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ABSTRACT 

Autopoietic systems mean the self- 
organizing systems which are self-consistent. It 
also represents that the autopoietic systems 
should be described as what are always accompani- 
ed with the crisis of self-destruction. In the 
present paper such an essential feature of the 
autopoiesis is replaced by the relationship bet- 
ween local (e.g. cellular automata) and non-local 
dynamics, in which the latter can be constructed 
as one-to-many type mappings corresponding to the 
former. To describe one-to-many type mappings, 
both foreward and backward-times are formulated. 

INTRODUCTION 

Self-organizing systems have been 
investigated as the unity which consists of many 
components interacting with one another. They are 
formulated as various structures[l,2, 3,4], how- 
ever only the autopoiesis[5,61 might suggest not 
only the wholeness originated from parallel 
processing, but the concept of self-bound called 
the operational closure which cannot be illustrat- 
ed in formal languages. If we admit that the 
systems are self-bound, there is no possibility of 
referring to the outside from the inside of the 
system. Therefore, the feature of self-bound al- 
ways exists outside of thedescription for the 
system. This definition is conformable to that of 
unprogrammability forliving systems[7]. In order 
to constitute it, one-to-many type mappings are 
introduced in cellular automata. Moreover they 
are simulated in the time from the future to the 
past (backward-time). 

AUTOPOIESIS AND BAD LANGUAGE 

Autopoietic systems are defined by the 
systems which can recognize the outside of 
themselves because of the feature of self- 
boundt81. Whenever we describe the systems, the 
formal languages in description are always good o r  
consistent. In this sense, described systems can 
no longer recognize the outside or "others", 
because others are defined by what cannot be 
described by the systems' own language. As for 
the system, "others" mean what can destroy the 
system, owing to different semantics from those of 
the systems. The relationship between the system 
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Fig. 1. The relationship between a consistent language(c) 
and "others". sy:syntax, se: semantics, a:axlom. 
p:proposition induced form the axiom, v:value in semantics, 
po:proposltion of "others". lm. n1m:local andnon-local 
measurement. 

and others is now replaced by that between the 
consistent(se1f-contained) language and the 
destroyer. It is illustrated as shown in Fig. 1, 
suggested by Landsberg[Sl. 

"others" play a role in the language 
as a generator for the self-contradiction, we have 
to use a bad or inconsistent language in order to 
describe the autopoiesis[3]. This structure is 
analogous and/or may be isomorphic to that of 
living systems which consist of both microscopic 
and macroscopic computations[7,10]. Sofar as in- 
consistent languages are defined by the existence 
of the proposition such that its value in semanti- 
cal domain cannot be unique (i.e. one can prove 
both A and n o f A )  at least, unprogrammable systems 
involving macro- and microscopic computations must 
have one-to-many type mappings in the interface 
between macro and microscopic ones. 

When microscopic computations can be 
replaced by local dynamics and macroscopic ones by 
non-local or global dynamics, double rules for 
evolution have no meaning without the 
contradiction between them. I f  a local rule is 
described as one-to-one type mapping, non-local 
measure (e.g. conservation law) can be described 
only by the summation or integral in space. On the 
other hand, whenever a local rule is many-to-one 
type mapping, there is no deterministic global 
rule[8]. The process of disequilibrium[lOl at time 
slice is described by such an one-to-many type 
mapping, however it cannot be described under the 
definition of function. To describe one-to-many 
type mapping, we have to abandon controllability. 

