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Introduction

Our world in its different appearances has become during the last years very complex surpassing all previously experienced dimensions. Today both science and art have serious difficulties dealing with this complexity using conventional theoretical frameworks, methods and tools. Science and art urgently need new types of “models” and associated “modeling methods” to meet the challenge. In this paper we will introduce some promissing ideas for the development of modeling methods for complex scientific problems – especially for the field of engineering. 

The leading role in our following discussion will be given to Arthur Koestler and his writings concerning the art of modeling complex systems. Using the framework of Koestler and other scientists working in this part of Systems Theory it should be possible to define goals for research, such that the modeling of complex phenomena can be done to a certain degree, or, as there is always a chance in engineering to completely avoid complex phenomena.

In Systems Theory, as considered by Arthur Koestler, the concept of a “holon” plays a leading role. A holon, according to Koestler is a model-component with a “Janusface” - one side looking “down” and acting as an autonomous system giving directions to “lower” components and the other side looking “up” and serving as a part of a “higher” holon.

Holons, in the sense of Koestler, are essential in hierarchical systems with intelligent performance. They allow the modeling of complex phenomena in a non-reductionistic way. In a multi-strata hierarchy, in the sense of M. Mesarovic (a hierarchical ordered system where every level is a domain specific abstract version of the overall complex real system under consideration) holons are the components for modeling parts of the system at different levels. They emerge in this case from the dependent holons in the model of the next lower level.

In the case of multi-strata hierarchies the mathematical concept of structural “morphisms” – used to relate models of different levels onto each other - plays an important role. Using this concept there is a good chance that a rigorous mathematical approach to construct such models does exist and strong mathematical oriented means for their analysis will be available.

A different situation is given by hierarchies which are multi-layer systems (in the sense of M. Mesarovic). These are hierarchies which model the overall system, where the components receive “orders” from components above and transmit “orders” to components on the next lower layer of the model. When Arthur Koestler introduced his concept of a “Selforganizing Open Hierarchical Order” (SOHO) he had a multi-layer hierarchy in mind with holons as the components.

Holons in the sense of Koestler are important modeling means for components of any hierarchical model of a real system with complex behavior. 

Systems Theory, the scientific discipline which provides formal models for solving complex problems in science and engineering, has the task to elaborate the concept of holon and related holonic models and to provide methods and computerized tools for its application.

In the following we will try to explain the approach of Arthur Koestler and to indicate some ideas for further research. 

The Janus Effect

First, we mention again the concept of the “Janus face” nature of a holon, which is emphasized by Koestler. This concept assures compactness of a SOHO structure with respect to the vertical coupling of its layers as well as the independence of holons (which are the components) at each layer. Immediately one is confronted here with the question, how the “Janus face” of holons laying in the most upper and the most lower layer of the “holarchy” is realized. We believe that such holons have to rely for their function in a great deal on “art”. The highest level upper holons need, for their role in giving guidance and orientation to the holons below, a reference systems – mostly available to them by intuition – on which to base their decisions. The “Janus face” of those holons, with respect to its looking “up”, can usually not be achieved by learning alone but needs a certain talent to build the proper reference system.

On the other hand, holons which are situated on the lowest layer need for the “down” looking “Janus face” a skill comparable to handcraft, to realize and integrate the processes which define the lower boundary of the SOHO-structure. This skill can again be considered as a kind of art which can only be acquired by practical experience. From this point of view, the holons on the upper and lower boundaries in a SOHO-structure play an important role and deserve special attention. It is mainly their proper functioning which defines the quality of performance of a SOHO-structure. Although such considerations might be evaluated as being trivial, it might be interesting to the reader to construct his own example. In the organizational structure of  a company, the people at the highest management level and the workers on the lowest level are in that sense critical holons, which realize the input/output processes on the interfaces of a SOHO-structure which is embedded in an environment consisting of the market.

By our above arguments the holons of the layers between are classified as a type of administrative helpers. The realization of their “Janus face” does not need the kind of “art” or “skill” necessary for the holons on the upper and lower bounds of a holarchy (SOHO-structure). However, this should not make them less important. To avoid “bureaucracy” these holons have to perform their Janus faced function in an intelligent manner and have to possess a certain autonomy. Furthermore the holons on intermediate levels are responsible for the selforganizing property of a SOHO-structure. Using constraints they detect the need for restructuring the hierarchical order, including the cancellation of holons and their depending parts or the addition of new holons in order to adapt to requirement changes and improve performance. Although flat hierarchies with a small number of intermediate levels are often  desirable, the complexity which exists or is demanded of a real system very often requires a certain number of intermediate levels.
The choice of words which we use suggests to the reader the organizational  structure of a country, a company, or a governmental administrative division as a valid example of a SOHO-structure. However, Koestler’s conceptual framework has a much wider domain of application, for example any living organism, a forest but also cells or a fully automated manufacturing system, are real systems to which this framework can be applied. 

