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1 Introduction

1.1 Purpose of document

This document aims to explain the BCC method and to demonstrate its use through several Proofs of concept (PoCs).
The working group dealing with BCC is the second one (called lot2) defined as per document CDP-S-085-063-V0.

As announced and explained in Section 2.3 of LIV-S085L02-007-V6, I1SX-S2C-LIV-1037-V6, the document includes the
following parts:

Section 2 exposes the context, objective and constraints that method shall consider,

Section 3 exposes the method and its adaptation regarding what the previous section exposes,

Section 4 exposes foreseeable consequence of method as intermediate conclusion before Proof of Concepts are done.
Section 5 exposes the assessment with PoC and associated adaptions (if any),

Section 6 exposes the conclusions of the method regarding its assessment.

1.2 Referenced documents

1.2.1 S2C reference documents

Title Reference

Method to ensure and to maintain consistency | LIV-S085L02-007-V6, ISX-S2C-LIV-1037-V6
of systemic levels & Validation report

MBSE/MBSA consistency

CONTRAT DE PROJET DE RECHERCHE EN | CDP-S-085-063-V0
PROPRE Pour la réalisation du PROJET S2C
System & Safety Continuity

Table 1: S2C reference documents

1.2.2 External reference documents

Title Reference

Aerospace Recommended Practice - Guidelines and Methods for ARP4761
Conducting the Safety Assessment Process on Civil Airborne Systems and
Equipment, 1996

Aerospace Recommended Practice - Guidelines For Development Of Civil | ARPA754A
Aircraft and Systems, Revision A, 2010

Model-based System and Architecture Engineering with the Arcadia ARCADIA
Method, JL Voirin, 2017

SysML specification, Object Management Group, V1.6, 2019 SYSML
Semantics of a fundamentals Subset for Executable UML Models fuML

specification, Object Management Group, V1.5, 2021

Precise Semantics of UML Composite Structures, Object Management PSCS
Group, V1.2, 2019

Precise Semantics of UML State Machines, Object Management Group, PSSM
V1.0, 2019

Table 2: External reference documents
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2 Objectives, constraints and Context

2.1 Objectives

The items #id-4 and #id-8 of Table 6 of LIV-S085L02-007-V6, I1SX-S2C-LIV-1037-V6 allocate to BCC to give an “end to end
* status regarding “execution“ means of the authoring tools and applicable on “structure and behavior” of the system.

e #id-a: The “end to end” part of the statement imposes BCC to consider “whole models” and not partitions of
them because user wants to see the effect at the system level and not locally as for the BSR (Behavior Scoped
Review see LIV-S085L02-007-V6, ISX-S2C-LIV-1037-V6) method,

e #d-b: Here, the "execution" part of the statement is to be taken regarding its concept, and independently from
the actual simulation capabilities of the authoring tool (e.g. CAPELLA has not this one). This execution may be
for example a human reasoning process, or the automatic simulation of a model.

e #d-c: The “structure and behavior” part of the statement shall be clarified regarding execution. The execution
of the model can provide information on its structure: what are (or what shall be) “the functions called during
execution”. It can also provide information on the behavior: what are (or what shall be" the values of
interfaces” (final or intermediate ones in the system) during the “execution”.

Note: the item #id-c (about execution), uses the observations on control and data flows, like what is done during system
development, as they contribute to the behavior. So the consistency have to be stated regarding the matching of
expecting flows and values (independently if they are data or control) between models.

2.2 Constraints

2.2.1 Common constraints

User’s need refinement in Table 5 of LIV-S085L02-007-V6, ISX-S2C-LIV-1037-V6 are reuse to trace compliance against
this method all along the document so #id-d, #id-e, #id-f, #id-g, #id-], #id-k, #id-l, #id-m, #id-n, #id-o are use for this
tracing.

Note: The BCC method take care of constraint #id-g, because discarding it, make easy to constraint users to model in
such manner that any method can be artificially applicable.

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
Samares Engineering, DGA, ONERA, SupMeca and MBDA.
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2.3 Context

2.3.1 Common Context

The Section 2.2 of LIV-S085L02-007-V6, ISX-S2C-LIV-1037-V6, sets the momentum where method shall be used, so PSSA
(for acronyms see 82.3 of ARP4761) is kept for this method.

The Section 3.1 of LIV-S085L02-007-V6, ISX-S2C-LIV-1037-V6 about position the methods against the company processes

2.3.2  Specific Context
No specialization regarding common context is considered for this method.

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
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3 Developed method

Section 3.2.3 of document LIV-S085L02-007-V6, ISX-S2C-LIV-1037-V6 introduces briefly the BCC. So following sections
aim to detail it, to define used words and their relations against BCC process and to trace method artefacts against
constraints exposed in Section 2.2. For this last purpose, a traceability matrix follows each paragraph to make the link
between the described method activity and the listed constraints. In this matrix, black cell is used when a constraint is
considered as not applicable for the activity.

3.1 BCC Process

BCC borrows its basis from the system test strategy, similar to integration tests where some end to end tests are
executed to check that components correctly (regarding the test objective) exchange and behave as it is planned for SE
specialist. It must be noticed that this is not unit test strategy of system components where all behavior are tested.

So this strategy is applied to the problem of behavioral consistency between models as follows: if two models behave
the same expected way in the same expected context, it means they are probably consistent for this context.

The difficulties are on:
e the access to behaviors in each model considering their different abstraction levels,
e theinsurance that their contexts are the same.

First difficulty is solved through the observations of models variables’ values during model execution into a given
context. Second one is solved when implementation contexts “are considered” to be equivalent.

This “equivalence” is the hard point. BCC approach consists in starting from a conceptual common context, where each
stakeholder know and share the same objectives and semantic (called scenario). Then they decline it into their own
implementation contexts relying on their authoring method and tools (called procedure). So, if each stakeholder get
what they expect in term of observed values with their means (after execution of their procedure), then the behaviors
exercised are said consistent for this scenario. Scenario may be declined in different procedures for the same domain
regarding if different situations are to behave the same way.

If observations done during at least one of the two procedures do not match expectations, this is a discrepancy. Both
stakeholders shall analyze any discrepancy then have a status and a rationale associated to it.

In order to ease the comprehension of the method, process splits into three parts:

e the scenario initialization,
e the scenario exploitation,
e the scenario final status on consistency.

Scenario initialization

Scenario exploitation

Scenario conclusion

Figure 1: BCC process main steps

Each part is composed of activities using artefacts and resources (SE and/or SA specialists) that support realization and
maintenance (called iterations).

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
Samares Engineering, DGA, ONERA, SupMeca and MBDA.
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3.1.1  Scenario initialization

The scenario initialization is the first part and its objective is to get a scenario agreed by both SE and SA for the rest of
the process. It is composed of two activities: scenario selection and writing activity. Both activities are concerned with
modularity constraint. Hereafter, a synopsis to sum up:

R: Scenario initiator SE, SA or both

Scenario Initialization

A: Scenario Selection Guide Scenario selection

A: Scenario Writing Guide Scenario writing

A: Candidate Scenario

Figure 2: Scenario writing and selection (R: Resource; A: Artefact)

(a) Scenario selection
This activity allows you to decide both of which scenario to address in the next part of method.

It requires a “Selection Guide” (#id-m) to give the targeted kind of scenarios that may detect behavioral discrepancies.
These directives are versatile as they depend on the context of design where the system is (e.g. scenarios for a new risky
function are more sensible at start of design than scenario for already known function, severity of effect of function can
be another and more long term directive). The “Selection Guide” must also include the constraints that exist all along
the process and subsequent activities (counter example: there is no reason to select a scenario that is not doable). So,
it will lead to scenarios that are suitable and achievable by both SE and SA specialists to cover the “End to end” constraint
(#id-a). This means, partial scenarios (those covering a nested part of the system) will be discarded, as they do not meet
“end to end” criteria. It shall select scenarios also according to implementation and simulability means available (#id-
h). Selection of scenario can also be driven by SA cutsets (if available after setup of SA model).

It should be noticed that this activity does not aim to replace any activity already being part of the current activities held
by SE and SA (#id-j). In other words, SA can use its FHA process to identify some scenarios, but performing this selection
activity, will not change or impact what SA has to do with the FHA (#id-k). Same for SE, it selects its scenario considering
what shall not vary during its architecture changes or what has to be derisked.

This selection activity and artifact can integrate any company current processes (#id-o0) already providing similar outputs
and they can tailor them regarding company’s capabilities (#id-n). However whatever how the way method is integrated
with company process, selection shall be formalized and kept up to date to avoid future questions like: ‘what is the aim
of doing such scenario?’. Not doing so will jeopardize a long term maintenance induce by iterations.