When 

1778 Annual Intemational Conference of the IEEE Engineering in Medicine and Biology Society, Vol. 12, No. 4, 1990 
CH2936-3/90/0000-1778 $01.00 0 1990 IEEE 



LOCAL AND NON-LOCAL AUTOMATA 

bn,i*lt= II Tk(a)Tk(bi )?k(be)-*.Tk(bN)~8k*1,II 

Rules of elementary cellular automata[ll] 
are here adopted as local rules, defined by, 

ai t + 1  =f(ai - 1  t , ai t , ai + 1 t  ) , (1) 
where aite(l.0). sufficies i and t represent space 
and time respectively. The definition for f is 
given following the Rule number[ll]. At first, we 
consider the trivial case of Rule 90 which are 
surjective rule in the sense of the mapping over 
the set of configurations 2N. Eq-(1) represents 
f:2%Z, then we have to set up the boundary 
condition. It can be also said that uncontrollable 
boundary condition gives rise to an one-to-many 
type mapping. It is the important fact that is to 
degenerate possibilities into one result a 
p o s t e i o r i .  

It is noted that conservative law is the 
result from local one-to-one type mapping which 
gives well-defined time because of the requirement 
for both difference and identification. 

ai t t f  =not (ai t ) , (2) 
satisfies both difference of value (if ait=O then 
ait+'=l and vice versa) and identification (there 
exists not-'=not, so not(not(a))=a). As for Eq- 
(l), there is no longer inverse function because 
of the loss of information from t to t+l. Hence, 
we introduce a non-local rule G such that, 

G(b(S(f)))=idQ, (3) 
where f represents a local rule, s represents the 
adoption for whole space, b is the operation for 
the choice of boundary conditions, and fl=2N. Then 
G i s  defined by the formulation where the 
composition of b(s(f)):2N+2N and G:2N+2N is the 
identity map. For RuleSO, G i s  the transitional 
rule from the future to the past shown as the 
flow-diagram in Fig. 2,-a!d expressed as. 

ai'-'= a-b-c+a.b.c+a.b.c+a.b-c 

ci+,t= a.b.c+a-b.c+a-b.c+a-b.c , 
bi,,t= a.6.c+a.b.c+a.6.cta.b-c (4) 

where a=ait ,b=bitand c=cit. The relationship 
between f and G is shown in Fig. 3. In foreward- 
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Flg. 2. The flow-diagram representing non-local rule in 
backward-tlme correspondlng to RuleSO. The sequences induced 
by arrows represent t-th(upper) and (t-il-th configurations. 

time, we can interpret that patterns are generated 
by local rule f(Ru1e SO, left column). When two 
patterns are generated form the same initial 
condition (a100t=0=1 and values at all other sites 
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Fig. 3. Patterns generated by non-local rules In backward- 
time. Black squares represent the sites whose values are 1. 
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are very similar with pigment patterns of evolutionary system without the concept of 
molluscs. hierarchical structures. 

Fig. 4. Patterns generated by non-local rules Introduced from 
the local rule for diffusion-reaction systems. 

DISCUSSION 

Compared the time structure defined by Eq- 
(5) to the diagram in Fig.1, the structure 
consisting of the double (local and non-local) 
rules is isomorphic to the structure consisting of 
both consistent language and "others". Others 
appears in the form of the generator for self- 
contradiction in the language, and non-local rules 
behave as the destroyer of the universality of 
local rules in space. These double-loop structures 
cannot be described without using one-to-many type 
mapping or bad language. In describing one-to-many 
type mappings, rules in backward-time which are 
complemenfory to rules in foreward-time are 
introduced Remark that there are two kinds of 
duality in which the one is local vs. non-local 
and the other is foreward- vs. backward-time. 

Autopoietic systems are generally more 
reformulated under the time structure proposed 
here. Consider the system in which double rules 
are simultaneously operated. Therefore, a local 
rule mapps the configuration Pf into P t + l ,  and a 
corresponding non-local rule transforms Pt.1 to 
Q t .  At last newly local rule is constructed, such 
that mapps from Qt to Pt+l (one of examples is 
shown in Fig. 5). Hence non-local rules behave as 
the evaluation or fitness function for local rules 
and vice versa. Such a system is expected to be a 

case 1 case 2 

Fig. 5. Patterns generated by dynamics consisting of both 
local and non-local rules. Vertical direction represents 
time. Local rules are transformed step by step at random. 
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