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Abstract

The application of functional networks in the automotive
industry is still very slowly adopted into their development
processes. Reasons for this are manifold. A functional net-
work gets very quickly complex, even for small subsystems.
Furthermore, concepts for variability handling are not suf-
ficient for future standards such as AUTOSAR. In this pa-
per we will provide an approach to reduce the size of func-
tional networks by applying abstraction and partitioning.
The achieved improvements will be described. In addition
we will provide an alternative concept to handle variants in
functional networks. The approach is based on extracting
variation points from the functional network and modeling
them separately. Open problems and future work are dis-
cussed at the end.

1 Introduction

Today the automotive industry provides customers a lot
of possibilities to individualize their products. They can se-
lect from a huge set of optional fittings, e.g., parking assis-
tant, rain sensor, intelligent light system, and/or comfort ac-
cess system. The possibility to configure individual vehicles
leads to the situation that both OEMs (Original Equipment
Manufacturers) and suppliers have to capture explicitly po-
tential variation points in their artifacts so that a software
product line can be established to overcome the develop-
ment complexity [6].

For requirements specification this is often done with so
called feature models [4], where customer visible variants
of the vehicle are captured. After requirements specifica-
tion, a functional network is established, which consists pri-
marily of interacting functions. Ideally, it should be used as
a first concretion of the features and should help the en-
gineer to understand the problem domain in a better way.
Variation points in functional networks are captured implic-
itly by modeling a so called maximal functional network.

The idea is to capture every function of the vehicle, e.g.,
a sensor, an actuator, a control algorithm etc., and to gen-
erate variants by removing specific parts of the functional
network.

This way of variant handling is possible since the
automotive software development process is hardware-
dependent. A functional network is designed with detailed
technical knowledge, such as the used communication in-
frastructure and deployment information of the functions.
Therefore, deleting parts of a functional network can be re-
garded equally to deleting ECUs (Electronic Control Units)
from the vehicle topology. We will call this kind of func-
tional networks in this paper as technical functional net-
works.

The advantage of such an approach is that it is simple,
so that development costs for variant handling can be kept
down. Furthermore, virtual prototyping, i.e., behavior sim-
ulation on a PC, and rapid prototyping, i.e., real-time simu-
lation on a controller of a rapid prototyping system or on an
ECU could be almost directly adopted. This is possible be-
cause the functional network specifies the interfaces of the
functions along with their communication. By implement-
ing the behavior which is compliant to the defined interfaces
a prototyping system can be set up.

Nevertheless, there are also some disadvantages. Even
a technical functional network brings advantages such as
simplicity and prototyping possibilities, its size gets very
quickly vast so that it rather complicates the tasks of an en-
gineer instead of supporting him. Furthermore, the automo-
tive industry is currently performing a paradigm-shift from
a hardware-driven development process to a function-driven
development process, to counteract the ever increasing soft-
ware complexity. The results of this efforts were specified
by the AUTOSAR consortium [1]. Basically, AUTOSAR
decouples the infrastructure from application software by
introducing an abstraction layer between them. This implies
that application software can now be developed indepen-
dently from the hardware. Therefore, the methodology to
capture and generate variants in a maximal functional net-
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work will not be the solution for the near future.
The mentioned two problems, i.e., complexity of a tech-

nical functional network and insufficient concepts for han-
dling variants, involve that the application of functional net-
works in the automotive industry is still very slowly adopted
into their development processes.

In this paper we will introduce an approach to facili-
tate the extensive use of functional networks by reducing
their complexity and providing an alternative concept for
variability handling without losing the advantages such as
simplicity and prototyping possibilities. The complexity re-
duction is primarily achieved by applying abstraction and
partitioning. Abstraction is applied by identifying func-
tions with similar semantic. This is also done for connec-
tions between functions. They are grouped to abstract func-
tions and connections. For partitioning we identify parts
of the functional network, i.e., functions and their connec-
tions which are used to model a specific characteristic of
the system. For variability handling we will use a restricted
form of feature models which are tailored for automotive
functional networks. We will call them functional variant
models. In this way we can extract variants from functional
networks and model them separately with functional vari-
ant models. The result will be a functional network which
is modeled on a logical level (in the following called logi-
cal functional network). Particularly, the configuration of a
technical functional network from a logical functional net-
work will be possible for utilizing the advantages of virtual
and rapid prototyping.

