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Abstract—This work faces the role of HW/SW Design Space
Exploration for heterogeneous parallel embedded systems subject
to mixed-criticality requirements, extended to consider also
hypervisor technologies. In particular, it presents an evolutionary
approach integrated into a reference Electronic System-Level
HW/SW Co-Design flow able to consider and evaluate design alternatives while exploiting also Hypervisor-based SW partitions.
Finally, some experimental results show the effectiveness of the
proposed approach.
Index Terms—HW/SW Co-Design, Heterogeneous Parallel Embedded Systems, Design Space Exploration, Mixed-Criticality
Systems, Hypervisor technologies

I. I NTRODUCTION
In recent years, there has been a growing trend in exploiting
(heterogeneous) multi-processor/core (i.e. parallel) platforms
to execute embedded applications with different levels of
criticality (i.e. Mixed- Criticality Embedded Systems, MCES).
However, allowing these applications to safely coexist and
possibly interact on the same platform becomes a very complex task that poses also several challenges from the implementation point of view [1]. In fact, embedded applications
with different criticality levels can be allocated on different
dedicated HW components or on different software partitions
hosted on one or more shared HW components. The complexity of identifying the best architecture and mapping, especially
when considering heterogeneous scenarios, is so high that
heuristics Design Space Exploration (DSE) approaches are
needed to help designers to identify a solution able to satisfy
the requirements.
In such a context, the purpose of this work is to present
a design space exploration step, integrated into an Electronic System-Level (ESL) HW/SW Co-Design framework,
to support the development of heterogeneous parallel MCES,
extended to consider also Hypervisor (HPV) technologies [2]
and related software partitions concept. The remainder of
the paper is organized as follows: Section II presents related
works that consider mixed-critical requirements into the whole
design flow. Section III describes the adopted design flow,
while Section IV presents the main features of the proposed
DSE approach. Then, Section V analyzes experimental results.

Finally, Section VI closes the paper with some conclusions and
future works description.
II. D ESIGN S PACE E XPLORATION FOR S AFETY C RITICAL
A PPLICATIONS
In the last few years, a growing trend in the embedded
systems domain is to run multiple embedded applications with
different levels of criticality on a shared hardware platform,
where the criticality of an application is an indication of the
required level of ”assurance” both from safety and security
points of view. In such a context, the most critical development
steps are related to the System Specification and the Design
Space Exploration activities [3] and the main differences
among the various works in the literature are mainly related to
the different amount of information and actions that explicitly
rely on the designer experience. For example, AUTOFOCUS3
[4] proposes a model-based development process at different
levels of abstraction introducing safety-oriented constraints
associated to computing components. The tool assigns the
levels of criticality to application tasks and computing resources, avoiding the allocation of high-criticality tasks to lowcriticality resources. CONTREP (CONTREX Eclipse plug-in,
[5]) is a framework supporting UML/MARTE based modeling,
analysis and design of mixed-criticality embedded systems. It
is based on the CONTREX UML/MARTE modeling methodology [6] and considers safety constraints into the different
design activities, integrating external tool like Multicube Explorer [7] for the DSE step. Finally, DeSyDe [8] provides a
DSE tool for bare-metal applications, finding implementations
for a set of tasks on a shared multi-processor platform starting
from synchronous dataflow graphs (SDFGs), introducing MC
requirement at scheduling level.
Considering the ”software partition” concept, the work in
[2] presents a state-of-the-art respect to HPV technologies
into the embedded safety-critical system domain. A lot of
HPVs have been developed to check and match certification
requirements, avoiding interferences between partitions/tasks
into a self-contained environment. In particular, PikeOS [9]
provides a real-time operating system able to manage paravirtualization services, XtratuM [10] is a bare metal hypervisor

