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Introduction

Automotive industry and Aeronautics are 2 sectors with their own characteristics which have led to different approaches for the development of embedded systems. Aeronautics focuses on the development of highly-reliable systems that must guarantee the respect of security and safety-critical requirements. The development of embedded systems in automotive industry is characterized by very short innovation cycles and important product volume at low cost. This first chapter presents a synthetic comparison of the main characteristics of each approach. We have mainly considered the development of embedded software point of view.

Market characteristics

Aeronautics:

• There are a few manufacturers and suppliers

• 2000 units are manufactured per year

• The average price of an aircraft is 100 million € • Series product is the most complex aspect.

• The most important requirements in aeronautics are safety-critical requirements

• The life cycle of an aircraft is several decades (until 30 years)

Automotive industry:

• There are many manufacturers and suppliers.

• 64 million units are manufactured per year.

• The average price of a car is 25 000 €.

• Mass production is the most complex aspect.

• The most important requirements in automotive industry are the cost constraints on realization. • The life cycle of a car is less than 10 years and the innovation cycle is faster than in Aeronautics.

Development Process characteristics

Aeronautics:

• Most systems in an aircraft are safety critical; the breakdown of the system in subsystems depends on criticality level of the subsystem (and not on the domain); the quality assurance is an important part of an avionic project. • The software must be certified by a public authority • The whole development process is well defined and must be implemented by all subcontractors and suppliers. The software is developed according to a real V-cycle model; at first requirements will be acquired and the corresponding test will be defined; requirements and test cases will be detailed step by step until the software coding phase. Due to the enormous effort needed for changes, only necessary changes will be done. • The traceability of changes is guaranteed.

Automotive industry:

• Innovations are currently more important for a car manufacturer than the quality and the stability of the software in a car. • There are no certification requirements for the software in a car.

• No common standard for the development process which is implemented by all OEMs and Tier 1 suppliers; specification from OEM are not precise enough; test case are difficult to define and to link to requirements. • There are often late changes and no traceability of changes (due to incomplete specification).

Convergence via software components and standards

Introduction

The convergence of embedded system development methods is mainly based on the use of COTS products and the use of common standards for the development of embedded systems (system engineering standards and modeling standards).

In Europe, Aeronautics and automotive industry have chosen to introduce and to generalize the use of software components with the adoption of new modular architecture:

• Open IMA for Aeronautics • AUTOSAR for Automotive industry However, Open IMA is a concept used in the Airbus 380 programme but the first ECU compliant to AUTOSAR will be "on the road" in 2008 or 2009.

If UML is already used by Aeronautics and Automotive industry, SysML and AADL are two emerging standards which might be adopted by both industries.

IMA

IMA is an architecture which allows multiple software functions of different criticality level to be integrated on a single avionic computing device.

IMA concept [START_REF] Butz | Integrated Modular Avionic (IMA):State of the Art and future Development Road Map at Airbus Deutschland[END_REF] has brought a solution to the limit of the classical concept: "one function = one computer" which have reached its limit with the strong increase of embedded computers necessary for always more complex critical functions or missions in aircrafts (and the necessity to remain compatible with the strong constraints of volume, weight, power consumption and cost of avionic).

The A direct consequence is that the Open IMA concept allows third party avionic suppliers to provide has the modules and the communication devices according to the specification owned by Airbus. The aim is to develop a market for the open IMA standard in order to control the costs by competition.

Another consequence is that Airbus has modified the conventional development processes and responsibilities. The IMA system development and integration procedure development is split between:

• the avionic module supplier, • the aircraft system manufacturer, • And Airbus (IMA system integrator).

