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It is important to understand a living system in the context of the relation between “parts and whole”. A
living system makes itself by itself and maintains its systemic property by using its parts. Obviously, we
distinguish between “a system” and “making a system” as distinct concepts. A “system”, revealing its own
entity, has to be distinguished from other systems. On the other hand, “making a system” is very different
from “a system”; the notion of “making a system” implies a process of individualizing a system. Therefore,
we usually have asked the relation between “system” and “making system” or “parts” and “whole” or “self”
and “making self” when we consider the system theory. “Making system” usually is accepted as a result of
interactions between parts.

Vicsek’s mode! for the collective behavior is a quite appropriate example of the system theory. The detail
of his mode!l will be discussed later (Chapter 2). He considered that a set of self-propelled particles is the
individual units, which interact with other individuals within a fixed-radius neighborhood. Each individual
tries to align its directions within its interaction range. Therefore, each individual imitates each other. As a
result, they consist several groups and sometimes behave as one collective. The degree of collectiveness can
be tuned by a noise parameter. If the noise is high, individuals is hardly to make groups. However,
individuals behave as one collective if the noise is very small. It can be observed the phase transition by the
noise tuning, If the noise parameter exceeds a certain threshold, each individual suddenly shows a group
behavior. .

Although there is no obvious central control such as a brain in the aggregation, we can acknowledge that
the aggregation moves as though it has one body or one mind. In fact, birds flocking, fish schooling and
other collective phenomena are sometimes discussed in the context of self-organization. Global properties
emerge only from local interactions of each individual. Recently, a more accurate analysis of flocking
behavior can be achieved than was formerly possible. Cavagna et al. measured velocity fluctuations of real
birds (a precise definition will be discussed later) and found that the range of the spatial correlation does not
have a constant value, but it scales with the linear size of the flock. The size of correlation domain is
obviously larger than the interaction range of each bird. Birds share more information than they can interact.
Cavagna and others called this phenomenon “scale-free correlation”. This is a very suggestive result because
scale-free correlation indicates that a flock cannot divide into independent subparts. If one individual in a
flock changes his direction, its influence would spread to all individuals. Cavagna’s empirical results
sometimes are compared with the criticality in condensed physics. Real flocking spontaneously approaches
to the critical state. This phenomenon is called self-organized criticality (SOC in short). Real flocks in the
critical state can respond external perturbation (such as predator’s attack) quickly.

Here we found the common ground for the Class IV, which has high computational ability, and SOC. We
note that we never agree on the attitude, which such situation would important when we discuss the living
system. We argue the problems, which are emerged through such criticality, when we believe “collective
phenomena is on the critical state”. In the critical state, it is considered that the fixed point would connect the
whole and parts. Therefore, whole system is given in advance. However, in the collective phenomena, it is
not trivial problem to determine what is one collective in natural flocks. It is still vague for the criterion of a
flock. Self (what is a flock) is not prepared in advance.

This is why we take the theme of this paper as the collective phenomena. The collective phenomena contain
important problems of the relation between “parts” and “whole”. If we cannot prepare a “self”’, then what
does mean “making self’? Many system theories miss this point. Returning to the definition of the word
“self-organize”, we point out that the word must contain two levels, which are “self” (parts) and “making
self’ (whole), at least. However, the word “self” would contain other elements, which never belongs to “self”
in advance, because the “self” can make progress by actively taking in unknown factors when he adapts to
changing environment. “Self” itself must be defined as incomplete in the self-organization. Changing “self”
also requires changing “making self” as a whole. Therefore, the relation between “self” and “making self”
must be dynamic. To overcome these problems, we use the concept of type (e.g., kind, classes, roles,

variables) and token cognition (¢.g., individuals, instances, filters, values). Types and tokens are essential -

characteristics of physical symbol systems hypothesized in human and nonhuman mental representation.
Although it has been reported that nonhuman animals appear to reason on the basis of particular sets of
features shared by members (tokens) rather than on abstract roles (types), we have to consider ambiguity
between types and tokens when we consider the dynamical relation between parts and whole. The model of
Chapter 2 and Chapter 3 are constructed by regarding the type and toke cognition. Each individual of our
model adjusts a dynamical relation between type and token cognition though its own experience.

In Chapter2, we will discuss about the flocking phenomena. Recently, the analysis of the flocking
behavior can be more accurately analyzed than it was used to be. These researches make us reconsider to the
notion of the neighborhood for the theoretical model. Topological distance is regarded as one of results. The

. #EET : No. 2)

topological distance elaborates that a birds never interacts with his or her neighbors in the neighborhood in a
fixed length (they call "metric distance"), but interacts with the nearest 1* - 7" neighbors. Cavagna et al.,
moreover, found the new phenomenon in flocks explained by neither the metric distance nor topological
distance. They found that the correlated domain in a flock is larger than the metric and topological distance,
and discovered that this domain is proportional to the flock size. To synthesize topological and metric
distance, we propose the metric-topological interaction model that reveals both metric and the topological
distance. This model shows the various behaviors of a flock without any external noise. The
metric-topological interaction model also shows the scale-free correlation in a flock, and simulating results
are well-fitted to the empirical data obtained by Cavagna et al in two- and three dimensions. We also will
discuss many properties for the fluctuation such as SOC and releasing and storing fluctuation.

In Chapter 3, we will discuss the ecological evolutional system. There are two contradictory aspects for
the adaptive process in evolution. The one is that species must optimally increase its own fitness in a given
environment. The other is that species must keep their variation ready to changing environment. In a strict
sense, these two aspects might be exclusive with each other. If species is adapted to the optimal, the variation
of species which can be trapped to the suboptimal decreases, and vice versa. To resolve this dilemma, we
have to find the balancing between the optimal adaptation and the robust adaptation. Finding balance
between them, however, needs the complete and static information for the locality and globality. The
balancing between them must be more dynamic. In this study, we proposed the model that shows dynamical
negotiation between global and local information by using a lattice theory. By using lattice theory, we never
only can represent dynamic global information from local incomplete information. Species of our model
show the power law of the lifespan distribution and 1/f fluctuation for adapting process. Finally, we argue
that our model enables the balance between the optimal adaptation and the robust adaptation without any
parameter. Incompleteness of information positively helps ecosystem to adapt to a given environment
optimally.
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