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A b s t r a c t 

The p a p e r p r e s e n t s t h e r e s u l t s o f 
r e s e a r c h c o n c e r n i n g t h e s t a b i l i t y o f 
a n e v o l u t i o n a r y p r o c e s s f o r r andomly 
g r o w i n g d i g i t a l s t r u c t u r e s . The com
p u t e r model f o r t h e m u t a t e d geno t ype 
c a s e i s c o n s i d e r e d . The geno type ( i n 
t h e models t h e s e t o f r u l e s f o r g r o w t h ) 
changes i n a random e n v i r o n m e n t a l l y 
u n o r i e n t e d way , whereas t h e e n v i r o n 
ment assumed as random, f i n i t e and 
r e p e t i t i v e i n a c y c l i c way i s d i s t u r 
b e d . Prom t h e e x p e r i m e n t s i t f o l l o w s 
t h a t s t a b i l i t y c o u l d b e a c h i e v e d i n 
a h e u r i s t i c way a f t e r m u t a t i o n o f t h e 
g e n o t y p e and d i s t u r b a n c e s i n t h e e n 
v i r o n m e n t w i t h o u t t h e b u i l t - i n i n f o r 
m a t i o n c o n c e r n i n g s t a b i l i t y . 

The m o d e l , r e s u l t s o b t a i n e d f r o m 
t h e computer and a n i n t e r p r e t a t i o n o f 
t h e s e r e s u l t s a r e p r e s e n t e d . 

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

F o r t h e case w i t h o u t spontaneous mu 
t a t i o n s i t was shown i n a p r e v i o u s p a 
p e r ( 1 ) t h a t w i t h t h e assump t i on o f 
random e n v i r o n m e n t c h a n g i n g i n a c y 
c l i c way , t h e d i g i t a l s t r u c t u r e s , w h i c h 
c o u l d b e a model o f v e r y s i m p l e o r g a n 
i sms can g r o w , d i v i d e and a c h i e v e a 
s t a b i l e "shape" ( p h e n o t y p e ) i n s p i t e 

o f t h e f a c t t h a t t h e b u i l t - i n i n f o r m s -
x ) These computer e x p e r i m e n t s were s u p 

p o r t e d b y a g r a n t f r o m t h e f o r d F o u n d . 

t i o n ( g e n o t y p e ) does n o t d e t e r m i n e t h e 
pheno t ype i n d e t a i l , b u t o n l y g i v e s 
" f r a m e " i n f o r m a t i o n abou t t h e p h e n o 
t y p e . F u l l I n f o r m a t i o n t o g u a r a n t e e 
t h e s t a b i l i t y i s a c h i e v a b l e f r o m t h e 
c y c l i c e n v i r o n m e n t . 

I n r e a l l i f e , however , i t i s n o t 
s u f f i c i e n t t o a c h i e v e s t a b i l i t y . S t a 
b i l i t y must b e m a i n t a i n e d i n t h e p r e s 
ence o f t h e m u t a t i o n s . Under t h e s e c o n 
d i t i o n s t h e o rgan Isms must s u r v i v e and 
d i v i d e . The c h a i n o f s u r v i v a l s and d i 
v i s i o n s g i v e s t h e e v o l u t i o n a r y s e 
quence ( i n each g e n e r a t i o n o n l y one 
o r g a n i s m i s t a k e n i n t o c o n s i d e r a t i o n ) . 
T h i s sequence c o u l d i n each g e n e r a t i o n 
b e ended b y t h e u n s u c c e s s f u l g r o w t h 
and d e a t h o f t h e c u r r e n t e lement o f 
sequence . Tha t case i s c a l l e d t h e " d e 
g e n e r a t i o n * 1 o f t h e sequence . Sometimes 
however t h e e v o l u t i o n a r y sequence and 
t h e e n v i r o n m e n t a r e i n dynamic b a l a n c e , 
and t h e n d e g e n e r a t i o n does n o t happen . 
The b a l a n c e ( i f i t e x i s t s ) c o u l d b e 
b r o k e n b y : 

1 . d i s t u r b a n c e o f t h e env i r onmen t 
( t h e case d i s c u s s e d i n ( 1 ) ) 

2 . m u t a t i o n , w h i c h changes t h e geno
t y p e ( t h e case d i s c u s s e d i n t h i s p a 
p e r ) . 

The second case i s i m p o r t a n t , as 
t h e changab le geno t ype means d e v e l o p 
m e n t , i n c r e a s e o f c o m p l e x i t y , and e v o 
l u t i o n a r y p r o g r e s s . 

M o d e l 

1 . Pheno type g r o w t h and d i v i s i o n . 

