Ghilaine Martinez 
  
Florian Many 
  
Jean-Francois Sicard 
  
Specific Certification Issues Concerning IMA

This paper presents the main specific certification issues, from the European certification authority point of view, about the Integrated Modular Avionics (IMA). This paper, based on a strong experience feedback, reminds the IMA concept to the reader before tackling the current certification process.

From these bases, the certification feedback highlights four specific certification domains. This paper suggests solutions to establish sound Validation and Verification activities for each domain. Moreover, this certification feedack shows that the role of IMA Integrator is preponderant and currently underestimated. This paper provides a definition of the IMA integrator and its skill area.

I. INTRODUCTION

This paper is written after acquiring experience, from a European certification authority point of view, on certification of different Integrated Modular Architectures (IMA) systems. The lessons learned focus on the experience and the thoughts that lead to improve current practices. The IMA system issue is very recent and has few recorded experience, but now is a blossoming issue in the aircraft certification domain.

This paper tackles the different reuse notions applicable to the IMA concept and is structured as follows. Section 1 recalls the IMA concept. Section 2 describes the European point of view on certification activities on IMA. Section 3 presents the acquired experience. Section 4 provides some solutions. Finally, section 5 presents our conclusions.

II. PRESENTATION OF THE IMA CONCEPT

The purpose of the IMA concept is to establish uniform requirements for the architecture of IMA systems and provide an open architecture standard. Thus IMA system1 can be viewed as a single entity to construct avionic functions associated with aircraft systems. An IMA system is a highly integrated system. This highly integrated nature is a breakthrough compared to traditional approaches based on the independent aircraft systems, LRU [START_REF] Rtca | Certification considerations for highly integrated or complex aircraft systems[END_REF] , or functions and changes the classical design considerations in failure modes [START_REF] Rtca | Software considerations in airborne systems and equipment certification[END_REF] , resource management [START_REF]Environmental conditions and test procedures for airborne equipment[END_REF] , health monitoring [START_REF]Design assurance guidance for airborne electronic hardware[END_REF] , and fault management [START_REF] Sae | Guidelines and methods for conducting the safety assessment process on civil airborne systems and equipment[END_REF] The IMA system architecture comprises one or more IMA platforms, includes interfaces to other aircraft systems and sometimes can use a unified network as the communication medium within the IMA system. An IMA platform is defined by a set of modules and hosted functional applications. The platforms are designed and managed in a way as to provide computational, communication, and interface capabilities for hosting at least one application. The size and complexity of an IMA system depend on the relationships between functional applications and avionics functions used in an aircraft.

A. Brief IMA Concept Presentation 1) IMA Design Overview: The IMA concept is defined as a set of shared hardware and software resources. Together these resources form one IMA platform or multiple platforms providing services to the applications they host. The aim of this technology is to be flexible, reusable, configurable by software and interoperable.

The basic building block of the IMA platform is the module, which can be software, hardware, or a combination of both. These modules provide different kinds of resources: processor, memory, software and can be shared or dedicated to a specific application. At the highest level, the platform manages all the resources to provide computing capabilities, communications and interfaces to hosted applications. The main point is the highly configurable capability of resources. By design, this platform thus provides a computing environment, allowing health monitoring and fault management.

The relationship between IMA platforms and avionic functions (autopilot, fuel management, breaking) is established by hosted applications. As a matter of fact, there is not necessarily a one to one relationship between the IMA platform and avionic functions. The mapping issues of the functions to the applications on the IMA platforms are addressed during the development of the IMA system architecture.

The IMA system architecture is defined as the platforms and resources hosted. In [1], the IMA terms (application, component, core software, module, platform, and resources) are defined and illustrated in a model shown on Figure 1. To sum up, IMA platforms, by themselves, do not provide any aircraft functionality. The platform establishes a computing environment, support services, and platform-related capabilities, such as health monitoring and fault management. The allocation of aircraft functions should be addressed in the IMA system architecture to ensure that applicable availability, integrity, and safety requirements are satisfied.

2) IMA key characteristics: This technology introduces three new important terminologies: reuse [START_REF] Aeec | Software data loading[END_REF] , partitioning8 and interoperability [START_REF]Aircraft data network[END_REF] . Reusable concerns the reuse of modules and applications once the design assurance has been obtained. Partitioning concerns the architecture features that ensure the non-interference between applications hosted on the same platform. Finally, interoperability is the ability of several modules to operate together to perform a specific function.

