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ABSTRACT 
The increasing complexity of embedded systems has led to a multitude of efforts in the direction of 
component and model-based development. The use of formalized (or semi-formal) system descriptions 
enable (early) analysis and synthesis, reuse and also support structured information management. Several 
challenges however face industrial adoption. One of the challenges is the gap between models describing 
system requirements, functions and architecture at a higher level of abstraction (such as SysML), with 
respect to software/hardware architecture description languages (such as the AADL and the means for 
system description provided by AUTOSAR). The presented work addresses the gap between EAST-ADL 
and AUTOSAR. EAST-ADL is an architecture description language which provides an extension and 
profiling of SysML dedicated to automotive embedded systems. AUTOSAR provides means to describe 
software and hardware based architectures.  

The contributions include a mapping between different concepts in the two languages along with possible 
variation points, identification of both existing and required tool features and methodological aspects by 
considering a specific tool chain. A discussion on the possible decision support is also a part of the 
outcomes of the presented work. Two case studies, i.e. a position control and a fuel control system, have 
been used to support the work, and a third case study of a brake-by-wire system has been used to validate 
the results. The findings provide a basis for automated refinement of EAST-ADL based architecture 
models to AUTOSAR configurations. 

KEYWORDS:  
AUTOSAR, Model-based Development, EAST-ADL, Embedded Systems, Methodology, Architecture 
Description Language, Brake-by-wire System, Model Transformation, Matlab, Simuulink, SystemDesk, 
TargetLink 
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INTRODUCTION 
Embedded systems development complexity has increased considerably during the last few decades. This 
complexity spans over three dimensions i.e. product (features and interactions of components), 
organization (companies and development teams) and technology (tools and process). It is required to 
have not only the separation of hardware and software but also the consideration and analysis of 
execution constraints and other quality attributes such as safety and dependability. Several formalisms 
have been proposed to handle such complexities each targeting different abstraction levels and do not 
provide all the required analysis and information management support. Therefore, there exists a need to 
bridge the gaps between different formalisms to increase the development efficiency. This can include but 
not limited to an automated tool support for architecture refinement and synthesis and methodological 
guidelines.  

We have addressed the above mentioned need by considering two different formalisms i.e. EAST-ADL 
[1] and AUTOSAR [2] for automotive embedded system from control systems development viewpoint. 
EAST-ADL shares the same meta-model and complements AUTOSAR with additional levels of 
abstractions and concepts such as requirements engineering and safety [1]. AUTOSAR can also be 
considered as an implementation alternative for an architecture specified by EAST-ADL. However, there 
still exist a gap between the two formalisms such as lack of detailed mappings between the artifacts of the 
two formalisms, tool integration, and lack of formal guidelines to work with EAST-ADL etc. For the 
presented work, the following needs are considered: 

• A detailed mapping between the artifacts of the two formalisms for enabling transformation of an 
architecture specified by EAST-ADL to AUTOSAR.   

• A relation between the EAST-ADL and AUTOSAR methodologies from behavioral point of view 
as a basis for formal guidelines in using the two formalisms together.  

• Tool integration providing a support for transformation and formal guidelines to utilize the two 
formalisms and their methodologies. 

The main contribution of the work is a mapping scheme between the artifacts of the two languages related 
to the software architecture part of a system. A methodological relation and tool integration scenarios for 
the integration of EAST-ADL and AUTOSAR are also identified. A primitive effort for automated 
transformation by evaluation of two different transformation possibilities and a suggestion for a possible 
extension of EAST-ADL are also performed as a foundation for the continuation of the work. 

Due to large span of the two languages, we have limited our work mainly to behavioral aspects and 
associated execution constraints from control systems development view. In particular, we have 
performed two investigations. The first investigation is carried out to find how an AUTOSAR compliant 
architecture can be generated from an EAST-ADL model. The second investigation is carried out to find 
how the plug-in [3,4] for model transformation between Simulink and EAST-ADL models (developed 
using an EAST-ADL profile in PapyrusUML[5]) can be utilized for developing an AUTOSAR compliant 
system in conjunction with the AUTOSAR tool chain from dSpace [6]. Three case studies of a brake-by-
wire, position control and a fuel control system are used as case studies to support the work. 