This paper is structured as follows. In Section 2 we will
describe the problems that we are dealing with in this paper.
For this purposes we will introduce an example that is used
for the whole paper. With the example we will describe the
covered problems, i.e., the size of functional networks and
variability handling. In Section 3 we will present our ap-
proaches to solve the mentioned problems. In Section 4 we
will describe related work and in Section 5 we will discuss
open problems and future work. Finally, in Section 6 we
will summarize the paper.

2 Problem Description and Challenges

In this section we will describe the covered problems in
detail. Therefore we will introduce an example, which will
be used for the whole paper. Our department has gained
experience on automotive software development processes
by collaboration with an OEM in Germany. The example is
constructed with that knowledge.

2.1 Example: Vehicle Access System

In our example we consider a vehicle access system for
three car models. A vehicle access system is primarily a

Table 1. Three car models and their sup-
ported features.

Model 1 Model 2 Model 3
Active Access x x x
Passive Access x x
Automatic Door Close x
Selective Unlock x x
Anti-Theft System x x
Immobilizer x
Crash Unlock x x x
Drive Lock x x x

central locking system with additional features that extends
a classical central locking with security and comfort fea-
tures. In Table 1 we listed the features and marked those
that will be supported by the appropriate model.

For example, an active access denotes a feature that sup-
ports the entry into the car by using the mechanical key or
the remote control. In contrast to this, in a passive access a
user can enter the vehicle without actively using a key. He
only needs to carry the remote control with him which is
extended by an identification transmitter so that the vehicle
can identify the authorized user. While model 1 and 3 sup-
port both features, model 2 only supports the active access.

The automatic door close is a feature that closes the
door automatically. The user needs only to push the door
smoothly into the lock. Then the door will be completely
closed by a motor that is installed inside the door.

If selective unlock is supported, it is possible to unlock
the doors sequentially. For example, if the unlock button of
the remote control is pressed once, only the driver’s door
will be opened. By pressing the button a second time all
other doors will be opened.

The anti-theft system and the immobilizer are security
features which prevent the unauthorized use of the car.
While the anti-theft system blocks the steering wheel, the
immobilizer additionally controls the engine and gearbox.
Since the immobilizer includes in our example also the
blocking of the steering wheel, these two features can only
be selected alternatively.

Finally, the crash unlock feature unlocks the doors in
crash situations, while the drive lock feature locks the doors
after achieving a predefined speed.

If an OEM specifies the requirements for its vehicle
models, commonalities and variability in the sense of the
software product line paradigm are determined [6]. This
has the advantage that common aspects of an artifact can be
used for all models, while only variable aspects, which dif-
ferentiate the products, have to be treated. Commonalities
and variability for requirements specification are typically



Figure 1. An example for a feature model of
the vehicle access system.

captured with feature models. In Figure 1 we designed a
feature model for our example. It has mandatory-, optional-
and alternative-features, while or-features are not existent.

As mentioned before, OEMs currently try to cover the
variability problem in functional networks by modeling a
maximal technical functional network. This is an approach,
which has advantages when it is applied to hardware-driven
development processes. If the paradigm shift to a function-
driven approach should be successfully achieved, the mod-
eled functions must be considered on a logical level. Beside
of this, it is not always straightforward to build maximal
models, since there exist complex dependencies between
functions. For example, there are functions with exclusive
properties. In Figure 1 this is the case for the anti-theft sys-
tem and the immobilizer. Furthermore, a function could
require another function, so that by building a variant this
constraint must be considered.

In Figure 2 we have build a maximal functional network
for the vehicle access system by using the component dia-
gram of UML (Unified Modeling Language) [2]. Functions
are modeled as components and signals are modeled as con-
nectors between ports. Incoming ports are marked white,
while outgoing ports are marked black.

