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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
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Ontology-driven Requirements Engineering
Methodology (OntoREM)

Knowledge-driven approach to RE

For complex, trans-national and multi-disciplinary development environments
Reference but not limited to the acrospace industry
Emphasis on:

Use of ontology to specify the OntoREM Metamodel
Reasoning to analyse process status, goals/soft goals and requirements

goal aspects

role aspects
business-domain-process aspects
queries aspects

Non-Functional Requirements (NFRs)

Case study within Airbus (wing) to evaluate, evolve and validate OntoREM (2009)

Large scale OntoREM pilot study and integration into the Product Development Process




Project description

Ontology
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"...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., 20006)

"...specification of \
conceptualization’ (Gr
uber, 1993)

specification = formal and
declarative representation,
conceptualization = abstract,

\iimplified view of the world /
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Problem Space

OntoREM Metamodel

Complete domain problem
space including needs,
constraints etc. for which a
solution has to be found

Existing other domain f/\
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Complete specification of the
domain requirements that need to
be satisfied
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Solution Space

OntoREM process that is
conducted to specify the
solution space

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




Other specific
domain ontologies

Domain Domain Domain
Ontology 1 Ontology 2 Ontology n
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Specific application
domain ontology
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Generic OntoREM
process ontology

OntoREM Process
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Enhancement of programme management

Domain ontologies

Bcan be re-used
@to be validated
Oto be updated

Oto be newly created

Requirements

O New requirements

B Re-used requirements




ﬂMindManager - [OntoREM Mindmap Generic.mmp*]
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& AOW _N2_G7 - Enable inspection of exterior
surfaces

AOW _N2_G8 - Enable inspection of integrity
of wing structure (e.g. bracketery, bolt holes,
joints)

AOW N2 _G9 - Enable inspection for
micro-biological contamination and corrosion

AOW_N2_G10 - Enable inspection of wing
interfaces to fuselage, powerplant and
other systems (fuel, high lift, pneumatics,
electrics, anti-ice, hydraulics, mechanical
systems)

See AOW _N3_G7 - Minimise need for
¥ working at heights and in confined spaces
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Reasoning at both goal and requirement levels

In‘iylha t&;&pos;g
N ’Q.."‘
HasRootGoal IsSatisfiedB .
ssatisfiedBy Analysis
- Goal conflicts?
RootGoal/RootSoftGoal - Goal duplications?
-Missing goals/soft goals?
(based on available information)
IsUsedToDerive

"
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- Requirement conflicts?
-Requirement duplications?
-Missing components?
-Missing requirements?
(based on the available
information)

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




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
‘forced’ to provide 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
opposed to checking
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.
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Re-use of requirements

F\
NCOSE

File  Edit

DEE +B8E

Project OWL  Reasoning

&3 ed

Code

Tools  ‘Window

Collaboration

Help

YO PED Q>

UntoREM_V2.0_150509 Protégé 3.4 (file:\C:\HomeMKossmann'\HDriveSync'Eigene%20Dateien’'2%200ntoREM\PhDOntoREM?®

@Eatlonal@mposmm

DBaselines' ;lglll

ﬁprotégé

INSTANCE BROWSER

[ @ Metadsta(OntoREM.owl) | | OWLClasses | MMl Properties | 4 Individuals | = Forms |