INDUSTRIAL NEEDS AND SOLUTIONS 
The development processes for many embedded systems to a great extent is a variation of the V-cycle [7]. 
The core development steps include requirement specification, high level design and analysis, detailed 
design and implementation, verification and validation. For the development of automotive control 
functions the traditional method follows a model-based approach similar to the one shown in Figure 1[7]. 

 

Figure 1 : An illustration of model-based development process for automotive systems 
 

As shown in the figure, the development process starts with the design of control functions or algorithms 
based on a set of given requirements. The initial design is a continuous time model of the controller and 
the plant (system to be controlled) which is then tested by rapid prototyping on a test platform. The result 
is a logical architecture with valid control algorithms. This is followed by the implementation of the 
software on real hardware platform and final integration with other devices in the vehicle. At the last 
stage, testing and calibrations are performed for fine tuning of controller parameters.  

The model-based method described above has proven to be efficient for implementation of control 
applications on single ECUs (Electric Control Units) but problems related to timing, interface and 
communication occur during the integration of different systems [7]. In addition to the control system 
view, there exist other views such as safety, variability, requirement specification and compliance to 
standards which are required to be taken care of during the development. This results in increase of the 
overall complexity of the development process. The complexity has three dimensions i.e. product (related 
to system features, components and their interaction), organization (development teams and companies) 
and technology (tools, hardware platform etc.). A few of the current industrial challenges and needs are 
efficient management of information between different engineering teams, traceability between different 
development phases and design artifacts. Compliance with different regulations and standards to achieve 
increased safety and reliability and at the same time decrease cost and time etc. is also one of the 
challenges faced by the industry. In addition, due to longer life cycle of the whole vehicle and shorter life 
cycle of its components, it is also required to cope with the introduction of new components in the form 
of hardware or software. 

Architectural description languages (ADL) and standardization are two possible solutions for the above 
mentioned problems and challenges. An ADL can be used for the specification of overall architecture of a 
system and the constraints including timing and behavior. SysML[8] and EAST-ADL are two examples 
of ADLs focusing on high levels of abstraction. SysML provides a sound basis for modeling requirements 
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together comprise of more than 49 software modules ranging from modules for communication, drivers 
for different devices to services for memory and processor. 

The AUTOSAR atomic software components are categorized into application and infrastructure. While 
the former is related to providing software functionalities such as control algorithm etc. the latter is used 
for different services related to an ECU. In addition a concept of virtual functional bus (VFB) is also 
introduced to resolve control related integration problems. Furthermore, AUTOSAR supports both client-
server and sender-receiver kind of communication between its components.  

As the work presented in this paper is focused on behavior, we would like to mention that the major 
components of the internal behavior of an AUTOSAR component are runnable entities (smallest code 
fragment provided by a component) capable or running under different modes, RTE events (e.g. reception 
of remote invocation, timeout etc.) exclusive areas (specifying constraints on scheduling policy) and 
inter-runnable variables. For more information, the readers are referred to the specifications available on 
the AUTOSAR website [2]. 

SystemDesk and TargetLink are the model-based development tools for AUTOSAR systems considered 
for this work. These tools are provided by dSpace [6]. SystemDesk is a standalone tool which is used for 
the specifications of the main architecture as well as integration of different parts of the system. It is 
complemented by TargetLink which is a Simulink based tool for modeling the behavior of the software 
components. The two tools can share the data with the help of the DataDictionary, a software which is 
capable of reading different files in the AUTOSAR XML format. For further description the readers are 
referred to the dSpace website [6]. 

