t e r i s t i c o f the pessemis-
t i c f i she rmen . They always t h i n k t h a t t he 
" w o r l d does not l ove them" and "what good 
they would see f rom i t " ? 

A f i r s t - r a n k p e s s i m i s t , or a c a r e ­
f u l one w i t h one u n c e r t a i n es t imate i n 
t h e se t s t i l l dare not s u b s t i t u t e i t f o r 
un favourab le but he does i t f o r t he se t 
(½,½) w i t h out h e s i t a t i o n . Whereas a f r a n ­
t i c pess im i s t rep laces a l l est imates o f 
1/2 by 0 . 

I n computer s i m u l a t i o n o f the f i s h e r ­
men behav iour a un i fo rm c o l l e c t i v e was 
f i r s t cons idered w i t h t h e common e s t i m a ­
t i n g f u n c t i o n s f o r a l l the members o f t h e 
c o l l e c t i v e . Under these c o n d i t i o n s t h e 
"FISHING" problem tu rned i n t o an i n s i g n i -
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f i c a n t mod i f i ca t ion of the w e l l known 
problem of d i s t r i b u t i o n of automata 
among feeding-racks* As in the c l a s s i c a l 
approach the process of r e d i s t r i b u t i o n 
of automata among the feeding-racks 
( f i s h i n g places) was establ ished but the 
ra te of reaching the s ta t i ona ry mode of 
r e d i s t r i b u t i o n was greater because of 
compl icat ion of automata behaviour due 
to the d i f ferences o f t h e i r i nd i v i dua l 
experience. "FISHING" is a Goor game 
where tne payoffs of the p a r t i c i p a n t s 
depend not on the s t ra tegy chosen by 
some p a r t i c i p a n t ( i n our case not on the 
choise of the place f o r f i s h i n g ) but on 
p a r t i c i p a n t s ' d i s t r i b u t i o n over the pos­
s i b l e s t r a t e g i e s . Int roducing i n to the 
Goor's game the common bank according to 
which the payoffs o f a l l p a r t i c i p a n t s 
are being added up and d iv ided equal ly 
among them at each step of the game may 
help to obtain the maximum of the over­
a l l payoff f o r the whole of the c o l l e c ­
t i v e ( i n our case to obta in the o v e r - a l l 
towns' goa l ) . 

The disadvantage of common the com­
mon bank is the system's cen t ra l d i s t r i ­
bu t i on , to implement which there should 
be a spec ia l c lear ing house. For the 
"FISHING" model t h i s means t ha t a l l the 
f ishermen should d e l i v e r t h e i r catch of 
the day to one center wherefrom they r e ­
ceive an N - t h pa r t of the ove ra l l catch 
i n r e t u r n . 

In t roduc t ion of nonuniformity has 
helped to do. wi thout such cen t ra l d i s ­
t r i b u t i o n body. Let us consider the r e ­
su l t s of a s imu la t ion experiment. During 
it an add i t i ona l assumption was made 
tha t the choice of the f i s h i n g p lace 
w i t h no f i s h gives a f isherman a constant 
loss reducing his mean income co l lec ted 
on the previous days of the season. 
Besides a ce r ta in threshold was assumed 
to e x i s t , Exceeding t h i s by the amount 
of catch gives a fisherman some income 
p ropor t i ona l to t h i s excess. With the 

For a uniform c o l l e c t i v e cons is t ing 
exc lus ive ly of ob jec t i ve f ishermen or 
f r a n t i c opt imis ts the mean input of each 
member was 118 cond i t i ona l un i t s a f t e r 
the s e t t i n g of r e d i s t r i b u t i o n process. 
The uni form c o l l e c t i v e cons is t ing of 
f r a n t i c pessimists managed to get an i n ­
come of 134 u n i t s . A l l other uniform c o l ­
l e c t i v e s obtained worse r e s u l t s in com­
par i son w i th these f i r s t . Mixed c o l l e c ­
t i ves in a number of cases showed much 
be t te r r e s u l t s . An exper imental ly compos­
ed c o l l e c t i v e of 8 f i r s t - r a n k pessimists 
( c a r e f u l ones) and 24 o b j e c t i v i s t s could 
gain a mean income of 158 un i t s which 
corresponds to the maximal poss ib le mean 
input in t h i s game. 

