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An Adapation Theory in Autonomous Decentralized Systems

Satoshi ITO*, Hideo YUASA™™ and Masami ITO*

Patterns in the nature often emerge on assembly of many homogeneous subsystems, and are characterized as

stationary relationship among subsystem’s states. In many cases, subsystem interactions are local, while patterns
are defined throughout the system as a global order. From the engineering point of view, how to achieve a desired
global relation with local interactions is a problem to solve for system decentralization. Under this background,
Yuasa and Ito (1989) proposed a pattern formation theory in autonomous decentralized system based on the
gradient dynamics. In this paper, we extend their method to treat adaptability that autonomous decentralized
system is expected to possess. Our concept on adaptation is to decrease subsystem interaction by changing
interaction method, which is also based on the gradient dynamics.
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(a) Before an environment variation. The left figure denotes an
evaluation of formed-pattern, while the right figure expresses
the sketch of subsystem interactions between adjacent ones
(which is the same in (b) and (c)). Now, we assume that
the desired pattern is emerging. At that time, the evaluation
of the formed-pattern is the highest, and no interactions work

between adjacent subsystems.
Cll'nteraction/{g

interaction.

lower evaluation

perturbed
pattern

e

varied environment

pernirbed pattern
s

PP

(b) Immediate after an environment variation. Because of en-
vironment variation, the formed-pattern is not the same as
the desired pattern. Therefore, the evaluation of the formed-
pattern goes down. And, interactions are working all the time.
The formed-pattern is maintained by the balance of the inter-
actions.

Mo interaction

adapted pattern

desired pattern

varied environment

_>Pd=P

(c) After adaptation. The desired pattern changes so that the
interactions become small. Thus, when adaptation is achieved,
no interaction works as before environment variation. The eval-
uation function also changes, and the formed-pattern again ob-
tains the highest evaluation.

Fig.1 Our concept on adaptation.
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(c) Effect from adjacent subsystems f;.

Fig.2 Relation and interaction between adjacent subsystems.
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(e) P — Py, corresponding to the magnitude of interaction.

Fig.4 Simulation results when the number of subsystems increases in the coupled os-

cillator system.
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