EAST-ADL 
EAST-ADL [11] is a domain specific architectural description language for automotive embedded 
systems which evolved from several European projects. The purpose of EAST-ADL is to specify 
automotive embedded systems at different levels of abstractions from different views, providing a domain 
specific approach for separation of concerns and information management between different engineering 
disciplines. The abstraction levels of EAST-ADL as shown in Figure 3 are: 

• Vehicle level - the highest level covering vehicle features. 

• Analysis level - related to the design of system functionality and interfaces e.g. control logics, 
algorithms and compositions. Physical resources like memory and processor are not considered at 
this level. 

• Design level - takes into account the hardware architectures and the division and allocation of 
different functions to different hardware entities. It is further divided into Functional Design 
Architecture and Hardware Design Architecture referring to software architecture and hardware 
topology respectively. 

• Implementation level - related to the specification of the actual hardware and software 
configuration. For automotive systems it corresponds to the AUTOSAR or similar specifications. 
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CASE-STUDIES AND METHODOLOGY 
A two-step approach is adopted to meet our objectives. First, a position control systems is modelled in 
EAST-ADL using PapyrusUML modeller for basic structural and behavioural artefacts. This is followed 
by repeating the same procedure for a fuel control system for additional behavioural aspects especially 
mode related behaviour. As a second step, a brake-by-wire (BBW) system provided by Volvo Technology 
is modelled in SystemDesk to validate the results (i.e. refined mapping scheme between EAST-ADL and 
AUTOSAR) from the first step. The fuel control and position control systems are example cases from 
dSpace providing coverage of AUTOSAR artefacts sufficient to meet our objectives. The brake-by-wire 
(BBW) system has also been used in the ATESST2 [1] and TIMMO [14] projects. 

The three case studies are described below2: 

POSITION CONTROL SYSTEM 
The position control system comprises of the following three main components: 

• Plant – represented a mass-spring-damper system whose position is to be controlled. 

• Reference Generator – For generating reference values. 

• Controller – Implementing a linearization algorithm and a PI algorithm to control the position of 
the motor.  

While controller and the plant execute every 1ms, the reference generator updates the reference value 
every 100ms. The system consists of two ECUs namely plant and controller connected to each other via a 
controller area network (CAN). While the plant and reference generator are allocated to the former, the 
controller functionality is allocated to the controller ECU. 

From AUTOSAR perspective, the plant and the reference generator comprises of one runnable each 
triggered periodically. The controller consists of two runnables; one for linearization triggered on the 
reception of sensor data and the other one implementing the PI controller.  

From behavioral perspective, the internal behavior is specified using Simulink. The top level Simulink 
diagram is show in Figure 4. It can be seen from the figure that dSpace TargetLink blockset is used for 
the modeling purpose. The same blockset is also used for C code-generation. This code is directly 
incorporated as the internal behavior of each runnable.  

                                                             2 As the position and fuel control system are already documented in SystemDesk documenations, we will focus on the EAST-ADL implementation. The same applies for the brake-by-wire case for which we focus on SystemDesk implementation. 
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Runnable Description Triggering 
Mode Disabling 
Dependencies 

Run_AirflowCalculation 
To calculate the intake airflow 
regardless of the currently active 
fuel mode 

Periodic with 10ms 
period. 

None 

Run_FuelRateCalcNormal 
To calculate the fuel rate for a 
normal low mixture 

Periodic with 10ms 
period. 

LowWarmup, 

Rich, 

or Disabled 

Run_AirflowCorrection 
To calculate the intake airflow 
correction for a normal low 
mixture 

Periodic with 10ms 
period. 

LowWarmup, 

Rich, 

or Disabled 

Run_FuelRateCalcRich 
To calculate the fuel rate for a rich 
mixture 

Periodic with 10ms 
period. 

LowNormal 

or Disabled 

Run_OnEntryDisable 

To set a failure counter if there is 
a faulty operating state and the 
system is running in the Disabled 
mode 

Triggered a Mode 
switch event i.e. the 
entry of the Disabled 
mode. 