The pheno type i s c a l l e d i n t h e mo
d e l a D i g i t a l S t r u c t u r e s D I6TRUC. (1 ) . 

D e f i n i t i o n 1 . 
A D i g i t a l S t r u c t u r e , D I S T R U C , i s a 

sequence o f p o s i t i v e , i n t e g e r numbers 

( c i ) , i » 1 , 2 , . . . , I 
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The numer I i s c a l l e d t h e l e n g t h o f 
DISTRUC. 

D e f i n i t i o n 2 . 

The sequence of DISTRUCs c r e a t e d 
i n t h e r e c u r s i v e g r o w t h and d i v i s i o n 
p r o c e s s i s c a l l e d a n E v o l u t i o n a r y 

Sequence: SB. 

Each DISTRUC i n £ 8 has i t s g e n e r a 
t i o n number g, used as an i n d e x . The 
I n i t i a l B a s i c S t r u c t u r e , IBSTRUC has 
g=o . IBSTRUCs a r e a lways t h e same 
f o r a l l E S ( a s t h e r e s u l t o f a n a s 
s u m p t i o n c o n c e r n i n g t h e common o r i g i n 
o f l i f e ) . 

D e f i n i t i o n 3 . 

The g r o w t h p r o c e s s i s t h e p r o c e s s 
o f n o n - d e c r e a s i n g change o f c i v a l 
ues p e r f o r m e d i n t he d i s c r e t e moments 
o f t i m e t , t = 0 , 1 , . . . , T (measured i n 
d i s c r e t e t i m e u n i t s : DUT), a c c o r d i n g 
t o t h e f o l l o w i n g e q u a t i o n : 

1 

w h e r e : R is a random number, and F has 

v a l u e 1 o r 0 a c c o r d i n g t o t h e s e t o f 

r u l e s o f g r o w t h shown f u r t h e r . 

F o r a l l g , t h e g r o w t h p r o c e s s s t a r t s 
f o r t = o . F o r t = 0 DISTRUC i s c a l l e d 
B a s i c S t r u c t u r e : BASTRUC. IBSTRUC is 
BASTRUC f o r g = 0 . IBSTRUC i s deno ted 
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The g r o w t h c o u l d be f i n i s h e d in a 
one o f two ways: 

1 . I f t h e g r o w i n g DISTRUC s a t i s f i e s 
t h e r u l e s o f g r o w t h , t h e g r o w t h i s 

s u c c e s s f u l l y f i n i s h e d a f t e r T DUTs. 
Then DISTRUC i s c a l l e d t he Grown s t r u c 
t u r e : GSTRUC. T i s c a l l e d the l i f e t i m e 
o f DISTRUC. 

2 . I f t h e g r o w i n g DISTRUC does n o t 
s a t i s f y t h e r u l e s o f g r o w t h , t h e D I S 
TRUC " d i e s " a f t e r T d DUT. T h i s i s c a l 
l e d " d e g e n e r a t i o n " and T d - t h e degene
r a t i o n t i m e . 

I n case 1 . GSTRUC d i v i d e s i n t o two 
BASTRUCs o f t h e n e x t g e n e r a t i o n ( b u t 
o n l y one o f t hese two i s t a k e n i n t o 
t h e f u r t h e r g r o w t h p r o c e s s and i t s h i s 
t o r y r e c o r d e d ) • The d i v i s i o n i s p e r 
f o r m e d i n t h e f o l l o w i n g way: 

f o r i = 1 , 2 , 3 f . . . , I , where E is t h e 
E n t i e r f u n c t i o n ( f o r p o s i t i v e numbers , 
t h e i n t e g r a l p a r t o f t h e n u m b e r ) . 

The above g i v e n d e f i n i t i o n s a r e sum
med u p o n t he f i g . 1 . 

2 . Genotype and t h e r u l e s o f g r o w t h 

The geno type c o n t a i n s : 

t h e B a s i c Genotype : BG 
t h e S t a b i l i t y T r e s h o l d : ST 

t h e L e n g t h of DISTRUC : I 
t h e I n t e r v a l o f R e g u l a r G row th : D 

D e f i n i t i o n 4 . 

B a s i c Genotype: BG is a sequence of 
p o s i t i v e , r e a l ( i n the ALGOL sense) 
numbers : 

( G i ) , i = 1 , 2 , . . . , I , I + 1 

Each BASTRUC of g ' s g e n e r a t i o n has BG 
d e t e r m i n e d a s : 

D e f i n i t i o n 5 . 

