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Introduction

Contrary to the United States, Europe does not have a single sky, one in which air navigation is managed at the European level. Furthermore, European airspace is among the busiest in the world with over 33,000 flights on busy days and high airport density. This makes air traffic control even more complex.

The EU Single European Sky is an ambitious initiative launched by the European Commission in 2004 to reform the architecture of European air traffic management. It proposes a legislative approach to meet future capacity and safety needs at a European rather than a local level.

As part of the Single European Sky initiative, SESAR (Single European Sky ATM Research) represents its technological dimension. It will help create a “paradigm shift”, supported by state-of-the-art and innovative technology.

The work in SESAR is decided, among other statements, to be based on NAF (NATO Architecture Framework) 3.0 and Service-Orientation.

Two important parts in this work are the creation of:

· AIRM, Air traffic management Information Reference Model, to be an Information Exchange Model for European air traffic management.

· ISRM, Information Service Reference Model, to be a common catalogue of services needed in a future common system of systems supporting European air traffic management.

This paper is about the parallel development of AIRM and ISRM.

AIRM development

As a concept AIRM, describing specifications for information to be exchanged between different parties and also the relations between different kinds of information, plays a fundamental role in order to reach semantic interoperability. Using NAF 3.0 AIRM is actually implemented in two different views:

· NOV-7 
Information Model

· NSV-11a
Logical Data Model

The AIRM Information Model contains (business) entities and relationships relevant to the ATM strategic discourse and concerns. It can be used to construct the overall picture as well as a means of validation. 

The AIRM CLDM, Consolidated Logical Data Model, contains the information elements necessary to model the shared information of ATM. It is at a lower level of abstraction than the AIRM Information Model. It can be used to construct domain specific logical data models and, indeed, physical data models. As such, it can be used to create a model that can be used to build services and operations.

Modelling AIRM can be done both top down identifying business entities being exchanged between different parties, and bottom up using existing standards and established data models as a base.
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ISRM development

ISRM is a catalogue of services ordered in a taxonomy defined for the ATM area. The services are modelled according to the following views:

· NSOV-1, Service Taxonomy

· NSOV-2, Service Definitions

· NSOV-3, Services to Operational Activities Mapping

· NSOV-4, Service Orchestration

· NSOV-5, Service Behaviour

Modelling ISRM can be done both top down identifying services from operational needs of interaction between different parties, and bottom up using existing standards and established interactions as a base. The operational needs used in the top down approach can be modelled according to NAF or they can also be documented in requirement documents. This is quite similar to the development of the AIRM, but while the bottom up approach is an important part of the AIRM development in order to align to selected standards the focus in the development of the ISRM is the top down approach.

Interdependencies between AIRM and ISRM

In NSOV-2 Service Definitions message types used in that service are described. In order to be able to implement a service the information payload of the message types needs to be defined with all data types included, but to also reach semantic interoperability, the different values sent also need to represent elements in a common information exchange model. Thus the attributes representing the information payload in each message type need to map to the information exchange model. Some attributes in a message type are not considered to be the information payload such as parameters e.g. stating number of elements requested etc. 

One analogy used for explaining the role of an information exchange model is to see it as the dictionary and grammar of a common (formal) language. In order to enable exchange of information while protecting the semantics, the information should comply with the model. A message could use the right format at the same time as the information exchange is misunderstood. A value called “length” with the right number of decimals etc. could e.g. be measured in different ways.

The services then include descriptions on how to use this language together with other functions in order to complete a number of activities to fulfil identified needs.
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In an information exchange model the information elements needed in one specific message type can be spread out as attributes in different classes, and to include the entire content of instances of these classes in one message would probably fill up the message with lots of unnecessary content. The mapping between the message type and the information exchange model then cannot just be the message type being an aggregation of classes from the information exchange model. It needs to be finer granulated mapping each message type attribute to an attribute in the information exchange model.

In this work the mapping is between the message type defined in an ISRM service defined in NSOV-2 service definition and NSV-11a the consolidated logical data model.

