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1 Introduction 

 

1.1 Role of deliverable 

The objective of this document is to present a comprehensive picture on the practices, methods 

and tools that we consider as starting status to treat the product data description in the aerospace 

domain in CRYSTAL.  

1.2 Executive summary 

At this stage of the Work package progress, we have identified and agreed on three main ñpillarsò 

for the CRYSTAL Aerospace domain ontology construction, and one ñdirectionò for improving the 

coverage and formality degree of ontological descriptions. 

The three ñpillarsò address the driving needs to identify and describe the abstract classes of objects 

to be exchanged in the project MBSE use cases. They are: 

¶ the STEP standards (AP233, AP239) that we consider, provide the basis vocabulary and 

extension mechanisms to extend the IOS/OSLC core vocabulary 

¶ the Semantic web formalisms (RDFS, OWL) that have been adopted within the IOS OSLC 

specification 

¶ integrated tool support for edition, query, etc.  (SPARQL, PROTÉGÉ, VIRTUOSO). This 

architecture and integration with IOS must be specified in specification task T209-02. 

The direction for improvement concerns more specifically the description of concepts common to 

Requirement engineering and Functional architecture domains, such as the ñkey value typesò or 

parameter types (e.g. condition parameters, function parameters, etcé), that define the significant 

values that need to be exposed, e.g. for display on dashboards, for checks, or for monitoring and 

control. This appears to be needed to enable proper implementation of many use cases.  

 

After introducing the concept of ontology and summarizing what is considered the role, scope and 

possible coverage of a Domain ontology in CRYSTAL, the document provides a survey about 

existing referential in aerospace domain which can be used as a starting point for building the SP2 

domain ontology. Existing standards, mainly STEP and de facto standards and practices (e.g. 
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procedures between manufacturer and suppliers) to share common information in aerospace are 

pointed out and discussed. The outcomes of previous research projects (e.g. CESAR, 

CRESCENDO) dealing with the objective of representing and sharing common engineering data 

are analyzed. 

A chapter argues that the domain ontology should entail descriptions of the key parameters to deal 

with requirements in MBSE and other uses cases in the project. 

Finally the document includes a description of RDF based languages and semantic web 

technologies usable in the project. 

1.3 Relationship to other CRYSTAL Documents 

This document will serve as a basis to Tasks 209.2 and 209.3. 

 

The Aerospace domain ontology boundaries will depend on the expressed industrial needs. This 

link is established by referencing the Aerospace Common Use Case. This implies considering the 

inputs from work package WP208 about Aerospace use case description which will illustrate on a 

public use case the several engineering methods defined by the SP2 use cases to express their 

needs ( 

|Kyo, 1990] Kyo C. Kang and al. Feature-Oriented Domain Analysis (FODA), 1990. 

IWSSD '89 Proceedings of the 5th international workshop on Software specification 

and design 152-159. 1989 

[Moros, 2008] Begoña Moros, Cristina Vicente-Chicote, Ambrosio Toval, Metamodeling 

Variability to Enable Requirements Reuse, in Proceedings of EMMSAD 

2008 

Siegmund,  Norbert Siegmund, Martin Kuhlemann, Marko Rosenmuller, Christian 

Kaestner, and Gunter Saake, Integrated Product Line Model for Semi-

Automated Product Derivation Using Non-Functional Properties, in  

CRYSTAL 

D208.010 

CRYSTAL aerospace use case description Report ï V1 D208.010, 2014. 

). 

At the same time, a strong link with the RTP platform is envisioned. The domain ontology should 

be a resource usable by CRYSTAL RTP services to fulfil different types of needs corresponding to 

those expressed by the CRYSTAL aerospace partners use case scenarios.  
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In this respect, an exchange of information with WP601 is needed.  The work performed on other 

CRYSTAL domains ontologies in work-packages 3.8, 4.7 and 5.4, shall also be considered in order 

to identify potential commonalities and standardization issues.  

