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Abstract

Recently, several domain-specialized modeling lan-
guages have been developed to cope with the problems in-
duced by the growing complexity of automotive embedded
systems. For example, SysML, AADL, EAST ADL and AU-
TOSAR define high-level modeling languages that each pro-
pose certain forms of modularization and abstraction tech-
niques to handle the system-level specifications of complex
and heterogeneous systems. They thereby provide powerful
support for the modeling of automobiles’ E/E systems archi-
tectures. But, in contrast to SDL that is based on communi-
cation diagrams and FSMs, these languages do not address
the modeling of the behavior of the system under design, al-
though this is a prerequisite for the partitioning, i.e. thedef-
inition of the architecture of the system. In order to state the
guidelines for their enhancement, we discuss the shortcom-
ings of these self-proclaimed domain-specialized modeling
languages regarding the features that are required to sup-
port the partitioning and we present our solution to drive
the partitioning of automobiles’ E/E systems specifications
with the existing solutions.

1. Problem presentation

One of the most decisive operations in the design of the
E/E (Electric/Electronic) system of a vehicle is the defini-
tion of its architecture. We call this task the partitioning.
The partitioning involves three activities: The allocation,
the mapping and the deployment. The allocation is con-
cerned with the design of the physical configuration of the
system. This consists of the definition of the number of de-
vices (ECUs, sensors, actuators, gateways, etc.) with their
individual equipments (processing units, memories, inter-
nal buses, etc.), their positioning within the physical system
and the networks for the communication between them. The
mapping deals with the distribution of the elements of the
specification (e.g. functional components and connectors)
among the allocated devices. As shown in figure 1, during

the mapping, the system architect assigns each functional
component of the system to a given device. Two compo-
nents that are assigned to different devices must commu-
nicate through an inter-device communication channel. As
the devices usually communicate through bus networks run-
ning frames-oriented communication protocols, the map-
ping must also pack the inter-device communication sig-
nals into the available frames. The deployment is concerned
with the distribution of the computation time that is avail-
able on a device among the processes that have been as-
signed to this device and the distribution of the available
memory space and the intra-device communication chan-
nels among the data generated by these processes.

Currently, the partitioning is done manually by highly
experienced designers. In order to design new vehicles,
they usually simply add new devices that implement the
new functions on an existing system, without changing the
software contents of the existing devices. This optimistic
approach is justified by the fact that the existing systems
are well-functioning and reliable configurations with stable
communication matrices. A new design of the architecture
of the system is perceived as a design from scratch, eco-
nomically unsupportable in this fast-evolving engineering
field in which the time to market is decisive regarding the
hard commercial competition that is imposed on automobile
OEMs. But, this practice leads to the installation of super-
fluous processors, memories and buses in the vehicles. As
the demand for software- and electronic-actuated features
in modern vehicles is increasing, efficient architectures and
cost-sensitive design tools are needed to control the costs
of vehicles’ E/E systems. This goal can be achieved if the
partitioning is done automatically and the amount of hard-
ware used in vehicles’ E/E systems is reduced. An efficient
partitioning must minimize the number of processing and
memory units as well as the quantity of cables used for the
inter-device communication in an E/E system. Thus, it is
necessary to adopt a more efficient approach for the parti-
tioning, i.e. one that allows a better usage of the hardware
and reduces the design time. This implies a change from the
traditional components-based design approach to a system-
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oriented design approach. As demonstrated in [7], this ap-
proach must rely on a global view of the system specifica-
tion in which the whole E/E system is perceived as a single,
unified system of hardware and software components rather
than a simple collection of parts (see figure 5).
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Figure 1. The partitioning

Such a system can become very complex. How-
ever, within a model-driven development scheme, a CAD-
supported partitioning tool needs highly expressive specifi-
cations. A good model must enable to extract the attributes
of the elements of the system specification that are neces-
sary for the partitioning as well as their inter-connections.
For example, their runtime resource consumptions such as
the space needed to store the code, the heaps, the software
data and the stacks of a functional component, the computa-
tion time required for its execution, its consumption of en-
ergy, the magnitude of its collaboration with its environment
and a full range of other relationships and constraints. This
type of information can be easily provided with the low-
level modeling languages such as C, C++, Java, Assembler,
etc. But, at the system-level, automotive systems become
so complex that they cannot be described with these low-
level languages without experiencing an order of explosion
of the model that leads to the loss of visibility and makes
the navigation within the model impossible.