S t a b i l i t y T r e s h o l d : ST i s a sequence 
o f p o s i t i v e , r e a l ( i n t h e ALGOL sense) 
numbers : 

( A i ) i = 1 , 2 , . . . , 1 , 1 + 1 

F o r a l l e x p e r i m e n t s p r e s e n t e d i n t h i s 

p a p e r ( A i ) has c o n s t a n t v a l u e s : 

A i = 0 . 8 f o r i = 1 , 2 , . . . , 9 

A 1 0 = 3 . 0 

The L e n g t h of S t r u c t u r e : I was d e 

f i n e d b e f o r e . F o r IBSTRUC, 1 = 3 . 
The v a l u e o f D i s c o n s t a n t f o r a l l 

e x p e r i m e n t s p r e s e n t e d i n t h i s p a p e r , 
D = 0 . 5 

There a r e two i n d i c a t o r s o f t h e 

g r o w t h p r o c e s s : V and F ( s e e e q . 1 ) • 
B o t h o f them have v a l u e 0 o r 1 . 

The v a l u e s o f i n d i c a t o r s a r e d e t e r 
m i n e d f o r each t i n t h e f o l l o w i n g way: 
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F o r each t , as l o n g as V = 1 , t he growth 
p r o c e s s i s c o n t i n u e d a c c o r d i n g t o eq . 1 

Then F is d e t e r m i n e d as f o l l o w s : 

I f f o r c e r t a i n t v a l u e V becomes e q u a l 
t o ze ro ( V = 0 ) t he g r o w t h p rocess i s 
s t o p p e d , and i t is the " d e g e n e r a t i o n " 
c a s e . 

3. M u t a t i o n s 

I n t h e p r e s e n t e d model t h e r e a r e two 
k i n d s o f m u t a t i o n s : 

1 . BG's m u t a t i o n s : MG,which change 
t h e v a l u e o f (G i ) 

2 . Expand ing m u t a t i o n s : MB, w h i c h 

change t h e v a l u e I . 
B o t h o f them a c c o r d i n g t o the gene

r a l t h e o r y o f e v o l u t i o n a re n e i t h e r 
e n v i r o n m e n t a l y , o r DISTRUCtly o r i e n t e d . 

MG o c c u r s once f o r t h e d e t e r m i n e d 

p e r i o d o f t i m e i n g i v e n exper imen t ( e . g . 

once f o r 15 000 DUTs). I t changes one 

r a n d o m l y choosen v a l u e o f ( G i ) d u r i n g 

t h e g r o w t h p r o c e s s , and the p r o c e s s i s 

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

l o w i n g f r o m the new v a l u e o f BG. T h i s 
change i s p e r f o r m e d b y a d d i n g t o one 
randomly choosen G i v a l u e the random 
number f r o m t h e random g e n e r a t o r . These 
random numbers a r e e q u a l l y d i s t r i b u t e d 
f r o m the r a n g e : - 1 . 0 , 1 . 0 . 

Sometimes the r a n d o m l y choosen 
G i ( e . g . G 8 f o r 1=5) does n o t e x i s t i n 
t h e g i v e n g e n o t y p e . Then t h e m u t a t i o n 
does n o t o c c u r . 

MS can occu r d u r i n g each d i v i s i o n 
( see f i g . 1 ) . I t o c c u r s i f , and o n l y i f : 

The b a s i c assumpt ions c o n c e r n i n g 
t h e env i ronmen t were g i v e n i n ( 1 ) . I n 
a l l e x p e r i m e n t s t h e env i ronmen t has 
been s i m u l a t e d as a sequence of 500 r a n 
dom numbers t a k e n f r o m t h e random 
number t a b l e used i n t h e r e p e t i t i v e , 
c y c l i c way. The d i s t u r b a n c e s o f t h e 
env i ronment were s i m u l a t e d as s k i p s o f 
s e v e r a l ( u s u a l y one) numbers i n the 
sequence. 

I n t h e m o d e l , f o r t h e g i v e n e x p e r i 
men t , t h e d i s t u r b a n c e occu rs once f o r 
t h e d e t e r m i n e d p e r i o d o f t i m e , o n t h e 
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same b a s i s as MGrs. 

E x e r i m e n t s and R e s u l t s 

The e x p e r i m e n t s p r e s e n t e d h e r e were 

t h e c o n t i n u a t i o n o f t h e r e s e a r c h , w h i c h 

has been s t a r t e d f r o m s o c a l l e d " v e r s i o n 
z e r o " p r e s e n t e d i n ( 1 ) . 

I n c o n t r a d i s t i n c t i o n t o t h e " v e r s i o n 

z e r o " a l l f u r t h e r v e r s i o n s were w r i t t e n 

i n FORTRAN I V f o r IBM 3 6 0 / 5 0 . 