1.4  Relations with other projects results 

The concepts and ideas that are analyzed within previous and on-going projects will be considered 

here. As already stated before, ARTEMIS projects CESAR and MBAT deal with Interoperability 

and data representation issues: their findings are considered with reference to many topics: 

¶ Formal Languages 

¶ Data models 

¶ Process specification 

¶ Requirements specification 

¶ Usage scenarios 

 

The VIVACE and CRESCENDO projects are also considered when dealing with Aircraftôs modeling 

and simulation data objects and enterprise level collaboration. 

As part of companies own background related to ontology, some experiences and baseline 

information are reported. This includes past collaborations with academic research institutes and 

nationally funded research initiatives, such as the ñiDesign foundationò Italian project. 

1.5 Structure of this document  

This document is organized as follows: 

ü Section 1 provides an overview of the goals of the document, of the objectives of task T209.1 

and of the relationship with other documents and previous projects.  

ü Section 2 recalls the definitions agreed in the context of CRYSTAL for the most significant 

terms and concepts adopted to address the domain ontology topic. 

ü Section 3 reports partners existing knowledge about ontology. 

ü Section 4 and 5 report the results of our survey about STEP standards and concepts available 

for representing process and product lifecycle related information. 

ü Section 6 analyses possible existing approaches for using ontology in requirements 

engineering. 
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ü Section 7 analyses the available tools and technologies for supporting the integration of 

domain ontologies within the industrial cases. 

ü Section 8 lists the abbreviations adopted within this document. 

ü Section 9 reports the referenced documents. 
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2 Ontology related concepts definition 

This section introduces the concept of ontology and summarizes what is considered the role, 

scope and possible coverage of a Domain ontology in CRYSTAL.  

2.1 Ontology 

The term ontology is used differently by different communities and may designate different kinds of 

artifacts. In CRYSTAL, it is actually the case that different kinds of ontologies are present or 

foreseen for describing Modeling languages concepts, System Engineering concepts and 

Disciplines vocabulary, respectively.  Below we define them. 

 

Figure 2-1 Different knowledge areas in CRYSTAL 

In philosophy the Ontology is the study of ñthe nature of beingò. Its object is the study of what 

exists, and of the general properties of what exists. 

Outside philosophy, ontology is used in a different, narrower meaning: an ontology is a 

description of what exists, usually in a particular domain or for a particular application. It focuses 

on naming things and grouping similar things into categories. It gives an explicit formal 

specification of the concepts in a domain and relations among them. The names of the concepts 

and their definition in natural language are important features for the ability to understand and use 

an ontology. Scope, completeness properties are depending on the intent and foreseen 

application: for Information Retrieval purpose one can emphasize the largest coverage (ñwhat 

existsò in the domain?); but in the field of Artificial Intelligence, people are more interested in the 
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concepts required for useful reasoning in a domain, and not so much in the question whether a 

concept exists in the physical world or not.  

Finally, when this description is formalized using a particular language, the term ñontologyò also 

designates the obtained artifact. Such artifacts are designed either for human shared 

understanding of the concepts, or for machine processing. Depending on the language expressivity 

and properties, different algorithms may apply to it and authorize automatic processing and 

reasoning.  

The above definitions require additional comments since the term is used by different communities 

and may designate different kinds of artifacts depending on the degree of formalization, the scope, 

or the intent in terms of application. For the sake of brevity we consider below four different types.  

¶ Upper-level ontologies are theories that define abstract categories by means of spatial, 

temporal, causal, part-hood, etc. properties suitable to impose a structure on large lexical 

repositories [Guarino:98] or on lower level domain ontologies.  

¶ Domain ontologies are agreed specifications of how to describe the concepts of particular 

domains of interest; they are merely being applied within the areas of data management 

and information sharing. In Crystal, an ontology of System Engineering describes the 

concepts of the SE domain such as ñSystemò, ñOperationò, ñFunctionò, etc. An example of 

an OWL representation of the SE concepts defined by the STEP standards is presented in 

this document.  