Parallel development of AIRM and ISRM

Modelling scope

AIRM is modelled in 8 domain specific projects and ISRM is modelled in 5 domain specific projects, and every project has between 5 and 25 project members. In addition to that there are two consolidation projects, one consolidating the result from the domain specific AIRM development projects and one consolidating the result from the different domain specific ISRM development projects. These two consolidation projects releases new versions of AIRM and ISRM.

The problem is then to co-ordinate the work in these 15 information management projects. This problem can be illustrated with the following examples:

· Before adding a new service there is a need to check that this service will not be in conflict with existing services.

· Before changing or removing a service there is a need to check that this change or deletion does not affect other services. The service could be used by other services. There is also a need to check whether this change is supported by the AIRM or the AIRM needs to be changed to support this change.

· Before changing the AIRM there is a need to check that the AIRM will still be consistent both within the two parts, NOV-7 and NSV-11a, and between the two parts. There is also a need to check whether this change supports ISRM or some services defined in ISRM needs to make changes to any message types be supported by AIRM.

Complexity

When configuration management is applied to the modelling result not only the modelling elements are versioned, but also the couplings. In theory that means that any version of the total, AIRM + ISRM, could be identified just as a collection of versioned elements and couplings, but in practice that is not easy to implement without a strict common way of work among all involved projects and an extensive tool support.

In these projects Sparx Enterprise Architect is chosen as a modelling tool and there, versioning is best supported for packages. A coupling is, by Enterprise Architect, considered to belong to one or both the connected elements regarding versioning.

The development has been planned to deliver releases of ISRM and AIRM every six months. During that period of six months the actual development based on previous releases is performed and consolidated within ISRM and AIRM respectively which is a quite complex task. Still the development in ISRM during that period of six months is not taken in consideration when developing AIRM and vice versa. In that sense the development is using versions being about 6 months old.

Simplified development process

This situation is easier to handle if the development process is simplified. By decreasing the development flexibility the complexity is also decreased. In this project AIRM is defined to be the basis for the ISRM. The alternative to develop the AIRM based on exchanges identified when defining services is considered not to be aligned to the current development process. 

It is very important to set up an appropriate cm process for larger areas in order to manage all models and model couplings. When identifying configuration items the following criterias are used:

· Create a structure of CI’s to support the cm process

· Find a granularity that enables control of each individual item as well as of configurations. 

It is very important that all items that need individual follow are identified as CIs. Granularity must not be too large or too small.

Since the AIRM is the basis for the ISRM, the development plan for the ISRM can be created taking in consideration the release plan for the AIRM always giving an opportunity to have a fresh AIRM when producing a new ISRM. It is however difficult to be 100% consequent. There will always be situations were the ISRM development team needs to make a change request for AIRM in order to define a specific service.
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Introducing a connecting model

To handle the problem with dependencies to older versions of AIRM and ISRM respectively a connecting model can be used. NAF NSV-11b can play that role being a physical model and thus coupled but not identical with NSV-11a. This model can more easily be changed without changing AIRM.

For some domains there are today existing physical model standards ready to be used. Two examples of that are AIXM (The Aeronautical Information Exchange Model) and WXXM (Weather Exchange Model). For domains where there are no applicable standards a physical model fulfilling the needs is created. The role of this SDM (Service Data Model) is to be a gap filler.
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In this example two different service messages uses overlapping parts of the domain specific standard AIXM to implement the payload while one service message uses a non standard part included in the service data model (SDM) and one service message uses an extended WXXM. The two standards, AIXM and WXXM, and the SDM are all mapped into one consolidated logical data model, CLDM. 

In the development of a new service, CLDM can more likely remain unchanged as a base while the SDM evolves to meet the needs of the service messages not covered by existing standards. 

Another effect of this method is increased validation support. This is because of the possibility to automatically generate code when the service messages are connected to the physical model. This could be done e.g. by following these links:

· from the Service Contract (e.g. producing the service interface definition part of a WSDL) 

· via the Service Message (e.g. producing the message definition part of a WSDL)

· and its aggregated data types (e.g. producing elements of an XSD)

· all the way down to the definition of physical data types for each message attribute (e.g. producing simple and complex types of an XSD).

Final remarks

This work is currently ongoing and the SDM approach is not yet fully implemented.
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