Author Thomas Deiß Title On the Combination of Model- and Property-Oriented Description Techniques Language English Promotor Prof. Dr. K. Madlener Date of Defense June 11, 1999 Institution Department of Computer Science, University of Kaiserslautern, Germany

Abstract

Different description techniques have to be used to describe properties of a system. This is the case if the properties belong to different aspects of a system. But even to describe properties of a single aspect it is often not sufficient to use a single one description technique.

We investigate in this dissertation how description techniques which are suitable for describing the aspect “behaviour” of reactive systems can be combined. This investigation is based upon a combination of the description techniques statecharts and TLA.

The description techniques statecharts and TLA differ w.r.t. the description style as well as w.r.t. the point of time when changes of entities become effective. The description technique statecharts is a representative of the class of model-oriented description techniques. By using such description techniques properties of a system are expressed by writing abstract models of a system. TLA is a representative of the class of property-oriented description techniques. Using them properties are often expressed by logical formulae. W.r.t. the point of time when changes become effective statecharts and TLA differ because in statecharts changes become effective after their stimuli. In TLA it is possible to describe that a change becomes effective together with its stimulus. Due to these differences it is not obvious how statecharts and TLA can be combined in a useful way.

In this dissertation we combined statecharts and TLA on a syntactical level by associating TLA-formulae with states of a statechart. The intended meaning is that the TLA-formulae are valid as long as the corresponding state is active. On the semantical level statecharts and TLA are combined by translating statecharts into equivalent TLA-formulae. These TLA-formulae can be combined with the TLAformulae that are associated with statecharts-states.

We show how these description techniques can be used together in different kinds of descriptions. The descriptions differ w.r.t. their level of abstraction — descriptions of an uncontrolled plant versus a design of a controller — as well as w.r.t. the mode of its meaning — possible behaviour of a plant versus its intended behaviour.

It is an essential problem of such a combination of description techniques to ensure that such descriptions are consistent. That means, that such descriptions are satisfiable. We present approaches to show that a description is consistent.

Contents

Zusammenfassung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii Danksagung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xii List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvi

1 Introduction 1 1.1 Systems and Their Behaviour . . . . . . . . . . . . . . . . . . . . . . 1 1.2 Descriptions of Behaviour . . . . . . . . . . . . . . . . . . . . . . . . 3 1.3 Description Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1.4 Description Styles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 Combination of Description Techniques 9 2.1 Characterisation of Our Combination . . . . . . . . . . . . . . . . . . 11 2.2 Structure of This Dissertation . . . . . . . . . . . . . . . . . . . . . . 14 2.3 Combinations of Programming Languages . . . . . . . . . . . . . . . 15 2.4 Diagrams and Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2.5 Synchronous Languages . . . . . . . . . . . . . . . . . . . . . . . . . 19 2.6 Further Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . 23 2.7 Summary of Related Work . . . . . . . . . . . . . . . . . . . . . . . . 26

3 Temporal Logic of Actions 27 3.1 Syntax and Semantics of TLA . . . . . . . . . . . . . . . . . . . . . . 28 3.2 Example: Traffic Light System . . . . . . . . . . . . . . . . . . . . . . 37 3.3 Advanced Concepts of TLA . . . . . . . . . . . . . . . . . . . . . . . 43

4 Statecharts 47 4.1 Introduction to Statecharts . . . . . . . . . . . . . . . . . . . . . . . . 47 4.2 Constituents of a Statechart . . . . . . . . . . . . . . . . . . . . . . . 60 4.3 Compound Transitions . . . . . . . . . . . . . . . . . . . . . . . . . . 68 4.4 Enabled Compound Transitions and Static Reactions . . . . . . . . . 73 4.5 Conflicts between Compound Transitions . . . . . . . . . . . . . . . . 74 4.6 Building a Step . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 4.7 Executing a Step . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 4.8 Behaviour of a Statechart . . . . . . . . . . . . . . . . . . . . . . . . 83 4.9 Other Semantics of Statecharts . . . . . . . . . . . . . . . . . . . . . 84