The key step is the integration of all elements of an IMA system. This integration is performed in stages, starting with the integration of each IMA platform (or bare IMA platforms). Then the applications assigned to one platform are integrated. The last step involves the integration of all platforms, and finally the installation in the aircraft. These different steps are shown on Figure 2.

Bare platform is an IMA platform which hosts specific applications, named system partitions (for example: BITE (Built In test equipment), Data loading, Monitoring, and SNMP [START_REF] Easa | Integrated modular avionics (ima)[END_REF] ). These specific applications are necessary to manage and configure IMA platform. They can not be seen like modules (see figure 1). However, they are not avionic functions but they allow supervising the IMA platform once embedded on board the aircraft. The Bare IMA platform term will be used in this paper to differentiate from the term platform as defined in [1] and avoid any misinterpretation by the reader.

The various elements related to integrated modular architectures are described in ED-124, which is a guide for the design, development and implementation of the IMA. Standards such as ARINC 653 (Avionics Application Software Standard Interface) or ARINC 664 (Aircraft Data Network) also apply.

To sum up, The IMA key characteristics influence the IMA system architecture and address the design of bare IMA platforms and hosted applications. The set of these key characteristics contributes to obtaining the properties claimed by the IMA concept. The IMA concept introduces new notions for certification such as: 1) Incremental acceptance [START_REF]Avionics full duplex (afdx) ethernet[END_REF] strongly associated with the definition of Usage Domain12 . 2) Software configurable IMA platforms and applications.

3) Application design and integration that are independent of other applications; Application that is reusable on different projects; Hosted application that is modifiable with little impact or no impact on the IMA platform and the other hosted applications)

These notions should allow certification applicants to provide the means and proofs to achieve the design assurance of an IMA system in the context of an aviation product approval.

a) The module is compliant to its functional, performance, and safety requirements as defined in the Module Requirements Specification. b) The module meets all the assertions and guarantees regarding its defined allocate-able resources and capabilities. c) The module performance is fully characterized, including fault and error handling, failure modes, and behavior during adverse environmental effects 

B. A Design Breakthrough

A primary cause of the disruption observed is that in traditional architectures, the functional chains have dedicated equipment performing specific functions. These are referred to as federated architectures. If a system is composed of several chains, they are relatively independent by design and can be developed and studied separately. Integration tests are sufficient to assess the final architecture in the system considered.

Conversely, the integrated modular architectures are based on the paradigm of making computing resources and communication available to all applications. Therefore, no applications are independent by design, and it is necessary to develop technological solutions (hardware or software) to guarantee actual independence of applications.

To limit the impact of modular architectures to a technological breakthrough would be a misleading shortcut. If the industry puts forward cuts in development costs (dedicated equipment limitation), standardization of modules (reusable) and an easier maintenance policy (direct replacement of faulty modules), the architecture specificities lead us to consider a different design approach. The design of applications remains independent, but the issue of computing and communication resource configuration highlights the preponderant role of integrator skill. This skill, although existing in traditional architectures, comes earlier in the development cycle and continues throughout the life cycle of the IMA system. Its role is essential in the design of the IMA platform and ensures the overall coherence of the IMA system throughout the various developments required (platform, application, IMA system, and avionics functions).

The change impact analysis of IMA systems is more complex than with classical equipment. The minor/major classification can not be established simply. In fact, this classification depends on the IMA system design, all of the key characteristics demonstrated during the acceptance process of the IMA system and all of the different incremental acceptance levels obtained during the certification activities. However, the change impact analysis will not be consolidated if IMA process does not define the integrator role and transition criteria 13 between processes and associated to its activities.

To sum up, The issue of minor changes in the system 13 Transition criteria [3]: The minimum conditions, as defined by the software planning process, to be satisfied to enter a process.

(configuration change, new versions of software) and major changes (adding new features) is also devoted to this integrator role. The integrator is the one that ensures the feasibility and validates the whole.

III. IMA AND CERTIFICATION PROCESS

A. Certification Activities: a European Point of View

This section presents the European point of view on the certification activities. For one certified IMA system there are four types of certification domains (Figure 3): Domain #1 concerns the activities specific to the IMA system development. Domain #2 concerns the qualification activities for the applications hosted by the IMA platforms. Domain #3 concerns the qualification activities for the bare IMA platforms (including computing and networking). Those elements are used to build the certified IMA system. The last domain #4 concerns the qualification of hardware and software components of IMA platforms. Those components are used for the building of all bare IMA platforms to be qualified.

