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1 Introduction

The notion of real time becomes more and more important in protocols and
distributed systems. Especially in modern telecommunication systems like
multimedia, Quality of Service (QoS) plays an increasingly important role.
Quantitative QoS parameters like throughput, delay, jitter or frame rates are
defined with respect to real time. Thus, if formal methods are to be used
for the specification of such systems and QoS is to be taken into account, a
notion of real time has to be available in the respective language.

In this paper, we first show that standard Estelle’s approach to model
time is too weak for real-time purposes. As a consequence, the language has
to be enhanced. As a basis for further investigations, we present a short
overview on how real time can be represented in the basic formal model of
state sequences. This is necessary, since such state sequences also form the
underlying model of Estelle specifications. In the main part, we then intro-
duce into a number of approaches that all attempt a real-time enhancement
of Estelle. A comparative discussion should give hints what the advantages
and disadvantages of each approach are and serve as a base of discussion on
the question whether these approaches are worth being followed.

Since this is only am extended abstract, the following sections do only
describe what will be found in the final version and be presented during the
workshop. Technical details are left out.
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2 Formal representation of time

In this section, as a motivation, we will first show that Estelle’s delay clause
the only language construct with a relation to time  is not very useful
to describe real-time characteristics of a system.

The underlying model of Estelle specifications are state sequences, since
every Estelle specification describes a set of such state sequences (called com-
putations in Estelle). We will shortly describe how the general model of state
sequences can be enhanced by a notion of time. The resulting model is called
timed state sequences. It will be shown that timed state sequences can be
used without big difficulties to replace the state sequence model of Estelle.

3 Enhancing Estelle by real-time constructs

In order for an Estelle specification to produce timed state sequences instead
of simple state sequences and to offer the possibility of real-time specifica-
tions, noy only the model, but also the syntax and semantics of the language
have to be enhanced. That means that some sort of real-time construct(s)
has to be introduced.

This sections presents some of the approaches reported in the literature
to solve this problem. The approaches discussed are:

1. Introduction of time parameters for transitions [2]
2. Modification of the semnatics of the delay clause [1]
3. Time-Estelle [5]

4. Real-Time Estelle [4, 3].

The last one is described in more detail since it has been developed by the
author.

4 Comparison of the methods

Finally, the presented methods are compared with respect to their usefulness
in different phases of the system development cycle (design, specification,
simulation, implementation). Strengths and weaknesses are pointed out.



REFERENCES 3

The results are intended to serve as a basis for discussion at the
workshop on possible extensions of standard Estelle with respect
to real time.
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