
11 The EAST-ADL Architecture Description

Language for Automotive Embedded Software

Philippe Cuenot1, Patrick Frey2, Rolf Johansson3, Henrik Lönn4,
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Abstract. Current trends in automotive embedded systems focus on
how to manage the increasing software content, with a strong emphasis
on standardization of the embedded software structure. The management
of engineering information remains a critical challenge in order to support
development and other stages of the life-cycle. System modelling based
on an Architecture Description Language (ADL) is a way to keep these
assets within one information structure. This paper presents the EAST-
ADL2 modelling language, developed in the ITEA EAST-EEA project
and further enhanced in the ATESST project (www.atesst.org). EAST-
ADL2 supports comprehensive model-based development of embedded
systems and provides dedicated constructs to facilitate variability and
product line management, requirements engineering, representation of
functional as well as software/hardware solutions, and timing and safety
analysis.

11.1 Introduction

Current trends in automotive software development focus to a large extent on
how to manage the increasing software content. Hybrid vehicle control, active
safety systems, diagnostics services, etc., all rely on embedded systems. The
automotive industry faces the challenge of incorporating software and embedded
systems engineering within traditional mechanical engineering enterprises. This
challenge is addressed in many ways, including incorporation of new processes,
tools, and the standardization of the embedded software structure. Software
standardization is addressed in the AUTOSAR standardization initiative [1].
The AUTOSAR standard specifies how to model the software architecture and
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final implementation, but the requirements, functional content realized by this
solution, and non-functional aspects such as support for safety analysis, are not
covered [2].

EAST-ADL2 is an Architecture Description Language. As such it provides a
basis for documenting and managing the various artefacts of an advanced embed-
ded system (requirements, features, desired behaviours, software and hardware
components), and their dependencies (refinement, allocation, composition, com-
munication, etc.). Any modelling language is directed by the product aspects and
process stages it intends to support. EAST-ADL2 is defined with the develop-
ment of safety-related embedded control systems as a benchmark. EAST-ADL2
bridges the gap from vehicle content definition and early analysis via functional
design to the implementation perspective and back to integration and acceptance
testing up to vehicle-level. An early, high-level representation of the system can
evolve seamlessly into the detailed specifications of the AUTOSAR language. In
addition, EAST-ADL2 incorporates the following system development concerns:

• Modelling of requirements and verification/validation information,
• Feature modelling and support for product lines,
• Structural and behavioural modelling of functions and hardware entities in

the context of distributed systems,
• Modelling of variability of the system design,
• Environment, i.e., plant model and adjacent systems, and
• Non-functional operational properties such as a definition of function timing

and failure modes, supporting system level analysis.

The main role of EAST-ADL2 is that of providing an integrated system model.
As such, EAST-ADL2 must address multiple aspects of a system [3] including:

- Documentation, in terms of an integrated system model.
- Communication, by providing predefined views as well as the information

sufficient for generating a number of other views.
- Analysis of a complete embedded system through the description of system

structure and properties. Special emphasis has been placed on modelling
support for analysis of component interfaces, timing correctness and safety
analysis.

EAST-ADL2 and AUTOSAR in concert provide means for efficient development
and management of the complexity of automotive embedded systems from early
analysis right down to implementation. Concepts from model based development
and component based development reinforce one another [4].

The following sections briefly summarize the language capabilities of EAST-
ADL2 and present an illustrative example of its use. We conclude by comparing
EAST-ADL2 with related work and discuss ongoing activities in the development
of the language.
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11.2 Modeling and Analysis Capabilities of the
EAST-ADL2

EAST-ADL2 is a domain-specific language specified through a metamodel and
implemented/released as a UML2 profile.

The primary structural organization of EAST-ADL2 is the division of the
model into different abstraction levels (see Fig. 11.1). On a high abstraction level,
only the externally perceivable aspects of the embedded system are handled,
while on a low abstraction level the implementation-specific solution is managed
in an AUTOSAR-conforming software architecture. This ensures separation of
concerns and provides means to trace between the solution and problem domains.

Fig. 11.1. EAST-ADL2 abstraction layers and relation to AUTOSAR. Cross-cutting
concerns like requirements, V&V information, variability and safety/error modeling
span all abstraction levels.

The abstraction levels implicitly represent different stages of an engineering
process. However, the order in which a system is modelled could be top-down,
middle-out, or bottom-up, in relation to the abstraction levels.