AUTOSAR

Due to the increasing number of networked components, a level of complexity has been reached which cannot be managed using traditional development processes. The automotive industry addresses this challenge through a paradigm shift from a hardware and component-driven to a requirement and function-driven development process, and a stringent standardization of infrastructure elements. One central standardization initiative is the AUTomotive Open System ARchitecture (AUTOSAR) [START_REF] Cousot | Interview of P. Cousot for ERTS 2006[END_REF]. AUTOSAR aims at facilitating the re-use of software components between different vehicle platforms, OEMs and suppliers. To achieve this, AUTOSAR defines a methodology that supports a distributed, functiondriven development process and standardizes the software architecture for each ECU in such a system. AUTOSAR also specifies compatible software interfaces at application level. The abstraction encourages effectively the usage of "commercial off the shelf" hardware.

The top priority of the AUTOSAR project is to ensure that proven AUTOSAR Architecture and high quality specifications are available by the end of 2006. Basic software specifications were split into 2 releases. Release 1.0 has been completed within the project and prototype implementations have been started to validate Release 1.0. Release 2.0 is planned to be completed at the end of 2005 based on the stable architecture of Release 1.0. Through feedback from implementation and integration later on the quality and maturity of the specifications will be verified and stabilized.

First of all an infrastructure is needed and afterwards functionality can be integrated. Referring AUTOSAR three more years are necessary to develop applications which will fit to the AUTOSAR infrastructure (basic software). In 2008 or 2009 the first AUTOSAR ECUs will be "on the road".

System Engineering standards

The increase of the complexity of real time embedded systems is a major reason to use system engineering standards to design the system architecture. The most popular are SysML, AADL, AFs (Architecture Frameworks), ATAM (Architecture Trade off AnalysisM), EAST-EEA (Embedded Architecture and Software Tools). Among these standards, SysML and AADL are two emerging standards which are appropriate for aeronautics systems as well as automotive systems.

SysML (System engineering Modeling Language):

• SysML is a modeling language based on UML 2.0 intended for system engineering • SysML is a modeling language designed to provide a multi-discipline and multi-domain support for system engineering in order to facilitate systems analysis, specification, design, verification and validation. • It must be able to support implementation of systems engineering based on models, whilst also being able to represent physical systems, derive views according to the application domain or the level of detail provided, and automate certain tasks, such as, test cases, simulation, integration or deployment.

AADL (Architecture Analysis and Description Language):

• AADL is a system architecture description language, used to describe both software and hardware components in a system, and also the interfaces between components. This language allows functional interfaces to be described (like data flows and input/output control flows) as well as non-functional aspects of components (sequences, performance, security). • The main goal is to facilitate interaction between system architects and application developers by using a formal method which guarantees the coherence of specifications and interface descriptions. Such an approach allows to reduce the risk of incomprehension or incoherence between different stages of the development cycle to be reduced, (especially where changes take place in more developed stages of the project). 

Modeling standards

Widely used today, UML has become standard in the modeling of all types of systems, not solely in software modeling. However, in the latest version (previous to 2.0), gaps were noted showing that UML is lacking and therefore can not efficiently deal with problematic complex real-time or distributed systems.

Following work carried out within the OMG by industries, tool providers and academics, the following main weaknesses were identified:

• Poor support for complex system modeling using the principle of breakdown in autonomous communicating entities. Usually, modelers define rules to complement UML in order to then be able to deal with their complex architectures. • Inability to build executable models, hence, the need to enhance them with a programming language (for example:C, C++ or Java code), or a specialised notation, in order to produce an executable application. This is a possible cause of disruptions in standards. • Poor support for sequence diagram organisation, leading to incomplete specifications which then require additional documentation for correct comprehension.

• Absence of an exchange format independent from tools providers, and which enables the transfer of models and their diagrams.

In addition, the OMG tried to improve the language's definition by cleaning the metamodel and clarifying its semantics.

These problems were acknowledged and have led to major changes in the new UML version, version 2.0, which is currently in the process of being accepted by the OMG. It is a combination of UML's previous versions' strong points (at a structural level), and SDL / MSC (at a behavioural level), due to the adding or enhancing of certain concepts and diagrams, briefly presented below.

