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Preface

Reliable Software Technologies is an annual series of international conferences
devoted to the promotion and advancement of all aspects of reliable software
technologies. The objective of this series of conferences, initiated and sponsored
by Ada-Europe, the European federation of national Ada societies, is to provide
a forum to promote the development of reliable softwares both as an industrial
technique and an academic discipline.

Previous editions of the Reliable Software Technologies conference were held
in: Porto (Portugal) in 2006, York (UK) in 2005, Palma de Mallorca (Spain) in
2004, Toulouse (France) in 2003, Vienna (Austria) in 2002, Leuven (Belgium) in
2001, Potsdam (Germany) in 2000, Santander (Spain) in 1999, Uppsala (Sweden)
in 1998, London (UK) in 1997 and Montreux (Switzerland) in 1996.

The 12th International Conference on Reliable Software Technologies took
place in Geneva, Switzerland, June 25-29, 2007, under the continued sponsoring
of Ada-Europe, in cooperation with ACM SIGAda. It was organized by members
of the University of Applied Sciences, Western Switzerland (Engineering School
of Geneva), in collaboration with colleagues from various places in Europe. The
13th conference, in 2008, will take place in Venice, Italy.

Continuing the success achieved in previous years, the conference included a
three-day technical program, where the papers contained in these proceedings
were presented. The technical program was bracketed by two tutorial days where
attendants had the opportunity to catch up on a variety of topics related to the
fields covered by the conference, at both introductory and advanced levels. The
technical program also included an industrial track, with contributions illustrat-
ing challenges faced and solutions devised by industry from both sides of the
Atlantic, as well as from the rest of the world (we note several contributions
from South-East Asia). Furthermore, the conference was accompanied by an ex-
hibition where vendors presented their products for supporting the development
of reliable software.

The conference featured four distinguished speakers, who delivered state-of-
the-art information on topics of great importance, both for the present and the
future of software engineering:

— Challenges for Reliable Software Design in Automotive Electronic Control
Units by Klaus D. Mueller-Glaser (University of Karlsruhe, Germany)

— Synchronous Techniques for Embedded Systems by Gerard Berry (Esterel
Technologies, France)

— Perspectives on Next-Generation Software Engineering by Ali Mili (New Jer-
sey Institute of Technology, USA)

Observation Rooms for Program Execution Monitoring by Liviu Iftode,
(Rutgers University, USA)
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We would like to express our sincere gratitude to these distinguished speakers
for sharing their insights with the conference participants.

A large number of regular papers were submitted, from as many as 15 dif-
ferent countries. The Program Committee worked hard to review them, and
the selection process proved to be difficult, since many papers had received ex-
cellent reviews. The Program Committee eventually selected 18 papers for the
conference and these proceedings.

The industrial track of the conference also received valuable contributions
from industry, and the Industrial Committee selected nine of them for presen-
tation in Geneva. The final result was a truly international program with con-
tributions from Australia, Austria, China, France, Germany, Italy, Republic of
Korea, Spain, Tunisia, and the UK, covering a broad range of topics: real-time
systems, static analysis, verification, applications, reliability, industrial experi-
ence, compilers and distributed systems.

The conference also included an interesting selection of tutorials, featuring
international experts who presented introductory and advanced material in the
domain of the conference:

— An Overview of Model-Driven Engineering, William Bail

— CbyC: A UML2 Profile Enforcing the Ravsenscar Computational Model,
Tullio Vardanega

— Verification and Validation for Reliable Software Systems, William Bail

— Object-Oriented Programming in Ada 2005, Matthew Heaney

— Security by Construction, Rod Chapman

— Synchronous Design of Embedded Systems: the Esterel/Scade Approach,
Gerard Berry

— Building Interoperable Applications with PolyORB, Thomas Quinot and

Jérome Hugues

Situational Method Engineering: Towards a Specific Method for Each System

Development Project, Jolita Ralyté

We wish to extend our gratitude to these experts for the work they put into
preparing and presenting this material during the conference.

The 12th Reliable Software Technologies (Ada-Europe 2007) conference was
made possible through the generous support and diligent work of many indi-
viduals and organizations. A number of institutional and industrial Sponsors
also made important contributions and participated in the industrial exhibition.
Their names and logos appear on the Ada-Europe 2007 Web site. We gratefully
acknowledge their support. A subcommittee comprising Nabil Abdennadher,
Dirk Craeynest, Fabrice Kordon, Dominik Madon, Ahlan Marriott, Tullio Var-
danega and Luigi Zaffalon met in Geneva to elaborate the final program selection.
Various Program Committee members were assigned to shepherd some of the
papers. We are grateful to all those who contributed to the technical program
of the conference.

We would like to thank the members of the Organizing Committee for their
valuable effort in taking care of all the details needed for a smooth run of the
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conference. Dominik Madon did a superb job in organizing an attractive tutorial
program. Luigi Zaffalon took on the difficult task of preparing the industrial
track. We would also like to thank Dirk Craeynest and Ahlan Marriott, who
worked very hard to make the conference prominently visible, and to all the
members of the Ada-Europe board for helping with the intricate details of the
organization. Special thanks go to Régis Boesch and Albena Basset, who took
care of all details of the local organization.

Finally, we also thank the authors of the contributions submitted to the
conference, and to all the participants who helped in achieving the goal of the
conference: to provide a forum for researchers and practitioners for the exchange
of information and ideas about reliable software technologies. We hope they
all enjoyed the program as well as the social events of the 12th International
Conference on Reliable Software Technologies.