Study w i t h d i f f e r e n t parameters and 
est imat ing funct ions ( e . g . d i s j u n c t i v e ) 
has shown that a nonuniform c o l l e c t i v e 
p rov id ing a g loba l income w i th the help 
of a common bank procedure can always be 
composed. 

The "FISHING" model is easi ly t r a n s ­
formed i n t o various models or decentra­
l i s e d resource a l l o c a t i o n or i n to the 
models of the bulk serv ice or queueing 
theory . 

The "NEIGHBOURS" model 

In a droughty p lace some country 
cottages are located round the boot of a 
h i l l . There is a water source on the h i l l 
which can be qu i te s u f f i c i e n t w i t h r e a ­
sonable d i s t r i b u t i o n of water ing t ime 
among the cottage tenants . But in t h i s 
problem the tenants do not wish or j us t 
cannot arrange such a reasonable t ime ­
t a b l e . They simply do not seek any k ind 
of contacts most probably consider ing i t 
to be the best way of keeping ne ighbour ly . 
The low fences between cottages al low 
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each tenant to watch the others and thus 
adjust h is own water ing a c t i v i t y . For 
purposeful use of the water supply i t is 
necessary that only one hal f of the c o t ­
tage ground be watered at a t ime. When­
ever more than a ha l f the tenants open 
the water a c e r t a i n number of grounds 
are being automat ica l ly switched of f 
from water supply. 

To put th ings in order the water sup­
p ly serv ice has decided tha t a l l the t e ­
nants whose cottages have even numbers 
should water t h e i r grounds before the 
noon, and a l l the r e s t , a f t e r the noon. 
But the cottage tenants would not obey 
t h i s order of the water supply serv ice-
Then i t was desided tha t a l l the tenants 
v i o l a t i n g the order should be f i n e d w i t h 
swi tch ing of i ' t h e i r grounds from water 
supply f o r a ce r ta in t ime pe r i od . A f te r 
severa l f i nes they stopped supply ing 
such cottage ground w i t h water a t a l l . 

A na tu ra l question i s : can these COD-
d i t i o n s and such a technique enforce o r ­
der in water supply and not r u i n any of 
the cottage grounds by leav ing i t w i t h ­
out water. 

Let us formulate the problems in a 
more formal way. There is a chain of 2N 
automata connected in a r i n g . Each auto­
maton has in format ion on i t s c loser 
neighbours' s t a t e s . There are only two 
such s ta tes , 0 and 1. The c o l l e c t i v e ' s 
task is to t ransform the automata i n t o 
the s t a tes , forming a sequence of a1, 

task of any of them is to minimise the 
ove ra l l f i n e fo r exceeding a c e r t a i n 
f i n e threshold w i th i t s ove ra l l f i n e r e ­
s u l t s in the automaton. 

At each cycle the automaton may 
choose one of the two poss ib le act ions 
corresponding to the choise of t h i s or 
t ha t s t a t e . In the s implest case t h i s 
choice is made through the analys is of 
the neighbour automata s tates at a t i n e 
neglect ing the past h i s t o r y of the au to ­
maton. This choice is made using the Betow 
f o l l o w i n g t ab le . When the choice is not 
single—valued the automaton chooses 
e i t h e r s t a te w i t h equal p r o b a b i l i t y . The 
i n i t i a l s t a t e d i s t r i b u t i o n i s given a t 
random. The quest ion of s e t t i n g the ne­
cessary order in such a c o l l e c t i v e may 
be answered a n a l y t i c a l l y through the 
analys is o f the i n i t i a l s i t u a t i o n . In 
order to avoid bulky computations of the 
corresponding Markov system sta tes one 
can simulate the problem on a computer. 
As a r esu l t not a very consol ing f a c t 
would emerge tha t the system of t h i s 
k i nd almost never s e t t l e in a des i red 
way. The model may be s l i g h t l y improved 
by in t roduc ing the f i n e s received from 
the environment ( the Water Supply Ser­
v i c e ) . If a f t e r the automaton has made 
i t s choice s i t u a t i o n 000 or 111 a r i ses , 
the automaton is f i n e d . Af ter a c e r t a i n 
number of f i nes i t is switched o f f and 
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i t s s t a te kept f i x e d during the subse­
quent cyc les. But even a f te r tha t the 
whole system does not work very s a t i s ­
f a c t o r y . 

