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Kapitel 1



Vorwort Der Inhalt der Vorlesung l¨asst sich mit den Vorbemerkungen zum Buch von Christos Cassandras (Discrete Event Systems) [Cas93] sehr gut beschreiben: Over the past few decades, the rapid evolution of computer technology has brought about the proliferation of new dynamic systems, mostly ”man–made”and highly complex. Examples are all around us: computer networks; automated manufacturing systems; air traﬃc control systems; and highly integrated command, control, communication, and information (C 3 I) systems. All activity in these systems is due to asynchronous occurrences of discrete events, some controlled (such as hitting a keyboard key) and some not (such as a spontaneous equipment failure). This feature lends itself to the term discrete event system. The mathematical arsenal at our disposal today (primarily, diﬀerential and diﬀerence equations) was developed over several centuries to model and analyze the time–driven processes one usually encounters in nature. The process of adapting this arsenal and developing a new one suitable for event–driven systems is only a few years old: The challenge is to develop new modeling frameworks, design tools, testing techniques, and systematic control procedures for this new generation of highly complex systems. New paradigms, based on combining mathematical techniques with processing experimental data, are slowly emerging. Moreover, the role of the computer itself as a tool for system design, analysis, and control is becoming critical in the development of these new paradigms. The capabilities that discrete event systems have, or are intended to have, are extremely exciting. Their complexity, on the other hand, is overwhelming. Yet, the availability of computer–aided tools makes it possible and often cost– eﬀective simply to build new systems, sometimes based on a ”seat–of–the–pants”or trial–and–error approach alone, before we can fully ﬁgure out their properties, limitations, or overall implications. New models and methodologies are needed not only to enhance design procedures, but also to prevent failures (which can indeed be catastrophic at this level of complexity) and to deliver the full potential of these systems. Und weiter heisst es in einem anderen Abschnitt: Historically, scientists and engineers have concentrated on studying and harnessing natural phenomena which are well modeled by the laws of gravity, classical 4



and nonclassical mechanics, physical chemistry, and so forth. In so doing, we typically deal with quantities such as the displacement, velocity, and acceleration of particles and rigid bodies, or the pressure, temperature, and ﬂow rates of ﬂuids and gases. These are ”continuous variables”in the sense that they can take on any real value as time itself ”continuously”evolves. Based on this fact, a vast body of mathematical tools and techniques has been developed to model, analyze, and control the systems around us. It is fair to say that the study of ordinary and partial diﬀerential equations currently provides the main infrastructure for system analysis and control. But in the day–to–day life of our ”man–made”and increasingly computer– dependent world, we notice two things. First, that many of the quantities we deal with are ”discrete,”typically involving counting integer numbers (how many parts are in an inventory, how many planes are on a runway, how many telephone calls are active). And second that what drives many of the processes we use and depend on are instantaneous ”events”such as the pushing of a button, hitting a keyboard key, or a traﬃc light turning green. In fact, much of the technology we have invented and rely on (especially where digital computers are involved) is event–driven: Communication networks, manufacturing facilities, or the execution of a computer program are typical examples. Auf der anderen Seite sind komplexe technische Systeme aber auch durch ihre Heterogenit¨at charakterisiert. Diese Eigenschaft wird einerseits in der Mixtur verschiedenster Realisierungsmglichkeiten sichtbar, zum Beispiel durch die Kopplung mechanischer und elektronischer oder analoger und digitaler Teilkomponenten. Als gutes Beispiel kann hier das elektronische Bremssystem von Autos dienen, in dem von der Messwertaufnahme u ¨ber Sensoren, u ¨ber die Brems¨ ubertragung durch elektromechanische Aktoren und die analoge Signalvorverarbeitung bis hin zur prozessorgesteuerten Bremsregelung alle erw¨ahnten Implementierunsarten vorkommen. Ganz entscheidend hat sich zudem in den letzten Jahren auch die Modellierung solcher Systeme gewandelt. Die Kopplung zwischen verschiedenen Paradigmen wie zeitdiskret, zeitkontinuierlich, ereignisgesteuert, wertediskret oder auch wertekontinuierlich ist von entscheidender Bedeutung f¨ ur den Einsatz rechnergest¨ utzter Entwurfsverfahren, zur Analyse von Systemen oder auch zur Dokumentation des Systems und des gesamten Lebenszyklus. Gerade von industrieller Seite wird betont, dass von den Absolventen der Technischen Hochschulen vermehrt Systemkompetenz erwartet wird. Die vorliegende Vorlesung soll dieser Anforderung Rechnung tragen.
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Materialien Die vorliegenden Materialien wurden zur Begleitung der Vorlesung Diskrete Ereignissysteme“ ” erstellt, die zum ersten Mal im Sommersemester 98 gehalten wurde. • Das Skript enth¨alt vor allem Kopien der Vorlesungsfolien und ausgew¨ahlte Publikationen. • Das Skript soll als Referenz zu den in der Vorlesung behandelten Themenbereichen dienen. In vielen Teilen bezieht sich die Vorlesung auf das Buch von Christos G. Cassandras (Discrete Event Systems) [Cas93]. Weitere Literaturhinweise ﬁndet man im jeweiligen Zusammenhang. Das Buch ist zur Begleitung der Vorlesung sehr empfohlen: [Cas93 ] C. G. Cassandras. Discrete Event Systems: Modelling and Performance Analysis. Aksen Associates Inc. Publishers, Homewood, IL and Boston, MA, 1993. ISDN 0-25611212-6.
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