2.2 Size of Functional Networks

Figure 2 illustrates a functional network for the vehicle
access system. We had defined 8 features, which are con-
cretized in the functional network with about 45 functions
and 113 connections. As one can see, the functional net-

work gets very quickly very complicated, even for such a
small example. We did not further modeled the anti-theft
system and immobilizer in detail in order to avoid further
complexity. It is obvious that a functional network for the
whole vehicle is unusable.

Reasons for this complexity are multisided. First, the
functional network for the vehicle access system presents a
maximal model. Therefore, an engineer has to model for ex-
ample both the anti-theft system and the immobilizer, even
they have exclusive characteristics. Second, a system engi-
neer models such a network on a technical level. For exam-
ple, he has the knowledge about the ECU deployment of the
software-based functions with the incoming and outgoing
signals. Finally, the network includes redundant functions
such as the five drive units with the five lock/unlock signals.
For a model with two doors and a tailgate, there is no need
for five drive units but rather for three. Further examples are
the antennas and sensors.

2.3 Capturing Variants in Functional Net-
works

A further important aspect which inhibits the extensive
use of functional networks for an automotive system is, that
there exist only weak concepts for capturing variants. As
described above, OEMs try to build a maximal functional
network which is used then to derive the different variants.

This results in an enormous size of the modeled func-
tional network (see Figure 2) and therefore inhibits the use
by an engineer, because it would take more effort to under-
stand the functional network, instead of helping the engi-
neer in understanding the problem domain.

Considering a hardware-driven approach, building max-
imal functional networks are well applicable. Variants are
built mainly by adding or deleting ECUs. Through the ever
increasing software complexity OEMs and suppliers were
forced to design an alternative approach, which allows de-
coupling the software from the hardware, so that a more
logical view can be established in to the development pro-
cess. The result of this efforts were specified in the AU-
TOSAR consortium [1]. Basically, AUTOSAR decouples
the infrastructure from application software by introducing
an abstraction layer between them. This implies that appli-
cation software can be developed independently from the
hardware. This in turn allows a more logical view on func-
tional networks. Therefore we need an alternative approach
to capture variation points, where the technical view on the
functional network is completely ignored.

Adopting logical functional networks will bring surely a
lot of advantages. Nevertheless, a technical functional net-
work such as the one in Figure 2 has also some advantages.
Particularly, the functions with their signals can be nearly
directly used for virtual and rapid prototyping. To utilize
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this advantage on logical functional networks we must pro-
vide an approach to configure logical functional networks
to technical functional networks.

3 Functional Variant Modeling for Adapt-
able Functional Networks

In Section 2 we have described the problems and chal-
lenges that we are dealing with. There are mainly two core
points that we have analyzed to improve the usability of
functional networks in an automotive software development
process. First, we have to reduce the size of functional net-
works to ease the work of a system engineer. He will then
be able to use this artifact to understand and describe the
problem domain in a better way. Second, variability han-
dling in functional networks requires a new approach to be
usable also for new standards such as AUTOSAR.

Our approach to reduce the size of a functional network
is based primarily on abstraction and partitioning. With ab-
straction we want to achieve a more logical view on the
functional network. This of course will affect the size of
the functional network. With partitioning we want to divide
the network into parts which belong semantically together.
Examples would be an immobilizer, a central locking unit,
or, if it would not be too big, even a vehicle access system.
With that we want to achieve further reduction of the size.

For variability handling we will present an alternative
concept for capturing variation points in functional net-
works. We want to extract variation points from the func-
tional network and model them separately with so called
functional variant models. Functional variant models rep-
resent a restricted form of feature models and are tailored
for automotive functional networks. This approach pro-
vides also the possibility to configure technical functional
networks for prototyping issues.

3.1 Size of Functional Networks

In Section 2.2 we have analyzed mainly three problems,
which influence the size of a functional network. These are
the building of a maximal model, modeling with knowledge
about technical details, and finally modeling of redundant
functions. To overcome these problems we propose to ap-
ply abstraction techniques for the last two aspects, and par-
titioning for the first one.