¶ Linguistic ontologies characterize unambiguously the meaning of some linguistic 

expressions for a given context determined by the ontology intended application 

[Bachimont,00]. They define various relationships between words or between terms 

depending again on the intended usage (e.g. taxonomic relations (broader), synonymy, 

normative (preference), associations, etc.). In CRYSTAL, the ñKM ontologyò built in 6.7 and 

2.4 RBE activities and intended to be used to control the authoring quality of the 

requirements pertains to this category (see below § 3.2).  It describes and structures 

relations between terms like ñIce protection systemò, ñDe/anti icing systemò, ñDe-icing 

systemò, etc. that are used by people in various documents.  The ñKM ontologyò is 

integrated inside the RQS tool of REUSE Company. 

¶ Application ontologies. Technically, OSLC deals with the integration of heterogeneous 

legacy tools - using different languages - by means of Semantic Mediation technologies 
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that include application ontologies. In the area of Semantic mediation an ontology is usually 

an abstract model of the common semantics of the to-be-integrated tools metamodels. 

Assuming that common ñconceptsò are shared by multiple modelling tools, a semantic 

mediation is a mechanism to map the tool1 concepts with their tool2 equivalents. To 

illustrate this, we can take a simple example.  A ñSystem Componentò SE concept can be 

represented by a ñBlockò in SysML, a ñClassò in Modelica and so on. In this case, the 

ñSystem Componentò is a higher abstraction level concept that is realized differently in the 

different tools/languages; and a ñBlockò is a lower abstraction level SysML concept. Partial 

equivalences can be represented between tools concepts. In case the several tool 

concepts are modeled with different sets of attributes and properties; it is possible to define 

a semantic element that sets the minimal shared definition. This principle is a basis of the 

OSLC project. The implementation of a mediation mechanism may require several 

representation layers for respectively describing the language elements of each tool and 

the rules to map them. CRYSTAL follows up on past EU projects such as SPEEDS, 

CESAR, SPRINT or DANSE.  Example implementation of OSLC ontologies is described in 

([DANSE, 2012]). 

 

2.2 Role of domain ontologies for CRYSTAL IOS 

The role of the several domain ontology work packages within the CRYSTAL project was 

discussed together with SP6 partners in Munich 26th of November 2013 meeting. Below we 

summarized the results and agreements of this discussion.  

¶ IOS concerns are defined following up the existing OSLC domains. 

¶ OSLC identifies domains of tools in which resources of different types are used in 

combination with each other to serve identified activities in the lifecycle of products. Tools in 

each of these domains maintain closely connected resources.  OSLC working groups were 

established to provide specifications for exposing server interfaces to manage these 

resources and establish links between them. Example domains are Requirement 

management (OSLC/RM), Architecture management (OSLC/AM), Change management 

(OSLC/CM) and so forth.  

¶ Each CRYSTAL domain ontology work package will look into which concepts play a role in 

the engineering cycle of the specific domain/use cases. As a starting point for the 
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development of the ontology,  a concern from the list of IOS concerns can be chosen (for 

example: architecture management, risk management). The first iteration in the ontology 

development process will in this way be an ontology that only supports this concern. In later 

iterations it can be extended towards a more complete ontology that is based on and 

contributing to more, and potentially all, steps of the engineering cycle. 

¶ A consolidation activity of the concurrent concepts out of the different domains will be 

organized in the context of SP6.  

The exercise described above will result in extensions for the core vocabulary of IOS/OSLC. 

There are different approaches for performing extensions, having the objective to provide:  

¶ New types/concepts 

¶ New properties/attributes 

¶ New links/references 

¶ New specifications (think of: safety management, variability, etc.) 

2.3 Scope of the domain Ontology 

The ontology coverage could spread from requirements definition toward system design, 

manufacturing and in-service maintenance. Yet in the present context, we will limit it to the 

description of concepts and objects used in the collaborative design activities of the SP2 

Aerospace domain use cases, and especially in the Engineering Methods (EM) to be applied to 

these use cases. A review of the Engineering Methods addressed in CRYSTAL public use case is 

detailed in deliverable [ 

|Kyo, 1990] Kyo C. Kang and al. Feature-Oriented Domain Analysis (FODA), 1990. 