Regarding the initiator of this activity (#id-i), the issue is treated in section Modularity

Inversely to what is stated in (#id-g), scenario’s selection activity is limited by what has been modelled (it is impossible
to select a scenario for which no model is implemented). Moreover, being an intermediate activity mandatory for the
process, it does not minimize the effort for the resources. In fact it adds as well the Selection Guide artefact to be
managed too (#id-l).

© o o -] ) o0 I= — —_ ~ — £ c o o
Method | & | 5 | 2 |2 | 2|3 | 2|2 |2 |3 |2 |3 |z2|z2|z2|z
artefact e e e £ ETS ETS £ F F ETS £ ETS T ETS e F
Selection
act v v v v v v v v v v

Table 5: Traceability between constraints and Selection activity
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(c) Modularity

The method takes into account the constraint that either SE or SA or both may be capable of starting and leading the
process (#id-i). Thus, there are three possibilities regarding the resources involved in the scenario for the scenario
initialization phase:

e  SE (resp. SA) specialist proposes a scenario following the Selection Guide. He/She is de facto the leader of the
activity for this scenario. Then, he/she writes its following directives stated in the Writing Guide. When the
scenario is ready, it is transferred to SA (resp. SE) and asks for agreement. If SA (resp. SE) does not agree, then
a meeting must be held. During meeting discussion, the scenario:

o can be rejected and the selection guide updated to keep the status (and avoid to propose again a
similar scenario,
o can be amended (or rewritten together).
After the meeting the scenario is considered accepted by both parts and process goes on.

SE Specialist SA Specialist SE Specialist SA Specialist
Selection Selection
-Ssecen [scoromo Seecton] .
Guide™ Guide*
Writing — Writing
- Scenario Writing A—
Guide* —~ Guide*
scenario ) scenario
1
[emJ | A does not agreed with SE's scenario en ]| SE does not agreed with SA's seenario___
1 Writing Guide' =——— . TR U
| Scenario Writing |4_ m‘_‘q‘_
o @ a 8.
& g e g
@ ) —
a B A Ei

Figure 3: SE resp. SA proposes the scenario first

e SE and SA propose together a scenario during a meeting: the leadership on this situation is shared between SE
and SA. When agreement is shared, the rest of process can treat the scenario. As others dispositions, this one
requires the use of both Selection Guide and Writing Guide too.

SE Specialist SA Specialist
Selection Guide*
‘ Scenano Selection |4—
| I L .
Writing Guide*
Scenario Writing 49_

scenaro
oUEUSOS

Figure 4: SE and SA propose together the scenario
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3.1.2  Scenario exploitation

The scenario exploitation is the core part of the process and its objective is to deliver a status of the scenario to the rest
of the process. This part is composed of activities: variables and values coordination, transformation from scenario to
procedure and execution of procedure. Hereafter, a schema of the activities and involved input and output artefacts is

presented.
R: SE Specialist R: SA Specialist

Scenario Exploitation

Upstream coordination between Scenario
Concepts vs. Domain Variables

A: Scenario A: Scenario
Concepts to SE Concepts to SA
variables Guide variables Guide

A: Transformation Transformation from Transformation from A: Transformation
Guide Scenario to Procedure Scenario to Procedure Guide

A: Versioned SE A: Versioned SA
Procedure Procedure

A: Versioned Tool Procedure execution Procedure execution A: Versioned Tool
and Model and Model

A: Scenario Status

Figure 5: Scenario exploitation (R: Resource; A: Artefact)

(a) Upstream coordination between Scenario Concepts vs. Domain Variables

Upstream coordination between scenario concepts versus domain variables and values activity is mandatory for
behavioral coherence between SE and SA models, as it is part of its own definition and define context talked in Section
3.1

Hereafter, a schema of the involved resources, input and output artefacts is presented:

A: Scenario’s

. Concepts to

A: Candidate
Scenario

between Scenario’s Concepts vs Guide Scenario

Domain Variables Activity
A: Agreed Scenario

Figure 7: Traceability between method constraints and Upstream Coordination activity

R: SA Specialist

R: SE Specialist
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Starting from SE and SA models (#id-e), this coordination activity gathers the following objectives to ensure everyone is
comparing the same objects and be able to find any discrepancies (#id-d) in both structural and behavioural aspects
(#id-c):

e Coordinate semantic content between variables from SE and SA models: different names can be selected for
SE and SA to refer to a same concept. Thanks to this activity, they are making the association.

e Identify considered hypothesis: some hypothesis may be made in SE and SA models, not necessarily shared by
each other. It serves as the opportunity to share the assumptions with the other part and to evaluate the
impact on the concepts that appear in the scenario.

e Anticipate, for each part (SE and SA), the declination into procedure to cover the scenario: performing this
coordination activity is essential for the declination to a procedure after.

e Listvalues and variables correspondences representing the same concept: it evaluates the variables and values
that SE and SA target to correspond to scenario concepts.

e Evaluate behaviour of external system elements modelled in SE and SA: there may be some external elements
from the system itself that have been modelled in SE and/or SA models to cover some modelling needs or
simplify the whole comprehension. It is, at this point, that the behavior of these modeled artifacts and the
impact they may have in the end-to-end scenario (#id-a) must be shared with the other party.

This activity can be supported by a table (database or other format) that summarizes all the information related to the
objectives listed above. It requires the participation of SE and SA resources and may need various exchanges between
them until all scenario concepts are fully addressed in that table and are associated to both SE and SA artefacts.
Therefore, (#id-j) depends on users’ experience with IVV activities.

Concerning modelling constraints (#id-g), this activity may need to introduce some modifications into the models to
coordinate with the other model, thus it does not minimize modeling constraints at all. Depending on the choice made
on (#id-h), it will have an impact on the coordination activity: for example, if behavior is modelled, it will obligate to
coordinate until this level whilst if execution is not considered, the coordination activity will be of lower charge.

It should be noted that the upstream coordination activity is needed for the process and it does not minimize the effort
for the resources (#id-l), in fact it adds as well the Coordination Table artefact to be managed. Moreover, any choices
done on this activity may have an impact in the rest of the modelling artefacts and the scenario may need to be rewritten
in some cases.

This coordination activity and related artefacts can integrate any current company processes (#id-o) already providing
similar outputs and they can tailor them regarding company’s capabilities (#id-n). However, it should be noted that any
divergence from what the method is proposing may impact the final confidence confidence level on consistency.
Regarding constraint (#id-p), for the sequences #sg-2 and #sg-4, where SSR and BSR respectively have been performed
previously, it will ease the upstream coordination activity and the completion of the “Scenario concepts to variables and
values guide” since many questions may have already been answered when performing the other methods.

Note: constraint (#id-k) is still applicable and inherited by the scenario initialization activities.

Method ¢ | 2 ° | @ | 2 | £ | - | x| = £ < Q o
ie] © © © © © © © © o © © © o © ©

artefact =+ =+ * E=S * H T = o = o 3 ST 3 ST 3

Upstream

Coordination v v v v v V4 v V4 N N v N

act.

Table 7: Traceability between method constraints and Upstream Coordination activity
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(b) Transformation from Scenario to Procedure

This activity transforms agreed scenario to a sequence of « steps » (of actions and observations) creating one or more
procedures that must be executed with the SE or SA means, taking into account its simulability and implementation
degrees (#id-h). This is an independent activity and parallel activity between SE and SA. This means that there must be
a transformation for SE and a transformation for SA (#id-e) from the same scenario. Concerning (#id-j), it fully depends
on users experience and participation in IVV activities and in this type of transformation activity.

Hereafter, a schema of the involved resources, input and output artefacts is presented:

R: SA Specialist Transformation Scenario to A: Test Procedure SA
Procedure SA

A: SA Transformation
Guide

A: Scenario’s Concepts
to variables and values
Guide

A: Agreed Scenario

A: SE Transformation
Guide

Transformation Scenario to
R: SE Specialist Procedure SE A: Test Procedure SE

Figure 8: Transformation from Scenario to Procedure activity. R: Resource; A: Artefact

The activity is supported by the “Transformation Guides” (one for SE and another for SA). This artifact gives the
directives to follow when transforming the scenarios into procedures in order to unify the format and to obtain valid
procedures to be executed in both SE and SA environments, related to both structural and behavioural aspects (#id-c)
following an “end to end” approach (#id-a). These “Transformation Guides” need to be produced involving SE and SA
resources, and it has to be maintained in time according the evolutions that may appear during the process lifetime.

