












Fig. 3. SystemDesk screenshot of the evaluation example configuration

the best way is to integrate an optional tool that can be plugged into the existing
toolchain.

4.1 Extended Toolchain

Our modeling approach is currently restricted to the modeling of AUTOSAR
software architectures. The toolchain in Figure 2(b) shows our approach of ex-
tending the existing toolchain by another tool without degrading existing ones.
By using this proposal the developer is free to choose whether he wants to use
our given enhancement or not. He can either model an architecture that does
not provide any reconfiguration or he can use our tool in addition and empower
himself to specify and realize reconfiguration aspects. The advantages are obvi-
ous: better control and overview due to the diagrammatic depiction. A detailed
description of the extended toolchain can be found in [2].

Figure 3 shows the relevant part of the software architecture concerning our
application example modeled in SystemDesk. Like depicted on the right side of
Figure 3 the composition consists of four Software Components representing the
distance sensors8 connected to another composition SensorLogic evaluating the
sensor values to a single value provided by the port ShowDistanceOut.9

The above mentioned elements (Software Components, ports and connectors)
are used to describe the software when no reconfiguration is intended. Some ad-
ditional elements shown in Figure 3 are described in more detail in the following
section. These elements (Interpolation, Reconfiguration and the unused ports of
the sensors) are used later to realize the reconfiguration functionality.

8 The ports accessing the HW via the Runtime Environment and Basic Software are
not shown here because they are not object of reconfiguration.

9 To allow a better understanding SensorLogic calculates a single output value based
on the different input values. Potentially also several output values can be computed.



(a) Configuration in case Sensor 2 is bro-
ken

(b) Configuration in case Sensor 3 is bro-
ken

Fig. 4. Two configurations of the architecture for two different scenarios

4.2 dTool

The usual modeling procedure is not altered until the modeling in SystemDesk10

is initially done as described above. After the model from SystemDesk is exported
in form of an XML file11 and loaded into the dTool the constituents concern-
ing the reconfiguration can be specified. Using the dTool we are now able to
model two different aspects relevant for the reconfiguration. On the one hand,
our tool allows new configurations to be created that differ from the initial one.
Such differences are alternative connections (in the form of connectors) between
components and/or compositions. Which parts of the architecture are relevant
concerning reconfiguration is indicated by the Software Component Reconfigura-
tion included in the original SystemDesk model. Alternatively, the dTool allows
relevant parts of the imported architecture to be chosen manually. On the other
hand, our dTool allows an automaton to be modeled, which specifies how to
switch between the modeled configurations.

Figure 4(a) depicts the configuration (modeled in the dTool) associated with
the state that sensor two is broken. In the shown configuration the value of
the port DistanceOut from the broken sensor Sensor 2 is not available. Conse-
quently the value sent to the port Distance 2 In of the composition SensorLogic
is interpolated from the two sensor values of the first and the third sensor via
the additional composition Interpolation.

Figure 4(b) shows the configuration associated with the state that sensor
three is broken and the value sent to the port Distance 3 In of the composition
SensorLogic is interpolated based on the sensor values of the second and the
fourth sensor.

10 http://www.dspace.de/ww/en/ltd/home/products/sw/system architecture
software/systemdesk.cfm

11 The AUTOSAR framework specifies XML-Schemes for exchanging AUTOSAR mod-
els in a standardized form.



Fig. 5. Reconfiguration automaton in the dTool

The composition Interpolation used here provides some functionality for in-
terpolating two different sensor values. This functionality has been added specif-
ically for our application example.12 This interpolation functionality is used to
approximate the value of a broken sensor based on the values of two adjacent
sensors. It is potentially possible to integrate this functionality into an existing
Software Component, but for a better understanding we decided to introduce a
new Software Component for this purpose.

The second relevant part for the reconfiguration that can be modeled in the
dTool, is the automaton shown in Figure 5 specifying how to switch between
different configurations. The automaton consists of the initial state initial where
all four sensors work correctly, the state sensor2broke where the second sen-
sor is broken, the state sensor3broke where the third sensor is broken, and the
state allfail where the first or the fourth sensor or more than one sensor is bro-
ken. Transitions between these states specify which reconfiguration is applied at
runtime. The transitions are further augmented with guards. These guards are
expressions over the values provided by components within the reconfigurable
composition, which provide information relevant for the reconfiguration (in our
case this information is provided via the Status-ports of the four Sensor-Software
Components). An example of such a guard is shown at the transition from state
initial to state sensor2broke requiring that the status port of the Software Com-
ponent Sensor 2 provides the value 0 (indicating a broken sensor).

For the application example we assume that such status ports of the Software
Components representing the sensors exist as we otherwise were not able to
observe each sensor’s status.13

12 In our application example this functionality has been realized using MAT-
LAB/Simulink to provide more vaguely pesimistic distance values.

13 Alternatively an observer could be realized in the form of an additional Software
Component evaluating the sensor values over time and providing the status ports. If
the measured values of consecutive points in time repeatedly have improper values
(too big differences) a malfunction can be deduced.



