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ABSTRACT

This research deals with reconfigurable uniprocessor embedded real-time systems to be implemented by
different OS tasks that should be independent, synchronous, and periodic, and that should meet functional
and temporal properties described in user requirements. The authors define two forms of automatic
reconfigurations assumed to be applied at run-time: addition-removal of tasks or just modifications of
their temporal parameters; WCET and/or periods. The authors define a new semantic of reconfigurations
where a crucial criterion to consider is the automatic improvement of the system s feasibility at run-time.

INTRODUCTION

We define an Intelligent Agent that automati-
cally checks the system’s feasibility after any
reconfiguration scenario to verify if all tasks meet
the required deadlines. It provides otherwise, for
users to remove some tasks, to change temporal
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parameters of tasks that violate corresponding
constraints by new ones, or to take a hybrid
real-time scheduling approach that combines
the Rate Monotonic (RM) scheduling algorithm
and the Earliest Deadline First (EDF) scheduling
algorithm. To handle all possible reconfiguration
solutions, the proposed agent-based architecture
applies automatic reconfigurations, in order to
re-obtain the system’s feasibility and to satisfy
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user requirements. We developed the tool R7-
Reconfigurationto supportthese contributions that
we apply to a running example system, and apply
the Real-Time Simulator, Cheddar to check the
whole system’s behavior. We present in the chapter
some simulations of this architecture where we
evaluate the agent that we have implemented.

Starting as an aid for industrial embedded ap-
plications, Real Time Operating Systems (RTOSs)
are now common in a large variety of commercial
products. Application areas are, for example tele-
communications, automotives, defense industry,
medical equipments, and consumer electronics.
Common denominators for these embedded
systems are real-time constraints. These systems
are often safety critical and should immediately
react after any environment’s evolution. Imag-
ine, for example the airbag of a car not going off
instantly as a crash occurs; reaction time delay
would be disastrous. Several interesting academic
and industrial research works have been made in
recent years to develop reconfigurable systems
(A.-L. Gehin and M. Staroswiecki, 2008). We
distinguish, in these works, two reconfiguration
policies: static and dynamic reconfigurations such
that static reconfigurations are applied off-line to
apply changes before the system cold starts (C.
Angelov, K. Sierszecki, and N. Marian, 2005),
whereas dynamic reconfigurations are dynami-
cally applied atrun-time. Two cases exist in the last
policy: manual reconfigurations to be applied by
user (M. N. Rooker, C. Sunder, T. Strasser, 2007),
and automatic reconfigurations to be automatically
applied by Intelligent Agents (M. Khalgui, 2010);
(Al-Safi and V. Vyatkin, 2007).

In this book chapter, we are interested in the
automatic reconfiguration of embedded real time
systems. We define at first time a new semantic
of this type of reconfiguration where a crucial
criterion to consider is the automatic improve-
ment of the system’s feasibility at run-time. We
propose thereafter an agent-based architecture
to handle all possible reconfiguration scenarios.

Nowadays in industry, the new generations of
embedded real time systems are addressing new
criteria as flexibility and agility. To reduce their
cost, these systems should be changed and adapted
to their environment without any disturbances.
It might be interesting therefore to study the
temporal robustness of real-time systems when
automatic reconfigurations are dynamically ap-
plied at run-time to change parameters of tasks:
WCET, deadline and period. This new reconfigu-
ration semantic is considered in our work and
we will present its benefits. We suppose in this
chapter that a reconfigurable real-time system
is implemented by sets of tasks that we assume
independent, periodic and synchronous (e.g. they
are simultaneously activated at time t = 0 time
units). We assume also that the deadline of each
task is equal to the corresponding period. Accord-
ing to (Liu and Layland, 1973), we characterize
each task by a period to be denoted by T equal to
the deadline denoted by D and by a Worst Case
Execution Time (WCET) denoted by C. We define
an automatic reconfiguration as any operation
allowing additions-removals or updates of tasks
at run-time. Therefore the system’s implementa-
tion is dynamically changed and should meet all
considered deadlines of the current combination
of tasks. Nevertheless, when a reconfiguration is
applied, the deadlines of new and also old tasks
canbe violated. We define therefore an agent-based
architecture that checks the system’s evolution
and defines useful solutions when deadlines are
not satisfied after each reconfiguration scenario.
The Intelligent Agent handles the system’s re-
sources in such way that, meeting deadlines is
guaranteed. Five cases of suggestions are possible
to be provided by the agent: removal of some
tasks from the new list, modification of periods
(equal to deadlines), modification of worst case
execution times of tasks, changing the system’s
execution model to be assumed as only one task
that should support all required functionalities
or finally to take a hybrid real-time scheduling
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