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Introduction 

The s t a b i l i t y o f g r o w t h and d i v i s i o n of v e r y 
s i m p l e o r g a n i s m s has been cons ide red to be a 
consequence of the i n t e r n a l o rgan i za t i on and 
i n f o r m a t i o n content o f i t s s t r u c t u r e . An e n v i r o n ­
ment is able to in f luence the s t a b i l i t y o f g r o w t h 
and d i v i s i o n of any g iven s t r u c t u r e only in a 
n e u t r a l o r d e s t r u c t i v e way . Mu ta t i ons a lso belong 
to th is ca tegory of i n f l uences , because they can 
be c o n s i d e r e d as a d e s t r u c t i o n of the g iven 
s t r u c t u r e and a r e p l a c e m e n t of that s t r u c t u r e by 
a new one ( in some cases "be t t e r " then the f o r m e r 
but s t i l l new) . The e n v i r o n m e n t i s usua l l y 
assumed to be p u r e l y r a n d o m ; and long c y c l i c 
changes of the e n v i r o n m e n t w i t h the pe r i ods many 
t i m e s longer than the one -gene ra t i on l i f e t i m e a r e , 
in case o f s i m p l e o r g a n i s m s , abandoned. 

The a i m of th is paper is to po in t out the 
t h e o r e t i c a l p o s s i b i l i t y o f i n f l uenc ing the l i f e 
p r o c e s s s t a b i l i t y o f s i m p l e o r g a n i s m s by c y c l i c 
changes of r a n d o m e n v i r o n m e n t . In th i s case, the 
o r g a n i s m , the g r o w t h - d i v i s i o n p r o c e s s , and the 
" s h a p e " o f the o r g a n i s m s a re d e t e r m i n e d not only 
by i n f o r m a t i o n conta ined in the o r g a n i s m ' s i n t e r n a l 
s t r u c t u r e , but a l so by the e n v i r o n m e n t . M o r e o v e r , 
under these cond i t ions the i n f o r m a t i o n conta ined in 
the i n t e r n a l s t r u c t u r e is only the f r a m e w o r k and 
d e t e r m i n e s not one but the who le c lass of 
o r g a n i s m s . In sp i te of t h i s , and on the basis of 
i n f o r m a t i o n r e c e i v e d f r o m the e n v i r o n m e n t the 
s i m u l a t e d o r g a n i s m s have a unique and i den t i ca l 
(w i th some i n f r equen t random except ions) " s h a p e " 
in each g e n e r a t i o n . 

Th i s paper is the p resen ta t i on of the r e s u l t s 
ob ta ined by obse rva t i on of evo lu t i ona ry sequences 
of c o m p u t e r mode ls of s i m p l e o r g a n i s m s . The 
s i m u l a t e d mode ls w e r e not the image of the 
s t r u c t u r e of any l i v i n g o r g a n i s m s , but the image of 
b e h a v i o r , i . e . , the mode ls had the p o s s i b i l i t y o f 
g r o w t h by a b s o r b i n g the " c r e a t i v e m a t e r i a l 
s u b s t a n c e " f r o m the env i r onmen t and the p o s s i b i l i t y 
o f d i v i s i o n . The m o d e l p resen ted i s v e r y a b s t r a c t . 
The r e s u l t s obta ined show only the p o s s i b i l i t y of 
the r e a l ex is tence o f observed e n v i r o n m e n t a l 
i n f l uences upon l i v i n g o r g a n i s m s ; but i n o r d e r to 
have any b i o l o g i c a l va l ue , the r e s u l t s shou ld be 
tes ted i n b i o l o g i c a l e x p e r i m e n t s . 

* These c o m p u t e r e x p e r i m e n t s w e r e suppor ted by a 
g ran t f r o m the F o r d Founda t ion ; and c o m p u t e r t i m e 
was g ran ted by the M o o r e School o f E l e c t r i c a l 
E n g i n e e r i n g Compu te r F a c i l i t y . 
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The expansion and nonper iod ic changes could 
be cons idered as an unstable state. The example 
of a long las t i ng unstable state is P. 

I t should be noted that the assumpt ion (17) c o n ­
c e r n i n g the env i ronment is weak, however , in spi te 
of t h i s , the pe r i od i c sequences we re a lways ob­
s e r v e d af ter su f f i c ien t l y long observa t ion w i thout 
degenera t ion . I f the pe r i od sequence is t rea ted as 
a stable state achieved by the evo lu t ionary sequence 
i t is ev ident that not a l l stable states have been 
founded by one sequence. A f te r each expansion, 
( in the absence of degenerat ion) DISTRUC may 
f ind the stable state fo r the j us t -ob ta ined I va lue, 
or may cont inue the expansion p r o c e s s . The 
p r o b a b i l i t y o f these behav iors are d i f f e ren t f o r j us t 

g+1 

expanded or nonexpanding DISTRUCs. 

