CWI EHE

INR UER

ZAR UTO

UNE IMP

QMIPS

Q uantitative M odeling I n P arallel S ystems

Performance Prediction of Behavioural Descriptions with Temporal Logics

Holger Hermanns Universität Erlangen-Nürnberg Informatik VII, Martensstr. 3

91058 Erlangen, Germany

D W1.T1.3-2.v1

22 September 1995

cflUER

Distribution Level: Public

Approved by: P.G. Harrison

Abstract Stochastic Process Algebras (SPA) allow the integration of performance evaluation into early design phases of distributed systems. However, due to their behaviour oriented description, the definition of performance characteristics is difficult. In classical performance evaluation, these characteristics are usually defined in a state oriented manner, because the notion of state is an essential part of the concept of queueing networks, (generalized) stochastic Petri nets as well as stochastic automata networks. In this deliverable we

The QMIPS Project: The QMIPS project is a collaborative research project supported by the CEC as ESPRIT- BRA project no 7269. It is being carried out by the following organisations: CWI (Amsterdam), EHEI (University of Paris V), Imperial College (London), INRIA (Sophia-Antipolis), University of Erlangen, University of Newcastle, University of Torino and University of Zaragoza.

will sketch some ideas to bridge the gap between state and behaviour oriented description by means of a simple temporal logic. This approach can be adapted to various existing behaviour oriented specification languages. Especially for LOTOS this bridge to classical performance evaluation is important, because the formal foundation of SPA can be extended to Basic-LOTOS straightforwardly. This document is an extended abstract.

1 Introduction

Formal specification techniques bear the potential to greatly enhance the confidence in functional correctness properties of distributed systems. The ISO standardized specification language LOTOS [Bri89] seems to be especially well suited for formal verification of functional properties, because of strict formal semantics based on process algebras, like CCS [Mil89] and CSP [Hoa85].

The analysis of performance properties of distributed systems is usually separated from their formal specification and is carried out in a later design phase. This discrepancy may sometimes enforce costly redesign of a system that works correctly but does not fulfil certain performance requirements. In recent years, different approaches have been proposed to tackle this problem [Rud83, LL88, Her91]. Common to all these approaches is that they propose to integrate temporal information into a formal specification technique, in order to allow an early prediction of performance properties.

2 Stochastic Process Algebras

In recent years, the introduction of stochastic extensions of process algebras [GHR93] has initiated a lively research area. These Stochastic Process Algebras allow one to explicitly specify stochastic timing aspects in an algebraic framework. Various case studies have shown that this concept allows integrated performance modelling of LOTOS like specifications, (e.g. [HR94]).

The semantic model of SPA is a labelled transition system where the labels are enriched with stochastic timing information. More precise, every activity of the system is supposed to happen after a duration that is exponentially distributed with a specific parameter. Therefore, the analysis of temporal properties starts with the derivation of a continuous time Markov chain, that is subsequently analysed by means of standard algorithms. Some polished equivalences support the efficient analysis [Hil94, HHH+94].

Finally, the evaluation of performance properties relies on the definition of Markov reward models. These models assign weights (rewards) to dedicated sets of states in order to allow the calculation of interesting performance results. For example, the mean queue length of a system is obtained by assigning to every state of the system the current number of jobs in the queue as a reward.

This state oriented view is usual for classical performance evaluation, but it is a fundamental problem for the evaluation of SPA specifications. Process algebras are per se dedicated to a behaviour oriented characterisation of systems. Processes with the same behaviour are considered to be equivalent, even though their states might differ. Therefore, the definition of rewards models for SPA essentially relies on bridging the gap between state and transition oriented descriptions.

3 Defining Rewards with Temporal Logics

Typically, temporal logics are used to verify functional correctness of complex systems [Sti92]. This model-checking approach basically aims to formally prove that the whole system has certain properties,e.g. liveness or fairness. In contrast, we use a temporal logic to split the semantic model of a system in several disjoint partitions, each of them exhibiting a certain characteristic behaviour. The specification of such a behaviour is effected by means of temporal logic formulae. A Markov reward model is then defined as a function that for every partition associates a unique reward to all elements belonging to this partition.