None 

 

The modes in the above table are as follows: 

• The LowWarmup mode, to represent low emissions or a stoichiometric fuel mixture when the 
lambda sensor is in the warmup state after a cold start. This is the initial mode. It is also the active 
mode when a simulation is started. 

• The LowNormal mode, to represent low emissions or a stoichiometric fuel mixture when the 
lambda sensor is in the normal operating state. 

• The Rich mode, to represent an operating state using a rich fuel mixture. 
• The Disabled mode, to represent a faulty operating state if more than one sensor failure occurs. 

While the first two components i.e. FuelsysSensors and FuelsysController form a FureRateController 
composition, the last component is contained in EngineModel composition. The two compositions are 
allocated on two separate ECUs. The hardware design architecture in EAST-ADL corresponding to the 
hardware topology in AUTOSAR is shown in the following figure: 
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EAST-ADL AND AUTOSAR MAPPING SCHEME 
The following mapping scheme is proposed based on the experiences from the case studies. 

FUNCTIONAL AND BEHAVIORAL MAPPING 
Tables 1 and 2 summarize the mapping between the functional and behavioural entities of EAST-ADL 
and AUTOSAR. For semantics the readers are referred to the EAST-ADL and AUTOSAR specifications. 

Table 1. A functional (structural) mapping between EAST-ADL and AUTOSAR  

 EAST-ADL AUTOSAR Remarks 

FunctionalDesignArchitecture 
Software 
architecture 

It is assumed that a design function type with name 
“FunctionalDesignArchitecture” is the top most function 
in the hierarchy of design function types and prototypes.  

FunctionModeling::DesignFuncti
onType 

Runnable 
and Atomic 
Software 
Component 

The property isElementary determines if a design 
function prototype (or several) is conveniently realized by 
a runnable. An atomic software component contains at 
least one runnable through its internal behaviour 
definition.                                                                              
isElementary = true implies a single runnable can be 
used.                                                                                      
isElemantary = false implies an atomic software 
component with one or more Runnables in its 
InternalBehavior or a composite component. 

FunctionModeling::BasicSoftwar
eFunctionType 

Basic 
Software 
Component 

A basic software function type is a specialization of 
DesignFunctionType and a middleware abstraction. This 
corresponds to basic software component in AUTOSAR 

FunctionModeling::LocalDevice
Manager 

Sensor 
Actuator 
Software 
Component 

The LocalDeviceManager encapsulates the device-
specific or functional parts of a Sensor or Actuator, 
device, interface etc. 

FunctionModeling::FunctionFlo
wPort 
Direction={IN, OUT} 

A port with 
a 
Sender/Rece
iver 
interface or 
an 
interrunable 
variable.  

The direction of the EAST-ADL flow port determines if 
the corresponding AUTOSAR port has a provided or 
required interface. 

direction = OUT corresponds to provided port  

direction =IN corresponds to a required port.   
If the associated EAST-ADL DesignFunctionType is 
realized as an AUTOSAR runnable then the port is 
realized as an inter-runnable variable. 

FunctionModeling::FunctionClie
ntServerPort 
ClientServerType ={client, 
server} 

A port with 
Client or 
Server 
Interface 

The role as a client or server is defined by the property 
ClientServerType. This corresponds to a client and server 
interface respectively in AUTOSAR 

FunctionModeling::ClientServerI
nterface 

Client-
Server 
Interface 

Same Concept 
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An illustration is shown in the left part of Figure 22 for a runnable which is activated on the entry of the 
mode called ‘Disabled’5. The policy selected for this trigger is 'EVENT'. The right side of Figure 22 refers 
to a periodic trigger with the value 'TIME' selected for the property 'TriggerPolicy'. Here the mode 
property specifies the modes during which this trigger is active.  