It should be noted that the transformation from scenario to procedure activity is needed for the process and it does not
minimize the effort for the resources (#id-I), in fact it adds as well the “Transformation Guide” and the “Scenario
Concepts to Variables and Values Guide” artefacts to be managed.

This transformation activity and related artifacts can integrate any company current processes (#id-o) already providing
similar processes like IVV activities and they can tailor them regarding company’s capabilities (#id-n). However, it should
be noted that any divergence from what the method is proposing may have an impact into final confidence level on
consistency.

Note: constraint (#id-k) is still applicable and inherited by the scenario initialization activities.
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Table 8: Traceability between method constraints and Transformation to Procedure activity
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(c) Procedure execution

The procedure execution activity is an independent and parallel activity between SE and SA (#id-e). Each one executes
its procedure, previously transformed, with its own tools and models. It gives as an output the scenario status that will
serve as a main indicator to extract a conclusion from the scenario at the end of the method.

Hereafter, a schema of the involved resources, input and output artefacts is presented:

R: SA Specialist
Procedure Execution SA

A: Test Procedure SA

A: Test Status SA

A: SA Versioned
Tool and Model

A: SE Versioned
Tool and Model

e 9 EpedEllE: Procedure Execution SE
A: Test Procedure SE

A: Test Status SE

Figure 9: Procedure execution activity. R: Resource; A: Artefact

However, as it has been mentioned in section “Specific constraints”, simulability degree (#id-i) during execution activity
can be null, semi or full simulable. The selected simulability degree will further have an impact on the confidence
regarding the consistency status that will be delivered.

This activity executes the procedures on the version of the tool and the model specified previously in each procedure
for SE and SA respectively. Tool and model versions then need to be managed accordingly to allow SE and SA execute
their procedures at the right time in an “end to end” way (#id-a) and for behavioural and structural aspects (#id-c). It
will depend on users’ experience and participation on IVV activities for the easy adaptation of SE and SA to this type of
execution activity (#id-j).

Regarding (#id-b), method can be used even if authoring tools are not executable but the confidence into the result
relies in the users’ rigor to mentally simulate the behavior in their mind, hoping that they all "execute” the same
semantics. This can be acceptable for simple or well-known systems but may be considered with caution in other cases.
Concerning modelling constraints (#id-g), this activity may identify the need to introduce some modifications into the
models, thus it does not minimize at all the modelling constraints.

It should be noted that the procedure execution activity does not minimize the effort for the resources (#id-1). In fact, it
adds as well the test procedures and the tools and model versions artefacts to be managed. However, this execution
activity and related artifacts can integrate any company’s current processes (#id-o) already providing similar processes
like IVV activities, and they can tailor them regarding company’s capabilities (#id-n).

Note: constraint (#id-k) is still applicable and inherited by the scenario initialization activities.

o o © ® u— > = —_ x~ — = c o o
Method | & | 5 | 5 | 2 |5 |3 |2 | D R
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Execution
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Table 9: Traceability between method constraints and Procedure Execution activity
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3.1.3  Scenario conclusion

The scenario conclusion is the last part of the process and its objective is to give a final status regarding the consistency
and the level of confidence in the scenario. It is important to remark that it is not only the scenario status received as
an input from previous steps that determines the final status of consistency of the scenario, but also that other
parameters have a notable influence on this conclusion. The status of discrepancies (#id-d) appears only after cross
checking the result of each domain execution against what was agreed during scenario activities (#id-f). It shall be
noticed that the tracking of status fosters usage of version control system (#id-m).

As shown in Figure 10, the scenarios conclusion is mainly composed of one activity, which is the status on consistency.
Status on consistency activity uses a checklist to evaluate the outputs on each part of the process for a given scenario,
and other information regarding the artifacts used and validation activities (see Section 3.2) that may have been done
at any moment all along the process. By completing this checklist, scenarios initiator has a better idea of the status of
consistency and its level of confidence. For example, if a “Transformation Guide” does not exist (or checkers reveal bad
use of it) during the transformation of concepts into scenario activity, the final level of confidence will be lower than if

a Guide was used properly.

SE Specialist SA Specialist
Scenario status > Scenario status

l

Status on
concistency

er) | ifatleast one KO in check list

Coordination down-stream
to
assess impact on consistency

Figure 10: Scenario's conclusion

However, it is possible that an extra activity may be needed if during the “Status on consistency” activity some “KO” are
identified. Therefore, an activity shared with both SE and SA dedicated to assess the impact of these “KOs” on the
consistency status is needed. Consequently, this activity may identify the need to introduce some modifications into the
models, thus it does not minimize at all the modelling constraints (#id-g).

It should be noted that scenario conclusion activity does not minimize the effort for the resources (#id-1). In fact it adds
as well the test procedures and the tools and model versions artefacts to be managed. However, this execution activity
and related artifacts can integrate any company’s current processes (#id-o) already providing similar processes like IVV
activities. They can tailor them regarding company’s capabilities (#id-n) and on users experience for the easy adaptation
of SE and SA to this type of conclusion activity (#id-j).

Note: constraints (#id-a), (#id-c), (#id-e), (#id-k), are still applicable and inherited by the scenario initialization activities.
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Figure 11: Traceability between method constraints and Scenario Conclusion activity
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3.2 Intra-process validation activities

The process presented in previous sections is composed of many activities and artifacts. If some of them are not correct
or not properly performed, it is possible that some “false consistencies” are obtained and will give to the result a good
level of achievement about consistency when, in reality, it is not.

A way to reduce the risk of introducing “false consistencies” into the process and to ensure the targeted confidence
level, is to perform some validation activities. These validation activities can be done by the same person in charge of
the process activity (Auto validation) or by an external actor to the process activity (Alter validation). The first case relies
on the constant rigor of the performer. The second case relies on the fact that “mistakes done and not seen” from the
performer can be caught by the other actor.

The choice of Auto or Alter validation has an impact on final confidence level but as also has an impact on cost and
resource planning. A trade-off shall be done whether which strategy is the more accurate regarding the context of
design and objectives given for the consistency checking. Not all the activities have to take the same kind of validation
at the same moment. The allocation of when and what kind of validation by whom, etc., relies on projects needs and
constraint: not on the method itself.

The validation activities can be done as a review of the procedure after its transformation from the written scenario, or
a re-execution of the procedure to verify the repeatability of the observations, etc. It may be noticed that these
validation activities may also be performed by a tool if the possibility exists inside the enterprise implementing the
method. The gualification (or not) of the tool is dependent of the method confidence targeted. Such tools can verify the
correctness of syntax used (against the guides for example), detect misuse of concepts or inappropriate coordination
from the table (in case where SSR or BSR is sequenced before), etc. The more formal the grammar used for writing the
scenario and the procedure, the more possible the use of a tool is. If the majority of artefacts are handwritten, then
more human will be required as external actor.

It shall be noticed, as scenario is agreed between both specialists, the artefacts are de facto alter validated regarding
who initiate the scenario (this is not the case of procedures that are domain and tool specific).

Depending of the integration of the method with company’s processes, especially those done during development or
IVV, the validation strategy can contribute to the corresponding plan. If the method is considered external to these
processes the auto or alter validation is at the project discretion and becomes an optional activity (i.e. that can be not
done if needed).

The orchestration, phasing or planning of the validation activities are not part of the method as they are similar to any
development ones.
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3.3 Iterations

The method is impacted when any of its inputs (or artefacts) changes. These are listed below:

Method artefact

Input models (SE or SA)

Selection Guide

Writing Guide

Scenario

Concept to variables table

Transformation guide

Procedure (SE and SA)
Figure 12: Artefact triggering iteration

Two opposite approaches for the management of impacts can be used:

The brutal way: that consists to replay each procedure regarding former results (whatever changes are). If no
discrepancies are detected that means the changes have no impact on behavior. But if discrepancies are
detected that means changes have impact and SE and SA specialists have to analyze each root cause to point
changes that are the origin of the failing procedures. Then, specialists have to downstream the change until
the replay of procedure passes again. This approach ensures non-regression of existing behavior. If change
consists on adding a new behavior, a new scenario and associated procedures have to be done because it does
not exist previous results to be compared with.

The surgery way: based upon analysis of any known change and the ‘a priori’ downstream application of them
onto the models. Only procedures “thought” to be replayed are concerned. This way is tightly coupled with
version and change management as any change on artefact shall be traced and relayed to the methods. This
approach is often use in system development so method may use already existing company’s process. This will
affect the management and change artefact that will have new field to fill by user to ensure traceability for
analysis.

