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1 Introduction

The origin of Systems Theory lays in the kind of complex problems experienced by engineers (specifically in the field of communications and control) and scientists (in biology and ecology) in the mid of the 20th century. Then it became obvious, that the usual mathematical modeling concepts based on analysis (differential equations) and linear algebra (linear equations and matrices) were not any more appropriate. New mathematical methods in dealing with actual problems in formal modeling tasks were required.

In Communications Engineering Karl Küpfmüller, well known as engineer and as Professor, suggested to model transmission lines and related components not on the level of electrical networks (and related differential equation systems) but on the higher level of functional frequency descriptions (by the transfer function) and look for (“top down”) means of computational determination of the physical realization on the level below.

Such an approach in modeling he called “systemstheoretical”. His book “Die Systemtheorie der Elektrischen Nachrichtenübertragung” of 1949 can be considered as the “birth” of Systems Theory for Information Technology. From that it should be clear, that Systems Theory should not be considered as a “theory of systems” but rather as a collection of useful concepts, methods and tools for the support of “top down” multi-level modeling in engineering and science. By this definition it is obvious that formal concepts and methods will in a Systems Theory have an important role. It is likewise quite clear that in order to deal with complex design and simulation problems in engineering and science a computer assistance for the effective application of systemstheoretical methods is a necessity. The field of Computer Aided Systems Theory (CAST), the field which should provide the proper software tools for the application of Systems Theory, deserves therefor the vital interest of engineers and scientists working on complex design and simulation projects.

2 CAST/CAD/CAM Tools: The Beginnings 

In the past most attention has been given to the development of computer assistance tools for practical engineering tasks. This resulted in CAD tools for structuring of engineering tasks and in CAM tools for physical layouting the design to prepare for implementation. The functional design of engineering systems, which needs the application of formal methods, however, has not received the proper attention which is deserves.

In the development of CAD/CAM tools the domain of microelectronics and there the design of VLSI circuits has reached a high standard both in applied methodology and in efficient implementation. This resulted in university education that VLSI design became teachable and in industry that also non-specialized firms were finally able to design customized circuits. Formal methods, which support functional design steps on a higher level of description, however, do not dominate in such tools.

This fact gave us in the mid of the 80’s the idea to implement some of the formal methods which are available in systems theory for such tasks and to integrate them into existing VLSI-design tools. We considered this activity as part of “Computer Aided Systems Theory” (CAST). The first “CAST-tool” to be integrated to VLSI CAD/CAM tools (to became a “CAST/CAD/CAM/tool) was CAST.FSM, a Lisp-software supporting the application of finite state machine theory in VLSI design.

3 CAST Conferences: The History

For traditional areas of engineering, especially in control engineering and in communication engineering tools which support formal (mathematical) modeling exist already for a long time (see for example Jamshidi-Herget (eds.) 1985). For (classical) mathematical systems theory, as defined by Küpfmüller, Zadeh, Kalman, Mesarovic, Wunsch and others, which centers on the concept of a “dynamical systems with input and output” (in different degree of abstraction and specialization) “CAST tools” in comparable quality did not exist.

An exception constitute the reported activities of George Klir and his systems group at SUNY-Binghamton to develop and implement the “General Systems Problem Solver” (GSPS) for the support of problems in general systems (as defined by G. Klir).

In 1984 we started at the University Linz, Institute of Systems Science, the “CAST project” with the goal to develop software tools which support systems theoretical methods in formal modeling of systems in the domain of information technology. Furthermore to integrate such tools (CAST-tools) into existing CAD/CAM tools and to show its practical applicability. This project got full support by Siemens AG ZT Munich (research laboratories) specifically there by its leader Prof. Heinz Schwärtzel and his group. As a result different versions of prototype-CAST tools, such as CAST.FSM (a finite state machine problem solver), CAST.FOURIER (an abstract harmonic analysis problem solver) and CAST.LISAS (for modeling and simulation of cellular systems) were developed (see Pichler-Schwärtzel (eds.) 1992). In addition international conferences on the topic of “CAST” were started and organized (CAST workshop’88 (Linz), EUROCAST’89 (Las Palmas), EUROCAST’91 (Krems), EUROCAST’93 (Las Palmas), CAST’94 (Ottawa), EUROCAST’95 (Innsbruck), EUROCAST’97 (Las Palmas)). These CAST-conferences received international interest and participation, most of the papers delivered by the speakers have been published (Lecture Notes in Computer Science, Springer-Verlag Berlin-Heidelberg).

The topics covered at the CAST conferences have purposively a wide spectrum. Besides of papers which are in the core of CAST research the organizers accepted also papers which are potentially close to CAST or which give promise of new areas for the development or of possible applications of CAST-tools. Of specific interest was here the connection of Systems Theory and CAST to the field of Artificial Intelligence and related areas. In this direction the engagement of Roberto Moreno-Diaz and the research groups at the University of Las Palmas (Gran Canaria, Spain) and at different other Spanish universities deserves to be mentioned here. All in all we would like to consider the past activities in the “CAST project” as satisfying since many researchers and practitioners in engineering became aware of the importance of formal models and associated algorithms to structure and optimize design. They follow the rule that design has to be done “top down” using models of different levels of abstraction and specialization and acknowledge the availability of formal models to help in verification the fulfillment of requirements. Furthermore they have trust in deductive methods for systems analysis to approve the desired quality of the designed system. This facts are satisfying to all researchers working in theoretical fields such as applied mathematics or mathematical systems theory. This satisfaction is independent to what degree CAST tools (in the strict sense of definition) might have migrated into existing CAD/CAM tools until today.