DATA TYPES AND PROTOTYPES 
EAST-ADL only supports basic data types including Boolean, float, integer, string as well as composite 
data types. As a part of defining an AUTOSAR software architecture, these abstract data types are 
required to be mapped to concrete implementation data types with signedness, number of bits, coding, etc. 
Furthermore, in contrast with AUTOSAR, only one data type can be assigned to a single port in EAST-
ADL. This is handled by the use of port groups. Depending on the type of realization i.e. an atomic 
software component or a runnable, a port specifies an inter (RTE) or intra (Variables) software 
interaction. This is described in Table 1 and illustrated in Figure 1. It should also be noted that there is a 
DataElementPrototype for every EAST-ADL port. The data types should have matching specifications. 
Several EAST-ADL ports may be aggregated in a single AUTOSAR interface. EAST-ADL port groups 
are candidates for aggregation depending on connection patterns. 

DESIGN FUNCTION TYPE REALIZATION 
For simplicity we proposed a one-to-one mapping between a design function type of EAST-ADL and an 
AUTOSAR runnable or software component. However, it is a n-to-m mapping as shown in Figure 1. This 
implies that several design function types can be realized by one runnable or vice versa. The same applies 
for the realization of design function type by AUTOSAR atomic software components. 

TIMING AND EVENTS 
As mentioned in the last subsection that the type of an event is determined by an event function and the 
associated constraints. This is illustrated by the five classes on the left of Figure 8 for a periodic event 
which corresponds to a timing event of 1ms for a runnable named ‘Run_DetectSensorFailures’ in 
AUTOSAR. It can be noted from the function trigger in Figure 23that the runnable is active in all the four 
modes shown in Figure 12 as compared to the runnable on the right side of Figure 22 which is only active 
in two modes. 

                                                             5 The string `ModeSwitchEvent' for the trigger condition in the figure is for illustration purpose only. This means that other constructs e.g. OCL (Object Constraint Language) can also be used depending on the user choice. 
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• The current Simulink plug-in only supports basic subsystems and their ports from the Simulink 
library. It also lacks support for integrating Simulink subsystems as Function Behavior. This 
means that only a structural transformation is possible where the Simulink model (i.e. behavior 
specification) is abandoned after import to EAST-ADL. This limits the use of Simulink.   

• There also exists a need for a model transformation tool which can transform models from EAST-
ADL to AUTOSAR. For this purpose the mapping scheme presented in this paper can be used. 
Specifically for the tool chain considered for this work, a transformation tool to transform models 
from PayrusUML and SystemDesk is required. An important feature of the required tool is the 
traceability of information. This is due the fact that EAST-ADL artifacts corresponding to the 
internal behavior of an AUTOSAR software component are obtained from different extensions 
especially behavior and timing. 

METHODOLOGICAL INVESTIGATION 
EAST-ADL can support both top-down and bottom-up approach for designing a system. Figure 25shows 
one such approach in the form a UML activity diagram.  

The decision points marked from 1-5 are dependent on the application type. For our considered 
perspective i.e. control systems development and behavior modeling using the available tool chain, the 
decision points corresponds to the following: 

• 1 - All the features and requirements are specified and no requirement is left unsatisfied. This 
means that every requirement should have at least one EAST-ADL ''satisfy'' link connecting it to 
a feature. 

• 2- There is a need to update the analysis model based on the results from the analysis carried out 
using Simulink. Addition of new function types, change in the environment model are a couple of 
examples of the possible updates. The major reason can be a control algorithm which is not valid 
(Compare with the transition between the second and third stages in Figure 1). A few of the 
reasons for this update are need for a more accurate environment model, basic timing 
requirements such as sampling or execution time does not satisfy a required behavior constraint. 

• 3 - It is required to update or redefine features and high level (non-technical) requirements. This 
may be necessary if it is not possible to fulfill any analysis level requirement. The updates may 
include omission of a feature, addition of new requirements etc.  

• 4 - If there is a need to update the design model based on the results from the analysis carried out 
using Simulink. Addition / removal of design functions or timing requirements on the execution 
of a function based on the emergent behavior are a couple of example of the updates possible at 
design level. The reasons can be similar those in analysis level, change in characteristics of the 
hardware platform e.g. processor speed or non-schedulability of components etc.  