Fig. 6. An example for a hierarchy of compositions

AUTOSAR allows a hierarchy of compositions to be modeled. Our approach
supports this AUTOSAR feature seamlessly. In the dTool a hierarchy of com-
positions is represented as two or more nested reconfiguration compositions. It
is possible that one reconfigurable composition contains more than one inner
reconfigurable composition. In Figure 6 an example for a nested composition is
shown. The example is a combination of two adjacent-aligned distance sensor
arrays (represented through SensorCompositionFront and SensorComposition-
Rear) like shown in Figure 3. The composition on the left represents the parking
sensors of the front bumper, and the composition on the right the sensors of
the rear bumper. Depending on the current configuration of the used composi-
tions (SensorCompositionFront and SensorCompositionRear) the StateManager
in Figure 6 decides which configuration to choose resulting in different functional
behavior realized by ParkDistanceLogic.14

5 Merge

In its current version the AUTOSAR standard does not support reconfigura-
tion as a first-class modeling element. While reconfiguration can be realized at
the functional level when using the AUTOSAR framework, this won’t be vis-
ible at the modeling elements provided by the framework. Thus, SystemDesk
also does not support modeling of diagrams that represent different variations
of one composition. Hence the direct import of the reconfiguration, which we
have modeled in the dTool, is impossible. Nevertheless we want to make use of
SystemDesk’s elaborated and AUTOSAR standard conform code generation ca-
pabilities. We had to find a way to translate the reconfiguration behavior into a
SystemDesk/AUTOSAR model. This is done by merging all configurations into
one final model. In the final model, the reconfiguration logic will be encapsulated
by two components, the RoutingComponent and the StateManager.

14 Although in the shown example no architectural reconfiguration is realized, our
approach supports such reconfiguration for hierarchies in the same way as shown
above for the non-hierarchical case.



5.1 Merging configurations

Our modeling approach only allows the reconfiguration of connections between
components, and is not suitable for the addition and removal of components
at runtime.15 Hence, a merged configuration consists of all components that
have been modeled in SystemDesk at the early stages. Connections that do
not exist in all configurations are redirected via a special component, called
RoutingComponent. Therefore, the first step is to build the intersection of all
configurations. Connections found here are directly inserted into the merged
model. Next the RoutingComponent is added.

Generating the RoutingComponent The RoutingComponent intersects ev-
ery connection that is not invariant to the reconfigurable composition. Therefore,
the RoutingComponent has to know at each point in time which configuration
is currently the active one. Which configuration is active, is determined by the
evaluation of the current configuration and the valuation of the variables used
in the guards of the reconfiguration automaton (cf. Figure 5). Because evalu-
ating at each point in time the actual value of the automaton and repeatedly
sending this value to the RoutingComponent is much too expensive, we have
implemented a different strategy.

The configurations modeled in the dTool each get a unique number. The
RoutingComponent receives the number of the currently active configuration
via a special input port. Using this information the RoutingComponent can be
implemented as a sequence of switch statements. The computation of the current
active configuration is done in a second component – the StateManager. The
dTool automatically generates a runnable for the RoutingComponent containing
the described behavior.

StateManager The StateManager – as briefly mentioned above – is responsible
for the computation of the currently active configuration. Therefore, it has to
be connected with all ports that provide values, which are used in the guards
of reconfiguration automaton. Each time the StateManager receives an update
on its ports, it has to evaluate the automaton again and change the value of the
currently active configuration accordingly.

Updates to the StateManager’s ports are signaled by events, which then
trigger the StateManager’s evaluation function.16

The StateManager is the component in the merged project that has to deal
with the hierarchy of compositions. The nested reconfigurable composition’s
StateManager therefore provides a port that publishes its current configuration.

15 Please note that the dTool allows to modeling configurations, that do not contain all
components. The semantics is that the components are hidden. A dynamic loading
of components is not supported by AUTOSAR.

16 Event mechanisms in form of AUTOSAR Runtime Environment events (for more in-
formation see [16]) have been used to trigger the runnable realizing the functionality
of the StateManager.



This port’s value is then used by the StateManager of the surrounding reconfig-
urable composition. Please note that compositions in AUTOSAR can be used
at multiple places. Hence in one situation a composition can be used in a nested
way and once at the topmost level. Therefore, using the configuration of the sur-
rounding reconfigurable composition’s StateManager is not allowed. Referring to
Figure 6 the StateManagers included in the compositions SensorComposition-
Front and SensorCompositionRear cannot use the status of the StateManager
of the surrounding composition, but the StateManager of the surrounding com-
position can use the StateManagers included in the sub-compositions.

5.2 Final SystemDesk project

Figure 7 shows the Sensor composition after exporting the merged model to Sys-
temDesk again. The components for the distance sensors are all connected to the
RoutingComponent, which is named Reconf in this diagram. The system mod-
eled in our application example does not allow an interpolation for the sensor
components one and four. Subsequently, these components are always directly
connected with the SensorLogic component and are not handled by the Routing-
Component. Nevertheless, they also have to be connected to the RoutingCom-
ponent as the sensor values are used to interpolate the second, respectively third
sensor in the case of a failure.