In order to address this problem, several high-level mod-
eling languages, e.g. SDL[1], SysML[2], AADL[4], EAST
ADL[6] and AUTOSAR[3], have been developed and opti-
mized for the modeling of automotive embedded systems.
These languages are based on modularization and abstrac-
tion techniques, mostly using the principles of separation
of concerns found in UML[5], to manage the complexity
and the heterogeneity of system-level automotive specifi-
cations. But, as high level of abstraction goes together with
coarse granularity and low resolutions, the complexity man-
agement capabilities of these languages are generally cor-
related with some shortcomings with respect to the parti-
tioning. Their expressiveness can be fatally very poor com-
pared with the requirements of the partitioning. However,

as these solutions are en vogue, it is necessary to investigate
the level of support that they provide for the partitioning
and, if necessary, identify the missing features that would
make them more partitioning-compliant so that we can pro-
vide the guidelines for their enhancement or for the devel-
opment of new solutions. Nevertheless, as the perfect mod-
eling solution is not actually around the next corner, efforts
must be made to provide efficient CAD-supported design
tools with the existing modeling solutions. This paper gives
an insight into our work concerning these questions. In the
next section, we discuss the features required from a mod-
eling solution to support the partitioning of automotive E/E
systems. The following section presents the analysis of the
capabilities of the most popular E/E modeling languages,
i.e. SysML, EAST ADL, UML, AUTOSAR, UML, with
regard to these features. Then, in section 4, we outline our
method to operate the partitioning with the existing model-
ing solutions.

2 Modeling features required for the parti-
tioning

The goal of the partitioning is to find the most cost-
sensitive feasible configuration of the system’s architecture,
i.e. a partition that minimizes the amount of hardware re-
sources needed to achieve the required performance with re-
spect to the system constraints (e.g. safety, flexibility, main-
tainability, power consumption, cost, speeding-up, etc.).
Depending on the constellation of the design, the mapping
can be done before or after the allocation. In the first case,
the logical devices are determined and then the best physi-
cal devices are allocated to implement each of them. In the
second case, the physical devices are given and the logical
devices are determined to fit into the available resources. In
this case (see figure 1), the mapping is constrained by the
allocation. A feasible mapping is one that respects the indi-
vidual storage and computing capacities of the allocated de-
vices. It must result in an executable scheduling of the sys-
tem’s processes and enable smooth inter-device communi-
cation on the allocated communication media. This necessi-
tates precise information about the behavior of the system,
its architecture, the magnitude of the communication be-
tween the components of the system and the scheduling of
their interactions as well as the related constraints. For in-
stance, the scheduling of the communication is determined
by the timeliness of the data exchange, that is determined
itself by its attributes like the latency, the activation time,
the transmission time of the system’s components intercon-
nections, etc., while the magnitude of the communication
between two components is given by the frequency of the
communication and the amount of data exchanged.

As each component of the system’s specification must
be assigned individually to a device independently of the
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rest of the specification, the mapping requires that the com-
ponents of the specification must be detachable building
blocks. It must be possible to clearly identify the boundaries
of the components and their interfaces, screen the communi-
cation paths, extract the substance and the heaviness of the
communication (e.g. throughputs, communication access
rates, data resolutions, timeliness of data communication,
priorities, security levels, etc.), examine the dependences,
the causality relations (e.g. sequentiality, concurrency, etc.)
and the relationships resulting from the constraints and the
strategic concerns of the design, e.g. the ”needs” and the
”excludes” relationships. In fact, in the realm of the auto-
motive E/E systems engineering, some functions are con-
strained to be implemented together on the same device,
others need the same special hardware to run efficiently
while others must be separated to avoid functioning failures
and EMC problems. All these artifacts must be specified to
support the partitioning. Moreover, since the value of the
solution space of the mapping particularly depends on the
degree of freedom that is provided to the designer, flexible
interfaces that allow to shift a component from a device to
another one and to easily configure it in several environ-
ments are advantageous to support the mapping.

Regardless of whether the allocation has been done be-
fore the mapping or not, the inputs of the deployment al-
ways include the specification of the target hardware plat-
form, i.e. the ECUs, the sensors, the actuators, the gate-
ways, the communication systems as well as the topology
of the platform, the hardware units installed in the devices
(i.e. processing units, memories, etc.) and and the related
constraints. Furthermore, the deployment requires that the
functional specifications allow to extract and synthesize the
tasks or the processes to which the available computation
power will be distributed and the data elements that will
be launched into the available memory spaces while the
scheduling of the tasks requires that the magnitude and the
timing organization computations of the operations that are
executed within each component and its relations with its
environment are known. Thereto, models that intent to sup-
port the partitioning must provide the means to specify the
non-functional and the design requirements of the system
as well as efficient concepts to handle the design of product
lines and product families.