Domain #1 assessment is made against DO-178B for all configuration tables of IMA platforms of certified IMA system, EASA Certification Review Item (CRI) "Integrated Modular Avionics (IMA) and Avionics full duplex (AFDX) Ethernet" and ARP 4754. Domain #2 is assessed against DO-178B and specific EASA SW CRI. Domain #3 is only assessed against an EASA CRI "Incremental certification of systems making use of digital equipment". Domain #4 is based only on DO-178B with EASA software CRI plus DO-254 with EASA hardware CRI.

B. Incremental Certification Activities

Domain #1 is transversal (not a specific aircraft system) and dedicated to the system integration. It uses the outcomes of Domain #2 and Domain #3 and confirms that Domains #2 and #3 are compliant with the IMA system constraints as well as the safety requirements allocated to the IMA system to be certified. Domain #3 is dedicated to the bare IMA platforms. It has a strong and new generic nature with regard to the certification process.

This nature corresponds to the incremental aspects that are specific to the IMA concept (Reuse of this IMA platform for other certifiable IMA systems). This domain confirms that IMA platforms that are built from Domain #4 components and associated configuration tools (associated to IMA platform configuration) are in correlation with the IMA platform Usage 

C. Problematic Associated to the Incremental Certification Activities

It is necessary to mention that as part of the certification, the applicant should provide a set of evidence that its system complies with the regulations. The absence of evidence does not mean evidence of absence. Unanswered questions means either that the answers exist but were not required to the certification folder, or that they are a matter of investigation for future certification in case of reuse. In the latter case, the applicant is not concerned, because its goal is the certification and not necessarily to look at all aspects of future reuse of its platform (for a derived aircraft or a completely different aircraft).

Traceability of the allocation of aircraft functions on the IMA applications and IMA platforms is complicated by the pooling of computing and communication resources. Traditional approaches for traceability are considered not suitable for this type of technology. Validation processes used to implement any minor IMA system changes remain unclear. The notion of module reuse in different contexts raises the question of the validity of the associated configurations. Those issues are developed in the next chapter.

IV. LESSONS LEARNED BASED ON TEN YEARS OF

CERTIFICATION ACTIVITY Certification of different IMA systems allows the identification of a set of problematics associated with incremental acceptations achieved by the modules and necessary to obtain the global certification of an IMA system. An approach based on incremental acceptance ensures the coherence at every step of the development cycle of the IMA system (specific to one aircraft type), and has to be carefully sequenced (interdependency between incremental acceptation).

The transition between two incremental steps is done through acceptations that have to be formalized. This formalization will provide evidence during the development of the IMA system and falls into the scope of the integrator role. These different incremental acceptations remain applicable and have to be verified in any further IMA system evolution.

The feedback of IMA certification is coming from field experience on the development of an IMA system for a given aircraft, a reuse of the same IMA system on a derived aircraft type and re-use of modules of the IMA system for other aircrafts. This paper shows two examples of lesson learned.

A. Context of IMA System to Certified

The domain decomposition allows a better visibility of the activities to be provided to certification authority into the domain and interconnection between domains. This is especially true for reuse or modification of an IMA system. The interconnection between domains provides evidences of credits obtained by the incremental certification and IMA concept compliance with IMA key characteristics. The number of domains depends on the IMA system complexity. The size of the IMA system will mostly impact domain #1. The safety analysis will be more difficult to provide when IMA architecture allocates applications of an avionic function across several IMA platforms. In this case, the role of the IMA system integrator is required because he will be able to provide the final safety analysis.

The IMA system configuration by software (table) introduces another dimension. These configuration tables can dynamically configure the software of IMA platforms. Development, verification and configuration of tables require some rigor. Configuration tables have impacts on operational mode and can modify the results of IMA system safety analysis. In fact, configuration table is software and DO-178B should be applied. In the future, DO-178C will provide material for these tables.

The last point addresses compliance with the IMA key characteristics. These IMA keys are associated to a set of means. These means are often proofs based on mathematics,analysis, or rules and are built on verified assumptions. It is essential that the assumptions are clearly defined and checked at each change or reuse of IMA system.