• 5 - If it is required to update or redefine analysis level requirements and functions. This may be 
necessary if the emerging behavior based on the available resources e.g. processor and memory 



does not satisfy the one or many vital design requirements derived from the analysis 
requirements. 
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Figure 25: Illustration of a possible combined EAST-ADL and AUTOSAR methodology  
While the actual methodology specifies only 'Analysis' we have used action 'Transformation and 
Analysis'. The reason is the fact that EAST-ADL relies on external tools for analysis. For behavior the 



activities included in this action are shown in part c of the figure where the first and second model 
transformations correspond to the export from EAST-ADL model to Simulink and vice versa.  

In part d of the figure, we have shown the actions required to generate AUTOSAR specific behavior 
(through code generation from Simulink using TargetLink) and the rest of the architecture (using model 
transformation to SystemDesk) from EAST-ADL. The action 'AUTOSAR System Configuration' refers to 
the modeling and specification carried out using SystemDesk or similar tools. These activities are 
completely aligned with the top-down approach used for the dSpace tools where the initial configuration 
is obtained from the EAST-ADL. The transformation from EAST-ADL to System Desk can be either 
model-to-model (M2M) or model-to-text (M2T). In case of former an approach similar to [15] can be 
adopted. In the latter case a python script which can run on SystemDesk can be generated directly from 
the EAST-ADL design level model. 

The 'Implementation' and 'Verification, Validation and Testing' activities are out of scope of the presented 
work. Part b,e and f of the figure illustrate simplified steps of the EAST-ADL methodology. However, we 
would like to mention that the 'Implementation' action is the phase where the AUTOSAR methodology 
[9] can be applied. For the verification, validation (V&V) and testing phase, the V&V cases (usually 
defined with the requirements at each phase of EAST-ADL using Verification and Validation extension) 
can be used.  

The following text describes how the existing design-flow shown in Figure 1 can be aligned with EAST-
ADL. 

• The first two steps of Figure 1corresponds to the 'Analysis Level Modeling' and 'Transformation 
and Analysis' actions of Figure 25a. In order to align the current practice with EAST-ADL, it is 
required to do the higher level modeling in EAST-ADL and then perform the analysis. Rapid 
prototyping is also a part of analysis. 

• In contrast to the design process shown in Figure 1, the integration is a multiple steps process 
instead of a single step. First a basic integration is carried out at the 'Design Level Modeling' 
which gives an advantage of an early analysis, verification and validation. The second integration 
is carried out during 'AUTOSAR System Configuration' where the actual code generated from 
Simulink is integrated with RTE code.  

• The last two actions of Figure 25a correspond to a part of the fourth and complete last steps in 
Figure 1. 

MODEL TRANSFORMATION INVESTIGATION 
Two different approaches for model transformation from EAST-ADL2 to ATUOSAR were evaluated. 
The first approach was based only on the existing EAST-ADL2 constructs and similar to the ARGateway 
in the EDONA project [16] to the extent of modeling basic AUTOSAR artifacts in UML. A light-
weighted AUTOSAR profile is developed in PapyrusUML. The reason for choosing this tool is its 
support for EAST-ADL2. With the main focus on the software architecture and hardware topology, the 
profile mainly includes data, structure and behavior. To avoid duplication and feasibility reasons, features 
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to nodes to ECUs etc. Some experiences from the plug-in work here to show that it will work and increase 
the confidence level of the transformations.  

RELATED WORK 
A few efforts have been made to develop AUTOSAR system specification from different ADLs. In [17] a 
mapping between different EAST-ADL artefacts and AUTOSAR is presented for both structure and 
behaviour. However, the mapping focuses on only a few structural entities and a few events. Furthermore, 
due to the changes in the language regarding the inclusion of concepts such as mode, restructuring for 
modularity and renaming of a few artefacts, some parts of the mapping are no longer valid. Our work 
aims to provide a more detailed and refined mapping scheme with the current version of EAST-ADL. 

