Models, Systems and Software

FRANZ PICHLER

Institute of Systems Sciences

Johannes Kepler University

Linz, Austria

ABSTRACT

The principal problems concerning the application of Computer Aided Systems Theory in the engi​neering sciences are presented, with particular emphasis on the fields of computer, communication- and control-engineering.

1. Introduction

In this paper we address some of the currently discussed problems concerning the practi​cal application of Systems Theory in the engineering sciences  - particularly in the field of computer, communication and control engineering.

The progress achieved by VLSI technology and microsystems engineering allows the design of powerful computers of reasonable cost and size for the efficient application of the systems approach in the applied sciences. Machines of this kind are necessary to suc​cessfully apply Systems Theory instrumented modeling and simulation techniques in practical problem solving.

2. Models

By a model we understand here an image of a real system which serves for one of the following two scientific tasks:

(1) as a “blue print” to construct a real system which meets a certain goal (design model)

(2) to compute the solution of a certain problem which is given in connection with a real 
system (analysis model)


Model-building can be considered as the art of constructing models in connection with the scientific investigation of real systems. Today the model-building “artist” (an engineer or a scientist) depends on the availability of computerized tools for the application of scientific methods and tech​niques. In building engineering models, many of these methods and techniques are part of Systems Theory.

Computerized tools, which allow the application of such systems theoretical methods and techniques can be provided by CAST systems (CAST := Computer Aided Systems Theory).

Model-building for design

In case of a design model the model-building activity starts from a given initial specifica​tion represented in natural language form. The goal of model-building is to reach a “blue print” which realizes the initial specification by a network consisting of elementary building blocks (= library elements).

For practical reasons this goal will not be reached in one step - it is necessary to design the “blue print” by a model-building process in several steps. For example, we might start with an initial specification given by behavioral data (including I/O behavior, tech​nology parameters, costs, etc.), followed by an algorithmic model which specifies the main functions. The subsequent step in model-building gives an architectural model which specifies the realization of the algorithmic model by a network of boxes (block-diagrams). The archi​tectural model is then refined to reach a state transition model. From this a compilation process might start to result in a final (physical) layout-model which contains all data that are necessary for production.

To ensure that the goal specification (the “blue print” reached by the model-building pro​cess) realizes the initial specification, model testing is necessary. We distinguish between mathematical testing methods (e.g. formal verification techniques) and simulation testing methods. It is advisable also to perform testing stepwise during the model-building process.

Model-building for analysis

In case of real system analysis (solving a certain class of problems by scientific methods) the goal is to construct a model which is suited for the computation of a solution. The “art” of model building depends here on the skill to find a valid model which is “computationally  efficient”.

Again it is necessary to proceed stepwise in model-building and in finding a problem solution using the built model.

The problem solving process starts by defining the initial specification of the problem to be solved. The next step is again the construction of an algorithmic model which models the main functions of the real system (relevant to the given problems). Subsequent steps consists of deriving an architectural model (block diagram) followed by a state transition model and a (physical) layout model of the real system.

Depending on the kind of problems to be solved different methods and techniques which are known for these models are applied to reach a solution. We distinguish here between methods which are based on a mathematical model analysis and methods which are based on simulation model analysis.

3. Systems

By a system we understand here a formal system which results from a model either by abstraction (abstract model) or which is derived from a model in the course of the appli​cation of a specific problem solving method (representation model). In many cases, a system will be a mathematical system, such that an associated theory exists. Examples of mathe​matical systems are for example given by Finite State Machines (Finite Automata) and by Linear Differential Equation Systems.

Systems are considered to be indispensable objects to support the model-building process. They serve as a formal framework for constructing different model representations and for the computation of solutions of the given model problems.

Systems Theory offers many different kinds of systems specifications. In addition, many methods for symbolic manipulation of systems (e.g. composition, decomposition, opti​mization) exist which can be applied in model processing and model problem-solving. Such methods are particularly important for mathematical model testing and mathematical model analysis. However, also for simulation (construction of a simulation model for testing or analysis) the application of systems theoretical methods has proven its impor​tance. Last, but not least, the concept of multi-strata systems (as introduced originally by Mesarovic and Takahara) can be used to give a proper systems representation for the hierarchy of models in the model-building process. For that purpose, Systems Theory can be considered as a “broad-band language” for model-building and problem-solving. It is therefor a suitable scientific basis for computer-aided model design (CAD) and for computer-aided model analysis (CAA).

4. Software

By software we generally understand programs which run on a computer to realize a certain function. Here we deal with questions concerning software to realize model-building and problem-solving. By the requirement that any piece of software has to be based on a formal description, the use of systems and Systems Theory in software design should be quite natural.

However, current software for model-building in design (CAD) and analysis (CAA) makes only little use of systems and systems theoretical knowledge. One of the reasons for that seems to be that, until now, software systems which implement Systems Theory have not been commonly available.

Computer Aided Systems Theory (CAST) is an activity to help to overcome this unfortunate situation and to provide efficient software systems for the application of Systems Theory by means of a computer.

CAST systems, however, are most often not considered for direct application in practical model-building and problem solving. They should, however, serve as an educational device to train engineers and scientists in the general application of Systems Theory in their fields and to motivate the Systems Scientists to implement their special domain knowledge on a computer.

In consequence it is expected that CAST systems will contribute to the application of systems theoretical knowledge in the development of practical CAD and CAA software systems in the near future.

5. Guide to Literature

This article has by its short length many shortcomings. Therefor we want to point to certain books and articles which provide the necessary additional information on the subject for the interested reader . For a detailed discussion of the problem of integrating Systems Theory into the philosophy of science consult  (1). Model-building and problem-solving as seen from the systems point of view are discussed in detail in (2). A Systems Theory supported modeling and simula​tion methodology is presented in (3). In certain areas of model-building and engineering design software packages do exist for the application of Systems Theory. A book which covers software packages for control engineering is given by  (4). For a discussion for treating software which meets the requirement of Systems Theory we refer to (5) and to related articles (6), (7), (8), (9) where the “philosophy” of “CAST systems” is covered. For a book which is devoted to explain “CAST” consult (9).
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