The structural organization of EAST-ADL2 is the backbone onto which addi-
tional modeling constructs are applied. Behavior, requirements, variability and
safety aspects are examples of concepts that apply to the structural entities on
several abstraction levels. A short summary follows below.

Behaviour
The goal of EAST-ADL2 with respect to behaviour is to define how model
components (from different tools, in different modelling languages, or just re-
presenting code) are related to each other in order to capture behaviour and
algorithms of the vehicle systems as well as the environment [5][6]. EAST-ADL
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enables structural components to refer to external behavior models, such as a
Simulink model. The language also enables specification of triggering of blocks
and precedence relations in their execution. The purpose of the behavioural
definitions includes documentation, code generation and analysis, and the repre-
sentation is chosen depending on the respective purpose.

Requirements
Requirements are captured in EAST-ADL2 according to the principles of SysML
[7]: Requirements are separate entities that are associated to its target elements
with a specific association, “ADLSatisfy”.

Requirements are related to each other to support traceability between requi-
rements. Typically, requirements on the higher abstraction levels of EAST-ADL2
are refined to more detailed requirements on lower abstraction levels.

Verification and Validation is supported through the concept of Verification &
Validation Cases. These are linked to requirements and target entities, in order
to show how a certain requirement is verified in the context of a specific model
entity.

An important aspect of traceability is the possibility to follow which requi-
rements are the results of safety concerns. This is needed to comply with the
upcoming automotive standard for safety, ISO/WD 26262 [8]. EAST-ADL2 also
supports this standard by providing support for safety case, safety integrity
levels, and error propagation.

Variability
Variability is captured in EAST-ADL2 both in the feature models on vehicle level
and in the architectures at analysis level and down. Feature model variability
defines the permitted and expected variability regarding a certain aspect of the
complete system. The idea is not to define how the system varies with respect
to this aspect, but only that the system should exhibit such variability.

Variability on lower abstraction levels, on the other hand, defines how the
feature variability is achieved. Variability mechanisms applied to the entities of
EAST-ADL2 defines which of them are optional and under which circumstances
they are included or excluded and the effect on structure and hierarchy. The
mechanism is linked to the feature models such that variant choices in the feature
model affects the variability resolution of the concrete architecture.

The variability management of EAST-ADL2 especially takes into account the
automotive-specific challenges, e.g., management of a family of model ranges,
different views on variability information (e.g., customer-related as opposed to
development-related variability information), and extensibility of the variability
management approach, e.g., for AUTOSAR modelling entities.

Error Modelling and Safety
State-of-the-art safety analysis techniques provide analysis support for deriving
the causes and consequences of errors, based on a representation of the depen-
dencies between system components. EAST-ADL2 provides means to manage
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the safety-related information together with the engineering information in a
systematic way. An error model is defined with a structure that may be in-
dependent of the nominal system architecture. This way, the error model may
capture errors and error propagation at the level of detail and according to a
structure that is appropriate for the safety analysis at hand.

Further, it is possible to trace from the final implementation back to safety-
related design choices and the applicable hazards. The requirement constructs for
traceability and explicit support for safety cases according to the Goal Structure
Notation [9] are relevant parts of EAST-ADL2 in this context.

11.3 A Small Case Study

To explain how the model is organized, an electric steering column lock function
will be used. This is a security function for preventing any steering wheel mo-
vement without an authorized key. Traditional solutions for locking a steering
column use the position of physical starter key as the authentication and unlo-
cking mechanism. The introduction of immobilizers improved vehicle security by
allowing advanced cryptography for authentication control prior to engine start.
With a keyless engine start solution the steering lock also needs to be realized
by the embedded system: a mechanical lock placed on the steering column is the
actuation element, and a control unit reads the immobilizer transponder code
and vehicle state and controls the mechanical lock accordingly.

11.3.1 Vehicle Features: Vehicle Level

To document what the embedded system provides to the user and other external
stakeholders, a feature model is used. The feature model can be used as an
entry point to related requirements, use cases, and other constructs. The feature
model can be used to expose what the system provides and how a product line
is organized in terms of available options and dependencies between options.

The steering column lock can be represented by a feature tree according to
Figure 11.2. Steering column lock may be mechanical or electronic, and the
electronic version may be based on a key or be key-less. Top level requirements
are linked to each feature (not shown in Figure 11.2).

11.3.2 Abstract Functional Description: Analysis Level

The vehicle features are realized at the Analysis level by abstract functions
(“ADLFunction”) and devices that interact with the vehicle environment (“Func-
tionalDevice”). The Analysis level captures the principal interfaces and
behaviour of the embedded system without design details or decisions on im-
plementation technology.

