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Objectives of OntoREM (Airbus) 

Why OntoREM ? 
=>  To comply with the Airbus strategy 2020 
=>  To reduce development cycle time (and thereby time to market) 
=>  To reduce non-recurring costs (NRC) 
=>  To improve product and programme quality (via requirements)  
=>  To enhance programme management 
  
Why the aerospace case study ? 
=>  To investigate the potential of OntoREM to meet the above 

 objectives (proof of concept) 
=>  To evolve/improve OntoREM in light of experience 
=>  To enable preparation of industrial scale use of OntoREM 



Ø  Knowledge-driven approach to RE 
Ø  For complex, trans-national and multi-disciplinary development environments 
Ø  Reference but not limited to the aerospace industry 
Ø  Emphasis on: 

–  goal aspects 
–  role aspects 
–  business-domain-process aspects 
–  queries aspects 
–  Non-Functional Requirements (NFRs) 

Ø  Use of ontology to specify the OntoREM Metamodel 
Ø  Reasoning to analyse process status, goals/soft goals and requirements 
Ø  Case study within Airbus (wing) to evaluate, evolve and validate OntoREM (2009) 
Ø  Large scale OntoREM pilot study and integration into the Product Development Process 

Project description 

Ontology-driven Requirements Engineering 
Methodology (OntoREM)  



Project description 

Ontology-driven Requirements Engineering 
Methodology (OntoREM)  

‘…specification of 
conceptualization’ (Gr

uber, 1993) 
 

specification = formal and 
declarative representation, 
conceptualization = abstract, 
simplified view of the world  

‘…the ontology of a certain domain 
is about its terminology (domain 

vocabulary), all essential concepts 
in the domain, their classification, 

their taxonomy, their relations 
(including all important hierarchies 

and constraints), and domain 
axioms’ (Gasevic et al., 2006) 



Overview of OntoREM 

Complete domain problem 
space including needs, 

constraints etc. for which a 
solution has to be found 

Describes the RE domain with all 
entities, relations and instances (e.g. 

process and roles) 

OntoREM process that is 
conducted to specify the 

solution space 

Complete specification of the 
domain requirements that need to 

be satisfied 

Existing other domain 
ontologies may be used 

during the process 



Other specific 
domain ontologies 

Specific application 
domain ontology 

Generic OntoREM 
process ontology 



Problem space 
domain ontology 

OntoREM 
process domain 
ontology 

Solution space 
domain ontology 

OntoREM Metamodel 



Enhancement of programme management 



Enhancement of programme management 



Reasoning at both goal and requirement levels 

Analysis 
 

- Goal conflicts? 
- Goal duplications? 

- Missing goals/soft goals?  
(based on available information) 

 
 
 
 

- Requirement conflicts? 
- Requirement duplications? 

- Missing components? 
- Missing requirements?  
(based on the available 

 information) 

Need 

RootGoal/RootSoftGoal 

Requirement 

IsSatisfiedBy HasRootGoal 

IsUsedToDerive 

Analysis at both goal level and 
requirements level saves time (and 
therefore cost), as well as improves 
requirements consistency.  



OntoREM Project  15 October 2009 

Creating quality in requirements (up front) 

1. For each instance of a 
requirement, widgets based on 
the specified properties in the 
‘requirements template’ of the 
Metamodel are made available. 
2. Authors of requirements are 
‘ fo rced’ to p rov ide the 
necessary inputs into the 
requirement statement itself 
(sub-components), as well as 
attributes and link information. 
3. Requirement statements are 
automatically compiled from 
the available sub-component 
information. 
4. This supports writing good 
quality requirements upfront as 
o p p o s e d t o  c h e c k i n g 
requirements quality once they 
have been written. However, 
no libraries of allowed words 
or writing rules (as used by 
quality checking tools) are 
currently behind this approach. 



Re-use of requirements 

OntoREM addresses the re-use of 
existing requirements from previous 
programmes/projects: 
- Re-used requirements are entered 
into the Metamodel as instances of 
OntoREMRequirement. 
- Entered, re-used requirements are 
then linked to actual needs in the 
problem space domain by means of 
the object property ‘satisfies’. 





Concurrent work with different stakeholders 

High flexibility to adapt the requirements 
process as conducted to the scarce 
availability of individual stakeholders or 
domain experts.  

Stakeholder 2 

Requirements 
Engineer 

Stakeholder 1 

Stakeholder 3 



Role-driven process guidance 

Based on process status analysis, 
workflows to be conducted, gaps 
to be filled and roles to be 
involved can be identified, and the 
process will be guided (also 
allowing for time estimates for 
remaining workflows or iterations). 

Process Status Process workflows
Relevant stakeholders/domain experts RE21 RE22 RE23 RE31 RE33 RE42 RE45 RE61

Relevant stakeholder 1
Relevant stakeholder 2
Relevant stakeholder 3
Relevant stakeholder 4
Relevant stakeholder 5
Relevant stakeholder 6
Relevant stakeholder 7
Relevant stakeholder 8
Relevant stakeholder 9
Domain expert 1
Domain expert 2
Domain expert 3
Domain expert 4
Domain expert 5
Domain expert 6
Domain expert 7
Domain expert 8
Domain expert 9

Legend:
work flow conducted
workflow not yet conducted
workflow attempted but iteration needed 

Validation of local domain ontology needed 
Estimated time needed to complete workflow: 4 hours 
Domain expert 5 to be involved for validation 
Next available time slot for workshop: 10 May 08.00-12.00 

Estimated remaining time needed to 
complete all workflows: 185 hours 
Time already spend: 105 hours 
Expected total time needed: 290 hours 

The OntoREM process 
status per identified roles 
will be analysed, giving 
users a clear picture of 
which actor (who plays a 
relevant role) is where in 
the process, i.e. which 
workflows and iterations 
still have to be conducted. 