CLASS BROWSER A

INDIVIDUAL EDITOR for ExpReuseReqt_2 (instance of OntoREMRequirement) + — F T

For Project: @ OntoREM_V2.0_150509 For Class: @ OntoREMRequirement LTl 0 [ R At o Sy ovvl-ontologies .com/OntoREM owl#ExpReuseReqt_2
Class Hierarchy 5 | Asserted | Inferred | hasShallAction L ':ll}: & hasOwner 6 ﬁ % —
owlThing Asserted Instances v ‘k * X 6 Value I Lang
v @ OntoREM @ EasyJetPSAAReqt_10 -
v @ ontoREMMetamodel @ EssyJetPSAARed 11 [ P db 3%
» O OntoREMGoalHierarchy @ EasyJetPSAAReqt 12 Lang
N @ EasyletPSALReqt_13
EasyJetPSAAReqt 14 hasSource L ':ﬂ= & hasStakeholder é ﬁ g
@ EasyJetPSAAReqt 2
» @ OntoREMTool @ EasyJetPSasReqt_3 Yoke | tens
v @ ProblemSpaceDomainOrtology @ EasyJetPSAAReqt_4 D .:ﬂz 52
@ ProblemSpacedspect (1) @ EasyJetPSAARedt S n
@ ProblemSpaceLifeCyclePhase @ EasyJetPSAAReqt B ang
ProblemS) Need (16)
@ 1 N8 vt i s
- Value e @ ExpRectReuseNeed_1
Easy) ‘EpreqtReuseNeedg) -l
ExpReuseRect_1
< @ ExpReuseReqt_2 - P ar X
= T
OntoREM addresses the re-use of =
g g 0 . @ OntoREMRequirement_23((_Wing_Cost_3
existing requirements from previous @ OntoREMRecuirement_AXX_Wing_AO_1 assaseaonnssummilﬁ P X
H . 0 OrtoREMReguirement_Exp_1 Value Lang
p rog ramm eS/p rOJ eCtS - @ OntoREMRequirement_Exp_2
-Re-used requirements are entered @ OntoREMReguirement_Exp_3 =P %
. . - Lang
into the Metamodel as instances of | ML
OntoREMRequirement. Asserted Types eva
a OntoREMRecui it =i
-Entered, re-used requirements are @ ortoRenRegirene [
. . ] 2 < l [»]
then linked to actual needs in the |« = s B 5 &

problem space domain by means of
the object property ‘satisfies’.

”|j M bindva... | [E]ontore... | [Eicrosof...| Blazoxo...

| < Protege... ||<q OntoRE...

BEETEGOMILL




OntoRAT

File Process Analysis Goal Analysis Requirements Analysis Trace Requirements to OntoREM Metamodel Help
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Forward Traceability
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") ProblemSpaceheed

AOW_NS
AOW_N4
AOW_N7
AOW_NG

AOW_NG
AOW_N12
AOW_N13
AOW_N9

GenericExampleProblemSpaceNeed_MNO1

AOW_N11
AOW_N1
AOW_N14

Traceability I

Goals

Requirements

* AQOW_N10_5G1ll : [Provide easy to use
equipment to climb (to avoid 'workaround
solutions')]

* AOW_N10_Gl13 : [Comply with HFIM Design
Requirements Area 6: Protects)

* AQW_N10_G8 : [Take into account manual
handling rules]

* AOW_NS_Gl2 : [Comply with HFIM Design
Requirements Area l: Indicates]

* AQW_N10_Gl2 : [Protect all actors from
toxic fumes and materials]

* AQW_Generic_R147 : [The wing shall
ensure re-use of in service experience.]

* AOW_N10_GS_R118 : [The wing, on ground,
shall comply with manual handling rules as
specified in [document reference].]

* AQW_N10_GlZ_R11l6 : [The wing, during
maintenance operations on ground, shall be
free from toxic fumes and materials in all
areas that need to be accessed for
mnaintenance. ]

* AQW_N10_SGll_R117 : [The wing, during
maintenance operations on ground, shall
provide integrated means to climb in order
to inspect or access at height.]

OntoRAT

File Process Analysis Goal Analysis Requirements Analysis Trace Requirements to OntoREM Metamodel Help

Comments

411 actors need to be protected
(from harm, injury or death)
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Backward Traceability
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AOW_N9_G14_R046 [FR]
AOW_N9_G14_R042 [FR]
AOW_N9_G14_R035 [FR]
AOW_N9_G14_R049 [FR]
AOW_N9_G14_ROS1 [FR]
AOW_N9_G14_R045 [FR]
AOW_N9_G14_R037 [FR]
AOW_N9_G14_ROS0 [FR]
AOW_N9_G14_R039 [FR]
AOW_N9_G14_R045 [FR]
AOW_N9_G14_R036 [FR]

GenExpReq_MN01_G01_R0O02

AOW_N9_G13_R023 [FR]
AOW_N9_G13_R015 [FR]
AOW_N9_G13_R025 [FR]
AOW_N9_G13_R022 [FR]
AOW_N9_G13_R031 [FR]
AOW_N9_G13_R024 [FR]
AOW_N9_G13_R029 [FR]
AOW_N9_G13_R026 [FR]
AOW_N9_G13_R028 [FR]

AOW_N14_S5G1_R119 [NFR]

AOW_N14_G2_R120 [FR]
AOW_NB_SG2_R111 [NFR]
AOW_N2_GB_R099 [FR]

& Traceabiity I

Goals

Needs

* AQOW_N6_SGl : [Maximise harmonisation of
all maintenance tasks]

* AQOW_N& : [Periods of non-availability of
the aircraft (due to both planned and
unplanned maintenance) need to be
minimised]

* AOW_N7 : [The overall maintenance cost
during the entire life cycle needs to be
minimised]

Comments

The wing, on ground, shall allow
re-use of existing maintenance
tasks (where applicable) that
are already in operational use
for existing Airbus aircraft.