1 . " f i r s t v e r s i o n " was t h e m o d i f i c a 

t i o n o f " v e r s i o n z e r o " f o r IBM 360 w i t h 

t h e e x t e n s i o n o f p o s s i b l e l e n g t h o f 
DISTRUC to I= 23. 

2 . " s e c o n d v e r s i o n " was t h e i n t r o 

d u c t i o n t o " f i r s t v e r s i o n " o f t h e t i m i n g 

and t h e a u t o m a t i c p e r t u r b a t i o n o f the 

e n v i r o n m e n t • 

3 . " t h i r d v e r s i o n " was t h e i n t r o d u c 

t i o n t o t h e " s e c o n d v e r s i o n " o f t h e 

m u t a t i o n s s u b r o u t i n e s . 

4 . " f o u r t h v e r s i o n " was t h e i n t r o 

d u c t i o n t o t h e " t h i r d v e r s i o n " o f l i m i 

t a t i o n s f o r t h e e x p a n s i o n o f s t r u c t u r e s 

( t h e way o f s a v i n g CPU t i m e ) and a u t o 
m a t i c m o d i f i c a t i o n o f t h e s t a b i l i t y 
t h r e s h o l d ( n o t used i n e x p e r i m e n t s p r e 
s e n t e d h e r e ) . 

F o r e x p e r i m e n t s p r e s e n t e d h e r e o n l y 

t h e " f o u r t h v e r s i o n " was u s e d . The 

" f o u r t h v e r s i o n " had two p rog ram r e a l i 

z a t i o n s : F o u r t h A and F o u r t h B . U s u a l y 

F o r t h A was used as an e x p e r i m e n t a l 

g r o u p , whereas F o u r t h B was a c o n t r o l 

g r o u p ( i n t h e same way a s i n t h e b i o l o 

g i c a l e x p e r i m e n t s ) • The e s t i m a t e d number 

o f o b s e r v e d g e n e r a t i o n s i s 50 000 . The 

a v e r a g e l i f e t i m e f o r one g e n e r a t i o n i s 
a p p . 600 DUTs. The s i n g l e e x p e r i m e n t 
l a s t s 0 . 5 x 1 0 6 o r 1 0 6 DUTs. 
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B y a n a l o g y , i f one assumes t h a t 1DUT 
i s e q u i v a l e n t o f 1 s e c o n d , t h e n t h e l i f e 
t i m e o f average DISTRUC i s 1 0 m i n u t e s , 
w h i c h i s a s a t i s f a c t o r y a p p r o x i m a t i o n 
f o r v e r y s i m p l e o r g a n i s m s . I n t h i s sca le 
t h e s i n g l e e x p e r i m e n t l a s t s a p p . 6 days 
and a l l e x p e r i m e n t s a r e e q u i v a l e n t t o 
o v e r one y e a r o f c o n s t a n t o b s e r v a t i o n . 

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

1 . Leve one ( t h e l o w e s t ) 
The l e v e l one ( p r e s e n t e d o n f i g . 2 ) 

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

o f a n e x p e r i m e n t . The e v o l u t i o n a r y s e 

quence p r e s e n t e d o n f i g . 2 d e v e l o p s i n 

t h e s t a b i l e e n v i r o n m e n t ( w i t h o u t t he 

d i s t u r b a n c e s ) and under t h e i n f l u e n c e 

o f b o t h t y p e s o f m u t a t i o n s (MG and MS) . 

The g e n e r a t i o n number g is on t h e 
a b s c i s s a ( g = 0 i n d i c a t e s IBSTRUC). The 
a r r o w s u n d e r t he a b s c i s s a i n d i c a t e M G 
m u t a t i o n s . F o r t h e e x p e r i m e n t t h e d i s 
t a n c e be tween two s u c c e s s i v e MG m u t a -
t i o n s i s 10 4 DUT. The pheno type i s 
p r e s e n t e d a s a d o t t e d s e t o f v a l u e s f o r 
g i v e n g v a l u e . (A lways BASTRUC c i , o ( g ) 
i s p r e s e n t e d o n t h e d i a g r a m s . F o r t h e s e 
e x p e r i m e n t s max 1 = 9). The smooth l i n e 
i s T ( g ) , ( t h e l i f e t i m e ) . The pheno type 
v a l u e s and t h e l i f e t i m e v a l u e s a r e 
p r e s e n t e d on t h e same s c a l e . The P ( g ) 
( e x p a n d i n g c o e f f i c i e n t , t h e u p p e r p a r t 
o f t he d iag ram) i s p r e s e n t e d i n a n o t h e r 
s c a l e and t h e s t a b i l i t y t r e e h o l d (dashed , 
c o n s t a n t v a l u e l i n e ) i s d rawn t h e r e . T h e 
p r e s e n t e d d i a g r a m i s a p a r t o f t h e e x 
p e r i m e n t named: 1106 F o u r t h B ( f o r t h e 
d e t a i l e d d a t a o f t h i s e x p e r i m e n t see 
l e v e l t w o ) . 