Applications of OntoREM  

Aircraft operability requirements  

RM IS tool requirements 

Airport provider requirements 
Aerospace Context 

Services, NFRs, 
non-product 

Early programme, 
product, both 

functional and NFRs 

Advanced 
programme, non-
product, process 

and functional 



Aerospace context – some typical characteristics 

- The actors in the RE process are potentially spread across 
many sites, cultures, countries, time zones and languages. 

- There is a global, highly complex and multi-layered network 
of suppliers, risk sharing partners and sub-contractors. 

- The main development products are long-lead time, high-
     cost, highly complex products and 
    have a very long life cycle. 

   - The products developed will be   
 used all over  the world within a 
   highly complex system (aviation). 

  - Software engineering is crucial   
 but within a systems context. 



Context of the case study 

Main assumptions: 

1 Average quality measures Q1-3 of the aircraft operability requirements for the wing 
design (AOW) of contexts X and Y to be compared with the equivalent quality 
measures of the newly developed AOW requirements (context Z). 

2 Dedicated Requirements Engineers were in place in all three cases that were 
comparable in terms of relevant knowledge and experience 

3 The average process times per AOW requirement to be compared (as measured 
for OntoREM and estimated for RBE/DOORS) 

4 Cost in line with process time (directly proportional) 

5 Relevant hourly rate [Euro/h] 

Aircraft operability requirements  
for the wing design  

Traditional RE process (RBE/DOORS):   Contexts X and Y  

Ontology-driven RE process (OntoREM):   Context Z 



‘As is’ situation (RBE/DOORS): Contexts X and Y 

 
 
 

IBM  
DOORS 

Require- 
ments 

Requirements 
Engineer 

Stakeholder 

Stakeholder 

Stakeholder 



‘As is’ situation (OntoREM): Context Z 

 
 
 

IBM  
DOORS 

OntoREM 
 
 
 
 
 
 

Requirements 

Requirements 
Engineer 

Stakeholder 

Stakeholder 

Stakeholder 

 
 
 

IBM  
ClearCase 

All files (check out/check in) 



Evaluation framework (example criteria) 

Q1  => Measuring the completeness of individual requirement statements  

 

Q2  => Measuring the completeness of individual requirements in terms of  
      recorded attribute and traceability information 

 

Q3  => Measuring the degree of compliance of individual requirements with a 
      harmonised structure of the requirement statements (important for the 
      analysis and negotiation, and validation phases of the requirements 
      process)  

 

NAO  => Number of aircraft operability requirements 

 

TAO  => Development time per requirement 

 

CAO  => Development cost per requirement  



Findings and analysis – quality 

 New requirements (OntoREM) 3 x 100% because: 

- Metamodel specifies the template (statement has to be complete) and 
mandatory attributes have to be populated/links established within the domain 
ontology 

- Requirement statements are automatically compiled 

 Learning curve (from contexts X via Y to Z) with focus on the requirement statement 
itself first, via the increased use of associated information (attributes and links), to 
the structure of requirement statements in order to enhance requirements analysis 
and validation 

Completeness of requirements 
statements (Halligan): Context 
X fair, context Y even better 

Structure of requirement 
statements: Not yet in the 
focus of contexts X and Y 

Completeness of requirements 
(use of mandatory attributes and 
link information): Context X not 
yet, context Y much better 
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Findings and analysis – time/cost 

High number of very detailed, 
contractual requirements 

Focus on analysis and negotiation, more 
mature application of RBE/DOORS 

Focus on elicitation (creation of 
domain ontology), tool supported 
analysis at goal and requirement 
level, reduced involvement of domain 
experts and relevant stakeholder 

Further saving potential 



Findings and analysis – time/cost (context Z) 

Elicitation   
79% 

Analysis and 
negotiation  

10% 

Documentation 
3% 

Validation  
8% 



Findings and analysis – time/cost 
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Findings and analysis – additional advantages 

New requirements discovered

37%

63%

New  requirements

Re-used requirements

HFIM design requirements (A/C 
level) were imported and linked 
into the developed domain 
ontology, and analysed (for non-
applicability, conflicts, duplications) 

+ Domain ontology (formal repository of validated domain knowledge) 

+ Misunderstandings are reduced (harmonised domain terminology) 

+ Re-use of knowledge (including generic domain requirements) 

+ Newcomers/stakeholders can easily learn about the domain 

+ Re-use requires little direct involvement of domain experts 

+ Re-use less time-consuming (main focus: analysis and validation) 

+ Feedback to programme management (for time and risk assessment) 



Conclusion 

ü Clear potential that ontology-driven RE leads to better quality requirements in   
less time at less cost with further saving potential through increased 
automation of OntoREM.  

ü Re-use of domain ontologies including requirements in even less time (= at 
lower cost) in the future. 

ü Explicit domain knowledge capture and validation. 

ü OntoREM V5.0 is available (tested but limited prototype). 

ü OntoREM ready for use but not yet mature for industrial scale: 

 Partly new software or freeware 

 Research IT infrastructure to be extended 

 Transnational use to be tested 

 Concurrent use at different development layers to be tested 

 Missing aspects of requirements management and ontology management to 
be added 



Thank you !!! 


