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ABSTRACT

In most industrial embedded systems development projects, the software and the hardware development
parts are separated, and the constraint requirements/capabilities are informally exchanged in the system
development phase of the process. To prevent failures due to the violation of timing constraints, hardware
components of the platform are typically over dimensioned for the capabilities needed. This increases
both cost and power consumption. Performance analysis is not done sufficiently at early stages of the
development process to optimize the system. This chapter presents results of the integration of tools and
extra modeling to offer new performance analysis capabilities in the early stages of the development
process. These results are based on trace generation from code instrumentation. A number of enhance-
ments were made, spanning the system modeling stage down to the execution stage (based on an ARM
dual core Cortex A9-based target board). Final results taken from a software-based radio case study
(including the analysis and validation stages) are presented.
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Fostering Analysis from Industrial Embedded Systems Modeling

INTRODUCTION

An industrial embedded systems development
project comes within a global context including
the respect of quality requirements, configuration
management requirements and strong reporting
and communications efforts with the system team,
other parts of the system equipment development
teams, and customers. A precise development
processis defined torespect all these aspects. This
process is, in the industrial domains concerned,
driven by tests and based on system requirements
validation.

Duetoincreases in system complexity, require-
ments validation has also become more complex.
For example, the radio protocol domain faces new
challenges and requirements due to increased ex-
ecution platform component complexity. With the
lack of proper tool support it is the responsibility
of skilled architects to perform the complex and
tedious task of validation. Consequently, the use
of hardware platform modeling and enhanced
performance verification is an identified issue in
embedded system design environments.

The overall concept developed in this chapter
is the ability to validate non-functional proper-
ties (such as performance) at an early stage in
the development process. If an improvement in
this area is achievable, a better fit of the software
components to the execution platformis expected.
To achieve this goal, new tools are introduced to
existing ones. In this chapter, the project tools are
defined, combined and integrated to create new
design-space exploration techniques in the exist-
ing validation process. This allows the developer
to better evaluate and test different allocation
strategies of software components to the execu-
tion platform.

The addition of new tools to the development
process must conform to the validation done by
manual tests derived from requirements. It must
not take too much extra development team effort
in terms of time and the need for expertise.
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The analysis must make the best use of exist-
ing validation environments. The methodology
presented here will be based on traces already
collected by test harnesses. These traces will be
used to feed both functional and non-functional
analysis tools. By reusing an existing validation
environment, new tools and methods can be easily
integrated into the current development process.
As a complement, performance simulation is
also studied.

We presentin this chapter the results of the AR-
TEMIS collaborative project PRESTO (PRESTO,
2013). We illustrate how custom solutions from
PRESTO (implemented in tools such as Modelio)
were used to achieve trace generation and a veri-
fication flow that explores:

e  Modeling of a TDMA radio protocol.

e  Annotation of elements in a high level
model for instrumented wrapper code
generation.

e  Functional and non-functional properties
specification.

e  Verification of properties based on traces
coming from the generated instrumented
code.

e  Performance simulation and evaluation
with respect to execution on the target
platform.

BACKGROUND

The PRESTO project aims to improve the software
tools used in the recovery of information and
extended specification data during the software
development life cycle. The main information
recovered from the software development process
is adescription of the software application as a set
of interconnected components with their interface
specified as input of the MARTE profile (OMG,
2013), or specific domain-specific languages
supporting software/hardware allocation. Also
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