5 Data Variables 87 5.1 Syntax and Semantics of Expressions . . . . . . . . . . . . . . . . . . 87 5.2 Steps of Statecharts . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 5.3 Non-Deterministic Assignments . . . . . . . . . . . . . . . . . . . . . 96

6 Temporal Extensions 99 6.1 TLA Actions as Conditions . . . . . . . . . . . . . . . . . . . . . . . 99

6.2 Temporal Constraints: Examples . . . . . . . . . . . . . . . . . . . . 105 6.3 Problems of Temporal Constraints . . . . . . . . . . . . . . . . . . . . 110 6.4 Temporal Constraints of a State . . . . . . . . . . . . . . . . . . . . . 111 6.5 Temporal Constraints of a Statechart . . . . . . . . . . . . . . . . . . 121

7 Application of the Combination 123 7.1 Lift: Reference World (Observer) . . . . . . . . . . . . . . . . . . . . 124 7.2 Lift: Reference World (Machine) . . . . . . . . . . . . . . . . . . . . . 128 7.3 Lift: Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130 7.4 Lift: Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 7.5 Lift: Design of a Controller . . . . . . . . . . . . . . . . . . . . . . . 137 7.6 Two Variations of the Controller . . . . . . . . . . . . . . . . . . . . . 142 7.7 Lift: Remarks on the Descriptions of the Lift System . . . . . . . . . 148 7.8 Second Example: Production Cell . . . . . . . . . . . . . . . . . . . . 149 7.9 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

8 Activities 157 8.1 Informal Introduction to Activities . . . . . . . . . . . . . . . . . . . 158 8.2 Static Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 8.3 Active and Inactive Activities . . . . . . . . . . . . . . . . . . . . . . 163 8.4 Semantics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 8.5 Associating TLA-Formulae with Activities . . . . . . . . . . . . . . . 179 8.6 Refinement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 8.7 Lift Example (Cont.) . . . . . . . . . . . . . . . . . . . . . . . . . . . 182 8.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

9 Consistency 189 9.1 Machine Closedness . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 9.2 (Un-)decidability of Consistency . . . . . . . . . . . . . . . . . . . . . 193 9.3 Existence of Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195 9.4 Using Temporal Constraints as Auxiliary Lemmata . . . . . . . . . . 199 9.5 Causal Dependency . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204 9.6 Patterns of Consistent Statecharts . . . . . . . . . . . . . . . . . . . . 214 9.7 Consistency and Liveness . . . . . . . . . . . . . . . . . . . . . . . . . 218 9.8 Consistency of the Lift System . . . . . . . . . . . . . . . . . . . . . . 219 9.9 Refining Statecharts . . . . . . . . . . . . . . . . . . . . . . . . . . . 226 9.10 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

10 Concluding Remarks 233 10.1 What Has Been Done? . . . . . . . . . . . . . . . . . . . . . . . . . . 233 10.2 Comprehensibility of Descriptions . . . . . . . . . . . . . . . . . . . . 235 10.3 Relations between Descriptions . . . . . . . . . . . . . . . . . . . . . 238 10.4 Transfer to Other Formal Description Techniques . . . . . . . . . . . 240 10.5 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242

Bibliography 244

Index 252

A Proofs of TLA-Formulae 259 A.1 Proofrules of TLA . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259 A.2 Simple Properties of TLA . . . . . . . . . . . . . . . . . . . . . . . . 261 A.3 Proof Support for TLA . . . . . . . . . . . . . . . . . . . . . . . . . . 261 A.4 Auxiliary Lemmata . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262

Author’s Correspondence Address

Thomas Deiß Nokia GmbH Nokia Research Center Meesmannstraße 103 D-44807 Bochum Germany

email: Thomas.Deiss@nokia.com