Considering our example in Figure 2 there are some
points, where we could apply abstraction. For example,
there are four functions to lock or unlock the doors, these
are the remote control, identification transmitter, mechani-
cal key, and center lock button. These four functions have
all the same tasks, i.e., to control the access into the vehi-
cle. We could replace the four functions by one function
which describe exactly the task of the previous functions.

For example, we could add a function called vehicle access
controller.

Another example is given by the ten functions for the
antennas which perform the task of receiving data of the
remote control and identification transmitter and to trans-
mit them to an appropriate function. The function for the
driver’s door lock barrel performs the same task for the me-
chanical key. We could replace these functions with one
function to model the same task. For example, we could
add a function called data transceiver.

The five functions for the door handle trigger in Figure 2
could be replaced by one function called door handle trig-
ger.

The same technique could be applied to the drive units
for the four doors, the tailgate, and the fuel filler flap. This
would mean, that we could replace six functions with one
function, for example called lock/unlock drive unit.

The functions for the door contacts could be reduced in
the same manner, i.e., we replace the four functions with
one function called for example door contact.

Finally, we do not need four functions for the automatic
door close, but instead only one function called for example
automatic door close.

Summarizing the achievements, we see that we can re-
place 34 functions with 6 functions, which of course reduce
the size of the functional network enormously. Note that by
reducing the number of functions, we also reduce the num-
ber of redundant connections.

Another approach to reduce the size of the functional
network is to divide the network into semantically equal
parts, which we call partitions. For our example in Fig-
ure 2 this could be the active/passive access, automatic door
close, anti-theft system, and the immobilizer. Note that there
must not be necessarily a one-to-one mapping between the
features defined in Figure 1 and the partitions.

Figure 3 illustrates the result after applying abstraction
and partitioning to the vehicle access system in Figure 2.
Obviously, the four partitions are now more readable. We
have achieved this by modeling semantically equal parti-
tions instead of the maximal functional network for the ve-
hicle access system. Furthermore, we use abstraction as de-
scribed above, so that the size gets more reduced.

Compared to the maximal functional network, which
consists of 45 functions and 113 connections, the four par-
titions totally has 15 functions and 27 connections. Obvi-
ously, this is an improvement.

In an automotive development process which is adapted
to AUTOSAR it would be ideal that such abstraction and
partitioning techniques are done when the functional net-
work is designed the first time. In that case the system engi-
neer who has the specialized knowledge should regard such
techniques. For the case that a functional network is reused
the adaptation must be done by reengineering the network.
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Figure 4. The structure of a functional variant
model.

3.2 Capturing Variants in Functional Net-
works

In Section 2.3 we have analyzed, that the automo-
tive industry currently performs a paradigm-shift from a
hardware-driven approach to a function-driven approach, to
overcome the ever increasing software complexity. Particu-
larly, the standardization of AUTOSAR is an important step
towards this goal. The standard implies that vehicle func-
tionality can be developed independently from the given in-
frastructure, which allows a more logical view. Therefore,
the approach of modeling a maximal technical functional
network to capture variation points will not be the solution
for future development methodologies because it has the
disadvantage that it becomes very complex and is hardly
coupled to the hardware. However, it has the advantage that
a technical functional network could be used in a simple
way for virtual and rapid prototyping.

Adopting a logical functional network involves new re-
quirements for modeling of variants. For example, by ab-
stracting functions we lose information about existing vari-
ants. Therefore, we need a concept where we can gain the
information back again. Furthermore, it should be possible
to generate a technical functional network to utilize proto-
typing.

We propose an approach that is based on the concept of
feature models, but is restricted and tailored for variants
in logical functional networks. Variants are captured sep-
arately with functional variant models. In Figure 4 we have
illustrate the structure. Variation points and their variants
are modeled in a tree-based structure. The root consists of
the modeled partition type and its name. We have defined

Figure 5. An example for a functional variant
model for the vehicle access controller func-
tion.

four types, namely mandatory, optional, or, and alternative.
In this way we can express the characteristic of a partition.
For example, in Figure 3(b) the automatic door close par-
tition is an optional partition. On the next level we have
defined the variation point that is extracted from the techni-
cal functional network. A variation point can be a function
or a signal. The next level contains the variant type and
its name. Similar to partitions, we also have defined four
variant types, namely mandatory, optional, or, and alterna-
tive. And finally, on the last level the incoming and outgoing
signals are listed. Incoming signals must be denoted with
its source and signal name, while outgoing signals must be
denoted with its signal name and sink. The source, signal
name, and sink can all be variation points. In this way, we
can build a hierarchy in our models. Note that a functional
variant model never exceed the described four levels and
therefore enhances the visibility of variability information.