S t a r t i n g f r o m IBSTRUC, a f t e r t h e s i n 
g l e e x p a n s i o n (MSs e f f e c t ) a n o n p e r i -
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o d i c sequence e x i s t s t i l l t he 8 t h gene 
r a t i o n . I n t h e 9 t h and 1 0 t h t h e r e a r e 
two M E s ( t h e e f f e c t s a r e v i s i b l e i n t h e 
v e r y n e x t g e n e r a t i o n and marked " x " o n 
t h e d i a g r a m ) . The I v a l u e becomes equa l 
to 6 . The n e x t two MEs o c c u r in 1 3 t h 
and 1 4 t h g e n e r a t i o n s and one i n 1 6 t h • 
A f t e r t h a t I i s e q u a l t o 9 . From t h e 
1 8 t h g e n e r a t i o n t h e p e r i o d i c sequence, 
d e s c r i b e d i n ( 1 ) s t a r t s , w i t h a p e r i o d 
e q u a l t o 1 0 ( s e e p e r i o d i c changes o f 
T (18 ) t o T ( 2 9 ) ) . A l l t h e phenotypes a r e 

the same, b u t t h e y have d i f f e r e n t l i f e 
t i m e s . The MG m u t a t i o n occu rs at t h e 
end o f l i f e o f t he 2 9 t h g e n e r a t i o n . 
A c c o r d i n g t o t h e r e c o r d i t changes t h e 
G 5 v a l u e o f BG f r o m 2 , 0 0 t o 1 . 7 6 . I t 
does n o t i n f l u e n c e BASTRUC o f t h e 3 0 t h 
g e n e r a t i o n ( w h i c h has been a l r e a d y d e 
t e r m i n e d by GSTRUC n e a r l y c o m p l e t e l y 
f o r m e d a t t he t i m e o f MG), b u t i n f l u 
ences the g r o w t h o f DISTRUC i n 3 0 t h 
g e n e r a t i o n . As o n l y BASTRUCs a r e r e 
c o r d e d t h e e f f e c t o f M G a r e v i s i b l e i n 
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t h e BASTRUC of 3 1 s t g e n e r a t i o n . The new, 
most p r o b a b l e pheno type i s s t a t i s t i c a l y 
s m a l l e r , t han the p r e v i o u s o n e , b u t i s 
n o t e x a c t l y d e t e r m i n e d and one can see 
o t h e r v a l u e s o f t he pheno type ( o t h e r 
" s h a p e s " ) i n 3 3 r d , 4 3 r d and 4 9 t h g e n e 
r a t i o n s ( t h e l a s t two a r e l a r g e r t h a n 
t h e pheno types b e f o r e MG6). The s e 
quence i s n o n p e r i o d i c . 

MG7 does n o t change a n y t h i n g . I t 
changes G 9 v a l u e f r o m 2 . 0 0 to 1.99 and 
t h a t has n o v i s i b l e i n f l u e n c e o n t h e 
g r o w t h p r o c e s s . 

MG8 changes ( a c c i d e n t a l l y t h e same 
as MG6) t h e G 5 v a l u e f r o m 1.76 to 1 . 6 1 . 

T h i s causes a f u r t h e r s t a t i s t i c a l 
dec rease o f pheno type v a l u e s , w i t h some 
e x c e p t i o n s i n t he 7 0 t h , 7 1 s t and 72nd 
g e n e r a t i o n . From t h e 6 9 t h g e n e r a t i o n 
a p e r i o d i c sequence s t a r t s w i t h t he 
p e r i o d e q u a l t o 1 0 . T h i s dynamic ba lance 
i s b r o k e n i n t he 8 4 t h g e n e r a t i o n b y MG9. 
A c c o r d i n g t o t he e x p e r i m e n t a l r e c o r d s , 
i t changes t he G 7 v a l u e f r o m 2 . 0 0 t o 
1 . 2 1 . The DISTRUC o f 6 4 t h g e n e r a t i o n 
does n o t f i n i s h i t s g r o w t h . The MG9 d e 
g e n e r a t e s t he sequence . 

From t h e r e c o r d o f t he e x p e r i m e n t i t 
f o l l o w s t h a t t h e DISTRUC o f t he 8 4 t h 
g e n e r a t i o n " d i e s " w i t h t h e " s h a p e " 

( c i ) = ( 2 , 4 , 9 , 1 9 , 3 1 , 6 3 , 1 2 7 , 2 5 5 , 4 0 7 ) 

w i t h c 1 0 = 171 a f t e r 299 DUTs. 

