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I. INTRODUCTION

Nowadays, many functionalities are integrated in embedded
real-time systems, leading to an increase in the number of
their software and hardware components. In this context, the
interest in mixed-criticality scheduling is growing [1].

A key feature of mixed-criticality systems (MCS), intro-
duced by Vestal [2], is that task execution budgets depend
on criticality levels. Under normal conditions, both low (LO)
and high (HI) criticality tasks use optimistic budgets. In
overloaded situations, the system switches to a critical mode
where HI tasks rely on pessimistic budgets, and LO tasks
are degraded or even stopped to ensure HI constraints. MCS
scheduling must handle both task and system complex be-
haviors. Furthermore, each task may have various parameters
depending on the system execution mode or their criticality.
MCS scheduling policies handle much more task and system
parameters compared to usual scheduling policies, which
makes complex their implementation.

[Problem statement] Scheduling algorithms of MCS are
typically evaluated by scheduling simulations. Such scheduling
simulations are complex to implement. First because they need
to handle more parameters than usual scheduling policies. Sec-
ond, because many of those parameters have to be randomly
generated. Unfortunately, there is no reusable tool that helps
the implementation of MCS scheduling policies for evaluation
purposes.

[Contributions] In this article, we propose reusable soft-
ware components to ease the implementation of MCS schedul-
ing simulators and guidelines to use such software.

II. REUSABLE SOFTWARE COMPONENTS

This section presents the reusable software components
we have implemented inside the Cheddar tool [3] to help
the community to evaluate their MCS scheduling policies
by scheduling simulations. Cheddar is a real-time scheduling
simulator written in Ada which contains various components
required for scheduling simulations.

Figure 1 shows the 5 Cheddar components we have ex-
tended or adapted for MCS scheduling simulations. Com-
ponent A generates random data of architecture models of
the real-time systems to simulate. Components B and C are
responsible for respectively writing or reading these models.
Components D and E compute the scheduling simulations on
the duration required by the analysed model.

To use these software components, we follow the flow of
the Figure 1 from component A to E.

First, component A automatically generates the architectural
models. These models contain both a description of the
hardware platform and the task parameters. The component
A proposes several means to generate task parameters. For
example, the task execution time budgets are computed as the
product of the period and the processor utilization rate. The
period may be fixed or randomly generated. The processor uti-
lization rate may be also obtained randomly from distribution
laws, i.e. with a uniform law or UUnifast. The architecture
models are then saved in an XML file by component B.

The following step involves reading the XML files. Com-
ponent C read and parses these files. Then, the component
D computes the feasibility interval [4] as well as simulation
data. For example, the concept of computing budget involves
a random execution time during the simulation, which must
be computed according to a probability distribution law.

Finally, the scheduling analysis is performed using the
generated simulation data and a given scheduling algorithm.
The component E computes and produces scheduling analysis
results. The metrics computed by component E are collected
and saved in an XML file.

At completion, Cheddar provides metrics that are specific
to MCS, such as the time spent in LO and HI modes, the
number of overruns, and the number of interrupted tasks.
It also computes classical metrics, including the number of
missed deadlines and the worst-case response times.

III. EVALUATION

The software components described above have been used
to implement and simulate a MCS scheduling algorithm based
on the concept of quality for Thales [5]. To implement this
algorithm, we extended an object class of the source code
of Cheddar to express the scheduling algorithm run by the
simulator. We also adapted a Cheddar program to randomly
generate the simulation parameters such as the feasibility in-
terval and the task parameters (e.g. period, computing budgets,
etc). Implementing this new MCS scheduling policy required
about 350 lines of code.

By using the proposed software components, we benefit
from various subprograms already existing in Cheddar: sub-
programs to generate random data needed for the simulation
with Normal or Box-Muller distribution laws, subprograms
to write and read architecture models, subprograms to drive
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Fig. 1: Software components within Cheddar [3]

the scheduling simulations, and subprograms to automatically
compute the metrics expected by the users from simulation
results. These subprograms provided by Cheddar represent
about 128 000 lines of code.

As a result, the effort to implement the MCS scheduling
policy introduced in [5] represents only 0.3% of the overall
simulator source code, showing a significant reusability of the
simulator source code.

IV. RELATED WORK

Since the seminal Vestal publication [2], numerous authors
have proposed MCS algorithms, including simulators [6].
Unfortunately, most of the time, these simulators are not
designed to be re-used.

A simulator for MCS scheduling policies have to generate
various random simulation data. Task parameters may be
generated using real-life data [6], arbitrary values [7], or
according to uniform distributions [8]. CPU utilizations are
commonly derived using UUnifast [9], though simpler uniform
laws are also used. A scheduling simulator has also to manage
task execution time during simulation. Both uniform [6] and
triangular distributions [10] have been proposed for such
purpose. In our work, we propose to use the Box-Muller
method, allowing the distribution to be adjusted according to
mean and standard deviation.

Another important parameter to run scheduling simulations
is the feasibility interval. Asyaban [11] proposes an estimate
based on an interval corresponding to four times the length
of the hyperperiod. Others simply propose a value supposed
to be high enough, for example 1011 time units [6]. Our
implementation benefits from Cheddar that provides various
feasibility interval implementations. However, MCS implies
that some tasks may not be executed, making it difficult to
determine a feasibility interval that enables the full behaviour
of the system to be covered.

To the best of our knowledge, no work offers reusable
software components, integrated into a larger tool such as
Cheddar.

V. CONCLUSION

Research in MCS has led to the exploration of various
scheduling algorithms [1]. Most of the time, these algorithms
are evaluated using scheduling simulations. However, to the

best of our knowledge, authors usually implement ad-hoc
simulators and no reusable tool is available for the community.

In this article, we propose software components to im-
plement and evaluate MCS scheduling algorithms inside
the Cheddar tool. We detail guidelines to implement MCS
scheduling policies, the metrics computed by the simulator,
and how to generate simulator parameters.

The proposed simulator components have been used to
prototype a MCS algorithm based on the quality for Thales [5].
The effort to implement such algorithm represents only 0.3%
of the Cheddar simulator source code1, showing a significant
reusability.
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