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ABSTRACT

The aim of this work is to design a formal framework that is capable of
modeling complex adaptive systems. The characteristics of the complex adaptive
system require both the top-down properties and the bottom-up properties of the
modeling framework, for example, the emergent properties and the adaptation.
However, existing methods focus on a single aspect of the system. Consequently, the
result model could not encapsulate all of the aspects.

The proposed modeling method is based on a method exploiting the
architecture of the algebra. Since a complex adaptive system could be regarded as a
hierarchical structure, each layer of the system could be depicted by an algebra-liked
component. Components could be built on top of each other and formed a hierarchy
of structure of a complex adaptive system. Similar to the algebra, a component
consists of two parts: a set of constructs and its operation. The primary construct is a
collection of properties and their quantities. Moreover, the constructs could integrate
with each other to form a more complex entity in a higher-level component.
Furthermore, a concept of composition is used to facilitate the design by indicating
the flow of information between entities. The operation is a transformation of the
construct. For each time step, the chance of an operation of an entity being chosen is
given by a probabilities function. As a consequence, the adaptability is depicted by
the adjustment of the selective function.

The method is applied to several case studies in order to demonstrate the value
of the method. Firstly, a chess piece, a knight, is used to demonstrate the formulation
of a component. Moreover, the hierarchy of the system is depicted by a game of
chess, which allows the decision to be made in a higher level. Secondly, the
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application of composition is illustrated by a supply chain. The result model indicates
that the designer could focus on any specific layers. Thirdly, a genetic algorithm is
composed using a two-level component to preserve the correct behaviors. In another
case study for composited entities, a cylinder and a Mobius, the application of high-
level component shows that the proposed method could provide the reusability and
the separation of complexity. The entities compose of surfaces, which could be used
to construct both entities and could be made coarser, orfiner. Finally, the
methodology is applied to the artificial neural network by considering the neuron as
the primary construct in order to demonstrate the hierarchical design and the adaption
of entities. In our experiments, the algebraic system modeling is able to leverage the
modeling of the complex adaptive system by hierarchical design.