2 . L e v e l t w o . 

F i g . 3 p r e s e n t s two h i s t o g r a m s , w h i c h 
a r e t h e r e c o r d s o f t he two d i f f e r e n t 
e x p e r i m e n t s : 

A ) upper p a r t ( 1006 F o u r t h B , l a s t e d 
0 . 5 x 1 0 6 DUT/42 m i n . 37 s e c . o f IBM 360 /50 ) 
CPU t i m e ) . 

B ) l o w e r p a r t ( 1106 F o u r t h B , l a s t e d 
0 . 5 x 1 0 6 D U T s / 3 7 m i n . 46 sec o f IBM 360/50 

CPU t i m e ) • The p a r t o f t h i s e x p e r i m e n t 
was p r e s e n t e d a s f i g . 2 f o r l e v e l o n e . 

On f i g .3 t h e numbers o f MG's m u t a 
t i o n s a r e on t h e a b s c i s s a . The number 
o f g e n e r a t i o n s o b s e r v e d between two 
s u c c e s s i v e m u t a t i o n s a r e o n t h e o r d i 
n a t e . The expand ing sequence ( t h e e f 
f e c t o f MEs m u t a t i o n s ) , t h e p e r i o d i c 
a n d t h e n o n p e r i o d i c sequences a r e d i s 
t i n g u i s h e d . I n t h e e x p e r i m e n t s , imme
d i a t e l y a f t e r t he d e g e n e r a t i o n o f one 
sequence a new sequence s t a r t s f r o m the 
IBSTRUC what is marked on t h e d iagrams 
by " _ " . The t ime between t he two s u c -
ces MG's m u t a t i o n s is 104 DUTs ( t h e 
a b s c i s s a i s s c a l e d w i t h MGs o r w i t h the 
1 0 4 DUTs). 

The sequence o f MGs m u t a t i o n s in 
t h e b o t h cases ( p a r t A and B ) i s e x 
a c t l y t h e same, a s w e l l a s t he o t h e r 
c o n d i t i o n s . But i n case A t h e m u t a t i o n 
o c c u r s t o g e t h e r w i t h t he d i s t u r b a n c e 
o f t h e e n v i r o n m e n t . I n case B t h e m u t a 
t i o n occu rs a l o n e . 

The f r a g m e n t o f B r e c o r d between the 
MG5 and MG9 was p r e s e n t e d in a n o t h e r 
f o r m o n f i g . 2 . One can n o t i c e t h e e x 
p a n s i o n s , t h e p e r i o d i c and n o n p e r i o d i c 
sequences d e s c r i b e d b e f o r e o n l e v e l 
o n e . 

From ( 1 ) i t f o l l o w s t h a t a n o n p e r i 
o d i c sequence , a f t e r s u f f i c i e n t l y l o n g 
t i m e , can e a t h e r a c h i e v e p e r i o d i c i t y 
o r d e g e n e r a t e . P e r i o d i c sequences a r e 
n o t i n t e r e s t i n g f o r t h e e x p e r i m e n t s , a s 
n o t h i n g c o u l d happen t h e r e t i l l t h e 
n e a r e s t m u t a t i o n o r d i s t u r b a n c e o f e n 
v i r o n m e n t . O n t h e o t h e r s i d e , under 
s e v e r e c o n d i t i o n s a n o n p e r i o d i c sequence 
l a s t s f o r a v e r y s h o r t t i m e . The c o n d i 
t i o n s f o r t h e p r e s e n t e d e x p e r i m e n t s 
w e r e n o t t o o s e v e r e ( s e e t he l o n g n o n -
p e r i o d i c sequence a t p a r t A , f i g . 3 ) , 
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a n d t he f r e q u e n c e o f MGs r e p e t i t i o n 
was chosen h i g h enough f o r a p e r i o d i c 
sequence n o t to be t o o p r o b a b l e . One 
can n o t i c e t h a t t he d e g e n e r a t i o n s a r e 
more f r e q u e n t i n case B . To d e t e r m i n e 
t h e p r o b a b i l i t y o f d e g e n e r a t i o n , t h e de 
g e n e r a t i o n c o e f f i c i e n t d w i l l b e i n t r o 
d u c e d . 