Let us introduce the nonuni formity 
i n to the automata c o l l e c t i v e under study 
using the concept of r e f l e c t i o n ranks, 
thoroughly analysed in [3] by V.A. 
Le fevre . Fo l lowing t h i s concept l e t us 
induc t i ve ly introduce the r e f l e c t i o n 
rank f o r the automata in our model. We 
s h a l l consider the automaton to have a 
r e f l e c t i o n rank o f zero i f i t s f u n c t i o n ­
ing is completely def ined by the above 
mentioned system s ta te t a b l e . The au to ­
maton's r e f l e c t i o n rank Is taken f o r 1 
when i t works in the f o l l ow ing way. 
F i r s t i t watches the neighbouring auto­
mata change the i r s ta tes and then choos­
es i t s own s ta te through fo recas t ing i t s 
neighbours' behaviour. In general we 
s h a l l say that the automaton has a r e f ­
l e c t i o n rank equal to i f i t considers 
his neighbours to be automata w i t h r e f ­
l e c t i o n ranks equal to 

The increase of the r e f l e c t i o n rank 
in our model r esu l t s from the increase 
of the amount of in format ion coaming at 
the input of the automaton under s tudy. 
The automaton w i t h zero r e f l e c t i o n is 
only informed of the s tates of h is near­
est neighbours. The automaton w i t h a r e f ­
l e c t i o n rank of 1 should possess the i n ­
format ion on the s ta tes of both two of 
h is r ighthand and two of h i s l e f t hand 
neighbours. The automaton w i t h a r e f l e c ­
t i o n rank of should use the informa­
t i o n on the states of neighbour­
ing automata, both r ighthand and l e f t hand . 

Two models may be s tud ied . The f i r s t 
does not chance the automata r e f l e c t i o n 
ranks in the process of t h e i r f u n c t i o n ­
ing . The second may change the automata 
r e f l e c t i o n rank by the f i n i n g s igna ls 
from the environment. The f i r s t model ap­
pears to be g rea t l y dependent on the 
random r e f l e c t i o n rank d i s t r i b u t i o n over 
the automata c o l l e c t i v e . To solve our 

problem of the automata c o l l e c t i v e ' s 
achieving the sequence of s ta tes of 

i t i s r o o s t des i rab le t o 
have the r e f l e c t i o n ranks of 0 and 1 
d i s t r i b u t e d among the automata in the 
same order. In t h i s case w i th any d i s t ­
r i b u t i o n o f the i n i t i a l s ta tes over i t 
the c o l l e c t i v e s t i l l comes in to the de­
s i r e d g loba l p o i n t . 

The second-type model always solves 
the problem prov id ing that one may use 
zero and f i r s t rank r e f l e c t i o n s . Use of 
other r e f l e c t i o n s does not always b r i n g 
the desired resu l t s to the c o l l e c t i v e . 
The c o l l e c t i v e having automata w i t h zero 
and second rank r e f l e c t i o n behaves in a 
less purposeful way than a uniform c o l ­
l e c t i v e w i t h zero r e f l e c t i o n . For the 
f i r s t type model one may show such a r e f ­
l e c t i o n rank d i s t r i b u t i o n among the au­
tomata which zeroes the c o l l e c t i v e i n t o 
the desired p o i n t . 