June 2007 Nabil Abdennadher
Fabrice Kordon
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Real-Time Utilities for Ada 2005*

Andy Wellings and Alan Burns

Department of Computer Science, University of York, UK
{andy,burns}@cs.york.ac.uk

Abstract. Modern large real-time systems are becoming more complex. Whilst
Ada 2005 provides a comprehensive set of programming mechanisms that allow
these systems to be implemented, the abstractions are low level. This paper argues
that there is a need for a standardised library of real-time utilities that address
common real-time problems. The paper presents some initial considerations on
what could be in such a library and how it could be structured.

1 Introduction

Ada has comprehensive support for priority-based real-time systems. The approach has
been to provide a set of low-level mechanisms that enable the programmer to construct
systems solving common real-time problems. Whilst eminently flexible, this approach
requires the programmer to re-implement common paradigms in each new system. In
the past, these structures have been quite straightforward, perhaps just involving simply
periodic or sporadic tasks communicating via protected data. However, modern large
real-time systems are much more complex and include hard, soft and non real-time
components. The resulting paradigms are similarly more involved, and require activities
like deadline miss detection, CPU budget overrun detection, the sharing of CPU budgets
between aperiodic threads etc. Ada 2005 has responded admirably, expanding its set of
low-level mechanisms. However, the common problems are now much more complex,
and it is no longer appropriate to require the programmer to reconstruct the algorithms
in each new system. Instead, what is required is a library of reusable real-time utilities;
indeed, ideally such a library should become a de facto secondary standard — perhaps in
the same way that Java has developed a set of concurrency utilities over the years that
have now been incorporated into the Java 1.5 distribution.

The goal of this paper is to initiate a discussion in the Ada community to both confirm
the need for a library of common real-time utilities and to propose (as a starting point)
a framework for their construction.

2 Real-Time Utilities — Framework Overview

In the field of real-time programming, real-time tasks are often classified as being pe-
riodic, sporadic or aperiodic. Simple real-time periodic tasks are easy to program but
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once more complicated ones are needed (such as those that detect deadline misses, ex-
ecution time (budget) overruns, minimum inter-arrival violations etc), the paradigms
become more complex. Hence, there is a need to package up some of these and provide
them as real-time tasking utilities.

A programmer wanting to use a real-time tasking abstraction will want to indicate
(for example):

— whether the abstraction is periodic, sporadic or aperiodic (each task is “released” in
response to a release event, which is usually time triggered for periodic tasks and
event triggered for sporadic and aperiodic tasks);

— whether to terminate the current release of the task in the event of a deadline miss
or to simply inform the program that this event has occurred (in which case, the
programmer can choose to react or ignore the event);

— whether to terminate the current release of the task in the event of an execution time
overrun or to simply inform the program that this event has occurred (in which case,
the program can choose to react or ignore the event);

— whether a task is associated with an execution-time server that can limit the amount
of CPU-time it receives.

— whether a task can operate in one or more modes, and if so, the nature of the mode
change.

This paper illustrates how real-time task abstractions, supporting some of these vari-
ations, can be developed in Ada 2005. The approach that has been taken is to divide the
support for the tasks into four components.

1. The functionality of the task — this is encapsulated by the Real Time Task_-
State package. Its goal is to define a structure for the application code of the
tasks. It is here that code is provided: to execute on each release of the task, to
execute when deadline misses occur and when execution time overruns occurs. In
this paper, it is assumed that the task only wishes to operate in a single mode.

2. The mechanisms needed to control the release of the real-time tasks and to detect
the deadline misses and execution time overruns — this is encapsulated in the Re 1 -
ease Mechanisms package. Each mechanism is implemented using a combina-
tions of protected objects and the new Ada 2005 timer and execution time control
features.

3. The various idioms of how the task should respond to deadline misses and execution
time overruns — this is encapsulated in the Real_Time_Task package. It is here
that the actual Ada tasks are provided.

4. The mechanisms needed to encapsulate subsystems and ensure that they are only
given a fixed amount of the CPU resource (often called temporal firewalling) — this
is the responsibility of the Execution_Servers package. This paper considers
using these mechanisms to support aperiodic task execution only.

Figure 1 illustrates the top level packages that make up the abstractions. The details
are discussed in the following sections.
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Fig. 1. Top-Level Packages

3 Framework Design

This section describes the details of the design of the framework introduced in Section
2. It assumes fixed priority scheduling and that the deadlines of all periodic tasks are
less than or equal to their associated periods.

3.1 Real-Time Task State

First, it is necessary to provide a structure within which the programmer can express the
code that the real-time task wishes to execute, along with its associated state variables.
This is achieved, in the usual Ada object-oriented fashion, by defining the state within
a tagged type, and providing operations to execute on the state. The following package
shows the state and operations that all real-time tasks need.

-- with and use clauses omitted

package Real_ Time_Task_State is
type Task_State is abstract tagged record

Relative_Deadline : Time_Span := Time_Span_Last;
Execution_Time : Time_Span := Time_Span_Last;
Pri : Priority := Default_Priority;

end record;

procedure Initialize(S: in out Task_State) is abstract;

procedure Code (S: in out Task_State) is abstract;

procedure Deadline_Miss(S: in out Task_State) is null;

procedure Overrun(S: in out Task_State) is null;

type Any Task_State is access all Task_State’Class;
end Real_Time_Task_State;

Every real-time task has a deadline, an execution time and a priority. Here, these
fields are made public, but they could have just as well been made private and pro-
cedures to ‘get’ and ‘set’ them provided. No additional assumptions have been made
about the values of these attributes. The operations to be performed on a task’s state are
given by four procedures:

— Initialize: thisis used to initialize the state when the real-time task is created:
— Code: — this is the code that is executed on each release of the task;



