By Marc Serughett,
Marketing Manager,
Integrated Systems Inc.

OSEK

OSEK: a super-small kernel for
deeply embedded applications?

The OSEK/VDX specification was developed by a consortium of automotive companies and suppliers,
and has therefore sometimes been labeled as only being applicable to automotive applications.
Although this label has been placed on OSEK, it is important to realize that the specification was
designed to be applicable to a wide range of in-vehicle applications, and to efficiently target different
word-length processors. In fact there are commercially available OSEK/VDX compliant operating sys-
tems available for a variety of 8, 16 and 32 bit microprocessors. The questions that will be addressed in
this article are whether the specification is valid in other industries, and if so, for what types of applica-
tions? In order to answer these questions we need to restate the goals and the problems the specifica-

tion is designed to solve.

THE OSEK/VDX SPECIFICATION

he OSEK/VDX operating system specification

I actually includes specifications for three differ-

ent components, a kernel, a communications

module, and a network management module. Each of
these will be described briefly below.

There were several goals in the definition of the
OSEKNDX kemel, including isolation of the developers
from the unnecessary details of their target hardware,
supplying developers a rich set of kernel features and
objects to simplify the implementation of embedded
applications, and facilitating the integration of software
developed by different entities. An entity is defined as
another developer, team or supplier. The kernel speci-
fication defines a static configuration approach for
scalability, a highly efficient scheduling policy, and the
ability to be ROMable. The operating system specifica-
tion was also designed to address stringent real-time
requirements, minimal resource usage, reliability and
cost sensitivity.
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Figure 1. Automotive embedded systems.

The communication specification is designed to
ensure the portability of application software and the
independence from the underlying network hardware
and communication protocols. It does this by defining
a communication interface protocol for both the inter-
ECU communication and the internal ECU (inter-task)
communication.

The third part of the OSEK specification deals with net-
work management. This specification focuses on in-
vehicle network node monitoring for diagnostic sup-
port, start-up behavior of the network, reading and set-

ting of network- and node-specific parameters, etc.

USING OSEK FOR NON-AUTOMOTIVE
APPLICATIONS

A quick glimpse at the goals of the specification clear-
ly shows that the operating system kemel and the
communication specifications have a common
requirements base and goals that can be found in
other industries. On the other hand, the network man-
agement specification is specifically targeted to auto-
motive application needs. Although the label of "net-
work management” could be related to the needs of
other industries, the design of the specification does
not generally apply to other industries and can even
create a misunderstanding on the meaning of Network
for users in other industries.

It is useful to divide the communication layer into two
main domains. The first one is the inter-processor
communication, which is independent of the underly-
ing protocol (Typically CAN). The second one is the
intertask communication, which includes message
queues, among other constructs. The CAN communi-
cation layer is mainly used in automotive applications,
however CAN is also found in other markets, such as
industrial automation.

The main area of interest in evaluating the usability of
OSEK with other industries and applications is the
operating system kernel. The OSEK operating system
kemel specification is focused towards specifying a
super-small scaleable kemel. With the continuous
trend towards cutting costs to reduce the final product
price, a scalable operating system with a minimum
memory footprint is a common requirement for deeply
embedded applications. Examples of such a require-
ment can be found in the storage application market
(disk drives, DAT tapes, CD-ROM's..). In general, such
applications require operating systems with a footprint
below 5 kilobytes. The scalability of an OSEK compli-
ant operating system via static configuration allows the
designer to include only the required services for his
particular application, thus minimizing the memory
footprint of the kernel. Implementations of the OSEK
specification, such as the pOSEK real-time operating
system (RTOS) from Integrated Systems, range from
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Figure 2. Automotive CPU explosion.

between 1 and 7 kilobytes, depending on the proces-
sor and the required operating system services. In
addition, although some non-OSEK operating systems
are statically configured, they do not offer a standard-
ized interface, which allows application software to be
easily ported from one OSEK implementation to anoth-
er one or from one target processor to another one.
Similar requirements for minimal size and maximum
portability can also be found in home appliance appli-
cations where embedded software for refrigerators,
dishwashers, microwave ovens and other appliances
has a strict requirement for a minimal memory foot-
print.

There are other advantages to the fact that an OSEK
operating system is a static kemnel. For example, a
major shortcoming of testing safety critical systems
with dynamically allocated memory is that no com-
plete test suite can be created to cover every possible
combination of events and inputs that could create a
potential error. Since an OSEK kemel is statically
defined, all kemel objects are known at compilation
time and dynamic memory allocation at run-time is not
allowed. As a result, the amount of testing needed to
ensure the correct behavior of the application is great-
ly reduced. This type of benefit is important for appli-
cations requiring any sort of certification such as med-
ical instrumentation. In addition, these applications can
benefit from the interrupt processing provided by
OSEK operating systems. Developers need to design
their software to spend as little time as possible at the
interrupt level. OSEK operating systems offer a mecha-
nism to efficiently set an event or activate a task from
within an interrupt handler and then perform the
requested call in non-interrupt mode.

OSEK also provides a number of standardized hook
routines, which are not found in many traditional
RTOS's. Hook routines have two main purposes: to be
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Figure 4. pOSEK Kernel Size.

used in production application or to be used for
debugging purposes. A hook such as ShutdownOS
enables the designer to perform a clean shut down of
the OS, taking into account any specific needs of his
application or environment. This feature can be bene-
ficial for many applications, such as those in the indus-
trial automation field, where a robotic arm for example
might need to be brought back to an initial position
prior to shutting down the OS.

Priority inversion is a well-known problem for embed-
ded system designers. The Mars pathfinder had a
rather typical example of a priority inversion problem
causing a total system reset. OSEK provides a simple
mechanism to avoid such problems. The priority ceil-
ing protocol, as specified in OSEK, ensures that tasks
are only transferred from the ready state into the run-
ning state if all resources potentially occupied by that
task during its execution have been released. As a
result, avoiding priority inversion is solved intrinsically
by the standardized management of resources (sema-
phores) using the priority ceiling protocol in the OSEK
specification.
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Figure 3. pOSEK Task State Model.

CHOOSING OSEK AS
AN OPERATING SYSTEM

We have seen that much of the OSEK specified func-
tionality can be used with various applications in many
industries, including industrial automation, medical
instrumentation, storage devices or aerospace appli-
cations. In addition, other industries such as telecom
and consumer electronics products can benefit from
the described features of OSEK as well.

While considering using an OSEK operating system
such as pOSEK for any application, a developer
should focus on his applications needs. Will a static
kermnel meet his requirements? Are the configurability of
OSEK and a small memory footprint important aspects
of the decision process? Is there a need to adhere to
a standard API in order to easily transition from one
processor to another one? Would he benefit from sim-
plified testing? What types of senices will be needed
for this application, both now and in the future?

Many technical aspects have to be considered in such
a decision. In addition, as OSEK provides a standard-
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ized specification, another critical aspect to consider in
selecting a specific OSEK operating system is the sup-
plier itself. What type of support (technical and ser-
vices) can the supplier provide worldwide? If neces-
sary, can this supplier provide a complete solution
including development tools (compilers, debuggers),
serices and higher graphical specification and code
generation tools? What other expertise can the suppli-
er offer?

OSEK represents an important step forward in provid-
ing a standardized RTOS specification for the automo-
tive industry. But since automotive applications have
the same types of constraints as other deeply embed-
ded applications (cost sensitivity, application memory
footprint, etc), the OSEK kemel and communication

OSEK

specification have the potential to be used as a super-
small operating system for deeply embedded applica-
tions elsewhere
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