B. Certification of Domain #1

First, engineering activities are necessary to design the architecture of the IMA system taking into account the constraints (design and safety requirements) of any aircraft function that will be hosted by IMA platforms. Based on this design, domain #3 must allocate these constraints to domain #2 applications, must verify that Usage Domain (UD) defined by domain #3 platforms comply with the IMA system constraints and must create configuration tables for any domain #3 platforms.

The main issues highlighted by the lessons learned are: 1) A new set of activities: To define the constraints and to allocate them,the proper allocation of these constraints between domain #2 and domain #3 should be justified and the respect of domain allocated constraints be verified. 2) Compatibility: Compatibility between all the domains #2 and #3 elements baselines should be checked to ensure the synchronization during the development of these different domains (Domains independently taken in charge by different stakeholders), during the integration and for any further configuration modification (applications and/or configuration tables modification in post Type certificate activities). 3) Problem reporting: Problems of domain #3 IMA platforms should be reported (how to take into account the problem reports found by other IMA systems for the benefit of my IMA system?). This issue can have a very strong impact on the Aircraft Manufacturer configuration management. 4) Common modes: This architecture introduces additional common modes: reuse of the same technologies (Safety analysis becomes very complicated because independence between failures is very difficult to demonstrate). 5) Environmental qualification: IMA physical network topology is star-shaped and data are multiplexed on each physical link. The IMA system must then be designed so that this multiplexing has no impact on the determinism of the Avionic network. As a consequence environmental qualification of the harness of IMA network is to be demonstrated in the frame of each certification (no reuse credit can be granted). As a conclusion, the reuse (as this term is usually accepted) of a given Aircraft IMA system for other aircrafts is an improper notion.

C. Certification of Domain #3

The engineering activity is focused on the design of IMA platforms. This activity can be done by any sort of stakeholder, not necessarily the certification applicant. The product of this activity must be reusable by different IMA systems. Domain #3 must then provide all pre-qualification data necessary for domain #1 that uses it to show compliance with its certification basis. Those pre-qualification data consist essentially in Platform Usage Domain (PUD), platform configuration tools, evidence of the platform pre-qualification and known problem reports.

The main issues highlighted by the lessons learned are: 1) A new set of activities: To define the constraints and to allocate these constraints, the proper allocation of these constraints to domain #4 components should be justified and a pre-qualified IMA platform be designed. 2) Compatibility: Compatibility between all the domain #4 component baselines should be checked in order to ensure the synchronization during the development of these different components (these components are independently taken in charge by different stakeholders), during the integration and for any further components modification. 3) Problem reporting: Problem reporting of the domain #4 components (how to take into account the problem reports found by other IMA platforms for the benefit my IMA platform?). This issue can have a very strong impact on the IMA platform manufacturer configuration management. 4) Environmental qualification: Environmental qualification is aircraft dependent (and certification basis dependent) so the use of a given IMA platform can require two specific environmental qualification campaigns. As a conclusion, the pre-qualification documents of an IMA platform are not reusable without justification.

V. SOLUTIONS ON PARTICULAR ISSUES IN THE CERTIFICATION FRAME

The solutions presented in the paper are applicable to both domains #1 and #3 in a similar way. This paper summarizes these solutions. The issues presented above imply a new important role: the Integrator. This role doesn't exist in the classical processes. They also impact a new pre-qualification notion supported by the notion of Usage Domain. This implies a consistent division of the IMA system to be certified in several Domains prior to the beginning of the certification activities.

A. Definition of Domains

The four domains introduced in this paper are conceptual domains. In reality it is possible to introduce more than four domains. But the difficulty remains in the definition of the border between domains: an empty intersection between domains must be sought. The border definition is then critical in order to prepare correctly an IMA system certification. A proper border definition will allow the: ufacturer organization and the technology implemented by the IMA system • Definition of the Usage Domain for each domain to keep the credit obtained according to the incremental certification -Functional requirements, non-functional requirements such as interfaces, rules, activities, constraints, characteristics (performance, safety, environmental), assumptions concerning the domain that are to be verified as well as domain limitations,

• Definition of the requirement allocation strategy between domains and the verification of means associated to them, • Definition of the life cycle of the domain in an independent Baseline (independent from the IMA system) to reuse this domain in any other IMA system.

B. A new role: Integrator

A preponderant integrator role appears in domains #1 and #3. This role has to be clearly defined and listed in the pre-qualification plans linked to the domain. It is important to introduce in its domain plans the integration activities of other domains (contained by the concerned domain) and the acceptance criteria associated with these integrations.