F o r t he g i v e n e x p e r i m e n t and t h e 
g i v e n p e r i o d o f t i m e t he d v a l u e i s 
c o u n t e d b y d i v i d i n g t h e number o f n o n -
spon taneous d e g e n e r a t i o n s by t h e number 
of MGs m u t a t i o n s . F o r t h e A and B case 
t h e d v a l u e s a r e ; 

d A = 5 / 5 0 = 0 . 1 , d B = 1 0 / 5 0 = 0 . 2 

( i n each case one spontaneous d e g e n e r a 

t i o n was o b s e r v e d , f o r A between MC48 

and MG49, and f o r B between MG9 and 

MG10). 
The expe r imen ts p r e s e n t e d o n f i g . 3 

a r e r a t h e r t y p i c a l . There a r e o t h e r 
r e c o r d s e . g . 306 F o u r t h A w i t h t h e p a r a 
m e t e r s o f t he p r o c e s s t h e same as f o r 
1006 F o u r t h B , where d = 0 . 0 7 4 . 

From t h e computer e xpe r imen t s p r e 
s e n t e d h e r e and c o n s i d e r e d i t f o l l o w s 
t h a t t he p r o b a b i l i t y o f d e g e n e r a t i o n 

f o r e v o l u t i o n a r y sequences i n c r e a s e s 
when t h e m u t a t i o n s o c c u r w i t h o u t 

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

3 . L e v e l t h r e e . 

On t h e f i g . 4 t h e d e g e n e r a t i o n cases 

f o r t h e f i v e d i f f e r e n t e x p e r i m e n t s a r e 
p r e s e n t e d . The e xp e r ime n t s named t X, Y, 
Z , P and Q have t h e f o l l o w i n g c h a r a c t e r 
i s t i c : 

x: 2805 F o u r t h A , l a s t e d 1 0 6 DUTs 
(1 h o u r , 11 m i n . 4 5 s . o f CPU time) 

Y: 2905 F o u r t h B ' , l a s t e d 1 0 6 DUTs 
(1 h o u r , 14 m i n . 5 6 s . o f CPU t i m e ) 
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Z: 2705 F o u r t h B, l a s t e d 106 DUTs 

(1 h o u r , 12 m i n . 5 8 s . o f GPU t i m e ) 
P: 2905 F o u r t h B, l a s t e d 0 . 5 x 1 0 6 DUTs 

( 4 0 m i n . 2 7 s . o f CPU t i m e ) 

Q: 5005 F o u r t h A, l a s t e d 0 . 5 x 1 0 6 DUTs 

( 5 8 m i n . 2 5 s . o f CPU t ime ) 

F i g . 4 . D i s t r i b u t i o n o f l e t h a l cases 
i n f i v e e x p e r i m e n t s . 

F o r a l l t hese e x p e r i m e n t s t h e t i m e 

p e r i o d be tween t h e two s u c c e s s i v e MG's 

m u t a t i o n s , o r two s u c c e s s i v e d i s t u rbances 

of t h e env i r onmen t was 1 . 5 x 1 0 4 DUTs • 

From t h e d e t a i l e d r e c o r d s o f t h e e x 

p e r i m e n t s i t f o l l o w s t h a t : 
1 . I f t h e m u t a t i o n i s l e t h a l f o r s e 

quence i t i s u s u a l y l e t h a l i n t h e v e r y 
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n e x t g e n e r a t i o n ( see marks w i t h o u t d e 
l a y o n f i g . 4 ) 

2 . I f t h e d i s t u r b a n c e o f the e n v i r o n 
ment i s l e t h a l f o r t h e sequence i t i s 
u s u a l y l e t h a l a f t e r s e v e r a l g e n e r a t i o n s 
( s e e f i g . 4 ) . 

From t h a t i t f o l l o w s t h a t t he phase 
s h i f t between t he m u t a t i o n and t h e d i s 
t u r b a n c e o f t he env i ronment c o u l d be 
a n i m p o r t a n t f a c t o r , w h i c h i n f l u e n c e s 
t h e p r o b a b i l i t y o f d e g e n e r a t i o n . 

The phase s h i f t f a c t o r i s coun ted 

The d c o e f f i c i e n t c o u l d be coun ted 
f o r a l l d e g e n e r a t i o n cases , o r f o r the 
d e g e n e r a t i o n s caused by MGs o n l y . The 
second w i l l be deno ted as dM G . . From 

f i g . 4 t he k f a c t o r , d c o e f f i c i e n t and 

dMG, c o e f f i c i e n t c o u l d b e de te rm ine f o r 

t h e a l l f i v e p r e s e n t e d e x p e r i m e n t s . 

These v a l u e s a r e p r e s e n t e d i n t he t a b l e 

a s t h e m u t a t i o n and t h e d i s t u r b a n c e o f 
t h e env i ronmen t occu r i n t he same t ime 
and t h e cause f o r d e g e n e r a t i o n i s u n 
d e t e c t a b l e . 