Some obstacles to the convergence

EmbeddedTouch has interviewed different embedded system experts (Patrick Cousot [START_REF] Cousot | Interview of P. Cousot for ERTS 2006[END_REF], Mike DeWalt [START_REF] Dewalt | Interview of M. Dewalt for ERTS[END_REF], Thomas Scharnhorst [START_REF] Scharnhorst | Interview of T. Scharnhorst for ERTS[END_REF]), on the trends of the convergence of embedded systems development methods applied in different industrial sectors (aeronautic, space, automotive, train, etc).

According to these experts, there are several difficulties which might slow down the convergence of embedded system development and verification methods.

Requirements for development methods in terms of cost are different: The tendency is to want strict development methods but at a very low cost, which is contradictory. That automatically means a lack of rigor in development methods (uncomplete definition of the system, insufficient verification, difficulty in going up the chain in the case of a bug). A rigorous method is essential for the development of safetycritical software when economic criteria are often more important for non safety-critical software.

Formal verification methods are mainly used for safety-critical software development: All the software industry has not got as a first objective to have programs which work. For example, it is largely admitted that a microcomputer can crash, which the legislation allows. The legislation does not go beyond what people can do. That situation will carry on as long as consumers do not protest. We can measure the cost of a catastrophe afterwards, but we rarely assess the cost of a catastrophe we can avoid. Also, the cost can become enormous when the system becomes complex. These different aspects limit the diffusion of formal verification methods in the other fields that are not safety critical or mission critical. I think that the new formal verification methods (now available with industrial tools) are going to increase the standards and the responsibilities of designers who have not applied the best of the state of art. This might lead to an evolution of the legislation towards more responsibilities with the hazardous usage of using computing solution which does not work correctly. There will be a real fault when formal verification tool will be able to prove that an error has not been corrected.

Formal verification methods needs today a real expertise: Formal methods are based on complex mathematical theory. But the great majority of engineers involved in the development of real-time embedded software are not familiar with these concepts and the use of formal verification tools.

Perspective

Introduction

In Europe, we have noticed during the past 5 years an increasing cooperation between Aeronautics and Automotive Industry in research projects related to embedded system development.

These projects gather aeronautic and automotive partners who have both experimented and validated new technologies or new methods.

We present hereafter some of these projects which contribute to the convergence of embedded system development methods.

SafeAir II Project -ASDE

The project SafeAir II Project [START_REF] Gaudré | SafeAir II Project -The Advanced Systems Development Environment (ASDE): A methodology and a tool-set designed to develop aeronautics, automotive and space safety-critical software systems[END_REF] • OVALIE: a project proposed to extend the use of statical analysis for the verification of embedded software.

Conclusion

Even if Aeronautics and Automotive industry are characterized by their strong particularities, a real convergence of embedded system development methods has appeared. The most visible results of this convergence are the use of similar development methods and standards, the use of COTS and the cooperation through research projects between both industries.

The increase of the development of real-time (and/or safety-critical) embedded systems should speed up this convergence. But the automotive sector has difficulties to make up for lost time because it is faced with the problem that all of its wishes are met with economic obstacles. Problems of confidentiality and competition run in opposition to the transparency between cars manufacturers and automotive suppliers who often supply to the competition.

The convergence of embedded system development methods might go on thanks to:

• The strengthening of the cooperation between Aeronautics and Automotive Industry through research projects; • But also an increasing interest of industrials to experiment these technologies and methods.
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 5 Future cooperationThe cooperation between Aeronautics and Automotive Industry should increase in the next years with the different projects and initiatives organized or proposed in Europe:• The next phases of the ASSERT Project (The ASSERT main goal is to improve the systemand-software development process for critical embedded real-time systems, in the Aerospace and Transportation) • The next phases of the TopCased project (now a project of the French competitiveness pole Aerospace Valley).

Glossary