The acceptance criteria must be formal and it is the integrator role to accept or refuse the fact that these criteria are respected. Its role is then to describe in its plans the different acceptance criteria necessary to develop its domain and it must ask that the domains concerned by these different acceptance criteria provide the evidences in order to record them.

The integrator is also responsible for the configuration management of its domain and of the mechanism that ensure the control of requirements allocations between domains.

C. Transition Criteria and Domains

Transition criteria shall be defined into processes of domain #1, domain #2 and domain #3. They guarantee that incremental processes are correct and integration control during several developments that can be done in parallel.

These criteria transitions are managed by the Integrator and allow integration activities control. They provide visibility to certification authority to consider the application of incremental certification into the IMA assurance process and will be the good support to approve justification of activities that are associated to modification.

D. Validation & Verification Approach per Incremental Qualification by Domain 1) Domain #1:

In domain #1, several processes are concerned. First, in IMA system design process, each avionic function (identified as ATA 14 XX) specifies to the IMA integrator its needs for each application software, the safety requirements and resources (processor, memory, software, data , input/output, data buses, ). In the expected outputs , the IMA Integrator provides the logical architecture of IMA system 14 ATA: Air Transport Association of America (logical topology of software applications hosted on bare IMA platforms and logical topology of avionic network). The V&V activities should be:

• The logical architecture of an MA system is checked against the safety requirements by Integrator IMA and safety team Moreover, in IMA system design process the IMA integrator translates the logical architecture into physical architecture. In the expected outputs, the IMA Integrator provides the IMA system architecture (allocate each application to one bare IMA platform and allocate each network link to each node of avionic network). The V&V activities should be:

• The IMA system architecture is checked against the IMA key characteristics. In the process that specifies the bare IMA platform resource sharing for application, each avionic function specifies to the IMA Integrator its needs for its applications hosted on IMA platform and needs as subscriber of avionic network. In the expected outputs, the IMA Integrator transmits the definition of interface and design definition allocated to hosted applications and characteristics assigned to network subscriber. The V&V activities should be:

• The coordination and management of bare IMA platform resources are guaranteed by this process. • The Output is reviewed by the IMA Integrator and ATAXX, with regard to the capabilities utilisation of bare IMA platform allocated and avionic network. Moreover, in this process, the IMA Integrator produces global configuration table for each bare IMA platform to ensure that applications needs are covered and configuration table for the avionic network. In the expected outputs, the IMA Integrator transmits to each application hosted the constraint for use the bare IMA platform used (User Guide (UG), Usage Domain, platform tool, global configuration table and network subscriber specifications). The V&V activities should be:

• Any requirement modification of one application should be transmitted to Integrator for rework of this process. • Any configuration table modification by the IMA Integrator should be transmitted to the applications concerned in order to rework this process. • Any modification or limitation of UD, UG and platform tool should be communicated to ATAXX. In the application integration process, the IMA Integrator produces the final global tables based on all local tables of applications hosted for each bare IMA platform. The expected outputs are the executable files that will be loadable onto the IMA system from final global tables and applications data. The V&V activities should be:

• All applications should demonstrate the development of software and local table comply with the UG, UD and platform tool of the bare IMA platform used. • The IMA Integrator should transmit to applications all open problem reports associated to bare IMA platform to be analyzed at ATA XX level.

• Each application should transmit to the IMA integrator all open problem reports linked with bare IMA platform and also the deviations from the UG, UD and platform tool. Final global table checked against Usage Domain of each bare IMA platform (partitioning, integrity, determinism, safety,...) • The IMA Integrator should establish the complete configuration of IMA platforms, verify the compliance of each application hosted and provides the final classification of open problem at IMA system level. Finally, in the avionic network integration process, the IMA Integrator produces network tables based on specifications of all subscribers. The expected outputs are the network tables that will be loadable onto the IMA system. The V&V activities should be:

• The network tables are checked against Usage Domain of network (to guarantee determinism, integrity, security) • The IMA Integrator should establish the complete configuration of IMA network, check the compliance of avionic network and provide the final classification of open problem at IMA system level. To sum up, domain #1 should take to account credit obtained by domain #3 and domain #2. Domain#1 ends its activity after the two other and defines activities of integration process. Integration activities should describe responsibility of each domain: IMA integrator for domain #1, all applications developer for domain #2, and bare IMA platform integrator for domain #3. Synchronization between domains should be consolidated by criteria transitions. Criteria transitions define all conditions to meet to maintain credits obtained by incremental certification of domain #2 and #3. So, IMA integrator should build all these evidences and should identify list of documents submitted to certification authority.