IWSSD '89 Proceedings of the 5th international workshop on Software specification 

and design 152-159. 1989 

[Moros, 2008] Begoña Moros, Cristina Vicente-Chicote, Ambrosio Toval, Metamodeling 

Variability to Enable Requirements Reuse, in Proceedings of EMMSAD 

2008 

Siegmund,  Norbert Siegmund, Martin Kuhlemann, Marko Rosenmuller, Christian 

Kaestner, and Gunter Saake, Integrated Product Line Model for Semi-

Automated Product Derivation Using Non-Functional Properties, in  

CRYSTAL 

D208.010 

CRYSTAL aerospace use case description Report ï V1 D208.010, 2014. 

]. They are:  
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¶ Analyze Requirement  

¶ Verify Design against Requirements 

¶ Maintain consistency between multi-viewpoint models 

¶ Trade-off Analysis 

¶ Generate Fault-trees  

¶ Heterogeneous Simulation  

¶ Provide specification document 

¶ Provide Process Management 

¶ Change Impact analysis 

¶ Traceability Matrix 

¶ Search Data 

 

For example, for the needs of UC 2.2 that needs identifying which information is exchanged 

between designers and PLM, the ontology shall provide unambiguous definitions for concepts 

related to product development activities, engineering processes specification (e.g. phases, 

activities and work products). 

 

Figure 2-2: Preliminary vision of the Domain Ontology context 
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2.3.1 Ontology coverage in synthesis 

The schema here below proposes a possible structuring of the envisioned coverage of the domain 

ontology. It may lead to further specification of several interlinked ontologies. 

 

Figure 2-3: Layered scope for a domain ontology 

2.3.2 SE concepts in aerospace domain 

The domain ontology can provide a description of the System Engineering concepts used in the 

aerospace domain. This includes the usual SE high level concepts such as:  

Typical concepts:  Product, Function, Capability, Operation, Requirement, Activity, 

Organization, Scenario, etc. 

But this may also include refinement of the concepts as required for the description of the domain 

related products and products life cycle.  

For example terms and definitions for Flight Phases are domain specific. Domain actors (Flight 

crew, ATC, Passenger, Maintainer, etc.), disciplines typically involved in an A/C development 
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(safety, operations, installation, human factors, etc.), A/C typical components (fuselage, wings, 

landing gears, interiors, etc.) or functions (Provide thrust, Resist to differential pressure, etc.) are 

other possible examples of Domain specific concepts that must be named and identified with no 

ambiguity.  

The approach to identify the high level concepts is rather top-down:  the intent is to set up a 

framework to be used for interoperability at a conceptual level. The ontology shall present the 

essential information in a way that is understandable by the many stakeholder communities 

involved in SE activities. It shall ensure a shared understanding of the activities, assets, methods, 

objects used when performing SE. 

As part of the state of the art in this area, the Product Life Cycle Support STEP standard 

(PLCS/AP239), the VIVACE Virtual aircraft model and to some extend the CESAR conceptual 

meta-model in the CESAR projectôs modelling approach are valuable inputs to be considered and 

reused. These existing inputs are further described in this document. 

2.3.3 Reference data & information shared in SE process 

The interoperability among tools and services that are part of the System Engineering environment 

would benefit from the adoption of standardized and richer data definition models. In this 

perspective, the ontology can provide a description of the types of exchangeable 

data/information used when performing SE technical processes. It would define the abstract 

properties of classes of data objects.  

Typical exchangeable objects:  Requirement, Requirement collection, Architecture model, 

CAD Model, Parameter, Parameter value, Fault tree, MMEL condition collection, etc. 

This time, the approach to identify the reference data is rather bottom-up and pragmatic. The 

description is done from the business standpoint first, in order to give meaning to digital information 

(data, files) that must be retrieved or exchanged. It must be such that any kind of domain 

operational data or information can be mapped on it. We have to look at the Engineering Methods 

defined for the use cases, which constitute as many information exchanged scenarios (to 

understand usage scenarios first). 

The link with the upper layer is straightforward: the SE concepts can actually be used to express 

the context for the production or usage of the operational data.  
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The reference data model is intended to support a capability to exchange information: one or many 

information services will be defined using this model.  

As part of the state of the art in this area, the methodology is rather comparable to the DEX (Data 

Exchange Specification) for ISO 10303-239 PLCS. (See below § 5.1.2). Previous research projects 

like CRESCENDO ended with proposals for characterizing exchanged data and artefacts as a 

DEX. Simulation data exchange is a sub-case. 

