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I Context of traceability management

o For all systems (ISO 15288:2015)

o Requirement definition process : to transform the stakeholder needs into a set
of a measurable system requirements.

o Architecture definition process : to select an architecture that meets the system
requirements (“maintain traceability”)

o Design definition process : to allocate system requirements to its components
(“transform architectural characteristics into design characteristics”)
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I Context of traceability management

o In aeronautics domain, the goal of ARP4754A’s validation process
requires to prove that the « requirements are sufficiently correct and
complete so that the product will meet the needs of customers [...] ».

T/

Traceability is an essential method to support validation
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I Issues to solve

o Traceability is tedious, time-consuming and manual task (especially for complex system
with several levels of subsystems)...

o BUT itis mandatory... and not only in the aerospace domain !
= Requested by standards and good practices: 1ISO26262, ARP4754A, DO178C...
= |tis a MUST HAVE in complex and safety critical projects so as :
- To analyze the inconsistencies between stakeholder’s needs
« To prove the compliance to the stakeholder’s needs
« To analyze the impact of changes

» To support the safety process

‘ The challenge is to save time and improve
the quality of product development
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I Ontologies —what is it ?
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I?ntologies — what for ?
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I Previous Proof of Concept : semantic approach

13

Ac Phy.
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Formalization analysis pattern \‘\\\
Everything matters : 4 ‘\\
Proiect clusters, patterns, Rshp and TN
AI rojec o other « relevant » terms i 5 .
specifications ) - i\ matching
=| «Academic » » ., sem'an m.-l _ ,-: “\‘
=| specifications 1 ] syntactic i i
Relationships (Rshp) /l ":
The |Control System|shall |measure T28||temperature with anjaccuracy|of |+/- 12K
In normal mode| the|Electronic subsystemlshalllacquire the T28|With an|static accuracy|of|+/- 10K
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I Previous Proof of Concept : semantic approach

o Case3- Case3- Case3-
Similarity threshold 80% | g;rilarity-80R | Similarity-60R | Similarity-20R
34 33
24271 24271 L.

False Positive 2 2 Good Precision ©

13 13 - . .
Automatic Suggested Traces 36 36 TraCeabI“ty StUdIO haS found 34 g 00 d | n kS
Total number of combinations 24320 24320 amongst the 46 Ilnks referenced by experts
Expert Suggested Traces 46 46 46
Precision 0,944 0,917
Recall
Specificity
Accuracy
F1 Score 0,805 0,819 0,805

Relevant ©
* One False Positive is an oversight of experts !
» The number of suggestions are drastically narrowed

down < 12 suggestions per requirements ‘ Prom ISI ng resu ItS I

Teething problem ©
One False Positive is due to the incompleteness
of our ontology on some domains.

(PDF) Automatic Traceability with Semantic Technologies Used in Industrial Environments (researchgate.net) or
Complex Systems Design & Management | SpringerLink
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https://www.researchgate.net/publication/347423726_Automatic_Traceability_with_Semantic_Technologies_Used_in_Industrial_Environments
https://link.springer.com/book/9783030901646
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I Issue to solve

The engine shall provide a thrust of... ...

The fan shall compress the The chamber shall have a The turbine shall convert
air flow with a ratio of ... combustion efficiency of ... the thermal energy in
kinetic energy...

f .I ¥
2 499
- = ’, /| '/
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I ldeas Provide

thrust

o Use areference architecture model

The engine shall provide a thrust of... ... ‘ Compress air Have Convert ...
flow combustion thermal energy
efficiency in kinetic

The fan shall compress the ~ The chamber shall have a The turbine shall convert €nergy
air flow with a ratio of ... combustion efficiency of ... the thermal energy in )
kinetic energy... Functional Breakdown

s Structure (FBS)

Chamber Burn Gas generator Control System

Turbine Convert [...]

System Breakdown
Structure (SBS)

Calculate

Calculator

Acquire

Functional allocation

17  Safran Aircraft Engines / The REUSE Company @ r=US= 5 SAFRAN



mea: use the FBS

The engine shall provide a thrust of... ...

The chamber shall have a

The fan shall compress the
combustion efficiency of ...

air flow with a ratio of ...

P Principle derived from reference :
By nature, the FBS carries within itself

— ey )
Have | comvert. the relationships (semantic or not) between

flow combustion thermal energy

efficiency in kinetic fu nCtlonS-

The turbine shall convert
the thermal energy in
kinetic energy...

energy

Functional Breakdown
Structure (FBS)

The Oil System shall lubricate the
engine forward and rear sumps with...

N\ 4
.
.
.
.
.
.
.
R
Pad

Link suggestion

Dubious link

-
.®
.
.
.
.
.
.
.
.
.
.
.®
®

The Oil pump shall supply
an oil flow of ..

The ODMS shall capture debris
with an efficiency of...
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I Idea : use the decomposition

Gas generator Control System

Principle derived from reference :
» Our architectures are more or less
always the same (except for innovation).