The “Functional Analysis Architecture” for the example is sketched in Fi-
gure 11.2. The “ECL Function” is the primary controller. It requires certain
inputs including vehicle speed, engine status, the key position and more. The
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Fig. 11.2. The feature model and abstract functional representation of the Steering
Column Lock

“ECL Function” outputs signals to the ECL actuator. Signals for exchange with
the environment are continuous while signals within the embedded system are
typically modelled as discrete. All sensors and actuators are modelled as Func-
tionalDevices with ports connecting to the physical environment. For those fa-
miliar with dynamic simulation environments such as MATLAB/Simulink, this
is a similar view, allowing mixed discrete/continuous signals, and implicit time-
marching.

11.3.3 Concrete Functional Description: Design Level

On the Design level, models are refined with more implementation-oriented as-
pects that allow a subsequent software decomposition of the functional archi-
tecture. While our functional analysis architecture above did not differentiate
between application software, middleware and hardware, the functional design
architecture now separates these areas of the system implementation. To distri-
bute the systems functionality among these areas already constitutes an impor-
tant design decision.

The abstract interface elements on analysis level (“FunctionalDevices”) are
realized by hardware elements such as sensors, actuators and amplifiers, and
the software parts for signal transformation (“LocalDeviceManager”). Middle-
ware abstraction projects the platform services and functionality (OS, AUTO-
SAR Basic software, etc.) to the functional level. The hardware architecture
is introduced in parallel to capture the hardware entities as abstract elements
(e.g. I/O, sensor, actuator, power, Electronic Control Units (ECU), electrical
wiring including communication buses) describing the topology of the electronic
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architecture of the systems. Design level allows preliminary allocation of functio-
nal entities to ECUs and provides the basis for verification either by simulation
or analysis techniques such as timing and dependability analysis.

The DesignArchitecture contains three parts, as shown in Figure 11.1, repre-
senting the application software, execution platform and hardware respectively.
To show how they are related, a part of the example related to vehicle speed is
shown in Figure 11.3. The Hardware Design Architecture can be seen as a cir-
cuit diagram of the system. The “StalkEcu” with its connected speed sensor is
represented with its wiring. In addition, a transfer function of hardware devices
can be specified to capture sensor and hardware characteristics as well as other
behaviour of the hardware architecture.

Fig. 11.3. Parts of design architecture and implementation architecture with realiza-
tion and allocation relations. Note that only selected model entities and relations are
shown.

The Middleware Abstraction contains a representation of the software plat-
form that the applications rely on. In the example, the driver/interface software
for the speed sensor is represented. The “WSensIO” represent the platform func-
tionality that provides pulse rate of the wheel sensor.

The Functional Design Architecture contains the functionality that is subse-
quently realized by application software. The “WheelSensor” LocalDeviceMa-
nager translates to wheel speed according to the characteristics of the wheel
sensor in use. The abstract function “ECLFunction” on analysis level is reali-
zed by three separate functions, two of which represent a redundant decision on
whether the vehicle is moving.
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11.3.4 Software Architecture: Implementation Level

System implementation in software is not represented by EAST-ADL2 entities,
since this is the scope of AUTOSAR. However, the AUTOSAR entities are part
of the system model to support traceability. Figure 11.3 also shows the AU-
TOSAR model and its relation to the EAST-ADL2 functions. As a realistic
example would be too complex, only one-to-one mappings between AUTOSAR
and EAST-ADL2 entities are shown. Readers not familiar with AUTOSAR may
ignore the details and consider the shown entities as parts of the software and
hardware architecture, respectively: The AUTOSAR software architecture typi-
cally shows a different structure than the functional architecture on design level.
The purpose of the AUTOSAR hardware entities is to capture details necessary
for the correct configuration of software. EAST-ADL2 provides a more abstract
view of the hardware architecture, with a functional description of hardware ele-
ments and support for early assessment of feasibility of the system realization.

11.4 Related Work, Conclusions and Further Work

Model based development for embedded systems, and in particular automotive
systems can be supported in various ways. The AADL is a modelling language
dedicated to embedded systems with its roots in the aerospace domain. Com-
pared to the EAST-ADL2 and AUTOSAR combination it covers parts of this
scope. However, because of its overlap with AUTOSAR on the software architec-
ture level, and the lack of complementary abstraction levels it does not provide
an appropriate structural framework for automotive systems development. Also,
the support for feature modelling, requirements and variability is unique for
EAST-ADL2.