2) Domain #2: In domain #2, the concerned process is the application software development. The application developer provides local table for the internal configuration of partition and the software application. The expected outputs are respectively the local table for each partition and the executable file for each partition. The V&V activities should be:

• The local table and the executable files are checked against UG, UD and platform tools defined by the IMA Integrator.

• Any derogation should be transmitted to IMA Integrator to guarantee the correct usage of a bare IMA platform. • All open problems should be transmitted to the IMA Integrator to confirm safety requirements. To sum up, domain #2 should take into account credit obtained by domain #3. Domain #2 depends on domain #1 and domain#3 and should define activities of integration process. Integration activities should describe its responsibilities and evidences to demonstrate that properties of IMA concept by domain #1 and domain #3 obtained by credits have been met. So, each application developers should build all these evidences and should identify list of documents submitted to certification authority.

3) Domain #3: In domain #3, two processes are concerned: bare IMA platform integration and IMA platform development. In bare IMA platform integration process, the bare IMA platform integrator provides an IMA platform with system partitions. The expected outputs are the bare IMA platform with UG, UD and platform tools. The V&V activities should be:

• IMA platform key characteristics are checked against UG, UD and platform tools for each bare IMA platform. • Each bare IMA platform integrator shouldtransmit to the IMA Integrator, all open problem reports and the limitations of UG, UD and platform tool. In the IMA platform development process, the platform integrator integrates the software and hardware modules developed in domain #4 to build an IMA platform. The expect outputs are the IMA platform requirements and its key characteristics. The V&V activities should be:

• Platform integrator should establish the complete configuration of IMA platform loadable and provide the classification of open problems at bare platform level. To sum up, domain #3 should take into account credit obtained by domain #4. Domain #3 depends on domain #1 and domain #4. domain #3 ends its activity after domain #4 and defines activities of integration Process. Integration activities should describe responsibility of each domain: IMA integrator for domain#1, bare IMA platform integrator for domain #3 and all software and hardware modules developer for domain #4. Synchronization between domains should be consolidated by criteria transitions. Criteria transitions define all conditions to meet to maintain credits obtained by incremental certification of domain #4. So, a bare IMA platform integrator should build all these evidences and should identify list of documents submitted to certification authority.

4) Domain #4: In domain #4, two processes are concerned: software development and hardware development. In software development process, the developer provides software modules. The expected outputs are the module requirements and the files of software module. The V&V activities should be:

• The software module is checked against its requirements.

• All open problems should be transmitted to platform integrator to provide the final classification of open problem at IMA platform level. In hardware development process, the developer provides the hardware modules. The expected outputs are the module requirements and the hardware module. The V&V activities should be:

• The hardware module is checked against its requirements.

• All open problems should be transmitted to Platform integrator to provide the final classification of open problem at IMA platform level. To sum up, domain #4 provides modules for domain #3. Domain #4 should describe its responsibilities and evidences to bring for each module in order to allow the bare IMA platform integrator to maintain credits obtained by incremental certification of domain #4. So, each module developer should build all these evidences and should identify list of documents submitted to certification authority.

E. Change Impact Analysis and Domains

For each modification, change impact analysis should be provided. This analysis is produced by an IMA Integrator and presents the context of evolution, the impacts by domain, the description of activities planned and the synthesis by domain.

The context of evolution presents the activities planned for the development and the certification of the evolutions applied to an IMA system certified. It gives the identification of the IMA system, the open problems to be taken into account for the modification, the affected part numbers by this evolution and the certification strategy.

The impact of modification is presented by domain, states if IMA credits obtained and safety analysis are impacted and defines the quality activities.

The description of activities planned introduces activities of development and Verification & Validation impacted by the modification for each domain and input & output data by modified domain.

The synthesis by domain provides certification readiness and identifies certification documents by domain.

VI. CONCLUSIONS

The issues raised by these lessons learned are: the new role of the IMA Integrator, the notion of reuse to be revisited for IMA systems, the certification credit in the production of configuration tables of IMA systems, which is the combination of tools and methodology that provides really guarantee for the certification process (is the reuse of this combination possible in several projects?), acceptation credit of baselines and acceptation criteria (requirements and specific characteristics), interrelationships between baselines and verification evidence of these baselines and finally sufficient certification liaison documents to provide the right level of visibility and necessary evidence.