Decomposability

Hierarchies are already models in a decomposed form. The different control- and communication channels between the holons constitute the coupling system of the decomposition. A hierarchy with holons as its components, a holarchy, constitutes a very desirable decomposition of the overall system. 

In the case of a “multi-strata holarchy” (in the sense of Mesarovic-Koestler) the overall model is decomposed into different levels, where each level models the real system in discussion from a certain domain-specific and abstract point of view. Within a domain-specific view of modeling, the model represented by a multi-strata hierarchy at a certain level is a refinement of the models of the levels above. Very often this refinement is realized by an accompanying decomposition, such that to a component of a level-model several components are assigned in the refined version of this component at the next lower level. In this case components of a certain level in a multi-strata model have a “Janus face” in the sense of Arthur Koestler. The question is, whether the necessary additional features of components of this kind can be found, such that they can be considered as holons. The answer can be positive if we assume, that the performance of the model has also a stratified structure such that every level-model has to meet certain performance criterion as determined for that level. Then “intelligent” behavior of the level components are required and self-organisation of some kind might be necessary to meet the performance requirements.

Examples are given by “design hierarchies” as used in the design of microelectronic circuits or generally in the use of the methodology of systems engineering. Other examples are given by “evolution hierarchies” as represented by models of the evolution of living systems or also in some respect by the evolution of machines such as transportation devices (e.g., cars, railways, airplanes, ships) or machining tools (e.g., lathes, tool making machines, robots).

Another type of decomposition of a model as discussed above is given by a multi-layer representation of the model. There the individual components are ordered hierarchically and depending on the level in the hierarchy they have to fulfill specific functions. Examples of typical applications of multi-layer hierarchies are given by organization charts of a company which determines the responsibility in decision making, supervision, and workload distribution. While for multi-strata decomposition of formal models many systemstheoretical methods do exist, not so many methods for multi-layer decomposition are known. Their existence depends very often on an evolutionary process over a rather longer period of time. As mentioned already in the introductory part, multi-layer hierarchies are however well suited as the framework of a holarchy. The performance of such a “multi-layer holarchy” depends strongly on the degree of autonomy of the individual holons. The extreme case, that  the holons depend in their functioning completely on the leading holons of the most upper layer represents dictatorship with a central organization enforcing bureaucracy. The other extreme case that the individual holons of a multi-layer holarchy are completely independent determines an uncoordinated system which most likely performs in a chaotic manner. To find a balance between these extreme cases is an important goal in the design of complex systems. However it seems, that a mathematical approach to support such a design is not currently available. This results in practice, for example, in permanently changing architectures of socio-economic systems depending on the political orientation of the decisionmakers. In the case that the upper holons of the holarchy emphasize the free market they trust that selforganization will eventually bring the system into the wanted balance. In many practical cases this might not happen during the envisaged time horizon and the goal is not reached. On the other hand a completely planned and controlled market has always the danger that certain holons or clusters of holons of the hierarchy will not function as planned and will not contribute towards the wanted balance. 

Rules and Strategies

Arthur Koestler defines for the SOHO-structure explicitly what he means by the “Janus face property” of a holon. When looking “down”, a holon represents a quasi-autonomous whole (self-assertion tendency) such that the depending holons of the next level have for performing their main function no need in coupling their input- and output channels to other holons.

On the other hand, looking “up”, a holon integrates its functions into a existing or developing whole (integration ability).

In the case of living systems Koestler points out that in adult holons the self-assertion tendency is realized by the emphasis on rituals caused by instincts and by stereotypical thinking caused by past experience. The ability to integrate is supported by the creativity of a holon to adapt to new needs of the associated whole.

Sampling and Scanning

According to the hierarchical functioning of a holarchy Koestler distinguishes between input-hierarchies and output-hierarchies. Input hierarchies in the sense of Koestler operate to achieve from the signals and states associated with holons on lower levels an abstraction or generalization represented by the signals and states of holons on upper levels. Input hierarchies have therefore the main function to compute the emergent properties in a holarchy.

Output-hierarchies, on the other hand are defined by Koestler as holarchies which operate in the opposite direction of an input hierarchy. They take signals and states from holons of upper levels and transform them to specific concrete signals and states suitable for the proper operation in holons of the lower levels of a holarchy.