The engine shall provide a thrust of... ... HP Compressor Calculator

Chamber Harnesses

The fan shall compress the ~ The chamber shall have a The turbine shall convert HP Turbine Sensors
air flow with a ratio of ... combustion efficiency of ... the thermal energy in
kinetic energy... System Breakdown

Structure (SBS)

The Control System The Chamber shall
shall measure the T30... measure the T30...
¥... /
Link suggestion Dubious link

L 4

The Calculator shall acquire the T30
temperature with an accuracy of ...
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I Idea : use functional allocation

Principle derived from reference :
-
- Functions allocated to components
Calculate are limited in number

The fan shall ¢ .sthe  The chamber shall have a The turbine shall t Calculator
air?lo?vfit: ;,c:;if':ﬁ_ © combustion efficiency of ... lh;;gﬁ;ﬁ:ﬂ:fgﬁ'{:\f@f Acquire are more Or IeSS always the Same
(« the object creates the function » principle)

The engine shall provide a thrust of... ...

=

kinetic energy...

Functional allocation

Engine Provide thrust

Provide ratings

Engine Accelerate Engine Operate
Provide thrust

Engine Provide ratings

»
L

Operate T

Could be used to reinforce
the link suggestions
(combined with other ideas)

Accelerate

S Calculate ] Calculate
Calculate System System 4
Acquire
Control ’ Control
Acquire Control
Control System q System
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Method overview
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R Academic
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—
. T s '
e e [ =8 [ =
Edit  piacation Evalucte suspect  Patiern  Sementic Rebrieval  Discaver by Custom  Export beces
Module 4 tracels) Matching Execution elationship Views Code Tasks to RMS.
Convgurarion suspec Lines suggest Expont
Qil system requirements derives into filter requirements
[3) TRACEABILITY FaC | Qil System Requirements (Source]: [ TRACEAEILITY PaC | Filter Component Requirements (T
Absotsea Physcal ~ OpjectHeoding | Object Deserption Troced | Traces Bbsolsc o | Physical = ObjectHeadi_ | ObjectDescipton Troced [Traces
(=Rt DOOREIL.. The cil system shall lubricate very well %) 1 = CompR1 DOORSI/L. The oil fiter shall fiter the oil =) 1
. oas oo @ S DODRS/L. When the ol systemis cmpty. the weight of sysiem shellbe. [m] 0 = CompR2 DOORSJL The sil fitz: shell bs made of iron 0 0
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[ Otwm @ [Gieeiseese # [ OfFier0psomsor # Gitmer B[ Debs e s
‘ T
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] & Traces(s). |
8o
Pymienies”

oy Projects\Projecist A

22  Safran Aircraft Engines / The REUSE Company




Results

Ton presprary T rooor ] 7
[Lubdcate ] - — I Lubricate
sumps The Qil System shall lubricate the engine

T“""‘ L= forward and rear sumps with the following
‘0 measure oil level &
Alocation O el 560 minimum flows and environment conditions :
- flow at bearing#1 : X [/h
— flow at bearing#2 : Y I/h
Environment conditions : [...]

Fite 0P
To measure filter's state
Allocation : Ol F iter DP s ems or

0 et ok
Ol fram sk Ll Ll
To store oil = To detect metallic debris &) To filter oil
“Alocation : O tark Allocation - OF Debrs Nontaing
Ew ‘ A ‘ r = mﬂ

Iy g 0 om s

100% of good results
(expected vs obtained
results)

Destiles the oil
Allccation ; Ol fiter

o

|
The ODMS shall detect the [scavenge in] \

0 port from which debris (defined in
Appendix F) are flowing, for any oil flow
between 0 I/h and the XX I/h.

,,,,,,,,,,, » Implemented by

——» satisfies

|

The oil filter shall have a

i B Suggested filtration level of xx um.
The oil tank shall store - lubricate and detect debris are linked via

the FBS The oil filter shall filter
the oil at the [supply out].

Z liters of oil.

Suggested

lubricate, have filtration and
filter oil are linked via the FBS

Suggested

- lubricate sumps and store oil
are linked via the FBS ;

- Oil System and Qil tank are N
and N+1

The ODMS shall capture debris with an
efficiency between X% and Y% through
each scavenge flow of debris whose bigger
size in between W um and Z um.

Not Suggested
- capture debris is not linked to lubricate oil
in the FBS
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I Future work

Qil System

The Oil System shall lubricate the engine

O TeSt the meth Od on a real prOjeCt forward and rear sumps with the following

minimum flows and environment conditions :

flow at bearing#1 : X I/h
« Complete the reference model flow at bearing#2 : ¥ I/h

Environment conditions : [...]

* More (complicated) requirements

Suspect link
- Acquire delta P and lubricate

? oil are not linked in the FBS

- Acquire delta P is not an usual

function of ODMS

* Deeper FBS (depth>2) Suspect link /

store fuel and lubricate oil |

. are not linked in the FBS <
- Suggest suspect links when the — /

traceability exists

Fuel System

The OMDS shall acquire a delta P
from x to y bars differential full scale.

* ... writing a paper for 1S2023 ! © !ngffif;ksha”storex
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I?ntologies — what for ?

Structured
lexicon

e + Patterns + Rules

xBS
IPPS

Relationship MM Synonyms

MMz
between - -

elements MM3 \ /

EECS
XN2

N1
N2

Pattern | biabla | | system || shai \/Aei‘g's blabla \P/g)r’z;f‘; blabla Characteristics blabla

l Shall e authorlzed Shall € i
Rul Shall € associated
ules Shall € PBS verbs : measure, temperature charact. : accuracy
acquwe Sensors ; range, response ’
TO, T25 time

A
Req. The EECS shall sense the temperature TO Wlthanormal accuracy of +/- 5K.

MM bdld LY B4 B LW M4 4
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