SysML and MARTE are UML profiles that augment plain UML with
constructs for systems engineering and embedded real-time systems modelling,
respectively. Both approaches, and even plain UML are useful tools in automo-
tive development and EAST-ADL2 has integrated some of these concepts, for
example requirement concepts from SysML and timing constructs from MARTE.
But the abstraction levels and tailored model structure as well as complementary
constructs of EAST-ADL2 adds a framework that both supports the modelling
needs and guides modelling in a way that improves model exchange and unders-
tanding between stakeholders.

Off-the-shelf tools like SCADE, ASCET, Simulink, etc. all support model ba-
sed development with analysis and synthesis to various degrees. Our conclusion,
however, is that no single tool will be used for an entire vehicle development
project, but model integration is necessary. EAST-ADL2 supports this aspect
by allowing external representation of behaviour and concepts for integration
with requirements management tools.

Another effort with large impact on automotive systems is the safety stan-
dard developed by the ISO working group on functional safety for road vehicles
(ISO TC 22/SC 3/WG 16), ISO/WD 26262. The standard calls for rigorous
development methods and requires documentation that shows that adequate
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measures are taken to achieve safety. EAST-ADL2 provides a framework that
makes this possible and includes dedicated constructs for safety assessment and
documentation.

Having had the opportunity to define this architecture description language in
parallel with the dynamic phases of the definitions of AUTOSAR and ISO/WD
26262, EAST-ADL2 has a good potential to become a de facto standard as it
fits well with the major critical needs of the automotive industry of today.

The language has received further momentum from its deployment in several
industrial research projects that claim the central role of EAST-ADL2 in their
work. Among others, the ADAMS project (www.adams-project.org) leads the
dissemination of MARTE, where AUTOSAR and EAST-ADL2 are of primary
importance for the automotive domain. Another example is the EDONA project
(http://www.edona.org) in which EAST-ADL2 is a cornerstone of an integra-
ted tool suite for the automotive domain. Finally, TIMMO (www.timmo.org)
defines a methodology and representation of timing aspects in automotive em-
bedded systems, where EAST-ADL2 together with AUTOSAR is the basis.

To enable a wide spread use of EAST-ADL2, its UML2 implementation is
released as a public UML2 profile. The profile is supported in the open-source
UML modeller Papyrus which can be downloaded on the www.atesst.org or
the www.papyrusuml.org websites. In the ongoing European research project
ATESST2, the EAST-ADL2 is currently extended in several areas:

– Modelling concepts for requirements and verification and validation are ex-
tended to support e.g. views on requirements and product line support.

– Timing modelling extensions, as being developed in the TIMMO project,
will be integrated into the EAST-ADL2.

– Various aspects of native behavior descriptions are being further investigated
for potential inclusion including explicit support for modes of operation and
representation of continuous-time behavior as part of environment models.

– Variability mechanisms are used to choose between different behavioural
representations.

– Variability concepts are extended to support product-line oriented
manufacturer-supplier exchange.

– New dependability and cost modelling concepts are being developed to sup-
port multi-objective optimisation of system models, in conjunction with tools
such as HiP-HOPS [10] that provide such advanced capabilities. The aim of
optimization is to automatically evolve models that do not necessarily meet
dependability requirements (e.g. safety, reliability or availability) to designs
that fulfil such requirements with minimal costs [11]. Optimization can be
done via exploration of potential design spaces using meta-heuristics such as
genetic algorithms. The specification of design alternatives and variant sub-
architectures the combinations of which define the potential design space
can be described in EAST-ADL2 by using the variability constructs of the
language. This work pushes the boundaries of the state-of-the-art in this
area, as no modelling language provides support for such unique capabilities
in design.

www.adams-project.org
http://www.edona.org
www.timmo.org
www.atesst.org
www.papyrusuml.org
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– Specialised plug-ins, based on the UML profile of the language, are being de-
veloped to achieve practical integration of EAST-ADL2 with existing tools.
For example, data exchange will be supported with a plug-in for the RIF
[12] requirement interchange format. As another example behavioural simu-
lation, safety analysis and optimisation of models will be supported with
plug-ins for Hip-HOPS and MATLAB/Simulink..

In addition, a methodology for the EAST-ADL2 will be developed, that explains
the use and the interrelation of the different modelling concepts on the different
abstraction levels during system specification and design as well as integration
and testing.
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