4 Directions for Future Research

After ten years of activities in CAST matters there is the question in what direction future research should go. I will try to point out three possible directions:

(1) Systems Theory and CAST tools for Macro Architecting,

(2) Systems Theory and CAST tools for complex hierarchically distributed intelligent systems,

(3) Investigations of dynamical systems in “Bourbaki style” and development of associated CAST tools.

To (1): The engineering systems of today a very often complex systems build up by reusable components which consists of conventional engineering systems. To assure the quality of the design of the overall system it is advisable to have formal models for higher architectural levels available. In consequence this requires associated methods for structuring and optimization of such formal models. Furthermore appropriate CAST tools for the application of such methods to support “Macro-Architecting” (see Pichler 1998) are necessary. Examples of such complex engineering systems are manifold. The internet and the quality assurance of it with regard to the security of private data or the existing cellular nets for mobile-telephony provide fashionable examples.

To (2): A hierarchical structure of a complex system gives, as we know, an analyst often the chance to apply formal methods in a recursive manner going from one level of the hierarchy to the other. This means that the complexity is reducible and effective deductive methods can be applied. The situation is more complex in the case that the components of a hierarchy are multifaceted and therefor inhomogen. This is the case of intelligent components which have a certain autonomy. Arthur Koestler (1967, 1968, 1978) introduced for such hierarchies the concept of “holons” (describing the components) and also the proper relations between components. He called such a hierarchy a “holarchy”. Furthermore he defined by a canon of rules for important properties which a holarchy (Koestler calls it a “SOHO” structure - SOHO stands for Self Organizing Hierarchical Order) is required to have.

We believe that in the future specific systemstheoretical methods for holarchies are needed. With associated CAST tools the engineering quality of the design of “complex distributed intelligent systems” can be improved. We do, however, not believe that evolution mechanisms - comparable to such which are intuitively proposed for a free capitalistic market - will finally sort out bad species in proper time. We rather would like to emphasize the need of rational proofs for the assured quality of such design tasks.

Many activities for a methodological framework and associated tools for such systems are under way (we refer here to the topic of “Multi-Agent Systems”, see J. Ferber 1999). 

To (3): In the introduction to this paper we pointed out that Systems Theory is essentially a collection of concepts and methods for dealing with multilevel modeling and we emphasized the need for a top down approach. Following the classification as given by Mesarovic we can distinguish between two main kinds of multi-level models: multi-strata models and multi-layer models. Multi-strata models are , as we know, characterized by the fact that the different levels represent the real system which is in discussion by different levels of abstraction. In contrast, in a multi-layer model the different layers model components of the real system and reflect their order in the hierarchy with respect to tasks such as partition of the work load or decision making. 

By investigating dynamical systems in “Bourbaki style”, as we propose, we understand the aquiring of knowledge to represent dynamical systems in different levels of abstraction and to relate such representations “top down” by proper morphisms (dynamorphisms in the sense of Michael Arbib).

Although the theory of dynamical systems is in mathematics highly developed and ranges from such abstract fields as topological dynamics to rather specialized topics such as dynamical systems generated by linear constant differential equations or finite state machines, the study of dynamorphisms to relate the different possible representations seems to be not developed in what we would like to call “Bourbaki style”. There are, however, some important partial results available (e.g. the algebraic theory of linear systems as developed by Rudolf Kalman). However much research work is left to be done.

To stress the importance of this direction of research in Systems Theory and CAST, we would like to give an example for possible applications.

Microsystems, as it is well known, are highly integrated circuits which are based on different technologies such as microelectronics, micromechanics, microacoustics, microhydraulics, micro-vacuum tubes, micro optics and possible others. By these different technologies it is possible to implement different kind of “machines” and to integrate them by coupling to a complex system on a single silicon chip. For modeling a microsystem we need, depending on the different realization technologies for its components and their couplings, a variety of different modeling concepts and tools. The complexity of the modeling process is certainly a new challenge in systems design. The paradigms which are existing in modeling and tool making, as for example, used in microelectronics, mechanical engineering or control engineering, have to be revised and adapted to new needs (DeMan, 1990). In addition to the development of CAD tools for the engineering support of the designer formal mathematical methods and related tools have to be investigated and elaborated. The related research constitutes for the near future an important task in applied mathematics and mathematical systems theory.

The development of a theory of dynamical systems (in “Bourbaki style”) and associated CAST-tools can be considered as an important part of research in this direction. It would provide mathematical means to “lift” models which are represented by dynamical systems from a lower (refined) level to a higher (coarse) level by appropriate morphisms. Furthermore such a theory and associated CAST tools would also allow to investigate the possibilities of decompositions of dynamical systems to achieve a refinement transformation from a higher level to a lower level of dynamical systems representation. Both kind of transformations are needed for giving theoretical support to microsystems design. More arguments on this topic may be found in a recent paper of the author (Pichler (1998)). 
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