In the EDONA project [16] an Eclipse based platform is developed for the integration of different tools 
used in the automotive industry. The approach is based on an AUTOSAR meta-model developed using 
EMF (Eclipse Modeling Framework). The ARGateway (AUTOSAR Gateway) is used as a means for 
model transformation from EAST-ADL design architecture model to an AUTOSAR model. The gateway 
is mainly based on the mapping provided in [17]. Therefore, it needs to be updated. The required updates 
can utilize the results of the work presented in this paper.  

In [15] bidirectional transformations between SysML and AUTOSAR using graph transformations are 
presented. The transformation uses a SysML profile covering basic embedded system entities such as 
hardware, software, port etc. and an AUTOSAR meta-model. SystemDesk API is used to transfer 
information to and from SystemDesk. The SysML profile in [15] is too generic and cover only a few 
automotive systems aspect as compared to EAST-ADL. SystemDesk is the common tool in [15] and our 
work. Therefore, a tool specific transformation can be performed by utilizing the results of the presented 
work and the SystemDesk API part from [15]. 

In the TIMMO [14] project, a language for timing design called TADL (Timing Augmented Description 
Language) is developed. The language and its methodology [18] are aligned with EAST-ADL and 
AUTOSAR. Especially the timing aspects of AUTOSAR are actually fully harmonized with the TIMMO 
concepts. As the name indicates, the TIMMO methodology is focused on timing analysis aspects. In 
contrast to the TIMMO effort focused on timing aspects, our effort focuses the behavioural aspects. 

DISCUSSION AND CONCLUSION 
We have investigated the support of EAST-ADL for AUTOSAR based system definition as a means to 
capture the early phase information and provide abstract representation of system. The results of the work 
include an investigation of the mapping between the two approaches. The work mainly covers the 
artifacts related to software architecture. A few tooling issues and methodological aspects are also 
investigated. Although the work is focusing specific tool chain, the mapping scheme is generic addressing 
both the updated and new concepts of EAST-ADL, therefore, it can be used for any AUTOSAR tool. We 
envision a tool support i.e. a complete and automated transformations. These transformations can be 
between Simulink and EAST-ADL for behavior specifications or between EAST-ADL to AUTOSAR for 
structural transformation.  For this there is a need to automate design decisions such as realization of 
design function types to runnables or atomic software components. An automated tooling is also 



necessary to manually trace different artifacts e.g. a periodic constraint traced to a design function type 
etc. From methodological perspective, EAST-ADL is an add-on to the current development process 
providing early verification and validation resulting in reduction of the integration problems.  

There exist a few pertaining issues. The first issue is the improvement of current tools and the need for 
new tools. For example, the tool support for transforming EAST-ADL models into an AUTSOAR 
architecture model. The only tool for this purpose is the one developed in the EDONA project [16] which 
needs to be updated with the new EAST-ADL concepts and with more flexible mapping strategies, 
including manual intervention or use of constraints that control the mapping. For transformation, the 
mapping proposed in this paper can be used. Similarly, the current Simulink plug-in only provides limited 
support which is not sufficient for a coherent coupling or model continuity [19] with the available tool 
chain. 

Another issue is the choice between the extension of EAST-ADL behavior annex [13] for direct code 
generation for runnables and relying on the code generation capabilities of tools like Simulink. The 
former approach will require new tools and extension of the language and the other option will require the 
improvement of the tool plug-ins. Both the options are non-trivial. 

The presented work can be extended by providing the required tool support for automated model 
transformations between EAST-ADL and AUTOSAR tools, improvement of the existing Simulink plug-
in for behavior modeling and improved integration with the available tools. The possibility of the 
mapping of runnables to OS (Operating System) tasks and relation with other analysis tool for the type of 
analyses not supported by Simulink also needs to be addressed in future. In addition to the presented work 
or the TIMMO effort which focus on behavior and timing respectively, a detailed methodology taking 
into account all the available aspects e.g. behavior, timing, safety and variability is also required. 
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