In Figure 5 we have built a functional variant model for
the vehicle access controller from Figure 3(a). A vehicle
access controller has mandatory functions such as the me-
chanical key, remote control, and center lock button. These
functions are related to the active access feature from Fig-
ure 1. Furthermore, the vehicle access controller exhibits an
optional function, identification transmitter, which allows
the passive access into the vehicle (see Figure 1). Par-
ticularly, we have build the premises to generate a techni-
cal functional network from the logical functional network
from Figure 3(a) together with the functional variant model
from Figure 5. By capturing the function and signal in-
formation it would be possible, if an configuration frame-
work is established, to regenerate a functional network that



Figure 6. An example for constraints expression between functional variant models.

is ready for virtual and rapid prototyping. If we would not
model the information in this way, we were not able to dis-
tinguish for example between the function mechanical key
and the functions remote control, identification transmitter,
and center lock button, which all are disabled in a crash sit-
uation (see the incoming signals of these functions in Fig-
ure 2).

Since not all configurations will be valid, we have to in-
troduce a method which allows expressing constraints be-
tween functional variant models. An example for this is
shown in Figure 6. Only if the identification transmitter
is selected, we also have to select all exterior and interior
antennas (for the remote control we only need the exterior
antenna tailgate). We do not propose a specific constraint
language in this paper but rather give a remark that this will
also be investigated in future work.

The proposed approach allows that the variability in-
formation that was loosed when we have applied abstrac-
tion and partitioning to reduce the size of a functional net-
work can be gained back again. Particularly, we have the
premises to introduce a configuration framework that allows
generating a technical functional network for prototyping
purposes.

4 Related Work

There exist different techniques to model variability in
a software development process. Sinnema and Deelstra
give a classification about existing techniques [7]. We have
adopted our approach for functional variant models mainly
on feature models. In this way it will be easy to synchro-
nize functional variant models with feature models. How-
ever, to avoid unnecessary complexity we have adopted our
approach to the automotive domain.

Von der Beeck describes in his paper [8] an approach

for modeling functional network with UML-RT. In our ap-
proach we did not focus on a specific architecture descrip-
tion language, but rather propose a way to reduce com-
plexity and to handle variability. Particularly, we consider
thereby the application to new standards such as AUTOSAR
[1].

Grönniger et al. propose an approach to model func-
tional networks with SysML to overcome the size and to
capture variants [3]. Therefore, they introduce views. A
view consists of a specific part of the functional network,
such as partitions in our approach. However, in [3] a
bottom-up approach is considered, i.e., it is assumed that
a complete functional network exists to apply a view on
it, while we propose a top-down approach to overcome the
complexity in functional networks, i.e., there is no need for
a maximal functional network. Furthermore, in [3] variants
are also modeled with views. We propose an approach that
captures variants separately with functional variant models
that allow generating a technical functional network to uti-
lize prototyping.

Kaske et al. propose a new approach to use virtual proto-
typing to validate functional networks [5]. While they focus
on how to setup and test functional networks, we deal with
the generation of technical functional networks by consid-
ering existing variants.

5 Discussion and Future Work

In this section we want to discuss open problems which
have to be tackled in future work. The first question that
arises is how to integrate feature models from requirements
specification with functional variant models. Obviously,
there is a strong relationship between these two artifacts.
For example, an active access feature from Figure 1 is re-
lated to the mechanical key, remote control, and center lock



button functions of the vehicle access controller. One task
thereby is to ensure the modification consistency between
these two artifacts. Furthermore, a variant configuration
must be properly forwarded to the appropriate artifacts and
checked if it is correct. For this purposes a framework is
needed that controls the consistency and the configuration
between these artifacts.