The StateManager is depicted below the RoutingComponent and is con-
nected to the RoutingComponent through the Conf ports, which provide infor-
mation about the currently active configuration. As defined in the reconfigura-
tion automaton (cf. Figure 5), the decision of which configuration to use depends
on the values of the sensor components’ status ports. Therefore the StateMan-
ager is connected to those ports. As the reconfiguration automaton does not
rely on any values provided by the Interpolation or SensorLogic component, the
StateManager is not connected with them.

5.3 Evaluation Results

The above described approach for the modeling and realization of reconfiguration
aspects has been evaluated within a project arranged at the Hasso Plattner
Institute in collaboration with dSPACE GmbH.

As an evaluation platform for the shown approach the Robotino robot17

has been used, which provides an open platform for running C/C++ programs
(among others) on a Real-Time Operating System (RTOS). The RTOS is pro-
vided in form of RTAI18, which is a real-time extension for the Linux operating
system. To be able to evaluate the developed concepts on this platform an exe-
cution environment has been realized based on the existing RTAI Linux, which
allows the outcome of the above described extended toolchain, including the re-
sulting parts of the reconfiguration functionality, to be compiled and executed.

17 http://www.robotino.com
18 For more details see https://www.rtai.org.



Fig. 7. Resulting merged software architecture in SystemDesk

The robot provides nine distance sensors uniformly distributed around its
chassis. In the context of our evaluation experiments we modeled the reconfig-
uration of distance sensors accordingly to the above used evaluation example
using nine instead of four sensors.19

The generated source code of the different tools has been compiled and ex-
ecuted on the platform to show the applicability of our approach. In addition,
we analyzed the overhead resulting from the reconfiguration functionality added
by our approach in comparison to the original functionality without any recon-
figuration capabilities. For this purpose we measured the execution time of the
generated reconfiguration automaton included in the added StateManager in
combination with the parts resulting from the routing functionality realized in
the additional RoutingComponent (both components are shown in Figure 7).

In the case of the nine sensors provided by the robot we measured execution
times of the relevant parts concerning the reconfiguration functionality between
20 and 100 microseconds depending on the type of reconfiguration (react to the
defect of one or several sensors at the same point in time). The tests have been
realized on the equivalent execution platform on which the real functionality has
been executed when running the application example on the robot.20 While the
robot provides a more powerful processor like is the case for the most Electronic
Control Units (ECUs) used within a modern car, even by using a platform or
processor that has only a tenth of the computation power we will not reach

19 For a better understanding we decided to only show four sensors in the previous
sections.

20 The robot is equipped with 300 MHz processor.



an overhead concerning the reconfiguration leading to an execution time much
greater than one millisecond.

6 Conclusion & Discussion

In this paper we have presented an approach to extend AUTOSAR architectures
with reconfiguration capabilities. Like discussed in [12] there exist two different
strategies for how and when to identify the appropriate configuration. First,
identification of possible system configurations is completely done at runtime
or second, the identification is specified by the developer at design time. Our
approach has to fit into the existing AUTOSAR framework and has to meet cer-
tain performance requirements. Therefore, the second strategy has been chosen.
Thus, the possible configurations as well as the decisions for when to switch be-
tween them are specified at design time. In such a way a set of possible variants
in the form of configurations is defined before runtime and one of these is selected
at runtime accordingly. In doing so the overhead added to the resulting reconfig-
urable architecture has been shown to be negligible, but the developer rewards
an easier development of reconfiguration logic, which otherwise has to be done
manually at the functional / implementation level. We have successfully shown
that it is possible to use high-level architectural modeling techniques without
generating massive runtime overhead. As a result of the chosen application do-
main, the used AUTOSAR framework and the usage of a highly optimized code
generator, modeling artifacts (like components, ports and connectors) are no
longer visible at runtime. To be able to apply the first type of strategy described
in [12] and reason at runtime about possible configurations as well as the decision
when to switch between them our approach needs to be extended. The archi-
tectural information and the current state concerning the chosen configuration
need to be available at runtime, as well as some mechanism realizing the deci-
sion regarding in which situation to switch between them. The tradeoff between
different aspects like flexibility, efficiency and safety when applying the different
strategies needs to be seriously considered, especially for safety-critical systems
like automotive systems. Although our approach has only been evaluated in the
context of AUTOSAR it should be applicable to almost any component-based
development approach, e.g., for AADL [9].

For the future we plan to also support the reconfiguration of distributed com-
positions. From an architectural point of view a distributed composition does
not differ from a local one, as AUTOSAR completely hides the communication
details in the Runtime Environment layer from perspective of the application
layer. Anyway, a distributed scenario contains enough challenges such as timing
delays, Basic Software configuration, deployment decisions concerning Routing-
Components, just to name a few. Further the high-level architectural modeling
we have introduced in this paper also allows the verification of the modeled sys-
tems. First attempts in these directions have been very promising and we are
looking forward to looking into the details.
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