These features are needed with the required precision in
the very first steps of the partitioning. Thus, in a system-
level design approach, detailed information must be pro-
vided despite the necessity to handle the complexity that is
inherent to the high level design. This is a difficult combina-
tion since the complexity management is generally realized
by means of abstraction mechanisms that are inherently an-
tagonistic with the creation of detailed specifications. The
most known modeling solutions provide powerful features
to handle the complexity. However, as they usually claim

for their ability to support the activities of the implementa-
tions, it is interesting to investigate the value of their mod-
eling concepts regarding one of the most prominent opera-
tions of the implementation phase of the design of automo-
biles’ E/E systems, the partitioning.

3. Capabilities of the E/E modeling solutions

The design of automobile E/E systems goes through sev-
eral conceptual levels whereas each level is a refinement
of the preceding one. The earliest phase of the creation
of an E/E system begins with the identification, the cap-
turing and the treatment of the requirements. This includes
the analysis and the organization of the requirements, the
dissolution of inconsistencies and the transcription of the
final requirements into functional and non-functional con-
straints. Some advanced solutions are successfully inte-
grated in CARE (Computer Aided Requirements Engineer-
ing) tools, e.g. DOORS. EAST ADL and SysML address
each the modeling of the requirements, however as a dis-
crete solution, totally separated from the subsequent design
activities. This is not the most viable solution, since it does
not enable a continuous system engineering. Moreover, as
long as there is no solution proposing formal specifications
of the requirements, the requirements engineering will still
be a very hot research area.

Nevertheless, the functional specification of an automo-
bile’s E/E system softly begins with the enumeration of the
features that must be implemented in it. These features are
translated into the functions. Then the substances of these
functions are used to design the software components that
will be mapped on the devices. The functional specification
of the E/E system of a vehicle is generally modeled as a web
of logical components related by a net of connectors. Each
logical component is a detachable building block which de-
fines either a behavioral or a data storing component of the
system, and a connector models a logical communication
channel. As the design goes forth, the designers refine the
specifications in order to precise the architecture, the behav-
ior of the system and the related constraints. The specifica-
tion process thus undergoes a sequence of refinement steps
that tries to transform the input functional specification into
a specification that can be used for the partitioning.

In the actual state-of-the-art, the design of the system’s
functionality is separated from the concerns of the basic
software and the hardware platform. This separation of con-
cerns enlarges the solution space of the mapping since it en-
ables to consider much more architectural options. EAST
ADL, AADL and SysML provide a powerful support for
this phase of the design. They follow the components-
based system definition paradigms, leaning on the concepts
of components, ports, connectors and interfaces to describe
the structure of a system (see figures 2 and 3). But, although
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these concepts commonly provide the abstraction, composi-
tion and decomposition mechanisms needed to manage the
complexity, the related semantics remain very fuzzy regard-
ing the partitioning. For example, a connector is used to
indicate that two components exchange a given informa-
tion in some way, although when partitioning an E/E system
specification, it is important to know if a connector repre-
sents a communication channel, a communication path or
simply a connection. Furthermore, the allowed 1 to n links
between client and server components or between a sender
port and several receiver ports of the same component make
the screening of the communication paths, thus the map-
ping, very difficult.
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Figure 2. Basic modeling concepts for E/E
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Figures 2 and 3 show each the meta model of the basic
modeling concepts used in EAST ADL, SysML and AADL
as well as in AUTOSAR to model the functional structures
and respectively the hardware architectures. The concepts
used to model the hardware architectures are quite similar
with those used to model the functional architectures. A
hardware device is generally composed of other smaller de-
vices. For example, an ECU contains processors and mem-
ories while a memory is built up of registers, etc. Depend-
ing on the level of precision needed, the specification of the
hardware platform can be given on the basis of the ECUs,
the sensors, the actuators and the gateways or on the basis
of transistors, condensators, etc. Figure 4 shows the usual
abstraction levels in the modeling of hardware devices.