In Section 3 we have seen that a functional network is
divided into multiple partitions and therefore multiple func-
tional variant models will be necessary to capture the exist-
ing variation points. An example is illustrated in Figure 6,
where we have the variation points vehicle access controller
and data transceiver. Note that these two variation points
are included in the same partition, but they could also be
modeled in the way, so that they belong to different parti-
tions. The problem still remains the same. The decision
about selecting the identification transmitter is related to
the decision of selecting the optional exterior and interior
antennas. Therefore there is a need to handle the consis-
tency between all functional variant models. A constraint
language would be appropriate to specify the constraints.

Since we want to generate technical functional networks
from logical ones, we also have to give the possibility to re-
late functional variant models with functional networks in
order to propagate the variant configuration information to
the functional network. For example, if the functional vari-
ant model for the vehicle access controller in Figure 5 could
be related to the logical functional network in Figure 3(a),
we would have enough information to generate a technical
functional network.

An obvious question that immediately arises is how this
generation would be provided. Particularly, we have to en-
sure that incoming and outgoing signals are mapped cor-
rectly. For example, the mechanical key has no incoming
signals compared to the remote control, identification trans-
mitter, and center lock button. If the vehicle access con-
troller is generated to a technical functional network, the
signal information must be considered. Furthermore, func-
tions such as the door handle trigger which have no explicit
variation point in the logical functional network (compare
the Figures 2 and 3(a)), must be completely inserted into
the functional network.

Another important point which has to be handled is the
integration of partitions. If an engineer wants to consider
the functional network of two partitions that are related, we
must provide a method to join them together. For example,
if the active/passive access partition (Figure 3(a)) and the
immobilizer partition (Figure 3(d)) should be integrated, the
evaluate central locking functions from both partitions must
be unified, and that the disable signals must be sent from
one port.

Finally, tool support for the explained concepts must
be provided. Currently, we are considering the problems

on a conceptual level in order to analyze existing prob-
lems. Particularly, we believe that there is a need for tools
that are tailored for the automotive domain. For example,
a graphical functional network editor which only includes
necessary concepts enhancing usability would help to sup-
port the application of functional networks in the develop-
ment process. The same is valid for the functional variant
model. Nevertheless, we must also consider the concepts
on a higher level of abstract to investigate their generaliza-
tion and compare them with alternatives. In this way we
can make statements about the benefits of the proposed ap-
proach.

6 Summary

In this paper we have dealt with two problems, namely
the complexity and insufficient concepts for variability han-
dling in functional networks. To understand the problems
in a better way we have analyzed the current development
methodology. It is primarily based on modeling a maximal
functional network and building variants by removing spe-
cific parts of the network. This process has the disadvantage
that it is hardly coupled to the hardware infrastructure and
becomes very quickly unclear.

To overcome this we have presented an approach to re-
duce the size of functional networks in order to support
the extensive use in automotive software development. For
this purpose we have applied abstraction and partitioning.
The size reduction provides an improved visibility. Further-
more, the design of a functional network for a system en-
gineer will become more simple, since technical details can
be neglected. However, if a technical functional network is
reused appropriate adaptations have to be done in order to
build a logical functional network. For a completely new
designed functional network, the adaptations should be di-
rectly regarded.

If the mentioned two techniques are applied to reduce the
size of the functional network, we lose the implicit variabil-
ity information. To get the information back, we have pro-
posed the approach of functional variant models. It provides
the possibility to extract variation points from the functional
network and model them separately in a tree-based structure
that is tailored to the automotive domain. Thus, the func-
tional network gets more clear. Moreover, variation points
are now explicitly identifiable. In addition, the functional
variant model has at most four levels but allows to build hi-
erarchies between functional variant models. It is therefore
manageable and allows to integrate a structure into the mod-
els. Nevertheless, we have to consider the open problems,
such as the integration with feature models, the dependen-
cies between functional variant models, and the generation
of a technical functional network from a logical one.
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