As an example, let us consider the behaviour of a simple queue. At any instant in the systems life, the number of jobs inside the queue is equal to the number of jobs the queue can pass to the environment before this is no longer possible and without accepting inputs in the meantime. Therefore, the current filling degree of the queue can be deduced only by looking at the behaviour that is observable. This observation is the basis for a behaviour oriented definition of rewards to calculate the mean queue length. The reward 0, for example, is assigned to all states that fulfil a temporal logic formula that informally means: No job can be taken out of the queue before a job has been inserted.

This paper sketches the algebraic foundations of TIPP, an SPA developed as part of the QMIPS project, and emphasizes the affinity to Basic-LOTOS. Then we outline how performance evaluation is carried out in this calculus and focus on problems in defining Markov reward models. Subsequently, we give a short, intuitive introduction to the temporal logic CT L^� and show how this logic is applied in the definition of Markov reward models. These ideas are demonstrated by means of an example, a simplified version of the multiprocessor mainframe investigated in [HHM95]. Finally we discuss some problems and shortcomings of the approach.

References

[Bri89] E. Brinksma. LOTOS - A Formal Description Technique Based on the Temporal Ordering of Observational Behaviour. Int. standard is-8807.iso, Inf. Proc. Syst., Open Systems Interconnection, 1989.

[GHR93] Norbert Götz, Ulrich Herzog, and Michael Rettelbach. Multiprocessor and distributed system design: The integration of functional specification and performance analysis using stochastic process algebras. In Proc. of the 16th Int. Symposium on Computer Performance Modelling, Measurement and Evaluation, PER- FORMANCE ’93. Springer, 1993. LNCS 729.

[Her91] U. Herzog. Performance Evaluation and Formal Description. In V.A. Monaco and R. Negrini, editors, Advanced Computer Technology, Reliable Systems and Applications, Proceedings, pages 750–755, Bologna, May 1991. IEEE CompEuro 91, IEEE Computer Society Press.

[HHH+94] H. Hermanns, U. Herzog, J. Hillston, V. Mertsiotakis, and M. Rettelbach.

Stochastic Process Algebras: Integrating Qualitative and Quantitative Modelling.

In Proc. of the 7th International Conference on Formal Description Techniques (FORTE ’94), Bern, October 1994.

[HHM95] H. Hermanns, U. Herzog, and V. Mertsiotakis. Stochastic Process Algebras as a Tool for Performance and Dependability Modelling. In Proc. of IEEE International Computer Performance and Dependability Symposium, Erlangen, April 1995. IEEE Computer Society Press.

[Hil94] Jane Hillston. A Compositional Approach to Performance Modelling. PhD thesis, University of Edinburgh, 1994.

[Hoa85] C.A.R. Hoare. Communicating Sequential Processes. Prentice-Hall, 1985.

[HR94] U. Herzog and M. Rettelbach, editors. Proc. of the 2nd Workshop on Process Algebras and Performance Modelling, volume 27/4. IMMD VII, Arbeitsberichte des IMMD (Informatik), Universität Erlangen–Nürnberg, 1994.

[LL88] F.J. Lin and M.T. Liu. An Integrated Approach to Protocol Verification and Performance Analysis of Communication Protocols. In Proc. Int. Workshop on Protocol Specification, Testing and Verification, VIII, pages 125–139. IFIP, North Holland, 1988.

[Mil89] R. Milner. Communication and Concurrency. Prentice-Hall, 1989.

[Rud83] H. Rudin. From Formal Protocol Specification Towards Automated Performance Prediction. In H. Rudin and C.H. West, editors, Protocol Specification, Testing and Verification, volume III, pages 257–269. North Holland (IFIP), 1983.

[Sti92] Colin Stirling. Modal and temporal logics. In Samson Abramsky, Dov Gabbay, and Thomas Maibaum, editors, Handbook of Logic in Computer Science, volume 1: Mathematical Structures. Oxford University Press, 1992.