SCEE 2014 — Wuppertal, Germany

Thursday, July 24, 09:00-12:25 57

High Level Simulation of Cyber-Physical Systems

Ralph Weissnegger', Markus Pistauer', and Christian Steger?

I CISC Semiconductor GmbH, Klagenfurt, Austria

r

.weissnegger@cisc.at, m.pistauer@cisc.at

2 Graz University of Technology, Austria, steger@tugraz.at

Summary. This abstract presents the simulation based de-
sign and verification of Cyber-Physical Systems (CPS) from
a system point of view.

1 Abstract

The rapidly developing application of Cyber-Physical
Systems (CPS) in our daily life is driven by a closer
integration of computational systems (the cloud) and
local devices like sensors and actors networked with
each other. This results is a novel class of applica-
tions that can execute complex system tasks flexi-
bly autonomously and even allow optional individ-
ual user interaction. The design and development of
such systems requires a large range of expertise and
technological components, spanning from heteroge-
neous sensor elements and communication systems
over scalable data processing systems to physical ob-
jects involving also humans as users.

The electrical architecture of a vehicle can be seen as
such, although in the past this was not the case. Recent
trends in the in-vehicle electrical/electronic architec-
tures brought a rapid shift towards multicore, hetero-
geneous, networked and reconfigurable systems. This
makes the design of such systems extremely complex
and imposes a large effort for designers (hard- and
software) to design their applications. The next gen-
eration of such systems should be able to allow ap-
plications to run in parallel on different parts (elec-
tronic control units (ECU) and/or processors, DSPs
within a multicore architecture of a single ECU) of
the system such as Multimedia, Human Machine In-
terface (HMI) like car infotainment or nomadic device
(Tablet, Smart Phone) ad-hoc interconnect, Naviga-
tion, Advanced Driver Assistance Systems (ADAS)
and many more. This has been acknowledged also on
a European Industry Level [1] [2].

Beside performance, power consumption and of course
safety relevant aspects have to be considered as well

once a certain Automotive Safety Integrity Level (ASIL)

needs to be applied.

To guarantee the safety of these systems, they have
to follow standards like the ISO 26262 [3]. The ISO
26262 standard is an adaption of the functional safety
standard IEC 61508 for automotive electric/electronic
systems. Today, the compliance of the standard is op-

o,

tional but is more often required from the automotive-
companies and their partners.To be ISO 26262 con-
form it’s important to proof the whole system towards
its safety goals, not a set of specialized parts. As a re-
sult of the foregoing, such a CPS realized in cars de-
mands very fast executable specifications to validate
the system concepts and proof the system with partic-
ular emphasis on safety relevant criteria.

System level modeling is nowadays a commonly used
methodology in design and verification of complex
embedded real-time systems to reduce engineering
risks through an early, fast and flexible method to de-
tect design flaws. Designs can be verified and simu-
lated long before committing to its implementation.
But most of the engineers involved in these tasks ap-
ply EDA tools like e.g. Matlab/Simulink [4]. This ap-
proach is direct and effective. On the other hand most
details of the realized system, code generation for the
target hardware platform, parameter descriptions etc.
are linked with a dedicated hardware implementation
and unlinked with the global system requirements.

As a consequence a paradigm shift will be necessary
to further abstract the system modeling languages ap-
plied to simulation and verification of CPS. A Uni-
fied Modeling Language (UML [5]) is a language that
might be considered for modeling of application mod-
els.

Further the language SYsSML [6] can be considered as
extension/subset of UML to better address the consid-
eration of requirements and the description of system
parameters.

Another approach is MARTE [7] as domain-specific
modeling language intended for model-based design
and analysis of realtime and embedded software of
cyber-physical systems. MARTE is an extension to
UML, providing additional parameters for real-time
systems, which are missing in UML. Non-functional
properties are very important to evaluate the func-
tional safety of the system. With MARTE it is possi-
ble to map functional (structural and behavioral) and
non-functional (power, thermal, time) properties to
models. With MARTE Allocation it is possible to as-
sociate the functional application elements with the
available resources (execution platform). For interop-
erability with other tools and the use of standardized
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[P-models, the open standard IP-XACT [8] can be
used.

1.1 Model-to-text transformation

For the simulation of system-models based on MARTE,
the high level language code is generated through a
model-to-text transformation process. One of the lan-
guages used for this approach is SystemC [9]. Sys-
temC is gaining increasing attention because of its
great flexibility in describing the components at dif-
ferent levels of abstraction, from system and transac-
tion level down to RTL level. Even extensions to de-
scribe analog and mixed signal systems are available.
A second important SystemC extension is SystemC-
TLM to describe transaction driven sytems. This al-
lows a faster modeling and simulation time while de-
veloping phase, to detect HW/SW integration issues.
Another language used in this approach is Matlab.
Matlab/Simulink is well established in simulation of
systems in different domains and used by many other
tool vendors but shall not be used in the future for
system level descriptions.

1.2 Simulation based verification

To test the system towards their safety goals, test-
benches are automatically generated from the safety
functions defined in the ISO 26262 process. An auto-
matic stimulus generator and a protocol checker are
used to verify the system. The testbenches support
transaction level modeling and are written in UVM
[10] (Universal Verification Methodology).
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