Any expansion inc reases the expanding c o ­
e f f i c ien t in the next generat ion and th is p r o p e r t y 
is r e c u r s i v e . That is the reason fo r the r a p i d 
expansions observed in C, F, or H. If the j is a 
c u r r e n t value of I the above theorem could be 
f o rmu la ted as f o l l ows : 

Theorem 1 : fo r every j , expansion i n g 
generat ion increases the expected value of P^ 
in the next genera t ion . 

Th is is t rue as w e l l in the case of expansion 
l i m i t e d by the L va lue . 

The beginning of N is an example of th is 
s i tua t ion . Another two theorems can be p roved : 

Theorem 2: Fo r S > 1 for su f f i c ien t ly la rge 
I , the p r o b a b i l i t y of degenerat ion in two DISTRUC 
wh ich have OS d i f f e rs a r b i t r a r i l y l i t t l e . 

Theorem 3: Fo r S > 1, the nonrandom pa r t of 
P ( j) goes to ze ro w i t h the increase o f j . 

The conc lus ion f r o m Theorem 2 is impo r tan t , 
since i t means that f o r DISTRUCs of suf f ic ient 
length the ef fect iveness of se lect ion is the same. 
L i m i t a t i o n of a DISTRUCs length ( for any given 

s tab i l i t y t h resho ld > — ) is a conc lus ion f r o m 
Theorem 3. 

Conclus ions and D iscuss ions 

F r o m the expe r imen t , i t fo l lows that r a n ­
domly g row ing d ig i t a l s t r uc tu re could achieve 
unchangeable " shape" in each evo lu t ionary gen­
e r a t i o n . Th is unique " shape " achievement is ob­
ta inable in spite of the fact that the "shape" of the 
d ig i t a l s t r u c t u r e is not uniquely p rede te rm ined 
by i t s i n t e rna l s t r u c t u r e . 

The evo lu t ionary sequence of d ig i t a l 
s t r uc tu res could behave in a regu la r way, i . e . , 
the sequence is changing p e r i o d i c a l l y ( in the 
p a r t i c u l a r case each genera t ion is exact ly the 
same) . The pe r iod i c changes of evo lu t ionary 
sequence is the only stable state of an evo lu t i on ­
a r y sequence. Any non pe r iod i c changing evo lu ­
t i ona ry sequence w i l l achieve th is state af ter a 
su f f i c ien t l y l a rge number of generat ions or X 
degenerate . 

The behavior desc r i bed above was obtained 
f r o m a random supplement of c rea t i ve m a t e r i a l s 
f r o m the env i ronmen t . The only condi t ion for the 
env i ronmen t is that there has to be some cyc le 
a r b i t r a r i l y long, but many t imes shor te r than the 
l i fe of evo lu t ionary sequence. F r o m the point of 
v iew of one genera t ion , however , (espec ia l ly fo r 
F > 1), the env i ronment could be cons idered as 
abso lu te ly nonper iod ic and r a n d o m . 

I f the ex t rapo la t ions of th is observed behavior 
could be made to the l i v i ng o rgan i sms , i t could 
be some basis fo r i n t e rp re ta t i on of the beginning 
of l i f e . A c c o r d i n g to the expe r imen ts , a p r e -
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l i v i n g s t r u c t u r e cou ld have only the p o s s i b i l i t y 
o f r andom (w i th only the " f r a m e " de te rm ined) 
g r o w t h and d i v i s i o n . The i n f o r m a t i o n to g u a r a n ­
tee s tab i l i t y could be ach ieved f r o m e n v i r o n m e n t . 
Such a s t r u c t u r e wou ld be r e l a t i v e l y s i m p l e . 
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A b s t r a c t 

Compute r expe r imen ts w i t h a mode l of a 
r a n d o m l y g row ing s t r u c t u r e w i t h the p o s s i b i l i t y 
o f d i v i s i o n a re p resen ted . In ag reement w i t h the 
set o f cond i t i ons , the g row ing s t r u c t u r e s a re c o n ­
s i d e r e d as evo lu t i ona ry sequences. 

The r a n d o m l y g row ing d i g i t a l s t r u c t u r e cou ld 
achieve unchangeable " s h a p e " in each evo lu t i ona ry 
genera t ion in spi te of the lack of comple te p r e ­
d e t e r m i n a t i o n of th is " s h a p e " . The ef fect was ob ­
ta ined by random supp lement o f c rea t i ve m a t e r i a l s 
f r o m the e n v i r o n m e n t . The env i ronmen t was 
assumed as r a n d o m , f i n i t e , and repe t i t i ve in a 
c y c l i c w a y . F o r th is env i ronmen t the only stable 
state of evo lu t i ona ry sequence is a p e r i o d i c 
sequence ( in a p a r t i c u l a r case, the same " s h a p e " 
in each genera t ion ) . Other sequences have e i the r 
to degenerate o r , a f te r a number of nonper iod ic 
charges , become p e r i o d i c . 

The m o d e l , r e s u l t s obtained f r o m the compute r 
and i n t e r p r e t a t i o n a re p resen ted . 
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