As #id-I requires minimization of the effort to maintain artefact, the second approach is not optimal as it requires many
traceability (to be done and maintained) between artefacts to ensure the correct downstreaming of modification. First
approach is viable only if tools can be chained
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4 Deductible facts before PoCs are done

The present method is very similar to what happens during IVV activities on bench means. Performers specify and play
integration tests but, here, it is during system design phase that the method considers the approach. An advantage of
this phase is the flexibility that IVV does not have regarding development credential required.

It is also similar to performance specialty when flight tests briefings are established to get telemetry observations of
system during flight to compare them with those recorded on the bench. These activities aim to keep consistent the
system and models used on ground.

Those last two considerations fulfill transversal constraints like (#id-j or #id-n) because companies are already doing
such work (actually lately in the development process) but tools and skills are already present but they are not used
during design phase by companies while they can do so.

A positive side effect to apply such method is the preparation of IVV activities that will lower its cost (e.g. because of
the availability of operational scenarios during design phase, they are reusable to feed procedure implementation on
bench means to proof non-regression of implemented system).

The coverage of all behaviors is not reachable for complex systems as it will require a scenario per behavior to cross
check. Furthermore, cross-checks shall be done in different initial condition in SE domain side to reduce risk on corner
case. E.g. during flight test, scenario played in a particular point of the flight domain is insufficient to guarantee that it
is true is another flight domain point.

Method is not a zero effort cost but many of them can be softened by use of appropriate tools and formalization
scripting. Unfortunately, each system and company has its own specifity that induces the need of dedicated layer of
specialization upon common testing framework to be efficient. Efficiency will also require that domain specialist extend
their skill to tools and formalism. That last point is a human factor that method cannot handle and shall be addressed
by resource’s training.

The hardest part remains the coordination of specialists regarding their models implementation. The derivation of one
model to another will foster this activity as less variability will be introduced by a specialist in its model. So this approach
is compatible with gateway that some tool vendor propose to go from SE model to another specialty model like SA.
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5 PoC activities

Different PoCs were done to assess method under constraints required in sections 2.2.1 and 2.2.2 of this document.

Each PoC, use the following domain models versions (see description and access of data from Section 2.5 from LIV-
S085L02-007-V6, ISX-S2C-LIV-1037-V6).

SE model SA model

V4.4.3 V4.4.3
Table 10: Versions of models

The constraint #id-b induced many cases to assess, see Table 3. But using SA models indicated in Section 2.4 of LIV-
S085L02-007-V6, ISX-S2C-LIV-1037-V6, reduces the exploration because SA tools does not accept neither partial
definition nor zero or partial execution. This prohibits columns #Case-A, -B, -D, -E, F, (in black) of the following table.

To improve coverage of the surviving columns, Two different SE models were considered:

e The first partially defined and not executable, POC A
e The second partially defined and fully executable, POC B

It shall be noticed that the semi execution can be reached by a combination of procedures fully executable suspended
so that a non executable part of the execution is done mentally by the operator. That is why <SE=#Case-B, SA=#Case-
C> and <SE=#Case-E, SA=#Case-C> (in grey) on the following table required the 2 features of PoC, but interrupted
procedure has not lead to PoC contrarily to PoC A and PoC B. Since SE model has not been fully implemented, cells
<SE=#Case-A, SA=#Case-C> and <SE=#Case-C, SA=#Case-C> (in grey) on the following table are also discarded for a PoC.

SE1 SA- #Case-A | #Case-B | #Case-C #Case-D | #Case-E | #Case-F
#Case-A
#Case-B
#Case-C
#Case-D
#Case-E

#Case-F
Table 11: PoC Coverage against implementation and execution contexts

Here above surviving cells have to be demuxed with the #id-p constraint. The worst case for each method is not to get
advantage of previous method so #sq-0 is only considered for each PoC.

As a reminder, the proposed approach for both PoCs is described below:

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
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Figure 13: Process flow for scenarios creation for SE and SA domains

It must be noted that for the PoC A and PoC B presented in the following sections, neither auto nor alter validation
activities have been performed on each activity represented in Figure 13.

Regarding the related artefacts, there was no Selection Guide, Writing Guide or transformation Guide, but PoC activities
were performed in an opportunistic way and very oriented to the End to End and the bipartite (between SE and SA)
characterization of scenarios rather than formal handling of artefacts.

In order to choose the scenarios to be analyzed, from a SA point of view, some scenarios were selected regarding the
minimal cut sets involved in the Failure Conditions assessment or sequences issued from MBSA. Other scenarios have
resulted in the analysis to evaluate the consistency on the behavior of the “erroneous” concept between SE and SA,
since it was identified that different reasoning occurs from SE or SA point of view regarding the “erroneous” concept.
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5.1 Proof-of-concept

5.1.1 Preliminary input material

In order to illustrate the proposed methods, we used the AIDA case study* developed by IRT St Exupery.
As a starting point for the PoCs, IRT St-Exupery developed MBSE and MBSA models for this system.
For more detail see LIV-S085L02-007-V6, I1SX-S2C-LIV-1037-V6.

5.1.2 PoCs overview

Theses PoCs were established to assess benefit of Behavioral Cross Checked approach on a system whose complexity is
representative of industrial systems. To perform this, it has been considered to use same use case and scenarios on 2
different MBSE models and capabilities:

- PoCA: focuses on existing models mainly descriptive and extend with behavioral information. “Execution”
of models is performed by analysis (“mental execution” by System Engineer) of the developed models.

- PoC B: focuses on existing use case, and develop equivalent MBSE models in language that enables
execution of the models (SYSML? language and associated execution semantics (fUMLS, PSCS*, PSSM?®)).
The behavior is described in a way which enables execution and verification of information propagation
during execution.

As both PoCs have been performed on the same system and use common artifacts, we have considered the following
common steps and artifacts before performing specific activities for each PoC.

The applied strategy is summarized in the figure below:

1 AIDA : Aircraft Inspection by Drone Assistant case study developed by IRT St-Exupery proposes a system to assist Aircraft Pilot in the pre-flight checks
operation. This system is composed of a ground station and an autonomous Unmanned Aircraft Vehicle. MBSE and MBSA models were developed by
IRT St Exupery to illustrate S2C proposed methods.

2 Standard System Modelling Language defined by Object Management Group. https://www.omgsysml.org/

3 Semantics of a Fundamental Subset for Executable UML Models https://www.omg.org/spec/FUML/

4 Precise Semantics of UML Composite Structures https://www.omg.org/spec/PSCS/1.2/About-PSCS/

5 Precise Semantics of UML State Machines https://www.omg.org/spec/PSSM/1.0/About-PSSM/

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
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Figure 14: Overview of BCC POCs

5.1.3 Common activity 1- Scenario Initialization

This first activity (defined in Scenario initialization

) consisted of selecting, in agreement between both teams, appropriate scenarios for consistency analysis. For the AIDA
case study, we decided to focus our effort on the following Scenarios:

(a) Scenario 1: Loss of motor

This scenario considers the loss of a motor during normal mission operation in Automatic Flight mode (the quadcopter
follows a preconfigured flight plan). During the mission, a motor fails, then leads to unexpected trajectory control. The
scenario describes the failure effects propagation over the system’s functional architecture from fault detection to
reconfiguration (faulty motor power supply is shut down). The scenario also considers the pilot’s reaction after his
detection of the unexpected trajectory => request “Manual Override” operation to take over the control of the
guadcopter to land it with manual control.

(b) Scenario 2: Loss of Attitude Information

This scenario considers the situation when the UAV (Unmanned Aerial Vehicle) is in normal operation in Automatic
Flight mode during which it is inspecting the aircraft (flight is in allowed area),and where a loss of attitude (pitch)
information occurs. Attitude monitoring function will detect this loss and will shut off the power supply of all motors.
The pilot will then detect this abnormal behavior and will take control back by switching to manual mode will not be
able to do anything since the motors are not available. Eventually, the drone will crash inside the authorized area.

(c) Scenario 3: Position Information Erroneous

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
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This scenario considers the situation when the UAV is in normal operation in Automatic flight mode during which it is
inspecting the aircraft (in flight in allowed area), the occurrence of erroneous position signal information (GPS signal
noise), and the UAV will not follow the flight plan anymore. The pilot will detect the abnormal trajectory and will switch
to manual mode, where he will stop the mission and will land the drone safely.

(d) Scenario 4: Switch From Auto to Manual Mode

This scenario considers the situation when the UAV is in normal operation in Automatic fight mode during which pilot
requests to switch from Automatic mode to Manual mode through the remote control (Manual Override). Once he
has taken the control, the pilot requests to land the UAV on the ground in an authorized area.