The approach is also in line with the IOS objective and technical choices in the project:  OSLC 

types of exchangeable ñresourcesò for various Concerns. The list of IOS concerns includes for 

example Architecture management, Risk management, etc. (see Annex II). The IOS taskforce (to 

be set-up) will be concerned with the consolidation of the concurrent concepts out of the different 

domains in CRYSTAL, and this will result in extensions for the core vocabulary of IOS/OSLC. 

2.3.4 Specific application resources 

Any foreseen Engineering Method should be possibly described using the above mentioned 

concepts. But UCs implementations will be done using given tool chains. In this perspective, the 

ontology may support the definition of application specific resource to directly support some 

demonstration, notably in the public use case.  

This may require a lower granularity level of the information to enable identifying relevant instances 

of reference data. 

Beyond the scope of the ontology, SP6 services will be developed that basically allow getting or 

pushing information from and towards Engineering Tools. This requires that the above mentioned 

concepts are indeed relevant together with the languages and formalisms involved in the UC tool 

chain. A refinement or extension of the reference data model may be required. If formalisms do not 

have any explicit abstraction levels, making the mapping in concrete cases may be model 

dependent. 
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3 Partner SoA regarding SE concepts and reference data 

modeling 

This section provides a synthesis of the State of Art reached by partners regarding SE concept and 

reference data modeling. It includes both the knowledge obtained from previous research initiatives 

and the concepts that are applied in daily activity for system engineering. 

3.1 Industrial Partners SoA 

With the support of different internal and research initiatives that also involved the participation of 

National research institutes and Academic bodies, AleniaAermacchi investigated different aspects 

of ñSystem Engineeringò related information structure and relations. 

One of the main focuses has been on identifying proper data-models (ontologies) for representing 

System ñFunctional Viewò through the different life cycle phases, starting from ñAs requiredò 

product toward the ñAs designedò product. 

The ñas requiredò view represents the productôs requirements configuration as foreseen by the 

ñcontractò that has been defined with the customer, emerging from market surveys and from 

applicable standard and processes. 

The ñas conceivedò view has the objective to support the productôs concept definition phase by 

handling the specification of the different envisaged technical solutions, together with their trade-off 

analysis. It allows to trace the acquired know-how and innovation items storing them for further 

studies at domain level. 

This effort produced the definition of a ñSystem Functional Viewò in terms of a data model that 

covers the structure and relations of requirements, functions and the logical architecture. 

This vision, which is graphically represented in the following Figure 3-1, is considered a basis for 

contributing to a common understanding at domain level for System representation information. 

It may also help in consolidating a common understanding about a ñTraceability Viewò for the 

different artifacts that have been produced during the product development life cycle. 

It obviously needs to be harmonized with the emerging information models in this context, including 

AP233 as referenced in section 4. 
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Figure 3-1: Conceptual model of the Functional view 

This conceptual data model identifies concepts and relations related to requirements, functions and 

System elements. These concepts and their relations may assume different meanings according to 

the context or domain of application. In order to clarify our vision, a detailed explanation is provided 

in a dedicated table in Annex IV to this document. 

 

Concerning its involvement in supporting the traceability view, here below the approach is 

graphically represented. 
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Figure 3-2: Approach for the Traceability View 

 

Airbus and Innovation Works contributed to define frameworks for the Engineering Data 

Management of the Virtual Aircraft (VIVACE project) and for collaborative modelling and simulation 

for A/C development (CRESCENDO project, http://www.crescendo-fp7.eu). The most recent output 

of these past works is nowadays represented by the Behavioral Digital Aircraft (BDA) model 

developed under the CRESCENDO project. 

 

In VIVACE, a conceptual model was built to describe a generic process for A/C system 

development [REF D2.1.1.2]. The Virtual Aircraft model provides reusable concept definitions of: 

¶ A/C life-cycle stages 

¶ life-cycle processes 

¶ typical breakdown for A/C system  

¶ typical breakdown for A/C functions 

¶ operating phases 
































































































































































































































































































































