We shal l postpone u n t i l a l i t t l e l a t ­
er the d iscussion or the resu l t s o b t a i n ­
ed from the "NEIGHBOURS" model and now 
sw i t ch over to one which is a d i r e c t ge­
n e r a l i s a t i o n o f i t . 

The "PATTERN" model 

Let the automata now be located not 
in the form of a r i n g , as in the "NEIGH­
BOURS" model, but f i l l in some t o r e . Let 
us consider t ha t each of the automata 
w i t h zero rank r e f l e c t i o n has eight ne igh­
bours the complete in format ion of the 
s ta tes of which is ava i lab le at any t ime . 
(Again we assume tha t there are only two 
s ta tes , 0 and 1 ) . The automata c o l l e c t ­
i v e ' s task is to design a c e r t a i n p a t t ­
ern on the to re def ined by i t s elemen­
ta ry pa r t being represented by a 3 x 3 
ma t r i x . This matr ix is known to the au­
tomata. Each automaton's task is to 
choose a s ta te tha t would allow it and 
i t s e ight neighbours to design a p a t t ­
ern a f t e r the model known. The i n i t i a l 
automata states at the t o re are taken 
a r b i t r a r i l y . 
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The d i r e c t genera l i sa t ion of the 
"NEIGHBOURS" model f o r the to re is the 
model where the automata should design a 
chess-board p a t t e r n . The a lgor i thm of 
each automatons work is def ined as f o l ­
lows. The automaton compares i t s own 
s ta te w i t h tha t of the cen t ra l square of 
the model mat r i x . A f t e r t ha t i t counts 
up the number of i t s neighbours w i th the 
s ta tes d i f f e r i n g from those of the model 
matr ix . The automaton changes i t s s t a te 
w i t h a p r o b a b i l i t y p ropo r t i ona l to t h i s 
ove ra l l number. 

The computer s imu la t i on made by Ye.T. 
Semionova has shown tha t the un i fo rmi ty 
of a c o l l e c t i v e l e d to obta in ing only 
the simplest pa t te rns l i n e those of a 
chess-board, or of ho r i zon ta l and v e r t i ­
ca l s t r i p e s . More complicated pa t t e rns , 
f o r instance, the one g iven by a matr ix 

are not ob ta i n ­
ab le . But the i n t r oduc t i on of the non-
unformi ty over the r e f l e c t i o n ranks both 
in the "NEIGHBOURS" and in the 'PATTHRN" 
models has resu l ted in obta in ing p r a c t i ­
c a l l y any k i nd of pa t te rns g iven by a 
3 x 3 mat r i x . 

Conclusions 

A l l above al lows making important 
conclusions on t he advantages of a non­
uniform c o l l e c t i v e of automata when s o l v ­
ing many p r a c t i c a l problems. The p rob­
lems of the "FISHING" type were already 
mentioned. The "NEIGHBOURS" and "PATTERN" 
type models can eas i l y be transformed 
i n t o many models having great importance 
when appl ied to const ruc t ing the uniform 
arrays and most probably in b i o l o g i c a l 
and m ic rob io log ica l models. Soc io log ica l 
analogues of the models considered are 
also easy to be shown. 

Another conclusion is that the con t ­
r o l in nonuniform co l l ec t i ves is most e f ­
f e c t i v e when the con t ro l over the e n t i r e 

d i s t r i b u t i o n o f t h i s nonuni formity i s 
poss i b l e . Not ice that in performing 
c rea t i ve tasks animals and people should 
adapt to the environment ob ta in ing from 
i t the necessary con t ro l f o r a nonuni­
form c o l l e c t i v e (see, f o r ins tance, [4 ] , 

[5], [6] ). 
A l l t h i s shows the models of c o l ­

l e c t i v e behaviour of the nonuniform 
community to be of greater i n te res t f o r 
a l l the s c i e n t i s t s engaded in any way 
in so l v ing the problems o f a r t i f i c i a l 
i n t e l l i g e n c e fo r a c o l l e c t i v e o f i n d i v i ­
dua ls . 
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