It may be noted that this scenario is not related to failure of the system. However, it is an interesting scenario since it
corresponds to an operational situation that must be coherent between both models.

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
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Common activity 2 - Upstream coordination between Scenario Concepts vs. Domain Variables

As a second step (defined in Upstream coordination between Scenario Concepts vs. Domain Variables
), the method proposed to identify the variables to consider for consistency checks between SE and SA and also consider

their relative validity domains for each selected scenario.
Here is an example of Coordination Table for Scenario 1:

Scenario Concept

¥ariabletobserver SE

SE ¥alues

Yariablelobserver SA

5A ¥alues

““ Yalue’s domain correspandance

Drone in Flighy DOrrone real position .HYZ st!tlon ue.c.tor Malue i W air comment aines
included in specific shape
Drone _msued DOrrone real position .XYZ pDS!tIOn ue.c.tor Malue i W air comment aines
\authorized area inclyded ip specific shape
AUTOMATIC Flight Plan
Contral fMade Internal Sortie SF4.3.2 AUTO
- AUTOMATIC Flight Plan AUTOMATIC Speed Consign
Automatic Mode AUTOMATIC Speed Consign AlTo
Control Mode Pilote BRT_Pilo:Dereetion Pl MARIUAL MARIUAL
elzctedMode
n LOST
Loss of motor Matar & mation il SF1iZ_CreateMotion LOST [Failure mode "Fail_loss"]
=0 0Ok { ERROMEDUS
SF7.SF3_MonitorParamet TRUE TRUE
Motor loss detection | Motor  runaway TRLUE erz, SFT3d_MonitarDroneM| TRUE
otars. Matro1Runaway
FALSE FALSE
SF7.5F 73 MonitorP aramet
Shut off motor lost Motar ¢ dizabled TRUE ers.MatarsDisabled_Motar | TRUE TRUEIFALSE TRUE/FALSE
=Riequired Thrust +- oK
. . ACCEpLance Margin
Consequence motor | o0 vhrust = Required Thrust «/- SF1GlobalThrustandTorque | ERROMEDUS i LOST
loss acceptance margin
I=Required Thruzt +-
acceptance margin ARCIED ERAISEYS
= flight plan +- gcceptance K
margin
Filot detection - HYZ position vector walue & | SF2.DetectControlOronsFos
abnormal behavior Sensed drone position comparer aves flight plan ition ERRONEOUS a LosT
1= i -
I= Flight plan «: jacceptance ERFOMECLS
mardgin
Cantrol Maode Internal Sortie SF4.3.2 AUTORMATIC Flight Plan
AUTO
FAANUAL Flight Plan AUTOMATIC Speed Consign
Manual Mode ) MANUAL Speed Consign | EXT_FilotDetection Pilatsele| AHUEL :
Control Mode Filote rediad IANUAL Flight Flan
ctediHlode MANUEL
MAMNUAL Speed Conzign
=Fiequired Thrust +- oK
!'= Required Thrust +- aceeptance margin
Loss of drone control | Global thrust ) . SF1.GlobalThrustind Torque | ERROMEOUS
AcCEptance margin 0 LOST
I=Required Thrust +-
acceptance margin AR =0 ERATEES
=FRequired Propeller Thrust «f ok
SFLSFU_ControlHeliz. SF1i%_ acceptance margin
Propeller off Propeller & thrust a CreateThrust&nd Torque.outp | LOST LOST
ut I=Required F’ropell.er Thruzt sf ERROMEQUS
aceeptance margin AND L0
i i TRLE TRUE
Motor shutdown power [ Motor Shutdown TRLUE gz]'gE:FS;‘::::DIHEIIM'SF“S— TRUE
P FALSE FALSE

Table 12: SE / SA Variables Coordination table for Scenario 1

It can be noticed that in case the SSR method has been applied before, the variables consistency mapping can be
extracted from C-LINK definition and speed up the process.

These variables may be identified according to expected observations (relevant elements to focus during execution of
both models) in the SE / SA models.

Finally, it can also noticed that identifying Variables Coordination Table (between SE and SA) might be difficult if
equivalences/consistency between the 2 models is difficult to establish. The more similar the models are, the easier and
more feasible will be this phase of upstream coordination.

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
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5.1.5 Common activity 3 — Transformation from Scenario to Procedure

Then, after identifying the variables, it is the time to write the expected SE and SA verification procedures (as defined
in Transformation from Scenario to Procedure

).

(a) Example of SE Verification procedure

The Verification Procedure is written using adhoc test template (inspired from personal experience). An example of Test
procedure is provided below:

6. Test principle

- Launch MBSE simulation environment

- Initialize scenario preconditions (start scenario until UAV is starting inspection and is
in the allowed area around the aircraft)

- Execute simulation step by step

- Observe variables and simulation results

- Stop the MBSE Simulation environment

7. Preconditions

Drone is in flight in allowed area (drone real position in range “allowed area”) and has started
to follow an inspection plan.

Drone is in AUTOMATIC mode

All equipments behave normally — modes machines are not in degraded modes

8. Test procedure — steps
a.  AINAXX YYY-SA-NNT

pn until UAV is around the aircraft Action: Open MBSE tool and start standard simulati
in the allowed area
Ed area Expectatio | Drone real position is included in the allow]
n: Drone follows the flight plan

Control Mode = AUTOMATIC

Result:

Figure 15: Example of Tests Procedure for Motor Loss SE
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For SA, the Verification Procedure is written adopting the standard Test procedure pattern from the SE. This is not a
current SA practise to find such writing test activities. An example of Test procedure is provided below:

* 11.+Test-procedureq]

1
3.+ AIDA-V443 001-5A-0019
[

Action:H Lookforfunction-"5F1i2_CreateMotion"-in-yourleft-menu-and-trigger-
its-failure-mode-"fajl_loss".-Double-click-on-"fajl|pss"-failure-mode
to-trigger-it-on-the-simulation.-Failure-modes-are-nested-under-the
functionin-the-Model Explorerleft- menu. 1

Expected- Failure-mode-"fajl_lgss"-is-triggered-on-the-simulation.- The-failure-

results:x mode-once-is-triggered-it-should-have-disappeared-on-the-menu.-On-

o~ the-layout, failed-components-are-displayed-in-red-colour. 1

Observed- “fail_loss" failure-mode-does-not-appear-any-more-for-the-function-

result:: “SF1i2_CreateMotion”.- Many- variables- have- changed- its- status- after-
triggering-the- failure-mode,- some-red-colours-are- displayed-in-the-main-
view. H

Status:x Oku

Note{ N/AE

q
b.-» AIDA--V443,00 l-SA'-\-CGZF
1

Action:H Check-for-observers-output-values-considered-in-this-testn

Expected- *—+ Motor-1-{failed-motor)-is-disabled:-9

results: SF7.5F73.MenitorParameters. MotorsDisabled_Motorl-=-TRUEY

#—+ Control-mede-is-no-lenger-AUTO, itis-MANUAL-now: Y
EXT_PilotDetection.mode-=-AUTON

*—+ Drone-loss-cf-control-9
FCO1_CAT_Uncontrolled_drone_crash_in_unauthorized_area- =
TRUEY
FCO2_HAZ_Uncontrolled_drone_crash_in_authorized_area-=TRUEY
o

Observed- Following-results-are-obtained:-q

result:n SF7.5F73.MonitorParameters. MotorsDisabled_Motorl-=-TRUEQ
EXT_PilotDetection. mode-=-AUTON
FCO1_CAT_Uncontrolled_drone_crash_in_unauthorized_zarea- =
TRUEN
FCO2_HAZ_Uncontrolled_drone_crash_in_autheorized_area-=TRUEY
H

Status:H MNot-passedn

3

Figure 16: Example of Test Procedure for Motor Loss for SA

5.1.6

PoC A - PoC SE model with scenarios (not executable) and SA executable model

This Proof of Concept has considered existing SE models of the AIDA case study provided as open source under open

source license at the following link:

https://sahara.irt-saintexupery.com/AIDA/AIDAArchitecture/tags/AIDA V4.4.
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(a) Input Specialization
(i) SE Models:

This PoC focuses on the SE #Case-D using mainly descriptive (as not exécutable) and non-fully implemented (as it does
not covers all the facets of the system) for SE using the Capella toolchain. These models contain the following elements:

o Behaviors, Functions and associated Data Flows / Functional Chains:

F] Rem rol behavior

£ Overide push button behavior

DI

B Motor controller 1 behavior

shatt ot
@ rropeler ) behaior
5 )

B 8] Main flight control board e wsL mot ot

8 gual erride . . SF111 7

Dgfhianfl oferridd o

Figure 17: Functions, Data Flows and Functional Chains involved for Motor 1 control

o Behavior Textual Requirements for Functions regarding Validity evaluation:

Capella | Management | Description . Requirements Allocation | Extensions

B[] stes ~ || Format ~ || Police « || Taille - B @ @||li ==|B I U| & @\

REQ:
For each motor, the Monitoring processor shall compare Motor rate and Motor rate measured.