Experiences acquired in recent years have shown that the existing recommendations (ED or CRI) are not sufficient to allow the authorities to address all issues associated with the IMA concept. Our certification experience of IMA systems and the scientific literature show that the expression IMA or IMA platform are too often used to describe objects of different nature. The IMA concept is a new technology thatenables to meet cost and time constraints, but the most important problematic is the reuse of an IMA system or platform in another project while keeping as much certification credit (acquired in the first project) as possible.

ED-12/DO-297 describes an IMA system and its design elements, the IMA system architecture and the associated considerations. It also defines a set of characteristics that influence the IMA system with regard to safety and identifies the responsibilities of each stakeholder: Authority, Applicant, IMA System Integrator, Platform and Module Suppliers, Supplier and Application Maintenance Organization. All this is orchestrated by six tasks that make up the certification process. ED-12/DO-297 is the best existing recommendation document and was approved in 2007, but it still leaves shadow areas that in our views are important to consider when approving the certification of an IMA system, when dealing with changes made in existing IMA system or when reusing design elements of an IMA.

In our experience, the difficulty in previous certification was partly due to the definition of IMA platform characteristics and its associated key characteristics and also partially due to the separation between AFDX network and IMA platforms that hosted the applications. This leads to question the delegations claimed in post Type Certification and the credit acceptance claimed in the certification frame of an IMA system in another aircraft. Based on these observations, we believe that the notion of Domain would bring clarity and accuracy when addressing the IMA System Certification. The Domain will define the related elements of an IMA architecture design and those expected in the Certification Acceptance or Credit. It is necessary to define the responsibilities of the IMA Integrator but also to identify who is in charge of demonstration for Acceptance / Credit clams (credits not degraded during the integration). The domain integrator is like a conductor that ensures that parallel developments do not impact the constraints associated with keys characteristics carried by domains. The IMA Integrator has the responsibility to manage the borders between domains. In particular, he has to ensure that the assumptions associated with key characteristics are always true.

As a conclusion, we believe that it is a proper time to revisit the recommendations for the certification of IMA systems and to enrich them with the lessons learned. Today, the applicants and the authorities have developed expertise in the IMA concept thanks to several IMA systems certification programs (if we allow ourselves to draw a parallel with the history of software certification, we are in the same position as when the transition was made between DO-178A and DO-178B).
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IMA system[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: consists of an IMA platform(s) and a defined set of hosted applications.

LRU[START_REF] Rtca | Certification considerations for highly integrated or complex aircraft systems[END_REF]: Line Replaceable Unit, is equipment characterized by a hardware definition and, where appropriate, a software definition and is controlled by part number at the aircraft level.

Failure mode[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: the way in which a failure of an item occurs.

Resource management[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: allocation of IMA platform resources, control of shared and dedicated resources, and protection of IMA platform resources used by multiple hosted aircraft functions or applications

Health monitoring[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: monitoring the condition of the system and operational and maintenance concerns

[START_REF] Sae | Guidelines and methods for conducting the safety assessment process on civil airborne systems and equipment[END_REF] Fault management[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: detecting and identifying faults, failures and anomalous behaviour, and providing appropriate responses

Reuse[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: the subsequent use of unaffected, previously approved system hardware or software assurance data.

Partitioning[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: an architectural technique to provide the necessary separation and independence of functions or applications to ensure that only intended coupling occurs.

[START_REF]Aircraft data network[END_REF] Interoperability[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: the capability of several modules to operate together to accomplish a specific goal or

function.[START_REF] Easa | Integrated modular avionics (ima)[END_REF] Simple Network Protocol Management: protocol network uses to manage nodes in the Internet community.

Incremental Acceptance[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]: A process for obtaining credit toward approval and certification by accepting or finding that an IMA module, application, and/or off-aircraft IMA system complies with specific requirements. Credit granted for individual tasks contributes to the overall certification goal.

 12 Usage Domain[START_REF] Rtca | Integrated modular avionics (ima) development guidance and certification considerations[END_REF]:A declared set of characteristics for which it can be shown that:

• Definition of the elements developed and verified in this domain. This definition has to take into account the Man-