Further properties which are introduced by Arthur Koestler to specify a SOHO-structure concern the degree of arborisation of a holarchy and the degree of reticulation of such a structure. Further he discusses the importance of regulation channels, which take care that in a holarchy signals are transmitted only one step at a time, up or down. The holons of a SOHO-structure have to be balanced between being “mechanized” and having a certain degree of “freedom”. Holons on higher levels have usually more freedom for their operation while holons at lower levels will usually have to follow more mechanized patterns in their operation. Another important property of a SOHO-structure concerns its degree of performance between dynamical equilibrium and complete disorder. Dynamical equilibrium is achieved if the self assertion tendency and the integration tendency of the holons counterbalance each other. Disorder appears if those tendencies dominate each other. In this context it might be interesting to mention that Koestler states that the rules of a social holon are not reducible to the rules which conduct its members. He writes in Definition 9.8 of his SOHO-structure “The egotism of the social holon feeds on the altruism of its members”. 

The final statements in Koestler’s definition of the properties of a SOHO-structure are devoted to regeneration. Critical challenges caused by the environment of a holarchy result in changes of rules for operating holons such that an adaption to new circumstances is realized by a reached new state of equilibrium.

Epilogue

Arthur Koestler has made by his introduction of the SOHO-structure in hierarchical systems an important contribution to the field of “General Systems Theory” (in the sense of L. v. Bertalanffy) and specifically to the subject of “hierarchies”. The discussion which followed his lecture at “The Alpbach Symposium” in 1968 which included prominent scientists such as Ludwig von Bertalanffy (Buffalo), Paul A. Weiss (New York), and Viktor E. Frankl (Vienna) praised his attempt to reconcile atomism and holism. 

Since the time of Arthur Koestler a number of new modeling paradigms have been proposed. Systems Theory, the field which has to look at the formal structure of such modeling concepts, has the task of exploring such new developments concerning the possible available theories for problem solving. In connection with our “search for Koestler’s holons” the example of artificial neural networks and related constructions deserve primary attention. From a general point of view, such networks are hierarchical systems forming a kind of multi-layer model. Its nodes (e.g., an artificial neuron) could be considered as holons in the sense of Koestler. After a learning phase artificial neural networks perform an operation in the sense of Koestler’s output-hierarchy; an unstructured input signal becomes during its transformation by the artificial neural network a well structured signal, which can be classified. However, artificial neural networks, as they are usually defined, are very specific holarchies. Its holons, the artificial neurons, follow simple rules and have only limited power to change those rules. In addition every artificial neuron disregarding its associated level, has the same operational power. The aggregation of holons, to form a kind of “super holon” situated on a higher level, seems to be in this case not supported by existing theory. The modeling of artificial neural networks by the concept of a multi-strata hierarchy of some depth is therefore not feasible.  For artificial neural networks the trivial multi-strata decomposition consisting of a black-box to describe the behavior on the most upper level and the network of artificial neurons on the next lower level, seems therefore the only possible one. The improved modeling of artificial neural networks as a holarchy in the sense of Arthur Koestler, where the holons have with respect to their associated level different operational capabilities, seems to be still a subject of research. 

Another example is the (human) brain. Holons of a nontrivial kind in the brain, which could be the building blocks of a holarchy in the sense of Koestler and which have at the same time also a systemtheoretical formal structure, seem to also be unknown. We add here a speculation from the layman point of view: By specific inputs to the brain (probably well known by marketing experts) certain holons in the brain-holarchy are affected and lead to deterministic response actions (e.g., shopping for a certain product). However, considering the way by which nature determines the evolution of complex systems, one has reasons to be skeptical in finding Koestler’s holons in any holarchy built by nature. This applies also to the case of the (human) brain. 

Another set of examples of actual interest for holarchies is given by the praised global nets of people, computers, production unities, companies, countries etc. realized by transport channels for material, energy and information. From the point of Systems Theory we are advised to use coupling mechanism for the realisation of such channels in a controllable manner, such that for “higher” holons their associated functions can be predicated. An uncontrolled growth of such channels by the (unreflected) belief in a “free market” with associated mechanism for evolution should therefore be considered with scepsis. 

The construction of suitable holons, which allow integrating “lower” holons to achieve a wanted emergent operation, assumes that an “invention” is made and can therefore be considered as a part of “art”.  In other words and to point to specific examples, to “surf” in the internet or to browse through the content of books in a library, is only then of interest, if by such an activity an innovative idea for the construction of a wanted “holon” comes up. Otherwise the search for Koestler’s holons, even by usage of the best technologies, will have no success. 
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