For each motor, the Monitoring processor shall detect a Motor runaway as follows : IF (Motor rate measured is INVALID) OR (a discrepancy is
detected between Motor rate and Motor rate measured) THEN Motor runaway = RUNAWAY DETECTED ELSE Motor runaway = NO FAILURE

Note : Motor consign f:

ire are already covered in SFT.4.3.

Figure 18: Example of Requirements for Function [SF7.3.4 Monitor Drone Motors]
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o Functional Exchanges Scenarios:

1] Perceive. |sF2.2.5) [857.3.4] |SF7.3.5) (SF1.1.6, BF1.1.2) 15F1.1.3) (SF1.5]
Pilj Enter @ [5F4.3] Select : : : [En] Interact
drone ! Acquire Honior drone| 4o Bisab e drone Deponer Creste motion Create thrust Reconstitute
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Figure 19: One Engine Failed Functional Scenario

(ii) SA Models :
This PoC uses as SA models AltaRica based models developed with SimfiaNeo tool.

£ AIDASystem 3 = O 9= Variables
St M-M- | &~ e W& BX% B AvE S sr—-8 B H 4| [ee
gn-Simf oject SE3 2 [ Type  Name Value

@  EXT_PilotDetection PilotSelectedMode  AUTO

EXT_Database_UploadPredefinedFlightZoneBoarders -
e s
\D o
- \
.

F7

SN @
\ o

/

W I B

Figure 20: Overview of AIDA model in SimfiaNeo simulation application

For these models, different scenarios driven by Failure Condition analysis were identified for the consistency
analysis and are described in SE Models as extended Functional Scenarios. The SA model has not been modified to
add any specific content specifically to perform this PoC.

From the list of Scenarios in section Scenario initialization

, there has only been one scenario that has been kept for the PoCs realization which is Scenario 1 “Motor Loss”.
The reason behind this choice is the amount of effort needed to perform the scenario decomposition in test
artefacts and perform the method related activities. Since time and resources in the project were limited, only one
scenario was performed.

This document is the property of the S2C Project Participants : IRT Saint Exupéry, IRT SystemX, IRIT, CNRS, Airbus Defence & Space, Dassault Aviation, Thales AVS, Thales SA, Liebherr, LGM, APSYS,
Samares Engineering, DGA, ONERA, SupMeca and MBDA.

Licence Creative Commons Attribution-ShareAlike 4.0 International (CC BY-SA 4.0) 32 / 83



PROJECT CONFIDENTIAL

eobin SystemX

(b) PoC Results

IRT Saint Exupéry LIV- SO85L02-025
IRT SystemX I1SX-S2C-DOC-438

Version; V6

For this PoC, after identifying the Coordination Variables Tables described in Common activity , the activity
consisted in identifying for each step in the sequence, the expected variables values (test expected result for each

test step).
(i) SE
e Scenario 1: Motor Loss
The expected values Shave been added in the Capella model as “constraints” over the Functional Scenarios:
poas] fpoem fpama | foma] pamn] pmn] foms] fr | pea]
@F ~ popskensomal
constraints which et | s
contains expected el [
. B () Required Thvust +/
values for a given P [
step
TRUE J;wu ‘!, ;
[ ]
' 1 1 1 TR 1
: : : 1 ' Motor | !
1 | ] 1 [ |10 Shatdown « 1 )
' | | ' 1 TRUE | ) -
: l i ' i i :_mn.ﬂ o
5 i : : | | 5 ) ! e !
1 ' | 1 ' ' | 1 1 !
1% 7 T : : : =L : j : :
, e h o o
| e el L
(e (1 Sesona | M + | ' ' 1 | | '
: L : ! : : : : ;
Orone contol pou from piot " i ) :
Motor 1 is depowered... 1 } ! '
Figure 21: Scenario 1 Overview
(ii) SA

A step by step simulation has been performed in SimfiaNeo by introducing the failure modes

components, in this case to simulate a Loss of motor.

AIDA-XX.YYY-SA-001

on the respective

Action: Open SimfiaNeo 1.3.2 and load model AIDA V4.4.3. Launch a Step by step simulation and
check initial conditions are as expected.

Expectation: EXT_PilotDetection.PilotSelectedMode = AUTO

Result: EXT_PilotDetection.PilotSelectedMode = AUTO

6 As Capella model cannot be executed, we have limited the added information to “expected values” in the functional

scenario diagram.
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Status: OK
Note (opt.): N/A

AIDA-XX.YYY-SA-002

Action: Check the thrust is equal to required thrust so that we can verify that all equipments are
behaving normally.
Expectation: SF1.GlobalThrustAndTorque = OK
Result: SF1.GlobalThrustAndTorque = OK
ﬁmms,stm“.- s — < : — —— . o =] 1‘4 Variables
S , x|
2 T Datab: JoloadPredetinedFighiZoneBonrders = 6 <
i . o ' 'C: ] |} j
L .o‘ Y
/// g \ein:
Status: OK
Note (opt.): N/A

AIDA-XX.YYY-SA-003

Action: Look for function “SF1i2_CreateMotion” in your left menu and trigger its failure mode
“fail_loss”. Double-click on “fail_loss” failure mode to trigger it on the simulation. Failure
modes are nested under the function in the Model Explorer left menu.

Expectation: Failure mode “fail_loss” is triggered on the simulation.

The failure mode once is triggered it should have disappeared on the menu. On the

layout, failed components are displayed in red colour.
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Result:

Events (triggerable) + = =

type filter text

AlIDASystem ~
EXT_Database_UploadPredefinedFlig
fail_error
fail_loss
[ SF1
4[] SF11_ControlHelix1
4 5F1i1_ContrelMotor
fail_error

fail_loss
4[] 5F1i2_CreateMotion
4 5F1i2_CreateMotion
fail_error
fail_loss
4 SF1i3_CreateThrustAndTorque
fail_error
fail_loss
A SF1id_5_MeasurePositionAndR
fail error

“fail_loss” failure mode does not appear any more for the function
“SF1i2_CreateMotion”. Many variables have changed its status after triggering
the failure mode, some red colours are displayed in the main view.

Status:

OK

Note (opt.l):

N/A

AIDA-XX.YYY-SA-004

Action:

Check thrust is not created anymore from the propeller whose motor is disabled.

Expectation:

SF1.SF11_ControlHelix1.SF1i3_CreateThrustAndTorque.output = LOST

Result:

SF1.SF11_ControlHelix1.SF1i3_CreateThrustAndTorque.output = LOST

Status:

OK

Note (opt.l):

N/A

AIDA-XX.YYY-SA-005

Action:

Due to loss of motor the global thrust will be less than required thrust.

Expectation:

SF1.GlobalThrustAndTorque = ERRONEOUS

Result: SF1.GlobalThrustAndTorque = ERRONEOUS
Status: OK
Note (opt.): N/A

AIDA-XX.YYY-SA-006

Action:

The failure of motor will be detected, and propulsion will be partially deactivated in the
later steps

Expectation:

SF7.SF3_MonitorParameters.SF734_MonitorDroneMotors.MotrolRunaway = TRUE

Result:

SF7.SF3_MonitorParameters.SF734_MonitorDroneMotors.MotrolRunaway = TRUE
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& AIDASystem & SFT & SFT.SFT31 R & SFISFT3) .SF734 = O 9= Variables
EERETRE A MRl e L - [ e | a0
- Type  Name Value
@  SF7.SF73_MonitorParameters.SF734_Monitor... TRU
Optuce Optitace (Ovotortate (DMotorRateMeasured Motorkated
o=, $oroneleteE | SFT:
(Dattrugenion =le 5
(Oattusenon REL)
K723 _MonitorMitorConsian
(Qustorsatenmon oEle

Status:

OK

Note (opt.):

N/A

AIDA-XX.YYY-SA-007

Action: The failed motor will be disabled
Expectation: SF7.SF73.MonitorParameters.MotorsDisabled_MotorX = TRUE
Result: SF7.SF73.MonitorParameters.MotorsDisabled_MotorX = TRUE
& AIDASystem & SFT & SF7.5F73_MonitorParameters 3% = O (9= Variables
(R R A RNCE1 - N = B BIA~&| &~ s-—-8 4| [typefittertert
Type  Name Value
@  SF7.SF73_MonitorParameters.MotorsDisable.. TRU
Ommude OMotorRatE OMmummMsasumd,anmmi
o= ] @ ororsDisanied Motors
.Momvsmsamed,momm
o
Status: OK
Note (opt.): N/A