Concurrent work with different stakeholders

Stakeholder 2

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

Stakeholder 1
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Stakeholder 3

Requirements
Engineer




The OntoREM process
Role-driven process guidance status per identified roles
will be analysed, giving
users a clear picture of
which actor (who plays a

Process Status_ Process workflows relevant role) is where in
Relevant stakeholders/domain experts RE21 RE22 RE23 RE31 RE33 RE42 th . h h
Relevant stakeholder 1 € process, Ie W_ IC
Relevant stakeholder 2 workflows and iterations
Relevant stakeholder 3 I still have to be conducted.

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

/Validation of local domain ontology needed I
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

- /
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Legend:
work flow conducted

work flow not yet conducted
- work flow attempted but iteration needed

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 g A
remaining workflows or iterations).

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




Applications of OntoREM

Advanced
programme, non- —
product, process
and functional

Early programme,
product, both
functional and NFRs

Aircraft operability requirements

RM IS tool requirements

Services, NFRs,
non-product




Aerospace context — some typical characteristics
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- 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 maln development products are long-lead time, high-
R cost, highly complex products and
have a very long life cycle.

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

- Software engineering is crucial
BWthin a systems context.




Context of the case study R
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Aircraft operability requirements
for the wing design

Traditional RE process (RBE/DOORS): Contexts Xand Y
\ Ontology-driven RE process (OntoREM): Context Z /

Main assumptions:

1 Average quality measures Q-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]




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

S

Stakeholder




‘As is’ situation (OntoREM): Context Z

COSE

International'Symposium

................. &

Stakeholder " " Requirements
.................................... En g ineer

A
4y

OntoREM

Requirements

Stakeholder

All files (check out/check in)

T

IBM
ClearCase

~ T~




Evaluation framework (example criteria)
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Q1 => Measuring the completeness of individual requirement statements
Q2 => Measuring the completeness of individual requirements in terms of

recorded attribute and traceability information

Qs => 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

Chro => Development cost per requirement




Findings and analysis — quality Structure of requirement
statements: Not yet in the

Relative Quality (i.a.w. Q1-Q3)

—_—

focus of contexts X and Y OSE

Completeness of requirements

(use of mandatory attributes and
0 Qs link information): Context X not
;gf yet, context Y much better
E Completeness of requirements
statements (Halligan): Context

Context X Context Y Context Z X fair, context Y even better

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 analysisl
and validation




Findings and analysis — time/cost R
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100
Further saving potential
%0 o Mind’quager-
0 25% Protégé
O B Protégé-DOORS
70 S 109 0
0 Validation 0% 65% O Default settings in
— 60 Protégé
= 0 Documentation
8 50 _
@ ® Analysis and
£ negotiation
E 40 ! "y
= o Hicitation Focus on analysis and negotiation, more
20 mature application of RBE/DOORS
20

10 Focus on elicitation (creation of

i domain ontology), tool supported
Context ~ Context analysis at goal and requirement
v z level, reduced involvement of domain
experts and relevant stakeholder

High number of very detailed,

contractual requirements



Findings and analysis — time/cost (context Z)
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Elicitation
79%

Analysis and
negotiation
10%

Documentation
3%

Validation
8%




Findings and analysis — time/cost

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Program X

Program Y

Program Z

O Elicitation

B Analysis and negotiation
O Documentation

0O Validation




Findings and analysis — additional advantages

New requirements discovered

HFIM design requirements (A/C
level) were imported and linked

into the developed domain

37% | ontology, and analysed (for non-
O New requirements . . . . .
. B Re-used requirements 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
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v'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.

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

v Explicit domain knowledge capture and validation.
v'OntoREM V5.0 is available (tested but limited prototype).
v'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