Except SDL that is based on communication diagrams,
a common shortcoming of EAST ADL, SysML and AADL
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Figure 4. Abstraction levels in the specifica-
tion of hardware devices

is the lack of appropriate means to specify the system’s be-
havior. However, at the level of abstraction that is inherent
to the order of complexity of system-level E/E systems, the
granularity of the model elements is too coarse to enable
high-resolution behavioral specifications. The most ade-
quate behavioral modeling techniques at this level include
state machines, Petri-Nets, activity and mode transitions,
data and process flows, etc. These low-resolution model-
ing tools do not allow to specify the behavior of a system
at the level of precision required for the allocation or the
deployment. A useful specification must allow to extract
the elementary operations of the system’s behavioral com-
ponents and their internal computation paths. The table in
fig. 6 summarizes the analysis of these languages regarding
their ability to support the partitioning. Following the re-
sults emerging from this analysis, SDL provides sufficient
features to model the communications but poor capabilities
to capture the structure of a system and the internal behav-
iors of its components, while the ADL-oriented languages
provide good structuring capabilities but no feature to cap-
ture the behaviors. Thus, none of these solutions is actually
the best one to support the partitioning.

4. Our partitioning approach

An imaginable solution to these shortcomings is to com-
bine these high-level languages with low-level languages,
i.e. programming languages (e.g. C, C++, Java, etc.) or
HDLs (e.g. VDHL, Verilog, System C, etc.) that can
be synthesized. There are two approaches to implement
this solution. Following the first approach, the encapsula-
tion mechanisms provided by the high-level languages can
be used in combination with high-resolution modeling lan-
guages at the system level. One way to do this proceeds
as follows: Each component of the system specification is
wrapped with a capsule that defines its interface. Then,
its behavior is precisely described by the means of a high-
resolution language and hidden behind its wrapper. This
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approach might be very helpful for the partitioning since it
provides the necessary attributes at the really beginning of
the implementation phase of the design. But, it suffers from
the risk of rapid explosion of the size of the specification.
To avoid this, low-level languages with high resolution can
be introduced progressively, i.e. as long as there is no risk
to lose the visibility in the specification. Practically, the
highest level at which this condition is fulfilled is within the
”Components View” of our design process shown in figure
5. Thus, this solution is practical only if the allocation is
done after the mapping. However, as it tends to involve in-
definite loops of refinement-abstraction, it can be extremely
complex and time-expensive.

Our solution implements the approach shown in figure 5:
As the partitioning is a multi-objective optimization prob-
lem, we can classify its objectives following their rela-
tive importance and the possibility to achieve them so that
the objectives that can be achieved with high-level models
first guide the partitioning, and then we progressively re-
fine the results in order to meet the remaining objectives.
Concretely, in our solution, we model the system as in-
terconnected (SysML, EAST ADL or AUTOSAR) compo-
nents, whereas the communication between the components
is modeled by means of the interaction, communication and
timing diagrams provided by the UML. As we can use these
tools at the high-level to capture the communication rates
of the components of the system, the throughputs of the
connectors and ports, the resolutions and the timing sched-
ules of the data exchanged as well as the constraints of the
communication relatively accurately, we operate a mapping
that optimizes the communication between the devices. In
this case, the mapping is reduced to cluster the components
that heavily communicate with each other in order to assign
them to the same device. The clustering is done indepen-
dently of the individual internal behaviors of the compo-
nents of the system. Once a partition is found that mini-
mizes the communication between the components, we re-
fine it with detailed, high-resolution behavioral specifica-
tions of the logical devices (figures 5 and 1) so that their
resource consumptions can be estimated and thus, the hard-
ware usage within the devices can be optimized during the
subsequent partitioning operations.

5. Conclusion

Most of the E/E modeling languages provide a powerful
support for the specification of the structures of E/E systems
at the high level. But, they do not accurately address the
modeling of the behaviors of these systems and thus, they
provide very poor support for the partitioning. Our solu-
tion to this shortcoming is based on the divide and conquer
principles and the flexible design process shown in figure 5.
Within this process, we can specify the communications of
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Figure 5. Our system-oriented design flow

the components of the system under design at the highest
level of the design by means of interactions, communica-
tion and timing diagrams in a way that allows to measure
the closeness between them. These closeness values are
sufficient to operate the mapping. After the mapping, we
introduce high-resolution languages to model the behaviors
of the resulting logical devices. This solution is effective
since it uses the divide and conquer principle to handle the
complexity of system-level specifications, but it is not opti-
mal. A straightforward execution of the partitioning needs
precise modeling techniques at the right beginning of the
implementation phase of the system development.
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UML2 SDL SysML EAST ADL AUTOSAR
Modeling style Components-based OO Components-based Components-based Components-based
Substance Atomic components Elementary processes Internal blocks Elementary functions,
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Ports are optional
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interfaces
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interfaces, Standardized
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communication channels
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Sequence, commu-
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overview, timing
diagrams
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Sequence, commu-
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overview, timing
diagrams
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Figure 6. Capabilities of the high-level modeling solution s regarding the partitioning
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