AIDA-XX.YYY-SA-008

Action:

The disabled/motored motor is shutdown

Expectation:

SF1.SF11_ControlHelix1.SF1i6_DepowerMotor = TRUE

Result:

SF1.SF11_ControlHelix1.SF1i6_DepowerMotor = TRUE
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& AIDASystem & SF1 & SF1.SF11_ControlHelix1 &3 = O ®=Variables
sgvia~rifiviMy| # & B LA | BIA~®| &~ sv—-8 | [stie
MotorRate ANBH.‘Q;E%:”MW i ' R sn.s,c.eag%srnammue PN
‘3
o )54 5
Status: OK
Note (opt.): N/A
AIDA-XX.YYY-SA-009

SA

Action: The control mode is switched from Automatic mode to Manual mode

Expectation: EXT_PilotDetection.PilotSelectedMode = MANUAL

Result: EXT_PilotDetection.PilotSelectedMode = AUTO
& AIDASystem 3% = O = Variables
agviavfivM- | & @ e oD BIA~®| &~ s-—-F 4| [pefitterter
= WF: g:{‘:wIatDete:tmn.Pn\atSe\e:tedMude ZZ‘:Z
Q.
L]
V e Bed
e
E . O 1O d
o 0/. l I mT [
] L) l_
&

EXT PilotDetection :E:

< n >

Status: KO

Note (opt.): Mode has not switched from AUTO to MANUAL as it was expected. After triggering the
failure mode, the mode remains AUTO. However, FCO1, FC02 and Motor Disabling
function had the expected behaviour.

After looking for the root cause of the anomaly, it has been found that change from
AUTO to MANUA control mode, regarding failures of the propeller is only considered for
the LOST and not the ERRONEOUS.
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(c) PoC Conclusion

During this PoC, the activity consisted to create verification procedures based on identified failures scenarios. This
activity has to be performed when MBSE / MBSA models are created (early in the development process) but can be
performed at latest to execute the tests on the real system.

This process seems to be compatible with existing activities. However, as behavior is not executed on the SE side, values
and expected results consistency should be ensured by System Engineer himself and it could be very hard to identify
inconsistencies in the expected results in the SE Model (as it focuses mainly on the sequences, data flows and not on
the executable behavior).

5.1.7 PoC B - PoC executable SE model

(a) PoC Specialization

For this PoC, objective is to develop and assess benefits of using SE executable models. It must be noted that SA is
identical in PoC A and PoC B (because SA is already developed as executable model).

In order to be able to compare objectively PoC A and PoC B results, we have decided to use the same case study based
on AIDA V4.4 contents.

As Capella models do not propose (in its original core concepts) execution semantics, we have decided to model AIDA
V4.4 with SYSML” language and associated execution semantics (FUMLS, PSCS®, PSSM'%). Moreover, as SysML do not
propose similar concepts proposed by Arcadia/Capella, we have created SysML model using a SE Method and SYSML
profile based on Samares-Engineering internal knowledge described in Annex SAMAREQ Profile.

Finally, in order to assess compliance between Capella and SysML models, we have used the Review Consistency tool.
These derived results are presented in Annex Derived Result.

Since time and resources in the project were limited, only one scenario was performed.

7 Standard System Modelling Language defined by Object Management Group. https://www.omgsysml.org/

8 Semantics of a Fundamental Subset for Executable UML Models https://www.omg.org/spec/FUML/

® Precise Semantics of UML Composite Structures https://www.omg.org/spec/PSCS/1.2/About-PSCS/

10 precise Semantics of UML State Machines https://www.omg.org/spec/PSSM/1.0/About-PSSM/
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» SysML model — Functional Architecture overview

Functional
Architecture
; . equivalent to
i ' Physical
Functional
Architecture of
AIDA V4.4

4

Figure 22: Functional Architecture High level Overview
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Figure 23: SF2 : Control Drone Attitude and Position
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L > X, SF7.3.3 Compare Drone Motor Commands : $F7.3.3 Compare Drone Motor Commands -L >
$F7.3.4 Monitor Drone Motors : SF7.3.4 Monitor Drone Motors > b
act [Activity] SF7.3.4 Monitor Drone Motors [ ¥ SF7.3.4 Monitor Drone Motors | |
- /
e 4
SF7.3.5 Disab o “ble Brone Motor,
| f -
b R B

Figure 24: SF7.3 — Monitor Drone Parameters

In this functional architecture, we defined a model with similar hierarchical structure than the initial Capella model and
variables names have been preserved. The SAMAREQ Profile distinguishes Composite Functions and their associated
leaves. To enable information propagation over the structure, our approach proposes:

> Behavior associated to Leaf Function'’: We have considered that only leaves host behavior (not the parent

functions). So, the execution of the end to end behavior will be executed from an external source and will be
successively propagated over the successive functions involved in the considered scenario. For each leaf
function involved in the considered scenarios, a behavioral model must be associated (e.g Activity Diagram,
State Chart or Parametric Diagram), which expresses how the inputs will be used to generate outputs over

execution time.

> Generalization of delegation mechanism: This means that each port of a leaf function shall be connected to

its parent function, then connections are propagated from the source leaf function to the target leaf function.

111n Capella/Arcadia, it is required to allocate functions to behavior components. So, this assumption seems compliant
with other MBSE method even if Arcadia/Capella MBSE do not propose to associate Activities or State Machine to a

specific function.
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data along the functional architecture, we have used the following SysML mechanisms:

Version; V6

Interface and Data Flows Specification: To implement appropriate mechanisms to simulation propagation of
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Figure 25: Extract of Functional Architecture

o Interface Block Type : Each_data exchanged over the architecture is defined by an Interface Block as

illustrated below:

¥ Specification of Data Interface Acceleration [Read-Only]

x

Specdification of Data Interface properties i

Specify properties of the selected Data Interface in the properties specification table. Choose the Expert or All options from the Properties drop-down list to see more properties. e

r
) -

& O # Acceleration & @
[]acceleration]

f Da 5 = B GE Properties: | Expert -

Navigation/Hyperiinks Bl Data Interface

Usage in Diagrams
Attributes

Forts

Operations

Signal Receptins

»
Qualified Name
Owner

Applied Stereotype:

cceleration|

B.Solution Space::B2.Functions and Architectures::52,4 Data Type:: Acceleration

[ B2.4 Data Type [B.Solution Space: :62.Functions and Architectures]
[ Data Interface [Class] [SAMARETO_FA_Profile::Functional Analysis]

Figure 26: Specification of Data Interface window

&[] B2.4 Data Type

BB Acceleration Consign (2.1

ceeleration MON «Data Interface

ircraft Position «Data Interfaces

B Aircraft Shape «Data Interfaces
ircraft Sight «Data Interfaces
Data Interfaces

2) =Data Interface>
«Data Interface
.2) «Data Interfaces

1) «Data Interfaces
«Data Interfaces

- Altitude Consign (7.2, .
- Altitude Measurement Failure «Data Interfaces

)
)
i
t
H
)
)
)
t
H
)
)
)
]
t
H

cceleration Sensor Measurement (3.
cceleration Sensor Measurement MON «Data Interfaces

1.4) «Data Interface=
Fl out : Acceleration Consign (2.1.3-2.1.4) «<FlowProperty»

2) «Data Interfaces

-8 Aircraft Position Validation «Data Interface»

4.1-2.4.2) «Data Interface»
) «Data Interface»

Figure 27: Overview of Data Types contents
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o Port Definition: Each port references Interface Type which specifies data types and Flow Properties
exchanged as illustrated below:

WY Specification of Data Port <> [Read-Only] X

Specification of Data Port properties
Specify properties of the selected Data Portin the properties specification table, Choose the Expert or All options from the Properties drop-donn st to see more properties,

& @ @ <> ®
[ acccraton] —_—
- [B] Navigation/Hyperlinks B4l = ®mez o Properties: | Expert v

rovided/Required Interfad |El Data Port

& @ it tokropess |+ [

Type Modifier

e [ BB Acceeraton B Souton Space: 82 Functons and A 82.400ta Type] ]
Protocol

Is Conjugated true

Is Behavior false

Is Senvice true

Multiplicity {Unspecified)

Interface

35} false

Onring Template Parameter

Figure 28: Port specification window and reference to Interface Type

o Item Flows: Each “connector” conveys some item flows from one output to a specific input. An
illustration of the Conveyed Items defined for a specific “connector” (link between 2 ports) is proposed

below:
WY Specification of Connector <> [Read-Only] pe
Specification of Ttem Flow
The Ttem Flow contains a list of specific Item Flow properties, 2
@ e Item Flow B &
P Connector[ - 5F3.1 Measure P
‘.. [B] Doamentaton/Comments | | 88| 81 Bf =% @
- [B] Navigation/Hyperlinks
age in Disgrams Mame Conveyed Classifier Direction Item Property
Be——
ner Elements .2, Ttem Flow:flow for Rate[5.5olu E... = Rate [B.5 tions and Arc... Fromin : ~Rate Toin : ~Rate
lations
s
nstraints
- [E) Traceabiity
E Allocations

Figure 29: Conveyed Items on Connnector definition
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Figure 30: Physical Architecture Overview

» SysML model — Behavioral overview

As Behavior definition may be time consuming, we concentrated our efforts in this PoC to describe required behavior
to execute selected scenarios.