From t h e above t a b l e i t f o l l o w s t h a t 
t h e p r o b a b i l i t y o f d e g e n e r a t i o n i n 
c r e a s e s w i t h t he i n c r e a s e o f t he phase 
s h i f t . The p r o b a b i l i t y o f t h e degene ra 
t i o n i s h i g h e s t f o r t h e d i s t u r b a n c e o f 
t h e env i ronment b e i n g d i r e c t l y p receded 
b y the m u t a t i o n ( Q e x p e r i m e n t ) . 

The d e g e n e r a t i o n s caused by m u t a t i o n 
comparab le f o r each e x p e r i m e n t . The 
p r o b a b i l i t y o f d e g e n e r a t i o n i s l o w e s t 
when MG and a d i s t u r b a n c e of t he e n 
v i r o n m e n t occu r i n t he same t i m e ( t h e 

expe r imen t i s c o n s i d e r e d a s n o n t y p i c a l 
and shown o n l y as an example of t h e 
e x i s t e n c e o f such r e c o r d s ) . 

i n t e r p r e t a t i o n . 

The p r e s e n t e d computer model is a 
model o f t h e e v o l u t i o n p r o c e s s . The 
DISTRUCs b e i n g t h e o b j e c t s o f s i m u l a t e d 
e v o l u t i o n a re a b s t r a c t and a re n o t the 
image o f s t r u c t u r e o f any l i v i n g o r 
g a n i s m s . But t h e i r b e h a v i o r s i m u l a t e s 
t h e b e h a v i o r o f o r g a n i s m s , i . e . , t h e y 
can g row, d i v i d e and m u t a t e . The process 
o f e v o l u t i o n , t h e r e a l one a s w e l l a s 
t h e s i m u l a t e d , has as a g o a l : t h e a -
ch ievement o f dynamic s t a b i l i t y f o r a n 
e v o l u t i o n a r y sequence. I n t he model 
s t a b i l i t y i s a c h i e v e d when t he p e r i o d i c 
sequence s t a r t s . A n o n p e r i o d i c sequence 
i s the phase o f s e a r c h i n g f o r s t a b i l i t y . 
F o r t h e g i v e n geno type and the e n v i r o n 
ment t h e r e a re many p o s s i b l e s t a b i l e 
s t a t e s ( i . e . p e r i o d i c sequences ) . The 
examples o f d i f f e r e n t s t a b i l e sequences 
and the d i f f e r e n t ways o f f i n d i n g them 
one can see on f i g . 3 . 

Not a l l o f p o s s i b l e s t a b i l e s e 
quences a r e l o o k e d u p . Only one ( i f 
any ) i s f o u n d i n t h e h e u r i s t i c s e a r c h . 

From t h e expe r imen ts f o l l o w s t h a t : 
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1 . The s t a b i l e ( t h e same i n t h e d i f 
f e r e n t g e n e r a t i o n s ) pheno type c o u l d b e 

a c h i e v e d a f t e r m u t a t i o n o f t h e geno type 
and d i s t u r b a n c e s in t h e env i ronmen t 
w i t h o u t the b u i l t - i n i n f o r m a 
t i o n c o n c e r n i n g s t a b i l i t y . I n c o n c l u 
s i o n , t h e r e l a t i v e l y s i m p l e o rgan isms, 
w h i c h c o u l d o n l y g r o w and d i 
v i d e and had n o b u i l t - i n i n f o r m a t i o n 

abou t t he f i n a l " s h a p e " c o u l d b e t h e 
f i r s t l i v i n g o r g a n i s m s , a b l e t o d e 
v e l o p and t o c o m p l i c a t e t h e s t r u c t u r e s . 

2 . The d i s t u r b a n c e s o f t h e e n v i r o n 
ment were n o t n e c c e s s a r i l y t h e d e s 
t r u c t i v e f a c t o r s c a u s i n g t h e degene ra 
t i o n o f the e v o l u t i o n a r y sequences.T hey 
c o u l d b e h e l p f u l t o a c h i e v e 
s t a b i l i t y i f t h e y have o c c u r e d i n t h e 
p r o p e r " phase s h i f t " w i t h t h e m u t a 
t i o n . 

The r e s u l t s p r e s e n t e d i n t h i s pape r 
were o b t a i n e d f r o m an a b s t r a c t model 
o f t he e v o l u t i o n p r o c e s s s i m u l a t e d o n 
t h e compu te r . They may be t r e a t e d as 
i n d i c a t i o n s o f some p r o b l e m s , b u t f o r 
a n y e x t r a p o l a t i o n s towards b i o l o g y t h e y 
s h o u l d b e t e s t e d i n b i o l o g i c a l e x p e r i 
ments • 
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