(ii). Scenario 1 : Loss of a Motor

Firstly, we identified some specific functions which has effects on the overall modes (e.g. Control Mode of the AIDA
System) which will be represented as a State Machine. The other functions are represented using SysML Activity
Diagram concepts.

S5 - [stm [State Machine] SF1.1.2 Create Motion 1 SF1.1.2 Create Motion 11 ‘
Tools -
e "
9 | Lpamas -
State Machine
State o
et + T Switch from normal
® Initiel normal mode
« s do  send speed moton mode to failure mode
SiTsmewn - ‘ Motor 1 Shut Down
Entry Point
ot Point Motor 1 Blocked
'] Connaction P...
Deep History +
M, Junction
Choica failure mode tor 1 Shut Dow n shutdown mode
e Fork Horiz... » do / m1 without motion do / send motion 0
b Join Horizo... »
* Transiton
13 Transiton to .
-

Figure 31: State Machine for Create Motion
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|
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|
|
|
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|
|
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Figure 33: Requirements involved in Scenario 1

At execution start, we get on the HMI console the status and values of the MBSE variables which change over time:
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Figure 34: Console and variables visualization

At runtime, the model is animated and it is possible to follow the propagation of variables and associated values over
the MBSE architecture description:

t RER R O b AR SERO 0. [ Q b
Saigcon
S
Toos. —
LeXT

y

1

Ll commao

{71 Intarnel Bock ..
L5 Vobo Property
[ Port Propenty
(1) Reference .

[0 Comtront .
1 Fiow Property
) PO P o Forun s ovais 1
) Bound Ratere
8l s

| Constrot P,

P rowy Fot

1 Connector

5 Wdeg Com.
# o piow

Sonton
Smulation
DG E ORI A B o

Sessons x5 Bronports x

(datauk

Figure 35: Execution progress over the architecture model
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Figure 36: Execution progress and Wait signal status (red) in Activity Diagrams execution

Then, in order to inject fault in the model, we change an input value with the Cameo Simulation HMI:
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Figure 37:

Fault injection by Changing the Value to 0 during execution

Then, it is possible to observe propagation of the values over the architecture leading to the shutdown of the faulty

motor:
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Action: The thrust should be equal to required thrust so that we can verify that all equipments | Check the thrust is equal to required thrust so that we can verify that all equipments
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Note (opt.):
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(iif)

AIDA-XX.YYY-SA-003

SE

SA

Action:

“inject fault” to “disable” Create Motion function (no motion output anymore)

Look for function “SF1i2_CreateMotion” in your left menu and trigger its failure
mode “fail_loss”. Double-click on “fail_loss” failure mode to trigger it on the
simulation. Failure modes are nested under the function in the Model Explorer left
menu.

Expectation:

Motor x motion =0

Failure mode “fail_loss” is triggered on the simulation.

The failure mode once is triggered it should have disappeared on the menu. On the
layout, failed components are displayed in red colour.

Result:
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- NIlhymanually the valu
ekt

inject fauft
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fail error

“fail_loss” failure mode does not appear any more for the function
“SF1i2_CreateMotion”. Many variables have changed its status after triggering the
failure mode, some red colours are displayed in the main view.

F

F
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act [Activty] SF1.1.3 Create Thrust and Torque at Propeller 1[ SF1.1.3 Create Thrust and Torque at Propeler 1] |

5 Cortanment
}

Signal propeller 1 thrust is ser|
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motion and propagate with th
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mode the value is =0 and in f
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(v) AIDA-XX.YYY-SA-005
SE SA
Action: Due to loss of motor the global thrust will be less than required thrust Due to loss of motor the global thrust will be less than required thrust.
Expectation: Global thrust! = Required Thrust +/- acceptance margin SF1.GlobalThrustAndTorque = ERRONEOUS
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Action:

The failed motor will be disabled

The failed motor will be disabled

Expectation:

Motor x disabled = TRUE

SF7.SF73.MonitorParameters.MotorsDisabled_MotorX = TRUE
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The control mode is switched from Automatic mode to Manual mode
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Mode has not switched from AUTO to MANUAL as it was expected. After triggering
the failure mode, the mode remains AUTO. However, FC01, FCO2 and Motor Disabling
function had the expected behaviour.

After looking for the root cause of the anomaly, it has been found that change from
AUTO to MANUA control mode, regarding failures of the propeller is only considered
for the LOST and not the ERRONEOUS.
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(c) PoC Conclusion

During this PoC, the activity consisted in performing the same activities than in PoC A, but this time using an executable
model for SE and to observe the main differences with a non-executable SE model. Given the results, it can be affirmed
that SE observations can be more easily contrasted with those from SA. An investment has been done to build the SE
model in an executable environment but if a considerable number of scenarios has to be executed and compared to SA,
it is more interesting to have an executable model that will save up some time in the end and will be more accurate to
read the results.

Inconsistencies are then easier to identify and more scenarios could be played in the same amount of time planned for
performing the consistency activity between SE and SA.
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6 Conclusion

It can be concluded that the BCC method improves the level of confidence on consistency. However it will also be
subjective and relative for example to the selected scenarios, the validations done on each activity or the simulability
level chosen. Full coverage is not accomplished, all possible tests on the models do not seem to be an achievable
objective and selection of the scenarios to contrast becomes a critical activity of the method. Proof of concept results
have shown that having both models that are fully simulable helps improving the method in terms of reciprocal
understanding of each specialty (SE and SA), and consequently finding inconsistencies.

Regarding the effort required to perform this method, it seems not negligible and the risk to overcharge some key
resources should be considered when performing this method. A significant number of artefacts must be created and
maintained on versions to support the method as well. However, some activities or artefacts can be skipped but
confidence level may be degraded accordingly.

To mitigate this statement, in Proof of Concept section, we have placed the focus on detailed functional architecture
(down to physical architecture level) where a lot of artefacts should be developed to get an appropriate “fidelity level”
of the physical system. Another approach (not explored in this PoCs) would have been to detail Behavioral execution of
Functional Analysis at System Analysis (Regarding Needs analysis) where the consistency concentrates on behavior
consistency with FHA instead of PSSA.

The method can be reused in some existing processes in the companies and can be subject to iteration processes once
variations and impacts have been identified.

To sum up, each member must evaluate and plan the investment needed versus the gain the BCC method can provide
in terms of confidence for their particular situation. As the method remains at an improvement of the level of
confidence, future works could be to formally demonstrate the consistency.
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7 Appendixes
7.1

SAMAREQ Profile

https://gitlab.com/samares-public/samareg-profile.

The SAMAREQ Profile is a set of SysML Profiles and Diagrams Customization for Cameo Systems Modeller 19.0. It is
provided under the Eclipse Public Licence 2.0 and is available

in a public gitlab

reDOSItOI’y at
7.1.1 SAMAREQ Functional Architecture Profile
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7.1.2 SAMAREQ Diagram Custoimization and Palette
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Figure 40: SAMAREQ Functional Architecture Palette

7.1.3  Logical Architecture Profile
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Figure 41: Logical Architecture Profile
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7.2 Derived Result : Consistency Check Capella Model and Cameo SysML Model

Consistency Review tool has
been used to check
consistency between 2 SE
models. Usage of Clinks to

evaluate equivalences and ST

differences between
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Figure 42: Extract of Consistency Checking tool

In order to assess equivalences between CAMEO SysML and Capella models, we have used the consistency support tool
and assess functions equivalences (naming, inputs / outputs relations) between the 2 Capella and SysML model. This
usage has allowed to quicky assess the equivalences between the 2 models.
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